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Abstract: This amendment to IEEE Std 802.3-2002 as amended by IEEE Std 802.3ae-2002, IEEE
Std 802.3af-2003, IEEE Std 802.3aj-2003, and IEEE Std 802.3ak-2004 combines a minimal set of
extensions to the IEEE 802.3 Media Access Control (MAC) and MAC Control sublayers with a
family of Physical (PHY) Layers. These Physical Layers include optical fiber and voice grade copper
cable Physical Medium Dependent sublayers (PMDs) for point-to-point connections in subscriber
access networks. This amendment also introduces the concept of Ethernet Passive Optical
Networks (EPONS), in which a point to multi-point (P2MP) network topology is implemented with
passive optical splitters, along with optical fiber PMDs that support this topology. In addition, a
mechanism for network Operations, Administration and Maintenance (OAM) is included to facilitate
network operation and troubleshooting. To support these innovations, options for unidirectional
transmission of frames are provided for 100BASE-X, 1000BASE-X, 10GBASE-R, 10GBASE-W,
and 10GBASE-X.
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Introduction

(This introduction is not part of IEEE Std 802.3ah-2004, IEEE Standard for Information technology—
Telecommunications and information exchange between systems—Local and metropolitan area networks—
Specific requirements— CSMA/CD Access Method and Physical Layer Specifications Amendment: Medial
IAccess Control Parameters, Physical Layers, and M anagement Parameters for Subscriber Access Networks).

IEEE Std 802.3™ was first published in 1985. Since the initial publication, many projects have added
functionality or provided maintenance updates to the specifications and text included in the standard. Each
IEEE 802.3 project/amendment is identified with a suffix (e.g., IEEE 802.3a€). A historical listing of all
projects that have added to or modified |IEEE Std 802.3 follows as a part of this introductory materia. The
listing isin chronological order of project initiation and for each project describes: subject, clauses added (if
any), approval dates, and committee officers.

The media access control (MAC) protocol specified in IEEE Std 802.3 is Carrier Sense Multiple Access
with Callision Detection (CSMA/CD). This MAC protocol was included in the experimental Ethernet
developed at Xerox Palo Alto Research Center. While the experimental Ethernet had a 2.94 Mb/s data rate,
IEEE Std 802.3-1985 specified operation at 10 Mb/s. Since 1985 new media options, new speeds of
operation, and new protocol capabilities have been added to IEEE Std 802.3.

Some of the major additions to |EEE Std 802.3 are identified in the marketplace with their project number.
This is most common for projects adding higher speeds of operation or new protocols. For example, IEEE
Std 802.3u™ added 100 Mb/s operation (also called Fast Ethernet), IEEE Std 802.3x™ specified full duplex
operation and a flow control protocol, IEEE Std 802.3z™ added 1000 Mb/s operation (also called Gigabit
Ethernet) and |EEE Std 802.3ad™ specified link aggregation. These major additions are all now included in
|EEE Std 802.3-2002 and are not available as separate documents.

Recent additions such as | EEE Std 802.3ae (also called 10 Gigabit Ethernet) and | EEE Std 802.3af (also called
Power over Ethernet) are currently published as separate documents. These recent amendments are part of
IEEE Std 802.3 and they are dependent on and reference information published in IEEE Std 802.3-2002.

At the date of IEEE Std 802.3ah publication, IEEE Std 802.3 is comprised of the following documents:

|EEE Std 802.3-2002
Section One—Includes Clause 1 through Clause 20 and Annexes A through H. Section One
includes the specifications for 10 Mb/s operation and the MAC, frame formats and service
interfaces used for all speeds of operation.
Section Two—Includes Clause 21 through Clause 32 and Annexes 22A through 32A. Section Two
includes the specifications for 100 Mb/s operation and management attributes for multiple
protocols and operational speeds.
Section Three—Includes Clause 34 through Clause 43 and Annexes 36A through 43C. Section
Three includes the specifications for 1000 Mb/s operation.

|EEE Std 802.3ae-2002
Includes changesto | EEE Std 802.3-2002, and adds Clause 44 through Clause 53 and Annexes 44A
through 50A. This amendment includes specifications for 10 Gb/s operation.

|EEE Std 802.3af-2003
Includes changesto |EEE Std 802.3-2002, and adds Clause 33 and Annexes 33A through 33E. This
amendment includes specifications for the provision of power over 10BASE-T, 100BASE-TX, and
1000BASE-T cabling.
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|EEE Std 802.33j-2003
Includes changes to IEEE Std 802.3-2002 and | EEE Std 802.3ae-2002.

|EEE Std 802.3ak-2004
Includes changes to IEEE Std 802.3-2002, and |EEE Std 802.3ae-2002, and adds Clause 54. This
amendment adds 10GBASE-CX4 specifications for 10 Gb/s operation over balanced shielded
cabling.

|EEE Std 802.3ah-2004
Includes changes to IEEE Std 802.3-2002, |IEEE Std 802.3ae-2002, and |EEE Std 802.3af-2003,
and adds Clause 56 through Clause 67 and Annex 58A through Annex 67A. This amendment
defines services and protocol elements that permit the exchange of IEEE Std 802.3 format frames
between stations in a subscriber access network.

IEEE Std 802.3 will continue to evolve. Revisions are anticipated to the above standards within the next few

years to integrate approved changes into IEEE Std 802.3, to clarify existing material, to correct possible
errors, and to incorporate new related material.

Conformance test methodology

An additional standard, IEEE Std 1802.3™-2001, provides conformance test information for 10BASE-T.

IEEE Std 802.3ah-2004

|EEE Std 802.3ah-2004, Ethernet in the First Mileisan amendment to | EEE Std 802.3. The standard includes
changes to IEEE Std 802.3, and these changes are marked in comparison to the last published standard. In
some cases, text included in |EEE Std 802.3-2002 has been modified by |EEE Std 802.3ae-2002, | EEE Std
802.3af-2003, then | EEE Std 802.3aj-2003 and again by |EEE Std 802.3ah-2004.

This document defines services and protocol elements that permit the exchange |EEE Std 802.3 format
frames between stationsin a subscriber access network.
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Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:/
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errataperiodically.

Interpretations

Current interpretations can be accessed at the following URL : http://standards.ieee.org/reading/ieee.interp/
index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which alicense may be required to implement an IEEE standard or for
conducting inquiriesinto the legal validity or scope of those patents that are brought to its attention. A patent
holder or patent applicant has filed a statement of assurance that it will grant licenses under these rights
without compensation or under reasonable rates and nondiscriminatory, reasonable terms and conditions to
applicants desiring to obtain such licenses. The IEEE makes no representation as to the reasonabl eness of
rates, terms, and conditions of the license agreements offered by patent holders or patent applicants. Further
information may be obtained from the IEEE Standards Department.
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Thefollowing isalist of voting members when the |EEE 802.3 Working Group balloted this standard.
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List of special symbols

For the benefit of those who have received this document by electronic means, what follows is a list of
special symbols and operators. If any of these symbols or operators fail to print out correctly, the editors
hope that this table will at least help you to sort out the meaning of the resulting funny-shaped blobs and
strokes appearing in the body of the document.

Special symbols and operators

Printed Character Meaning charF;iTe? \c/ode Font
% Boolean AND ALT-042 Symbol
+ Boolean OR, arithmetic addition ALT-043 Symbol
A Boolean XOR n Times
! Boolean NOT ALT-033 Symbol
< Lessthan ALT-060 Symbol
< Lessthan or equal to ALT-0163 Symbol
= Equal to ALT-061 Symbol
#* Not equal to ALT-0185 Symbol
> Greater than or equal to ALT-0179 Symbol
> Greater than ALT-062 Symbol

&= Assignment operator ALT-0220 Symbol
€ Indi cates membership ALT-0206 Symbol
¢ Indicates nonmembership ALT-0207 Symbol
+ Plus or minus (atolerance) ALT-0177 Symbol
° Degrees (asin degrees Celsius) ALT-0176 Symbol
Summation ALT-0229 Symbol
— Big dash (em dash) Ctrl-q Shft-q Times
- Little dash (en dash) Ctrl-q Shft-p Times
t Dagger ALT-0134 Times
¥ Double dagger ALT-0135 Times
a Lower case alpha a Symbol
B Lower case beta b Symbol
€ Lower case epsilon e Symbol
Y Lower case gamma g Symbol
J Square root ALT-0214 Times
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1. Introduction
1.2 Notation

Insert the following to the end of 1.2.5, Hexadecimal notation:

Numerical values designated with a 16 subscript indicate a hexadecimal interpretation of the corresponding-
number. For example: OFg represents an 8-bit hexadecimal value of the decimal number 15.

1.3 Normative References

Change existing reference to read as follows:

ANSI INCITS 230-1994 (R1999), Information Technology—Fibre Channel—Physical and Signaing
Interface (FC-PH) (formerly ANSI X3.230-1994).

Insert the following references in alphabetic order into thereferencelistin 1.3:

ANSI/EIA-455-95A-2000, Absolute Optical Power Test for Optical Fibersand Cables.
ANSI/EIA/TIA-455-127-1991, FOTP-127 — Spectral Characterization of Multimode L aser Diodes.
ANSI T1.417-2001, Spectrum management for loop transmission systems.

ANSI T1.424-2004, Interface between networks and customer installations - Very-high Speed Digital
Subscriber Lines (VDSL) Metallic Interface (Trial-Use Standard).

ETSI TS1 101 270-1 (1999), Transmission and Multiplexing (TM); Access transmission systems on metallic
access cables; Very high speed Digital Subscriber Line (VDSL); Part 1: Functional reguirements.

ETSI TS 270-2 (2001), Transmission and Multiplexing (TM); Access transmission systems on metallic
access cables; Very high speed Digital Subscriber Line (VDSL); Part 2: Transceiver specification.

IEC 61280-2-2 (1998), Fiber optic communication sub-system basic test procedures — Part 2-2: Test
procedures for digital systems— Optical eye pattern, waveform, and extinction ratio.

IEC 61754-1:1996, Fibre optic interfaces —Part 1: General and guidance.
ITU-T Recommendation G.991.2 (2001), Amendment 1.

ITU-T Recommendation G.991.2 (2001), Single-Pair High-Speed Digital Subscriber Line (SHDSL)
transceivers.

ITU-T Recommendation G.993.1 (2003), Amendment 1.
ITU-T Recommendation G.993.1 (2001), Very high speed digital subscriber line foundation.

ITU-T Recommendation G.994.1 (2004), Handshake procedures for digital subscriber line (DSL)
transceivers.

ITU-T Recommendation G.975 (2000), Optical fibre submarine cable systems Forward error correction for
submarine systems.
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1.4 Definitions

Change 1.4.10 to the following:

; IEEE 802 3 th3|cal Layer snecmcanon

for a 100 M b/s CSMA/CD Iocal area network over two multl mode optical fibers. (See IEEE 802.3 Clauses
24 and 26.

Insert the following definitions alphabetically into 1.4. Renumber the definitions as required. These
definitions will be renumbered in alphabetic order in a future edition of this standard:

1.4.xxx 100BASE-BX10: IEEE 802.3 Physical Layer specification for a 100 Mb/s point to point link over
one single mode fiber. The link includes two different specifications for 100BASE-BX10-D and 100BA SE-
BX10-U. (See IEEE 802.3 Clauses 58 and 66.)

1.4.xxx 100BASE-LX10: IEEE 802.3 Physical Layer specification for a 100 Mb/s point to point link over
two single mode optical fibers. (See IEEE 802.3 Clauses 58 and 66.)

1.4.xxx 1000BASE-BX10: IEEE 802.3 Physica Layer specification for a 1000 Mb/s point to point link over
one single mode optical fiber. (See IEEE 802.3 Clauses 59 and 66.)

1.4.xxx 1000BA SE-L X10: |IEEE 802.3 Physical Layer specification for a 1000 Mb/s point to point link over
two single-mode or multimode optical fibers. (See IEEE 802.3 Clauses 59 and 66.)

1.4.xxx 1000BASE-PX10: IEEE 802.3 Physical Layer specification for a 1000 Mb/s point to multi-point
link over one single mode optical fiber, with areach of up to 10 km. (See IEEE 802.3 Clauses 60, 65, and
66.)

1.4.xxx 1000BASE-PX20: IEEE 802.3 Physical Layer specification for a 1000 Mb/s point to multi-point
link over one single mode optical fiber, with areach of up to 20 km. (See IEEE 802.3 Clauses 60, 65, and
66.)

1.4.xxx 10PASS-TS: |IEEE 802.3 Physical Layer specification up to 100 Mb/s point to point link over single
copper wire pair. (See IEEE 802.3 Clausestl and 62.)

1.4.xxx 2BASE-TL: IEEE 802.3 Physical Layer specification up to 5.696 Mb/s point to point link over
single copper wire pair. (See IEEE 802.3 Clauses 61 and 63.)

1.4.xxx Aggregation group: A collection of PMEs that may be aggregated according to a particular
implementation of the PME aggregation function. (See |EEE 802.3 subclause 61.2.2.)

1.4.xxx Bandplan: The set of parameters that control the lowest and highest frequencies and power at which
10PASS-TS and 2BASE-TL may operate.

1.4.xxx Coupled Power Ratio (CPR): Theratio (in dB) of the total power coupled into a multimode fiber to
the optical power that can be coupled into a single-mode fiber.

1.4.xxx Downstream: In an access network, where there is a clear indication in each deployment as to which
end of alink is closer to a subscriber, transmission toward the subscriber end of the link.

Copyright © 2004 IEEE. All rights reserved. 3
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1.4.xxx Grant: Within P2MP protocols, a permission to transmit at a specific time, for a specific duration.
Grants areissued by the OLT (master) to ONUs (slaves) by means of GATE messages.

1.4.xxx Logical Link Identifier (LLID): A numeric identifier assigned to a P2MP association between an
OLT and ONU established through the Point-to-Point Emulation sublayer. Each P2MP association is
assigned a unique LLID. The P2MP association is bound to an ONU DTE, where a MAC would observe a
private associ ation.

1.4.xxx OAM Discovery: Process that detects the presence and configuration of the OAM sublayer in the
remote DTE.

1.4.xxx Operations, Administration, and Maintenance (OAM): A group of network support functions that
monitor and sustain segment operation, activities that are concerned with, but not limited to, failure detec-
tion, notification, location, and repairs that are intended to eliminate faults and keep a segment in an opera-
tional state and support activities required to provide the services of a subscriber access network to users/
subscribers.

1.4.xxx Optical Line Termina (OLT): The network-end DTE for an optical access network. The OLT isthe
master entity in a P2MP network with regard to the MPCP protocol.

1.4.xxx Optical Network Unit (ONU): The subscriber-end DTE to an optical access network. An ONU is a
slave entity in a P2M P network with regard to the MPCP protocol.

1.4.xxx P2MP Discovery: Process by which the OLT finds a newly attached and active ONU in the P2MP
network, and by which the OLT and ONU exchange registration information. The OLT sends a GATE
flagged for discovery.

1.4.xxx P2MP Discovery window: A time period in a given wavelength band reserved by the OLT
exclusively for the discovery process.

1.4.xxx P2MP Timestamp: The timestamp used to synchronize slaves (e.g., ONUs) with the master (OLT)
and for the ranging process.

1.4.xxx Point to Multi-Point Network (P2MP): A passive optical network providing transport of Ethernet
frames (See Clauses 64 and 65).

1.4.xxx Point-to-point emulation (P2PE): Emulation of private communication between two end-stations
(e.g., ONU) in aP2MP. Emulation creates the equivalent of a star topology with the OLT in the nexus, and is
required for compliance with |EEE 802.1D bridging.

1.4.xxx Ranging: A procedure by which the propagation delay between a master (e.g., OLT) and slave (e.g.,
ONU) is measured. The round trip delay computation is performed by the OLT, using the timestamp in
MPCP messages from the ONU.

1.4.xxx Reflectance: Ratio of reflected to incident power. Thisistheinverse of return loss.

1.4.xxx Upstream: In an access network, transmission away from the subscriber end of the link. Applicable

to networks where there is a clear indication in each deployment as to which end of alink is closer to a
subscriber.
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1.5 Abbreviations

Insert the following abbreviations in alphabetic order into the abbreviationslistin 1.5:

10P
10P/2B
2B
2-PAM
6(0)
CPE
CPR
DA
DMT
DSL
EFM
FEC
FSwW
IB
LLID
LT
MDIO
MPCP
NT
OAM
OAMPDU
ODN
OH
OLT
ONU
ORLT
P2MP
P2P
P2PE
PAF
PAM
PME
PMSTC
PSD

SHDSL
TC
TCM
TPS-TC
UPBO
VDSL
VTU
VTU-O
VTU-R
xDSL

Copyright © 2004 IEEE. All rights reserved.

label to indicate “pertainsto 10PASS-TS port-type”
label to indicate “pertainsto 10PASS-TS and 2BASE-TL port-types’
label to indicate “pertainsto 2BASE-TL port-type”
two level pulse amplitude modulation

central office

customer premises equipment

coupled power ratio

destination address

discrete multi-tone

digital subscriber line

Ethernet in the first mile

forward error correction

frame synchronization word

indicator bits

logical link identifier

line termination

management data i nput/output

multi-point control protocol

network termination

operations, administration, and maintenance
operations, administration, and maintenance protocol data unit
optical distribution network

overhead

optical line terminal

optical network unit

optical return loss tolerance

point to multi-point

point to point

point-to-point emulation

PME aggregation function

pulse amplitude modulation

physical medium entity

physical media specific - transmission convergence
power spectral density

source address

single-pair high-speed digital subscriber line
transmission convergence

trellis coded modulation

transport protocol specific transmission convergence sublayer
upstream power back-off

very high speed digital subscriber line

VDSL transceiver unit

VTU at the central office end

VTU at the remote end

generic term covering the family of al DSL technologies
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22. Reconciliation Sublayer (RS) and Media Independent Interface (Mll)
22.2.4 Management functions
Change the third paragraph of this subclause (IEEE Std 802.3af-2003) as follows:

The MII basic register set consists of two registers referred to as the Control register (Register 0) and the
Status register (Register 1). All PHY s that provide an M1 shall incorporate the basic register set. All PHY's
that provide a GMII shall incorporate an extended basic register set consisting of the Control register
(Register 0), Status register (Register 1), and Extended Status register (Register 15). The status and control
functions defined here are considered basic and fundamental to 100 Mb/s and 1000 Mb/s PHY s. Registers 2
through 4214 are part of the extended register set. The format of Registers 4 through 10 are defined for the
specific Auto-Negotiation protocol used (Clause 28 or Clause 37). The format of these registersis selected
by the bit settings of Registers 1 and 15.

Change Table 22-6 (IEEE Sid 802.3af-2003) as follows:

Table 22—6—MIl management register set

Register address Register name MlﬁlaédExtmge'\;i”
0 Control B B
1 Status B B
2,3 PHY Identifier E E
4 Auto-Negotiation Advertisement E E
5 Auto-Negotiation Link Partner Base E E

Page Ability
6 Auto-Negotiation Expansion E E
7 Auto-Negotiation Next Page Transmit E E
8 Auto-Negotiation Link Partner Received | E E

Next Page
9 MASTER-SLAVE Control Register E E
10 MASTER-SLAVE Status Register E E
11 PSE Control Register E E
12 PSE Status Register E E
1344 Reserved E E
13 MMD Access Control Register E E
14 MMD Access Address Data Register E E
15 Extended Status Reserved B
16 through 31 Vendor Specific E E

Copyright © 2004 IEEE. All rights reserved. 7
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22.2.4.1 Control register (Register 0)

Change Table 22-7 asfollows:

Table 22—7—Control register bit definitions

0.4:0

Bit(s) Name Description R/W?2
0.15 Reset 1=PHY reset R/W
0 =normal operation SC
0.14 L oopback 1 = enable loopback mode R/W
0 = disable loopback mode
0.13 Speed Selection (LSB) 06 013 R/W
1 1 = Reserved
1 0 =1000 Mb/s
0 1 =100 Mb/s
0 0 =10 Mbl/s
0.12 Auto-Negotiation Enable 1 = Eenable Auto-Negotiation Pprocess R/W
0 = Bdisable Auto-Negotiation Pprocess
011 Power Down 1 = power down R/W
0 = normal operation®
0.10 Isolate 1 =electricaly Isolate PHY from MIl or GMII R/W
0= normal operation?
0.9 Restart Auto-Negotiation 1 = Rrestart Auto-Negotiation Pprocess R/W
0= normal operation SC
0.8 Duplex Mode 1 = Ffull Bduplex R/W
0 = Hhalf Bduplex
0.7 Collision Test 1 =enable COL signal test R/W
0 =disable COL signal test
0.6 Speed Selection (MSB) 06 0.13 R/W
1 1 = Reserved
1 0 = 1000 Mb/s
0 1 =100 Mb/s
0 0 =10 Mb/s
0.5 Unidirectional enable When bit 0.12 is one or bit 0.8 is zero, this bit is ignored. R/W
When bit 0.12 is zero and bit 0.8 isone:
1 = Enable transmit from media independent interface
regardless of whether the PHY has determined that avalid
link has been established
0 = Enable transmit from media independent interface
only when the PHY has determined that avalid link has
been established
0:5:0- Reserved Write as 0, ignore on Rread R/W

8RIW = Read/Write, SC = Self-Clearing.
bFor normal operation, both 0.10 and 0.11 must be cleared to zero; see 22.2.4.1.5.

8 Copyright © 2004 IEEE. All rights reserved.
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Change 22.2.4.1.11to read
22.2.4.1.11 Reserved bits

Bits 0:5:00.4:0 are reserved for future standardization. They shall be written as zero and shall be ignored
when read; however, aPHY shall return the value zero in these hits.

I nsert subclause:
22.2.4.1.12 Unidirectional enable

If aPHY reportsviabit 1.7 that it lacks the ability to encode and transmit data from the media independent
interface regardless of whether the PHY has determined that avalid link has been established, the PHY shall
return avalue of zero in bit 0.5, and any attempt to write a one to bit 0.5 shall be ignored.

The ability to encode and transmit data from the media independent interface regardless of whether the
PHY has determined that a valid link has been established is controlled by bit 0.5 as well as the status of
Auto-Negotiation Enable bit 0.12 and the Duplex Mode bit 0.8 as this ability can only be supported if Auto-
Negotiation is disabled and the PHY is operating in full-duplex mode. If bit 0.5 is set to a logic one, bit
0.12 to logic zero and bit 0.8 to logic one, encoding and transmitting data from the media independent
interface shall be enabled regardiess of whether the PHY has determined that a valid link has been
established. If bit 0.5 is set to a logic zero, bit 0.12 to logic one or bit 0.8 to logic zero, encoding and
transmitting data from the media independent interface shall be dependent on whether the PHY has
determined that a valid link has been established. When bit 0.12 is one or hit 0.8 is zero, bit 0.5 shall be
ignored.

A management entity shall set bit 0.5 to alogic one only after it has enabled an associated OAM sublayer
(see Clause 57) or if this device is a 1000BASE-PX-D PHY. A management entity shall clear bit 0.5 to a
logic zero prior to it disabling an associated OAM sublayer when this device is not a 1000BA SE-PX-D PHY.
To avoid collisions, a management entity should not set bit 0.5 of a 1000BASE-PX-U PHY to alogic one.

The default value of bit 0.5 is zero, except for 1000BASE-PX-D, whereit is one.

Copyright © 2004 IEEE. All rights reserved. 9
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22.2.4.2 Status register (Register 1)

Change the ninth row of Table 22-8:

Table 22—-8—Status register bit definitions

Bit(s) Name Description R/wa

1.15 100BASE-T4 1=PHY ableto perform 100BASE-T4 RO
0=PHY not able to perform 100BASE-T4

114 100BASE-X Full Duplex 1=PHY ableto perform full duplex 100BASE-X RO
0=PHY not able to perform full duplex 100BA SE-X

1.13 100BASE-X Half Duplex 1=PHY ableto perform haf duplex 100BASE-X RO
0=PHY not able to perform half duplex 100BASE-X

112 10 Mb/s Full Duplex 1=PHY ableto operate at 10 Mb/sin full duplex mode RO
0=PHY not able to operate at 10 Mb/sin full duplex mode

11 10 Mb/s Half Duplex 1=PHY ableto operate at 10 Mb/sin half duplex mode RO
0=PHY not able to operate at 10 Mb/sin half duplex mode

1.10 100BASE-T2 Full Duplex 1=PHY ableto perform full duplex 100BASE-T2 RO
0 =PHY not able to perform full duplex 100BASE-T2

1.9 100BASE-T2 Half Duplex | 1=PHY ableto perform half duplex 100BASE-T2 RO
0=PHY not able to perform half duplex 100BASE-T2

18 Extended Status 1 = Extended status information in Register 15 RO
0 = No extended status information in Register 15

17 ReservedUnidirectional RO

ability 1=PHY ableto transmit from mediaindependent interface

regardless of whether the PHY has determined that avalid
link has been established
0=PHY ableto transmit from media independent interface
only when the PHY has determined that avalid link has been
established

16 MF Preamble Suppression 1=PHY will accept management frames with preamble RO
suppressed.
0=PHY will not accept management frames with preamble
suppressed.

15 Auto-Negotiation 1 = Auto-Negotiation process completed RO

Complete 0 = Auto-Negotiation process not completed

14 Remote Fault 1 = remote fault condition detected RO/
0 = no remote fault condition detected LH

13 Auto-Negotiation Ability 1=PHY isableto perform Auto-Negotiation RO
0=PHY isnot able to perform Auto-Negotiation

12 Link Status 1=linkisup RO/LL
0=link isdown

11 Jabber Detect 1 = jabber condition detected RO/LH
0 =no jabber condition detected

1.0 Extended Capability 1 = extended register capabilities RO
0 = basic register set capabilities only

38R0 = Read Only, LL = Latching Low, LH = Latching High

10
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Replace 22.2.4.2.8 with the following
22.2.4.2.8 Unidirectional ability

When read as alogic one, bit 1.7 indicates that the PHY has the ability to encode and transmit data from the
media independent interface regardless of whether the PHY has determined that a valid link has been
established. When read as a logic zero, bit 1.7 indicates the PHY is able to transmit data from the media
independent interface only when the PHY has determined that avalid link has been established.

A PHY shall return a value of zero in bit 1.7 if it is not a 100BASE-X PHY using the PCS and PMA
specified in 66.1 or a 1000BASE-X PHY using the PCS and PMA specified in 66.2.

22.2.4.3 Extended capability registers

Change the first paragraph of this subclause (IEEE Std 802.3af-2003) as follows:

In addition to the basic register set defined in 22.2.4.1 and 22.2.4.2, PHY s may provide an extended set of
capabilities that may be accessed and controlled viathe M1 management interface. ThirteenEleven registers
have been defined within the extended address space for the purpose of providing a PHY-specific identifier
to layer management, to provide control and monitoring for the Auto-Negotiation process, and to provide
control and monitoring of power sourcing equipment, and to provide MDIO Manageable Device (MMD)

register access.

Insert the following new subclauses after subclause 22.2.4.3.10, renumber current subclause 22.2.4.3.11
t0 22.2.4.3.13. Renumber current tables after the newly inserted tables.

22.2.4.3.11 MMD access control register (Register 13)
The assignment of bits in the MMD access control register is shown in Table 22-9. The MMD access

control register is used in conjunction with the MMD access address data register (Register 14) to provide
access to the MM D address space using the interface and mechanisms defined in 22.2.4.

Table 22-9—MMD access control register bit definitions

Bit(s) Name Description R/wa

13.15:14 Function 13.15 13.14 R/W

0 0 = address

0 1 = data, no post increment

1 0 = data, post increment on reads and writes

1 1 = data, post increment on writes only
13.135 Reserved Write as 0, ignore on read R/W
13.4:.0 DEVAD Device address R/W

3R/W = Read/Write

Each MMD maintains its own individual address register as described in 45.2.7. The DEVAD field directs
any accesses of Register 14 to the appropriate MMD as described in 45.2. If the access of Register 14 is an
address access (bits 13.15:14 = 00) then it is directed to the address register within the MM D associated with
the value in the DEVAD field (bits 13.4:0). Otherwise, both the DEVAD field and that MMD’s address
register direct the Register 14 data accesses to the appropriate registers within that MMD.
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The Function field can be set to any of four values:

a)
b)

©)

d)

When set to 00, accesses to Register 14 access the MMD’s individual address register. This address
register should always be initialized before attempting any accesses to other MMD registers.

When set to 01, accesses to Register 14 access the register within the MMD selected by the valuein
the MMD'’s address register.

When set to 10, accesses to Register 14 access the register within the MMD selected by the value in
the MMD'’s address register. After that access is complete, for both read and write accesses, the
valuein the MMD’s address field isincremented.

When set to 11, accesses to Register 14 access the register within the MMD selected by the valuein
the MMD’s address register. After that access is complete, for write accesses only, the value in the
MMD’s address field is incremented. For read accesses, the value in the MMD’s address field is not
modified.

For additional insight into the operation and usage of this register, see Annex 22D.

22.2.4.3.12 MMD access address data register (Register 14)

The assignment of bitsin the MMD access address data register is shown in Table 22-10. The MMD access
address data register is used in conjunction with the MMD access control register (Register 13) to provide
access to the MMD address space using the interface and mechanisms defined in 22.2.4. Accesses to this
register are controlled by the value of the fields in Register 13 and the contents of the MMD'’s individual
address field as described in 22.2.4.3.11.

Table 22-10—MMD access address data register bit definitions

Bit(s) Name Description R/wa

14.15:.0 Address Data If 13.15:14 = 00, MMD DEVAD'’s address register. R/W

Otherwise, MMD DEVAD’s dataregister asindicated by the
contents of its address register

3R/W = Read/Write

For additional insight into the operation and usage of this register, see Annex 22D.

22.7.2.3 Major capabilities/options

Insert the following major capability/option into 22.7.2.3 after *GM:

Item Feature Subclause Satus Support Value/Comment
*MUNI | Implementation of unidirectiona PCS | 22.2.4 (0] Yes[ ]
No []

12
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Insert the following PI CS itemsinto 22.7.3.4 after MF 37, and renumber the following PICS items:

Item Feature Subclause Satus Support Value/Comment
MF38 PHY without unidirectional 2224112 | M Yes[] PHY returnsavalueof 0in 0.5
ability NAT] if 1.7=0
MF39 PHY without unidirectional 2224112 | M Yes[] PHY always maintains avalue
ability NAT] of 0in0.5if 1.7=0
MF40 Unidirectional enable 2224112 | MUNEEIM | Yes[] By setting 0.12=0,0.8=1and
NA[] 05=1
MF41 Unidirectional disable 2224112 | MUNEEM | Yes[] By setting 0.12=1,0.8=0o0r
NAT] 05=0
MF42 Ignore bit 0.5 2224112 | MUNEEM | Yes[] Ignore 0.5 when 0.12 = 1 or
NAT] 08=0
MF43 Enable unidirectional mode 2224112 | MUNEEM | Yes[] Enable only when OAM sub-
NAT] layer isenabled or when part of
1000BASE-PX-D PHY
MF44 Disable unidirectional mode 2224112 | MUNI:IM | Yes[] Unidirectional modeis dis-
NAT] abled before disabling OAM
sublayer when not part of
1000BASE-PX-D PHY
MF45 Unidirectional ability 22.2.4.2.8 M Yes[] Bit 1.7 =0for al PHY s except
NAT] those using 66.1 and 66.2

Copyright © 2004 IEEE. All rights reserved.
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30. 10 Mb/s, 100 Mbs, 1000 Mb/s and 10Gb/s Management

Change the title of this clause asfollows:

30.-16-Mb{s-100-Mb/s1000-Mbis—anrd-10-Gbis-Management

30.1 Overview

Change the first paragraph of this subclause as follows (as modified by |EEE Std 802.3ae-2002 and
|EEE Sd 802.3af-2003):

This clause provides the Layer Management specification for DTES, repeaters, and MAUS based on the
CSMA/CD access method. The clause is produced from the 1SO framework additions to Clause 5, Layer
Management; Clause 19, Repeater Management; and Clause 20, MAU Management. It incorporates
additions to the objects, attributes, and behaviours to support 100 Mb/s, 1000 Mb/s and 10 Gb/s, full duplex
operation, MAC Control, Link Aggregation, and-DTE Power viaMDI, and subscriber access networks.

30.1.1 Scope

Change the first paragraph of this subclause as follows (as modified by |EEE Std 802.3ae-2002 and
|EEE Sd 802.3af-2003):

This clause includes selections from Clauses5, 19, and 20. It is intended to be an entirely equivaent
specification for the management of 10 Mb/sDTEs, 10 Mb/s baseband repeater units, and 10 Mb/s
integrated MAUS. |t incorporates addltlons to the ob|ects attributes, and behaviours to support subsegquent
addltlons to this standard. :

Implementat| ons of management for DTEs repeater units, and embedded MAUs should follow the
requirements of this clause (e.g., a 10 Mb/s implementation should incorporate the attributes to indicate that
it is not capable of 100 Mb/s or 1000 Mb/s operation;; half duplex DTE should incorporate the attributes to
indicate that it is not capable of full duplex operation, etc.).

30.1.2 Relationship to objects in IEEE 802.1F
Change the second paragraph of this subclause asfollows (as modified by | EEE Std 802.3af-2003):

oResourceTypel D
This object classis mandatory and shall be implemented as defined in
IEEE 802.1F. This abject is bound to oM A C-Entity, oRepeater,
oMidSpan and oMAU asdefined by the NAME BINDINGsin 30A.10.1.
Note that the binding to oMAU is mandatory only when M| is present.
The Entity Relationship Diagrams, Figures 30-3, 304, and 3045,
shows these bindings pictorially.

30.1.4 Management model

Change the second last paragraph of this subclause as follows (as modified by IEEE Std 802.3ae-2002
and |EEE Sd 802.3af-2003):

The above items are defined in 30.3 through 36:36-30.3.7 of this clause in terms of the template
requirements of 1SO/IEC 10165-4: 1991.
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30.2.2.1 Text description of managed objects

Change the following paragraphs of this subclause as follows (as modified by IEEE Sid 802.3ae-2002

and |EEE Std 802.3af-2003):

In case of conflict, the formal behaviour definitionsin 30.3, 30.4, 30.5, 30.6, and 30.7 take precedence over
the text descriptions in this subclause.

0AggPortDebugl nformation

OAggPortStats

0AggregationPort

OAggr egator

oAutoNegotiation

oGroup

oMACControl Entity

16

If oAggregator isimplemented, a single instance of

0AggPortDebugl nformation may be contained within oA ggregationPort.
This managed object class provides optional additional information that
can assi st with debugging and fault finding in Systems that support Link
Aggregation.

If oAggregator isimplemented, asingle instance of ocAggPortStats may
be contained within oAggregationPort. This managed object class
provides optional additional statistics related to LACP and Marker
protocol activity on an instance of an Aggregation Port that isinvolved
in Link Aggregation.

If oAggregator isimplemented, oAggregationPort is contained within
0Aggregator. An instance of this managed object classispresent for each
Aggregation Port that is part of the aggregation represented by the
OAggregator instance. This managed object class provides the basic
management controls necessary to alow an instance of an Aggregation
Port to be managed, for the purposes of Link Aggregation.

If implemented, oAggregator isthe top-most managed object class of the
DTE pertien-ef-thecontai nment tree shown in Figure 30-3. Notethat this
managed object class may be contai ned within another superior managed
object class. Such containment is expected, but is outside the scope of
this International Standard. The oA ggregator managed object class
provides the management controls necessary to alow an instance of an
Aggregator to be managed.

The managed object of that portion of the containment trees shown in
Figure 30-3_and Figure 30—4. The attributes, notifications, and actions
defined in this subclause are contained within the MAU managed obj ect.

The group managed object classis aview of a collection of repeater
ports.

If implemented, and if 0OAM isimplemented, asingle instance of

oMA CControl Entity is contained within oOAM. Otherwise, if
implemented, and if oAggregator isimplemented, oM ACControl Entity
is contai ned within oAggregator. Otherwise, if implemented,
oMACControl Entity becomes the top-most managed object class of the
DTE pertien-ef-thecontainment tree shown in Figure 30-3. Notethat this
managed object class may be contai ned within another superior managed
object class. Such containment is expected, but is outside the scope of
this International Standard.
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oMACControlFunctionEntity

oM ACERtity

oMAU

oMidSpan

oMPCP

00AM

0OMPEmulation

oPHY Entity

If implemented, oM A CControl FunctionEntity is contained within
oMA CControl Entity. The oM A CControl FunctionEntity managed object
class provides the management controls necessary to allow an instance

of the MAC Control PAUSE functlon to be manaqed eeﬂtameelwthm

If oMACControl Entity isimplemented, oM ACEntity is contained within
oMACControl Entity. Otherwise, if 0OAM is implemented,

oMA CEntity is contained within oOAM. Otherwise, if 0Aggregator is
implemented, oM A CEntity is contai ned within oAggregator. Otherwise,
OoMACEntity becomes the top-most managed object class of the DTE
pertien-ef-the-containment tree shown in Figure 30-3. Note that this
managed object class may be contai ned within another superior managed
object class. Such containment is expected, but is outside the scope of
this International Standard.

The managed object of that portion of the containment trees shown in
Figure 30-3_and Figure 30—4. The attributes, notifications, and actions
defined in this subclause are contained within the MAU managed object.
Neither counter values nor the value of MAUAdmiInState is required to
be preserved across events involving the loss of power.

The top-most managed object class of the Midspan containment tree
shown in Figure 30-54. Note that this managed object class may be
contained within another superior managed object class. Such
containment is expected, but is outside the scope of this standard.

If implemented, oM PCP is contained within oM A CControl Entity. The
oM PCP managed object class provides the management controls
necessary to allow an instance of the Multi-Point MAC Control function

to be managed.

If implemented, and if oAggregator isimplemented, cOAM iscontained
within ocAggregator. An instance of this managed object classis present
for each Aggregation Port that is part of the aggregation represented by
the oAgaregator instance. Otherwise, if implemented, c0OAM becomes
the top-most managed object class of the DTE containment tree shown
in Figure 30—3. Note that this managed object class may be contained
within another superior managed object class. Such containment is
expected, but is outside the scope of this International Standard.

If implemented, oOM PEmulation is contained within oM A CEntity. The
0OM PEmulation managed object class provides the management
controls necessary to allow an instance of an OM PEmul ation sublayer to

be managed.

If oOM PEmulation isimplemented, oPHY Entity is contained within
0oOM PEmulation. Otherwise oPHY Entity is cEontained within
OMACEntity. Many instances of oPHY Entity may coexist within one
instance of oM A CEntity; however, only one PHY may beactivefor data
transfer to and from the MAC at any one time. oPHY Entity is the
managed object that contains the MAU, PAF and PSE managed objects
inaDTE.
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OPSE

OPSEGroup

oRepeater

oRepeater M onitor

oRepeater Port

oResourceTypel D

oWwIS

30.2.3 Containment

AMENDMENT TO IEEE Std 802.3

The oPAF managed object class provides the management controls
necessary to alow an instance of a PME aggregation function (PAF) to
be managed. The PAF managed object class also providesaview of a
collection of PMEs.

The oPM E managed object class provides the management controls
necessary to allow an instance of a PME to be managed. The oPAFE
managed object contains the PME managed objectinaDTE.

The managed object of that portion of the containment trees shown in
Figure 30-3, Figure 304, and Figure 30-54. The attributes and actions
defined in this subclause are contained within the oPSE managed obj ect.

The PSE Group managed object classisaview of acollection of PSEs.

The top-most managed object class of the repeater pertion-ef-the-
contai nment tree shown in Figure 30-4Fgure36-3. Note that this
managed object class may be contai ned within another superior managed
object class. Such containment is expected, but is outside the scope of
this standard.

A managed object class called out by |EEE Std 802.1F-1993. See 30.1.2,
oEWMAMetricMonitor.

Therepeater port managed object class provides aview of the functional
link between the data transfer service and a single PMA. The attributes
associ ated with repeater port deal with the monitoring of traffic being
handled by the repeater from the port and control of the operation of the
port. The Port Enable/Disable function as reported by portAdminStateis
preserved across events involving loss of power. The oRepeaterPort
managed object contains the MAU managed object in arepeater set.

NOTE—Attachment to nonstandard PMAs is outside the scope of this standard.

A managed object class called out by |[EEE Std 802.1F-1993. It is used
within this clause to identify manufacturer, product, and revision of
managed components that implement functions and interfaces defined
within IEEE 802.3. The Clause 22 M1 or Clause 35 GMII specifiestwo
registersto carry PHY ldentifier (22.2.4.3.1), which provides succinct
information sufficient to support oResourceTypelD.

The managed object of that portion of the containment tree shown in
Figure 30-3. The attributes defined in this subclause are contained
within the oM AU managed object.

Change the first paragraph of this subclause as follows (as modified by | EEE Std 802.3af-2003):

A containment relationship is a structuring relationship for managed objects in which the existence of a
managed object is dependent on the existence of a containing managed object. The contained managed
object is said to be the subordinate managed object, and the containing managed object the superior
managed object. The containment relationship is used for naming managed objects. The local containment
relationships among object classes are depicted in the entity relationship diagrams, Figure 30-3, through
Figure 30-5-and-Figure-36—4. These figures show the names of the object classes and whether a particular
containment relationship is one-to-one, er-one-to-many,_or many-to-one. For further requirements on this
topic, see IEEE Std 802.1F-1993. PSE management is only valid in a system that provides management at
the next higher containment level, that is, either a DTE, repeater or Midspan with management.

18
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Replace Figure 30-3 with the following:

A
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d<
<«

oResourceTypelD

4

e

oOMPEmulation

30.3.7

oPHYEntity
30.3.2

A4 E
4

oAggregator
30.7.1
|
v ;
o0AggregationPort 00AM
30.7.2 30.3.6
v v ¥ v
0AggPortStats 0AggPortDebugInformation oMACControlEntity
30.7.3 30.7.4 30.3.3
] |
\ 4
vV Vv v v v
O0MACERtity IOMACControlFunctionEntity| oMPCP
30.3.1 30.34 30.3.5
] 4

OPAF
30.11.1
4 4
‘; oMAU oPSE
30.5.1 30.9.1
oPME
30.11.2 | [
4 4 4
oAutoNegotiation OResourceTypelD owIS
30.6.1 30.8.1

—»» Denotes one-to-many relationship

—» Denotes one-to-one relationship

Figure 30—3—DTE System entity relationship diagram
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Insert new Figure 304 asfollows. Renumber existing figures as required.

oRepeater
30.4.1

oResourceTypelD oGroup

30.4.2

A4
A

oRepeaterPort
30.4.3

; v

oPSE oMAU
30.9.1 30.5.1

v v

oResourceTypelD

. . oAutoNegotiation
I Present if MIl 1 30.6.1

——»p» Denotes one-to-many relationship
—— > Denotes one-to-one relationship

Figure 30—4—Repeater entity relationship diagram

30.2.5 Capabilities

Change the first paragraph of this subclause as follows (as modified by |EEE Std 802.3ae-2002 and
|EEE Sd 802.3af-2003):

This standard makes use of the concept of packages as defined in ISO/IEC 10165-4: 1992 as a means of
grouping behaviour, attributes, actions, and notifications within a managed object class definition. Packages
may either be mandatory, or be conditional, that is to say, present if a given condition is true. Within this
standard capabilities are defined, each of which corresponds to a set of packages, which are components of
a number of managed object class definitions and which share the same condition for presence.
Implementation of the appropriate basic and mandatory packages is the minimum requirement for claiming
conformance to IEEE 802.3 Management. Implementation of an entire optional capability is required in
order to claim conformance to that capability. The capabilities and packages for IEEE 802.3 Management
are specified in Tables 30-1 through-36—4 30-5.

In Tables 30-1a, 30-1b, 30-1c, 30-1d and 30-1e change the DTE and MAU column heading ‘100/1000
Mb/s Monitor Capahility (Optional)’ to read ‘PHY Error Monitor Capability (Optional)’.
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Insert the following entries to Table 30-1b after ‘aRateControlStatus (as modified by IEEE Sd

802.3ae-2002):
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Changethe following entry in Table 30-1c (as modified by | EEE 802.3ae-2002):
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21

Copyright © 2004 IEEE. All rights reserved.



|IEEE

Std 802.3ah-2004

Insert the following new table after Table 30—4:

Table 30—5—EFM Capabilities

AMENDMENT TO IEEE Std 802.3

]

TE MAU} PME

Operation Administration Maintenance Package (Conditional
Optical Multipoint Emulation Package (Conditional)
Optical Multipoint Emulation Monitor Package (Optional)

Multi-Point Control Protocol Package (Conditional)
PCS Code Error Monitor Package (Optional)
Forward Error Correction Package (Conditional)
Basic Package (Mandatory)

PME Aggregation Package (Optional)

10P/2B Package (Mandatory)

oMPCP managed object class (30.3.5)

aMPCPID ATTRIBUTE GET X
aMPCPAdminState ATTRIBUTE GET X
aMPCPMode ATTRIBUTE GET X
aMPCPLinkID ATTRIBUTE GET X
aMPCPRemoteMACAddress ATTRIBUTE GET X
aMPCPRegistrationState ATTRIBUTE GET X
aMPCPMACCItrIFramesTransmitted ATTRIBUTE GET X
aMPCPMACCItrIFramesReceived ATTRIBUTE GET X
aMPCPTxGate ATTRIBUTE GET X
aMPCPTxRegAck ATTRIBUTE GET X
aMPCPTxRegister ATTRIBUTE GET X
aMPCPTxRegRequest ATTRIBUTE GET X
aMPCPTxReport ATTRIBUTE GET X
aMPCPRxGate ATTRIBUTE GET X
aMPCPRxRegAck ATTRIBUTE GET X
aMPCPRxRegister ATTRIBUTE GET X
aMPCPRxRegRequest ATTRIBUTE GET X
aMPCPRxReport ATTRIBUTE GET X
aMPCPTransmitElapsed ATTRIBUTE GET X
aMPCPReceiveElapsed ATTRIBUTE GET X
aMPCPRoundTripTime ATTRIBUTE GET X
aMPCPDiscoveryWindowsSent ATTRIBUTE GET X
aMPCPDiscoveryTimeout ATTRIBUTE GET X
aMPCPMaximumPendingGrants ATTRIBUTE GET X
acMPCPAdminControl ACTION X
00OAM managed object class (30.3.6)
aOAMID ATTRIBUTE | GET | Ix[ 1] |

22
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Table 30—-5—EFM Capabilities (continued)
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aOAMAdminState ATTRIBUTE GET X
aOAMMode ATTRIBUTE GET-SET X
aOAMDiscoveryState ATTRIBUTE GET X
aOAMRemoteMACAddress ATTRIBUTE GET X
aOAMLocalConfiguration ATTRIBUTE GET X
aOAMRemoteConfiguration ATTRIBUTE GET X
aOAMLocalPDUConfiguration ATTRIBUTE GET X
aOAMRemotePDUConfiguration ATTRIBUTE GET X
aOAMLocalFlagsField ATTRIBUTE GET X
aOAMRemoteFlagsField ATTRIBUTE GET X
aOAMLocalRevision ATTRIBUTE GET X
aOAMRemoteRevision ATTRIBUTE GET X
aOAMLocalState ATTRIBUTE GET X
aOAMRemoteState ATTRIBUTE GET X
aOAMRemoteVendorOUI ATTRIBUTE GET X
aOAMRemoteVendorSpecificinfo ATTRIBUTE GET X
aOAMUnsupportedCodesTx ATTRIBUTE GET X
aOAMUnsupportedCodesRx ATTRIBUTE GET X
aOAMInformationTx ATTRIBUTE GET X
aOAMInformationRx ATTRIBUTE GET X
aOAMUniqueEventNotificationTx ATTRIBUTE GET X
aOAMDuplicateEventNotificationTx ATTRIBUTE GET X
aOAMUniqueEventNotificationRx ATTRIBUTE GET X
aOAMDuplicateEventNotificationRx ATTRIBUTE GET X
aOAMLoopbackControlTx ATTRIBUTE GET X
aOAMLoopbackControlRx ATTRIBUTE GET X
aOAMVariableRequestTx ATTRIBUTE GET X
aOAMVariableRequestRx ATTRIBUTE GET X
aOAMVariableResponseTx ATTRIBUTE GET X
aOAMVariableResponseRx ATTRIBUTE GET X
aOAMOrganizationSpecificTx ATTRIBUTE GET X
aOAMOrganizationSpecificRx ATTRIBUTE GET X
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Table 30—-5—EFM Capabilities (continued)

]

TE MAU} PME

Optical Multipoint Emulation Monitor Package (Optional)

Multi-Point Control Protocol Package (Conditional)
Optical Multipoint Emulation Package (Conditional)
PCS Code Error Monitor Package (Optional)

Forward Error Correction Package (Conditional)

Basic Package (Mandatory)
PME Aggregation Package (Optional)

10P/2B Package (Mandatory)

XX XXX XXX | X | X | X |X|X|X |Operation Administration Maintenance Package (Conditional

aOAMLocalErrSymPeriodConfig ATTRIBUTE GET
aOAMLocalErrSymPeriodEvent ATTRIBUTE GET
aOAMLocalErrFrameConfig ATTRIBUTE GET
aOAMLocalErrFrameEvent ATTRIBUTE GET
aOAMLocalErrFramePeriodConfig ATTRIBUTE GET
aOAMLocalErrFramePeriodEvent ATTRIBUTE GET
aOAMLocalErrFrameSecsSummaryConfig ATTRIBUTE GET
aOAMLocalErrFrameSecsSummaryEvent ATTRIBUTE GET
aOAMRemoteErrSymPeriodEvent ATTRIBUTE GET
aOAMRemoteErrFrameEvent ATTRIBUTE GET
aOAMRemoteErrFramePeriodEvent ATTRIBUTE GET
aOAMRemoteErrFrameSecsSummaryEvent ATTRIBUTE GET
aFramesLostDue ToOAMError ATTRIBUTE GET
acOAMAdminControl ACTION

oOMPEmulation managed object class (30.3.7)
aOMPEmulationID ATTRIBUTE GET X
aOMPEmulationType ATTRIBUTE GET X
aSLDErrors ATTRIBUTE GET X
aCRCS8Errors ATTRIBUTE GET X
aGoodLLID ATTRIBUTE GET X
aONUPONCcastLLID ATTRIBUTE GET X
aOLTPONCcastLLID ATTRIBUTE GET X
aBadLLID ATTRIBUTE GET X

oMAU managed object class (30.5.1)
aPCSCodingViolation ATTRIBUTE GET X
aFECADbility ATTRIBUTE GET X
aFECmode ATTRIBUTE GET-SET X
aFECCorrectedBlocks ATTRIBUTE GET X
aFECUncorrectableBlocks ATTRIBUTE GET X

0oPAF managed object class (30.11.1)

| aPAFID ATTRIBUTE | GET | | 1Ix
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Table 30—-5—EFM Capabilities (continued)
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aPhyEnd ATTRIBUTE GET X
aPHYCurrentStatus ATTRIBUTE GET X
aPAFSupported ATTRIBUTE GET X
aPAFAdminState ATTRIBUTE GET-SET X
aLocalPAFCapacity ATTRIBUTE | GET X
alLocalPMEAvailable ATTRIBUTE GET X
alLocalPMEAggregate ATTRIBUTE GET X
aRemotePAFSupported ATTRIBUTE GET X
aRemotePAFCapacity ATTRIBUTE GET X
aRemotePMEAggregate ATTRIBUTE GET X
oPME managed object class (30.11.2)
aPMEID ATTRIBUTE GET X
aPMEAdminState ATTRIBUTE GET-SET X
aPMEStatus ATTRIBUTE GET X
aPMESNRMgn ATTRIBUTE GET X
aTCCodingViolations ATTRIBUTE GET X
aProfileSelect ATTRIBUTE GET-SET X
aOperatingProfile ATTRIBUTE GET X
aPMEFECCorrectedBlocks ATTRIBUTE GET X
aPMEFECUncorrectableBlocks ATTRIBUTE GET X
Common Attributes Template
| aCMCounter | ATTRIBUTE | GET Ix Ix IxIxIxIxT TxIx

30.3.1.1.20 aFramesWithExcessiveDeferral

Change this subclause as follows:
ATTRIBUTE
APPROPRIATE SYNTAX:

Generalized nonresettabl e counter. This counter has a maximum increment rate of 412 counts per

second at 10 Mb/s
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behaviour DEFINED AS:
A count of frames that deferred for an excessive period of time. This counter may only be
incremented once per LL C transmission. This counter is incremented when the excessDefer flag
is set. The actual update occurs in the LayerMgmtTransmitCounters procedure (5.2.4.2). The
contents of this attribute are undefined for MAC entities operating in full duplex mode and also
when connected to aPHY utilizing the MAC-PHY Rate Matching defined in 61.2.1.1;

Insert the following after subclause 30.3.1.1.34 aRateControl Status:
30.3.1.1.35 aDeferControlAbility

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
The enumeration “true” is returned when the interframe spacing is accomplished within the MAC
sublayer (see 4A.2.3.2.3), the enumeration “false” isreturned otherwise.;

30.3.1.1.36 aDeferControlStatus

ATTRIBUTE
APPROPRIATE SYNTAX:

An ENUMERATED VALUE that has one of the following entries:
unknown defer control mode unknown
defer control off defer control mode disabled
defer control on defer control mode enabled

BEHAVIOUR DEFINED AS:
A GET operation returns the current Defer Control mode of operation of the MAC. A SET
operation changes the mode of operation of the M AC sublayer to the indicated value. A SET
operation shall have no effect on adevice whose mode cannot be changed through management or
that can only operate in a single mode.

This attribute maps to the variable deferenceM ode (see 4A.2.7.2).;
30.3.2.1.2 aPhyType

Change this subclause as follows (as modified by |EEE Std 802.3ae-2002):
ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:

other Undefined

unknown Initializing, true state or type not yet known
none M1 present and nothing connected
2BASE-TL Clause 61 0.5 Mb/sto 5.5 Mb/s 64/65-octet
10 Mbl/s Clause 7 10 Mb/s Manchester

10PASS-TS Clause 61 2.5 Mb/sto 100 Mb/s 64/65-octet
100BASE-T4  Clause 23 100 Mb/s 8B/6T

100BASE-X Clause 24 or subclause 66.1 100 Mb/s 4B/5B
100BASE-T2  Clause 32 100 Mb/s PAM5X5

1000BASE-X  Clause 36 or subclause 66.2 1000 Mb/s 8B/10B
1000BASE-T  Clause 40 1000 Mb/s 4D-PAM5
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10GBASE-X Clause 48 10 Gb/s 4 lane 8B/10B
10GBASE-R Clause 49 10 Gb/s 64B/66B
10GBASE-W  Clause 49 10 Gb/s 64B/66B and Clause 50 WIS

BEHAVIOUR DEFINED AS:
A read-only value that identifiesthe PHY type. The enumeration of the type is such that the value
matches the clause number of this International Standard that specifies the particular PHY. The
value of this attribute maps to the value of aM AUType. The enumeration “none” can only occur
in astandard implementation where an MII exists and there is nothing connected. However, the
attribute aM |1 Detect should be used to determine whether an MI1 exists or not.;

30.3.2.1.3 aPhyTypeList

Change this subclause as follows (as modified by |EEE Std 802.3ae-2002):
ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE that meets the requirements of the description below:

other Undefined

unknown Initializing, true state or type not yet known
none M1 present and nothing connected
2BASE-TL Clause 61 0.5 Mb/sto 5.5 Mb/s 64/65-octet
10 Mbl/s Clause 7 10 Mb/s Manchester

10PASS-TS Clause 61 2.5 Mb/sto 100 Mb/s 64/65-octet
100BASE-T4  Clause 23 100 Mb/s 8B/6T

100BASE-X Clause 24 or subclause 66.1 100 Mb/s 4B/5B
100BASE-T2  Clause 32 100 Mb/s PAM5X5

1000BASE-X  Clause 36 or subclause 66.2 1000 Mb/s 8B/10B
1000BASE-T  Clause 40 1000 Mb/s 4D-PAM5

10GBASE-X Clause 48 10 Gb/s 4 lane 8B/10B

10GBASE-R Clause 49 10 Gb/s 64B/66B

10GBASE-W  Clause 49 10 Gb/s 64B/66B and Clause 50 WIS

BEHAVIOUR DEFINED AS:
A read-only list of the possible types that the PHY could be, identifying the ability of the PHY . If
Clause 28 or Clause 37, Auto-Negotiation, is present, then this attribute will map to the local
technology ability or advertised ability of the local device.

NOTE—At 10 Gb/s the ability of the PMD must be taken into account when reporting the possible types
that the PHY could be;;

30.3.3.2 aMACControlFunctionsSupported

Change this subclause as follows:
ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE that meets the requirements of the description below:
PAUSE PAUSE command implemented
MPCP MPCP implemented

BEHAVIOUR DEFINED AS:
A read-write list of the possible MAC Control functions implemented within the device. Each
function implemented will have an associated MA C Control Function Entity object class.
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30.3.4 PAUSE entity managed object class

Change this subclause as follows:

This subclause formally defines the behaviours for the oMACControlFunctionEntity ePAUSEERtity
managed object class attributes.

Insert the following new subclauses after 30.3.4.3

30.3.5 MPCP managed object class

This subclause formally defines the behaviours for the oM PCP managed object class attributes and actions.

30.3.5.1 MPCP Attributes
30.3.5.1.1 aMPCPID

ATTRIBUTE
APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:

The value of aMPCPID is assigned so as to uniquely identify an MPCP entity among the
subordinate managed objects of the containing object.;

30.3.5.1.2 aMPCPAdminState

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has the following entries:
enabled
disabled

BEHAVIOUR DEFINED AS:
A read-only value that identifies the operational state of the Multi-Point MAC Control sublayer.
An interface which can provide the Multi-Point MAC Control sublayer functions specified in
Clause 64 will be enabled to do so when this attribute has the enumeration “enabled”. When this
attribute has the enumeration “disabled” the interface will act asit would if it had no Multi-Point
MAC Control sublayer. The operational state of the Multi-Point MAC Control sublayer can be
changed using the acM PCPAdminControl action.;

30.3.5.1.3 aMPCPMode

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has the following entries:
OLT
ONU

BEHAVIOUR DEFINED AS:
A read-only value that identifies the operational mode of the Multi-Point MAC Control sublayer.
An interface which can provide the Multi-Point MAC Control sublayer functions specified in
Clause 64 will operate as an OLT when this attribute has the enumeration “OLT”. When this
attribute has the enumeration “ONU” the interface will act asan ONU.;
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30.3.5.1.4 aMPCPLinkID

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A read-only value that identifiesthe Logica Link identity (LLID) associated with the MAC port
as specified in 65.1.2.3.2,;

30.3.5.1.5 aMPCPRemoteMACAddress

ATTRIBUTE

APPROPRIATE SYNTAX:
MACAddress

BEHAVIOUR DEFINED AS:
A read-only value that identifies the source_address parameter of the last MPCPDU passed to
MAC Control.

Thisvaueisupdated on reception of avalid framewith (1) adestinationField equal to thereserved
multicast addressfor MAC Control specified in 31A, (2) lengthOrType field value equal to the
reserved Type for MAC Control as specified in 31A, (3) an opcode value reserved for one of
MPCP messages, as specified in 31A.;

30.3.5.1.6 aMPCPRegistrationState

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has the following entries:
unregistered unregistered
registering registering with link-partner
registered registered with alink-partner

BEHAVIOUR DEFINED AS:
A read-only value that identifies the operational state of an individual instance of Multi-Point
MAC Control. When this attribute has the enumeration “unregistered” the interface isready for
registering alink partner. When this attribute has the enumeration “registering” the interfaceisin
the process of registering alink-partner. When this attribute has the enumeration “registered” the
interface has an established and operationa link-partner.

NOTE—This attribute may be used by layer management mechanisms or OAM client to obtain the status
of logical linksin P2MP networks. Specifically, in implementations where the OAM sublayer is interfaced
with Multi-Point MAC Control, theOAM_CTRL .request

(local_link_status) primitive specified in 57.2.5.3 should be mapped to this attribute as follows:

When the value of this attribute changes from “registering” to “registered”, an OAM_CTRL .request
primitive with parameter local_link_status = OK is generated.

When the value of this attribute changes from “registered” to “unregistered”, an OAM_CTRL .request
primitive with parameter local_link_status = FAIL is generated.;
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30.3.5.1.7 aMPCPMACCtrIFramesTransmitted

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mb/s.

BEHAVIOUR DEFINED AS:
A count of MPCP frames passed to the MAC sublayer for transmission.

Increment counter by one when aMA_CONTROL .request service primitive is generated within
the MAC Control sublayer with an opcode indicating an MPCP frame.;

30.3.5.1.8 aMPCPMACCtrIFramesReceived

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mbl/s.

BEHAVIOUR DEFINED AS:
A count of MPCP frames passed by the MAC sublayer to the MAC Control sublayer.

Increment counter by one when a ReceiveFrame function call returnsavalid frame with: (1) a
lengthOrType field value equal to the reserved Type for 802.3_MAC_Control as specified in
31.4.1.3, and (2) an opcode indicating an MPCP frame.;

30.3.5.1.9 aMPCPTxGate

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mbl/s.

BEHAVIOUR DEFINED AS:
A count of the number of times a GATE MPCP frames transmission occurs.

Increment the counter by one when aMA_CONTROL.request service primitive is generated
within the MAC Control sublayer with an opcode indicating a GATE MPCPDU.;

30.3.5.1.10 aMPCPTxRegAck

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mbl/s.

BEHAVIOUR DEFINED AS:
A count of the number of times aREGISTER_ACK MPCP frames transmission occurs.

Increment the counter by one when aMA_CONTROL.request service primitive is generated
within the MAC Control sublayer with an opcode indicating a REGISTER_ACK MPCPDU ;
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30.3.5.1.11 aMPCPTxRegister

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mb/s.

BEHAVIOUR DEFINED AS:
A count of the number of times a REGISTER M PCP frames transmission occurs.

Increment the counter by one when aMA_CONTROL.request service primitive is generated
within the MAC Control sublayer with an opcode indicating a REGISTER MPCPDU.;

30.3.5.1.12 aMPCPTxRegRequest

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mb/s.

BEHAVIOUR DEFINED AS:
A count of the number of times a REGISTER_REQ MPCP frames transmission occurs.

Increment the counter by one when aMA_CONTROL.request service primitive is generated
within the MAC Control sublayer with an opcode indicating a REGISTER_REQ MPCPDU.;

30.3.5.1.13 aMPCPTxReport

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mbl/s.

BEHAVIOUR DEFINED AS:
A count of the number of times a REPORT MPCP frames transmission occurs.

Increment the counter by one when aMA_CONTROL.request service primitive is generated
within the MAC Control sublayer with an opcode indicating a REPORT MPCPDU.;

30.3.5.1.14 aMPCPRxGate

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mb/s.

BEHAVIOUR DEFINED AS:
A count of the number of times a GATE MPCP frames reception occurs.

Increment the counter by one when a ReceiveFrame function call returnsavalid frame with: (1) a
destinationField equal to the reserved multicast address for MAC Control specified in 31A, or
unique physical address associated with this station, (2) alengthOrTypefield value equal to the
reserved Type for 802.3 MAC_Control as specifiedin 31.4.1.3, (3) an opcodeindicatingaGATE
MPCPDU.;
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30.3.5.1.15 aMPCPRxRegAck

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mb/s.

BEHAVIOUR DEFINED AS:
A count of the number of times aREGISTER_ACK MPCP frames reception occurs.

Increment the counter by one when a ReceiveFrame function call returnsavalid frame with: (1) a
destinationField equal to the reserved multicast address for MAC Control specified in 31A, (2) a
lengthOrType field value equal to the reserved Type for 802.3_MAC_Control as specified in
31.4.1.3, (3) an opcode indicating a REGISTER_ACK MPCPDU.;

30.3.5.1.16 aMPCPRxRegister

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mbl/s.

BEHAVIOUR DEFINED AS:
A count of the number of times a REGISTER MPCP frames reception occurs.

Increment the counter by one when a ReceiveFrame function call returnsavalid frame with: (1) a
destinationField equal to the unique physical address associated with this station, (2) a
lengthOrType field value equal to the reserved Type for 802.3_MAC_Control as specified in
31.4.1.3, (3) an opcode indicating a REGISTER MPCPDU.;

30.3.5.1.17 aMPCPRxRegRequest

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mbl/s.

BEHAVIOUR DEFINED AS:
A count of the number of times a REGISTER_REQ MPCP frames reception occurs.

Increment the counter by one when a ReceiveFrame function call returnsavalid frame with: (1) a
destinationField equal to the reserved multicast address for MAC Control specified in 31A, (2) a
lengthOrType field value equal to the reserved Type for 802.3_MAC_Control as specified in
31.4.1.3, (3) an opcode indicating a REGISTER_REQ MPCPDU.;

30.3.5.1.18 aMPCPRxReport

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 600 000
counts per second at 1000 Mbl/s.

BEHAVIOUR DEFINED AS:
A count of the number of times a REPORT MPCP frames reception occurs.
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Increment the counter by one when a ReceiveFrame function call returnsavalid frame with: (1) a
destinationField equal to the reserved multicast address for MAC Control specified in 31A, (2) a
lengthOrType field value equal to the reserved Type for 802.3_MAC_Control as specified in
31.4.1.3, (3) an opcode indicating a REPORT MPCPDU. .;

30.3.5.1.19 aMPCPTransmitElapsed

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A read-only value that reports the interval from last MPCP frame transmission in increments of
16 ns. The valuereturned shall be (interval from last MPCP frame transmission in ns)/16, where

this value exceeds (23-1) the value (232-1) shall be returned.;
30.3.5.1.20 aMPCPReceiveElapsed

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A read-only valuethat reportstheinterval from last MPCP frame reception in incrementsof 16 ns.
The vaue returned shall be (interval from last M PCP frame reception in ns)/16, where thisvalue

exceeds (232-1) the value (2%2-1) shall be returned.;
30.3.5.1.21 aMPCPRoundTripTime

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A read-only valuethat reportsthe MPCP round trip timein incrementsof 16 ns. Thevaluereturned

shall be (round trip time in ns)/16, where this value exceeds (216—1) the value (216—1) shall be
returned. Thisvalueisonly defined for an OLT. The contents of this attribute are undefined for an
ONU.;

30.3.5.1.22 aMPCPDiscoveryWindowsSent

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 10 000 counts
per second at 1000 Mb/s.

BEHAVIOUR DEFINED AS:

A count of discovery windows generated. The counter is incremented by one for each generated
discovery window.;
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30.3.5.1.23 aMPCPDiscoveryTimeout

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 10 000 counts
per second at 1000 Mb/s.

BEHAVIOUR DEFINED AS:
A count of the number of times a discovery time-out occurs. The counter isincremented by one
for each discovery processing state machine reset resulting from time-out waiting for message
arrival.;

30.3.5.1.24 aMPCPMaximumPendingGrants

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
A read-only value that indicates the maximum number of grantsan ONU can store. The maximum
number of grants an ONU can store has arange of 0 to 255.;

30.3.5.2 MPCP Actions
30.3.5.2.1 acMPCPAdminControl

ACTION

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has the following entries:
enabled
disabled

BEHAVIOUR DEFINED AS:
This action provides a means to alter aM PCPAdminState.;

30.3.6 OAM object class

This subclause formally defines the behaviours for the cOAM managed object class attributes.
30.3.6.1 OAM Attributes

30.3.6.1.1 aOAMID

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
Thevalue of aOAMID isassigned so asto uniquely identify an OAM entity among the subordinate
managed obj ects of the containing object.;
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30.3.6.1.2 aOAMAdminState

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has the following entries:
enabled
disabled

BEHAVIOUR DEFINED AS:
A read-only value that identifies the operational state of the OAM sublayer.

An interface which can provide the OAM sublayer functions specified in Clause 57 will

be enabled to do so when this attribute has the enumeration “enabled”. When this attribute has the
enumeration “disabled” the interface will act asit would if it had no OAM sublayer. The
operational state of the OAM sublayer can be changed using the acOAMAdminControl action.;

30.3.6.1.3 aOAMMode

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:
passive passive OAM mode
active active OAM mode

BEHAVIOUR DEFINED AS:
A GET operation returns the current mode of the OAM sublayer entity (see 57.2.9), either
“passive” or “active.” A SET operation changes the mode of operation of the OAM entity to the
indicated value. A SET operation shall have no effect on adevice whose mode cannot be changed
through management or that can only operate in a single mode.;

30.3.6.1.4 aOAMDiscoveryState

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has one of the following entries:
link fault
active send local
passive wait
send local remote
send local remote ok
send any

BEHAVIOUR DEFINED AS:
A read-only value that identifies the current state of the OAM Discovery function. The
enumerations match the states within the Discovery state diagram Figure 57-5.;

30.3.6.1.5 aOAMRemoteMACAddress

ATTRIBUTE

APPROPRIATE SYNTAX:
MACAddress

BEHAVIOUR DEFINED AS:
The value of the source_address parameter of the last OAMPDU passed by the OAM subordinate
sublayer to the OAM sublayer.
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Thisvalueisupdated on reception of avalid framewith (1) adestinationField equal to the reserved
multicast addressfor Slow_Protocols specifiedin Table 43B-1, (2) lengthOrTypefield valueequal
to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3) a Slow_Protocols
subtype value equal to the subtype reserved for OAM as specified in Table 43B-3;

30.3.6.1.6 aOAMLocalConfiguration

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (5)]

BEHAVIOUR DEFINED AS:
A string of five bits corresponding to the OAM Configuration field (see Table 57-8) in the most
recently transmitted Information OAMPDU..;

Thefirst bit corresponds to the OAM Mode bit in the OAM Configuration field. The second bit
corresponds to the Unidirectional Support bit in the OAM Configuration field. The third bit
corresponds to the Remote L oopback Support bit in the OAM Configuration field. The fourth bit
corresponds to the Link Events bit in the OAM Configuration field. The fifth bit corresponds to
the Variable Retrieval bit in the OAM Configuration field.;

30.3.6.1.7 aOAMRemoteConfiguration

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (5)]

BEHAVIOUR DEFINED AS:
A string of five bits corresponding to the OAM Configuration field (see Table 57-8) in the most
recently received Information OAMPDU.

Thefirst bit corresponds to the OAM Mode bit in the OAM Configuration field. The second bit
corresponds to the Unidirectional Support bit in the OAM Configuration field. The third bit
corresponds to the Remote L oopback Support bit in the OAM Configuration field. The fourth bit
corresponds to the Link Events bit in the OAM Configuration field. The fifth bit corresponds to
the Variable Retrieval bit in the OAM Configuration field.

Thisvalueisupdated on reception of avalid frame, with (1) destinationField equal to the reserved
multicast addressfor Slow_Protocols specifiedin Table 43B-1, (2) lengthOrTypefield valueequal
to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3) a Slow_Protocols
subtype value equal to the subtype reserved for OAM as specified in Table 43B-3, (4) the OAM
code equalsthe OAM Information code as specified in Table 574, (5) theframe containsaLocal
Information TLV (see57.5.2.2),;

30.3.6.1.8 aOAMLocalPDUConfiguration

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
An eleven bit value corresponding to the Maximum OAMPDU Size vaue within the
OAMPDU Configuration field (see Table 57-9) in the most recently transmitted OAMPDU.;
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30.3.6.1.9 aOAMRemotePDUConfiguration

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
An eleven bit value corresponding to the Maximum OAMPDU Size value within the
OAMPDU Configuration field (see Table 57-9) in the most recently received Information
OAMPDU.

Thisvalueisupdated on reception of avalid frame, with (1) destinationField equal to the reserved
multicast addressfor Slow_Protocols specifiedin Table 43B-1, (2) lengthOrTypefield valueequal
to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3) a Slow_Protocols
subtype value equal to the subtype reserved for OAM as specified in Table 43B-3, (4) the OAM
code equalsthe OAM Information code as specified in Table 574, (5) theframe containsaLocal
Information TLV (see57.5.2.2),;

30.3.6.1.10 aOAMLocalFlagsField

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (7)]

BEHAVIOUR DEFINED AS:
A string of seven bits corresponding to the Flags field (see Table 57-3) in the most recently
transmitted OAMPDU.

Thefirst bit corresponds to the Link Fault bit in the Flags field. The second bit correspondsto the
Dying Gasp bit in the Flagsfield. The third bit corresponds to the Critical Event bit in the Flags
field. The fourth bit corresponds to the Local Evaluating hit in the Flags field. The fifth bit
corresponds to the Local Stable bit in the Flagsfield. The sixth bit corresponds to the Remote
Evaluating bit in the Flags field. The seventh bit corresponds to the Remote Stable bit in the Flags
field.;

30.3.6.1.11 aOAMRemoteFlagsField

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (7)]

BEHAVIOUR DEFINED AS:
A string of seven bits corresponding to the Flags field (see Table 57-3) in the most recently
received OAMPDU.

Thefirst bit correspondsto the Link Fault bit in the Flags field. The second bit correspondsto the
Dying Gasp bit in the Flagsfield. The third bit corresponds to the Critical Event bit in the Flags
field. The fourth bit corresponds to the Local Evaluating hit in the Flags field. The fifth bit
corresponds to the Local Stable bit in the Flagsfield. The sixth bit corresponds to the Remote
Evaluating bit in the Flags field. The seventh bit corresponds to the Remote Stable bit in the Flags
field.
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Thisvaueisupdated on reception of avalid frame with (1) adestinationField equal to the reserved
multicast addressfor Slow_Protocols specified in Table 43B—1, (2) lengthOrType field value
equal to thereserved Type for Slow_Protocols as specified in Table 43B-2, (3) a Slow_Protocols
subtype value equal to the subtype reserved for OAM as specified in Table 43B-3, (4) the OAM
code equals one of the codes as specified in Table 574.;

30.3.6.1.12 aOAMLocalRevision

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER
BEHAVIOUR DEFINED AS:

The value of the Revision field (Table 57-10) in the Local Information TLV of the most recently
transmitted Information OAMPDU .;

30.3.6.1.13 aOAMRemoteRevision

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:

The value of the Revision field (Table 57-10) in the Local Information TLV of the most recently
received Information OAMPDU.

Thisvalueis updated on reception of avalid frame, with (1) destinationField equal to the reserved
multicast addressfor Slow_Protocols specifiedin Table 43B-1, (2) lengthOrTypefield valueequal
to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3) a Slow_Protocols
subtype value equal to the subtype reserved for OAM as specified in Table 43B-3, (4) the
OAMPDU code equal to the Information code as specified in Table 574, (5) the frame contains
aLocal Information TLV (see57.5.2.2).;

30.3.6.1.14 aOAMLocalState

ATTRIBUTE
APPROPRIATE SYNTAX:
BIT STRING [SIZE (3)]

BEHAVIOUR DEFINED AS:

A string of three bits corresponding to the State field (see Table 57-7) of the most recently
transmitted | nformation OAMPDU. Thefirst and second bits corresponds to the Parser Action bits
in the State field. The third bit corresponds to the Multiplexer Action bit in the State field.;

30.3.6.1.15 aOAMRemoteState

ATTRIBUTE
APPROPRIATE SYNTAX:
BIT STRING [SIZE (3)]

BEHAVIOUR DEFINED AS:

A string of three bitscorresponding to the Statefield (see Table 57-7) of the most recently received
Information OAMPDU. Thefirst and second bits correspondsto the Parser Action bitsin the State
field. The third bit corresponds to the Multiplexer Action bit in the State field.
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Thisvalueis updated on reception of avalid frame, with (1) destinationField equal to the reserved
multicast addressfor Slow_Protocols specifiedin Table 43B-1, (2) lengthOrTypefield valueequal
to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3) a Slow_Protocols
subtype value equal to the subtype reserved for OAM as specified in Table 43B-3, (4) the
OAMPDU code equal to the Information code as specified in Table 574, (5) the frame contains
aLocal Information TLV (see57.5.2.2).;

30.3.6.1.16 aOAMRemoteVendorOuUl

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
Thevalue of the OUI variablein the Vendor Identifier field (see Table 57-11) of the most recently
received Information OAMPDU.

Thisvalueisupdated on reception of avalid frame, with (1) destinationField equal to the reserved
multicast addressfor Slow_Protocols specifiedin Table 43B-1, (2) lengthOrTypefield valueequal
to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3) a Slow_Protocols
subtypevalue equal to the subtypereserved for OAM as specifiedin Table 43B-3, (4) aOAMPDU
code equal to the Information code as specified in Table 574, (5) the frame contains a Local
Information TLV (see57.5.2.2),;

30.3.6.1.17 aOAMRemoteVendorSpecificinfo

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
Thevalueof the Vendor Specific Information field (see Table 57-11) of the most recently received
Information OAMPDU.

Thisvalueis updated on reception of avalid frame, with (1) destinationField equal to the reserved
multicast addressfor Slow_Protocols specifiedin Table 43B-1, (2) lengthOrTypefield valueequal
to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3) a Slow_Protocols
subtype value equal to the subtype reserved for OAM as specified in Table 43B—3, (4) the
OAMPDU code equal to the Information code as specified in Table 574, (5) the frame contains
aLocal Information TLV (see57.5.2.2).;

30.3.6.1.18 aOAMUnsupportedCodesTx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of OAMPDUSs passed to the OAM subordinate sublayer for transmission that are not
supported by the device. Thiscounter isincremented when aCTL:OAMI.request serviceprimitive
is generated within the OAM sublayer with an OAM code for afunction that is not supported by
the device.;
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30.3.6.1.19 aOAMUnsupportedCodesRx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of OAMPDUSsreceived that contain an OAM code from Table 57—4 that are not supported
by the device. This counter isincremented on reception of avalid frame with (1) destinationField
equal to the reserved multicast address for Slow_Protocols specified in Table 43B-1, (2)
lengthOrType field value equal to the reserved Type for Slow_Protocols as specified in Table
43B-2, (3) aSlow_Protocol s subtype value equal to the subtype reserved for OAM as specified in
Table 43B-3, (4) an OAMPDU code for afunction that is not supported by the device,;

30.3.6.1.20 aOAMInformationTx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of OAMPDUSs passed to the OAM subordinate sublayer for transmission that contain the
OAM Information code specified in Table 57—4. This counter is incremented when a
CTL:OAMI.request service primitive is generated within the OAM sublayer with an OAMPDU
code indicating an Information OAMPDU .;

30.3.6.1.21 aOAMInformationRx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2

BEHAVIOUR DEFINED AS:
A count of OAMPDUSs received that contain the OAM Information code specified in Table 57—4.
This counter is incremented on reception of avalid frame, with (1) destinationField equal to the
reserved multicast address for Slow_Protocols specified in Table 43B-1, (2) lengthOrType
field value equal to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3) a
Slow_Protocols subtype value equal to the subtype reserved for OAM as specified in

Table 43B-3, (4) the OAMPDU code equals the OAM Information code and is supported by the
device,;

30.3.6.1.22 aOAMUniqueEventNotificationTx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:

A count of OAMPDUSs passed to the OAM subordinate sublayer for transmission that contain the
Event Notification code specified in Table 57—4. This counter isincremented when a
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CTL:OAMI.request service primitive is generated within the OAM sublayer, with (1)
destinationField equal to the reserved multicast address for Slow_Protocols specified in Table
43B-1, (2) lengthOrType field value equal to the reserved Type for Slow_Protocols as specified
in Table 43B-2, (3) a Slow_Protocols subtype value equal to the subtype reserved for OAM as
specified in Table 43B-3, (4) the OAMPDU code equal s the Event Notification code, (5) the
Sequence Number field is not equal to the Sequence Number field of the last transmitted Event
Notification OAMPDU ;

30.3.6.1.23 aOAMDuplicateEventNotificationTx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of OAMPDUSs passed to the OAM subordinate sublayer for transmission that contain the
Event Notification code specified in Table 57—4. This counter isincremented when a
CTL:OAMI.request service primitive is generated within the OAM sublayer, with (1)
destinationField equal to the reserved multicast address for Slow_Protocols specified in Table
43B-1, (2) lengthOrType field value equal to the reserved Type for Slow_Protocols as specified
in Table 43B-2, (3) a Slow_Protocols subtype value equal to the subtype reserved for OAM as
specified in Table 43B-3, (4) the OAMPDU code equal s the Event Notification code, (5) the
Sequence Number field is equal to the Sequence Number field of the last transmitted Event
Notification OAMPDU ;

30.3.6.1.24 aOAMUniqueEventNotificationRx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of the OAMPDUSs received that contain the Event Notification code specified in
Table 57—4. This counter is incremented on reception of avalid frame, with (1) destinationField
equal to the reserved multicast address for Slow_Protocols specified in Table 43B-1, (2)
lengthOrType field value equal to the reserved Type for Slow_Protocols as specified in Table
43B-2, (3) aSlow_Protocols subtype value equal to the subtype reserved for OAM as specified in
Table 43B-3, (4) the OAMPDU code equals the Event Notification code, (5) the Sequence
Number field is not equal to the Sequence Number field of the last received Event Notification
OAMPDU and is supported by the device,;

30.3.6.1.25 aOAMDuplicateEventNotificationRx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of the OAMPDUS s received that contain the Event Notification code specified in
Table 57—4. This counter is incremented on reception of avalid frame, with (1) destinationField
equal to the reserved multicast address for Slow_Protocols specified in Table 43B-1, (2)
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lengthOrType field value equal to the reserved Type for Slow_Protocols as specified in Table
43B-2, (3) aSlow_Protocol s subtype value equal to the subtype reserved for OAM as specified in
Table 43B-3, (4) the OAMPDU code equals the Event Notification code, (5) the Sequence
Number field is equal to the Sequence Number field of the last received Event Notification
OAMPDU;

30.3.6.1.26 aOAMLoopbackControlTx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of OAMPDUSs passed to the OAM subordinate sublayer for transmission that contain the
Loopback Control code specified in Table 57—4. This counter isincremented when a
CTL:OAMI.request service primitive is generated within the OAM sublayer with an OAM code
indicating a Loopback Control OAMPDU .;

30.3.6.1.27 aOAMLoopbackControlRx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of OAMPDUSs received that contain the Loopback Control code specified in
Table 57—4. This counter is incremented on reception of avalid frame, with (1) destinationField
equal to the reserved multicast address for Slow_Protocols specified in Table 43B-1, (2)
lengthOrType field value equal to the reserved Type for Slow_Protocols as specified in Table
43B-2, (3) aSlow_Protocols subtype value equal to the subtype reserved for OAM as specified in
Table 43B-3, (4) the OAMPDU code equals the L oopback Control code and is supported by the
device,;

30.3.6.1.28 aOAMVariableRequestTx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of OAMPDUSs passed to the OAM subordinate sublayer for transmission that contain the
Variable Request code specified in Table 57—4. This counter is incremented when a

CTL:OAMI.request service primitive is generated within the OAM sublayer with an OAM code
indicating a Variable Request OAMPDU .;

30.3.6.1.29 aOAMVariableRequestRx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of OAMPDUSs received that contain the Variable Request code specified in Table 57—4.
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This counter is incremented on reception of avalid frame, with (1) destinationField equal to the
reserved multicast address for Slow_Protocols specified in Table 43B-1, (2) lengthOrTypefield
value equal to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3) a
Slow_Protocols subtype value equal to the subtype reserved for OAM as specified in

Table 43B-3, (4) the OAMPDU code equals the Variable Request code and is supported by the
device,;

30.3.6.1.30 aOAMVariableResponseTx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of OAMPDUSs passed to the OAM subordinate sublayer for transmission that contain the
Variable Response code specified in Table 57—4. This counter is incremented when a

CTL:OAMI.request service primitive is generated within the OAM sublayer with an OAM code
indicating a V ariable Response OAMPDU .;

30.3.6.1.31 aOAMVariableResponseRx

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of OAMPDUSs received that contain the Variable Response code specified in Table 57—4.
This counter is incremented on reception of avalid frame, with (1) destinationField equal to the
reserved multicast address for Slow_Protocols specified in Table 43B-1, (2) lengthOrTypefield
value equal to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3) a
Slow_Protocols subtype value equal to the subtype reserved for OAM as specified in

Table 43B-3, (4) the OAMPDU code equals the Variable Response code and is supported by the
device,;

30.3.6.1.32 aOAMOrganizationSpecificTx

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettabl e counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:
A count of Organization Specific OAMPDUS s passed to the OAM subordinate sublayer for
transmission that contain the Organization Specific code specified in Table 57—4. This counter is
incremented when a CTL:OAMI.request service primitive is generated within the OAM sublayer
with an OAM code indicating an Organization Specific OAMPDU.;

30.3.6.1.33 aOAMOrganizationSpecificRx

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettable counter. This counter has a maximum increment rate of
Slow_Protocol_Frames as defined in 43B.2.

BEHAVIOUR DEFINED AS:

Copyright © 2004 IEEE. All rights reserved. 43



|IEEE
Std 802.3ah-2004 AMENDMENT TO IEEE Std 802.3

A count of OAMPDUSs received that contain the Organization Specific code specified in

Table 57—4. This counter is incremented on reception of avalid frame, with (1) destinationField
equal to the reserved multicast address for Slow_Protocols specified in Table 43B-1, (2)
lengthOrType field value equal to the reserved Type for Slow_Protocols as specified in Table
43B-2, (3) aSlow_Protocols subtype value equal to the subtype reserved for OAM as specified in
Table 43B-3, (4) the OAMPDU code equals the Organization Specific code and is supported by
the device.;

30.3.6.1.34 aOAMLocalErrSymPeriodConfig

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of two instances of the type INTEGER

BEHAVIOUR DEFINED AS:
Thefirst integer isan eight-octet value indicating the duration of the Errored Symbol Period Event
(see 57.5.3.1) window, in terms of symbols.
The second integer is an eight-octet value indicating the number of errored symbolsin the period
that must be met or exceeded in order for the Errored Symbol Period Event to be generated.;

30.3.6.1.35 aOAMLocalErrSymPeriodEvent

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of six instances of the type INTEGER
Thefirst INTEGER represents the Event Time Stamp field
The second INTEGER represents the Errored Symbol Window field
The third INTEGER represents the Errored Symbol Threshold field
The fourth INTEGER represents the Errored Symbols field
Thefifth INTEGER represents the Error Running Total field
The sixth INTEGER represents the Event Running Total field

BEHAVIOUR DEFINED AS:
A sequence of six integers corresponding to the respective fields in the most recently transmitted
Errored Symbol Period Event TLV in an Event Notification OAMPDU (see 57.4.3.2).

This sequence is updated when a CTL:OAM | .request service primitive is generated within the
OAM sublayer with an OAMPDU Code field value equal to the Event Notification code as
specifiedin Table 57—4 and Event TLV Typefield equal tothe Errored Symbol Period Event value
as specified in Table 57-12,;

30.3.6.1.36 aOAMLocalErrFrameConfig

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of two instances of the type INTEGER

BEHAVIOUR DEFINED AS:
Thefirst integer is atwo-octet value indicating the duration of the Errored Frame Event (see
57.5.3.2) window, in terms of number of 100 msintervals. The second integer isafour-octet value
indicating the number of errored framesin the period that must be met or exceeded in order for the
Errored Frame Event to be generated.;
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30.3.6.1.37 aOAMLocalErrFrameEvent

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of six instances of the type INTEGER
Thefirst INTEGER represents the Event Time Stamp field
The second INTEGER represents the Errored Frame Window field
The third INTEGER represents the Errored Frame Threshold field
The fourth INTEGER represents the Errored Frames field
Thefifth INTEGER represents the Error Running Total field
The sixth INTEGER represents the Event Running Total field

BEHAVIOUR DEFINED AS:
A sequence of six integers corresponding to the respective fields in the most recently transmitted
Errored Frame Event TLV in an Event Notification OAMPDU (see 57.4.3.2).

This sequence is updated when a CTL:OAMI.request service primitive is generated within the
OAM sublayer with an OAMPDU Code field value equal to the Event Notification code as
specified in Table 57—4 and Event TLV Type field equal to the Errored Frame Event value as
specified in Table 57-12,;

30.3.6.1.38 aOAMLocalErrFramePeriodConfig

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of two instances of the type INTEGER

BEHAVIOUR DEFINED AS:
Thefirst integer is afour-octet value indicating the duration of the Errored Frame Period Event
(see 57.5.3.3) window, in terms of the number of framesin the window.

The second integer is afour-octet value indicating the number of errored framesin the period that
must be met or exceeded in order for the Errored Frame Period Event to be generated.;

30.3.6.1.39 aOAMLocalErrFramePeriodEvent

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of six instances of the type INTEGER
Thefirst INTEGER represents the Event Time Stamp field
The second INTEGER represents the Errored Frame Window field
The third INTEGER represents the Errored Frame Threshold field
The fourth INTEGER represents the Errored Frames field
Thefifth INTEGER represents the Error Running Total field
The sixth INTEGER represents the Event Running Total field

BEHAVIOUR DEFINED AS:
A sequence of six integers corresponding to the respective fields in the most recently transmitted
Errored Frame Period Event TLV in an Event Notification OAMPDU (see 57.4.3.2).

This sequence is updated when a CTL:OAM I .request service primitive is generated within the
OAM sublayer with an OAMPDU Code field value equal to the Event Notification code as
specified in Table 57—4 and Event TLV Typefield equal to the Errored Frame Period Event value
as specified in Table 57-12,;
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30.3.6.1.40 aOAMLocalErrFrameSecsSummaryConfig

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of two instances of the type INTEGER

BEHAVIOUR DEFINED AS:
Thefirst integer is a two-octet value indicating the duration of the Errored Frame Seconds
Summary Event (see 57.5.3.4) window, interms of number of 100 msintervals. The second integer
is atwo-octet value indicating the number of errored frame seconds in the period that must be met
or exceeded in order for the Errored Frame Seconds Summary Event to be generated.;

30.3.6.1.41 aOAMLocalErrFrameSecsSummaryEvent

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of six instances of the type INTEGER
Thefirst INTEGER represents the Event Time Stamp field
The second INTEGER represents the Errored Frame Seconds Summary Window field
The third INTEGER represents the Errored Frame Seconds Summary Threshold field
The fourth INTEGER represents the Errored Frame Seconds Summary field
Thefifth INTEGER represents the Error Running Total field
The sixth INTEGER represents the Event Running Total field

BEHAVIOUR DEFINED AS:
A sequence of six integers corresponding to the respective fields in the most recently transmitted
Errored Frame Seconds Summary Event TLV in an Event Notification OAMPDU (see 57.4.3.2).

This sequence is updated when a CTL:OAMI.request service primitive is generated within the
OAM sublayer with an OAMPDU Code field value equal to the Event Notification code as
specified in Table 57—4 and Event TLV Typefield equal to the Errored Frame Seconds Summary
Event value as specified in Table 57-12,;

30.3.6.1.42 aOAMRemoteErrSymPeriodEvent

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of six instances of the type INTEGER
Thefirst INTEGER represents the Event Time Stamp field
The second INTEGER represents the Errored Symbol Window field
The third INTEGER represents the Errored Symbol Threshold field
The fourth INTEGER represents the Errored Symbols field
Thefifth INTEGER represents the Error Running Total field
The sixth INTEGER represents the Event Running Total field

BEHAVIOUR DEFINED AS:
A sequence of six integers corresponding to the respective fields in the most recently received
Errored Symbol Period Event TLV in an Event Notification OAMPDU (see 57.4.3.2).

This sequence is updated on reception of avalid frame, with (1) destinationField equal to the
reserved multicast address for Slow_Protocols specified in Table 43B-1, (2) lengthOrTypefield
value equal to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3)
Slow_Protocols subtype value equal to the subtype reserved for OAM as specified in

Table 43B-3, (4) OAMPDU Code field value equal to the Event Notification code as specified in
Table 574, (5) an Event TLV Type field equa to the Errored Symbol Period Event value as
specified in Table 57-12.

If more than one Event TLV of the same Event Type is present within an Event Notification
OAMPDU, the Event with the most recent timestamp should be used.;
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30.3.6.1.43 aOAMRemoteErrFrameEvent

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of six instances of the type INTEGER
Thefirst INTEGER represents the Event Time Stamp field
The second INTEGER represents the Errored Frame Window field
The third INTEGER represents the Errored Frame Threshold field
The fourth INTEGER represents the Errored Frames field
Thefifth INTEGER represents the Error Running Total field
The sixth INTEGER represents the Event Running Total field

BEHAVIOUR DEFINED AS:
A sequence of six integers corresponding to the respective fields in the most recently received
Errored Frame Event TLV in an Event Notification OAMPDU (see 57.4.3.2).

This sequence is updated on reception of avalid frame, with (1) destinationField equal to the
reserved multicast address for Slow_Protocols specified in Table 43B-1, (2) lengthOrTypefield
value equal to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3)
Slow_Protocols subtype value equal to the subtype reserved for OAM as specified in

Table 43B-3, (4) OAMPDU Code field value equal to the Event Notification code as specified in
Table 574, (5) an Event TLV Type field equal to the Errored Frame Event value as specified in
Table 57-12.

If more than one Event TLV of the same Event Typeis present within an Event Notification
OAMPDU, the Event with the most recent timestamp should be used.;

30.3.6.1.44 aOAMRemoteErrFramePeriodEvent

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of six instances of the type INTEGER
Thefirst INTEGER represents the Event Time Stamp field
The second INTEGER represents the Errored Frame Window field
The third INTEGER represents the Errored Frame Threshold field
The fourth INTEGER represents the Errored Frames field
Thefifth INTEGER represents the Error Running Total field
The sixth INTEGER represents the Event Running Total field

BEHAVIOUR DEFINED AS:
A sequence of six integers corresponding to the respective fields in the most recently received
Errored Frame Period Event TLV in an Event Notification OAMPDU (see 57.4.3.2).

This sequence is updated on reception of avalid frame, with (1) destinationField equal to the
reserved multicast address for Slow_Protocols specified in Table 43B-1, (2) lengthOrTypefield
value equal to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3)
Slow_Protocols subtype value equal to the subtype reserved for OAM as specified in

Table 43B-3, (4) OAMPDU Code field value equal to the Event Notification code as specified in
Table 574, (5) an Event TLV Type field equal to the Errored Frame Period Event value as
specified in Table 57-12.

If more than one Event TLV of the same Event Typeis present within an Event Notification
OAMPDU, the Event with the most recent timestamp should be used.;
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30.3.6.1.45 aOAMRemoteErrFrameSecsSummaryEvent

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of six instances of the type INTEGER
Thefirst INTEGER represents the Event Time Stamp field
The second INTEGER represents the Errored Frame Seconds Summary Window field
The third INTEGER represents the Errored Frame Seconds Summary Threshold field
The fourth INTEGER represents the Errored Frame Seconds Summary field
Thefifth INTEGER represents the Error Running Total field
The sixth INTEGER represents the Event Running Total field

BEHAVIOUR DEFINED AS:
A sequence of six integers corresponding to the respective fields in the most recently received
Errored Frame Seconds Summary Event TLV in an Event Notification OAMPDU (see 57.4.3.2).

This sequence is updated on reception of avalid frame, with (1) destinationField equal to the
reserved multicast address for Slow_Protocols specified in Table 43B-1, (2) lengthOrTypefield
value equal to the reserved Type for Slow_Protocols as specified in Table 43B-2, (3)
Slow_Protocols subtype value equal to the subtype reserved for OAM as specified in

Table 43B-3, (4) OAMPDU Code field value equal to the Event Notification code as specified in
Table 574, (5) an Event TLV Typefield equal to the Errored Frame Seconds Summary Event
value as specified in Table 57-12.

If more than one Event TLV of the same Event Typeis present within an Event Notification
OAMPDU, the Event with the most recent timestamp should be used.;

30.3.6.1.46 aFramesLostDueToOAMError

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 16 000 counts
per second at 10 Mb/s

BEHAVIOUR DEFINED AS:
A count of frames that would otherwise be transmitted by the OAM sublayer, but could not be due
to an internal OAM sublayer transmit error. If this counter isincremented, then none of the other
countersin this section are incremented. The exact meaning and mechanism for incrementing this
counter isimplementation dependent.;

30.3.6.2 OAM Actions
30.3.6.2.1 acOAMAdminControl

ACTION
APPROPRIATE SYNTAX:
Same as aPortAdminState

BEHAVIOUR DEFINED AS:
This action provides a means to alter aOAMAdminState,;

30.3.7 OMPEmulation managed object class

This subclause formally defines the behaviours for the cOMPEmulation managed object class attributes.
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30.3.7.1 OMPEmulation Attributes
30.3.7.1.1 aOMPEmulationID

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
The value of aOAMID is assigned so as to uniquely identify an OMPEmulation entity among the
subordinate managed objects of the containing object.;

30.3.7.1.2 aOMPEmulationType

ATTRIBUTE

APPROPRIATE SYNTAX:
A ENUMERATION that meets the requirements of the description below:

unknown initializing, true state or type not yet known
OLT sublayer operating in OLT mode
ONU sublayer operating in ONU mode

BEHAVIOUR DEFINED AS:
A read only value that indicates that mode of operation of the Reconciliation Sublayer for Point to
Point Emulation (see 65.1.3.1).;

30.3.7.1.3 aSLDErrors

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 500 000
counts per second at 1000 Mb/s

BEHAVIOUR DEFINED AS:
A count of frames received that do not contain avalid SLD field as defined in 65.1.3.3.1.;

30.3.7.1.4 aCRC8Errors

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 500 000
counts per second at 1000 Mb/s

BEHAVIOUR DEFINED AS:
A count of framesreceived that contain avalid SLD field, asdefined in 65.1.3.3.1, but do not pass
the CRC-8 check asdefined in 65.1.3.3.3;;
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30.3.7.1.5 aGoodLLID

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 500 000
counts per second at 1000 Mbl/s.

BEHAVIOUR DEFINED AS:
A count of framesreceived that contain avalid SLD fieldinan OLT, asdefinedin 65.1.3.3.1, and
pass the CRC-8 check, as defined in 65.1.3.3.3,;

30.3.7.1.6 aONUPONcastLLID

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 500 000
counts per second at 1000 Mb/s.

BEHAVIOUR DEFINED AS:
A count of frames received that contain avalid SLD field in an ONU, as defined in 65.1.3.3.1,
passes the CRC-8 check, as defined in 65.1.3.3.3, and the frame meets the rule for acceptance
defined in 65.1.3.3.2,;

30.3.7.1.7 aOLTPONCcastLLID

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 500 000
counts per second at 1000 Mbl/s.

BEHAVIOUR DEFINED AS:
A count of frames received that contain avalid SLD field in an OLT, asdefined in 65.1.3.3.1,
passes the CRC-8 check, as defined in 65.1.3.3.3, and the frame meets the rule for acceptance
defined in 65.1.3.3.2,;

30.3.7.1.8 aBadLLID

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 1 500 000
counts per second at 1000 Mbl/s.

BEHAVIOUR DEFINED AS:
A count of framesreceived that contain avalid SLD fieldinan OLT, asdefined in 65.1.3.3.1, and
pass the CRC-8 check, as defined in 65.1.3.3.3, but are discarded dueto the LLID check asdefined
in 65.1.3.3.2;

30.5.1.1.2 aMAUType

Change this subclause as follows (as modified by |EEE Std 802.3ae-2002 and | EEE Std 802.3ak-2004):
ATTRIBUTE
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A GET-SET ENUMERATION that meets the requirements of the following description:

globa

other

unknown

AUI

2BASE-TL
10BASES
FOIRL
10BASE2
10BROAD36
10BASE-T
10BASE-THD
10BASE-TFD
10PASS-TS
10BASE-FP
10BASE-FB
10BASE-FL
10BASE-FLHD
10BASE-FLFD
100BASE-T4
100BASE-TX
100BASE-TXHD
100BASE-TXFD
100BASE-BX10D

undefined

See 30.2.5

Initializing, true state or type not yet known

no internal MAU, view from AUI

Voice grade UTP PHY as specified in Clause 61 and 63

Thick coax MAU as specified in Clause 8

FOIRL MAU as specified in 9.9

Thin coax MAU as specified in Clause 10

Broadband DTE MAU as specified in Clause 11

UTP MAU as specified in Clause 14, duplex mode unknown

UTP MAU as specified in Clause 14, half duplex mode

UTP MAU as specified in Clause 14, full duplex mode

Voice grade UTP PHY as specified in Clause 61 and 62

Passive fiber MAU as specified in Clause 16

Synchronous fiber MAU as specified in Clause 17

Asynchronous fiber MAU as specified in Clause 18, duplex mode unknown
Asynchronous fiber MAU as specified in Clause 18, half duplex mode
Asynchronous fiber MAU as specified in Clause 18, full duplex mode
Four-pair Category 3 UTP as specified in Clause 23

Two-pair Category 5 UTP as specified in Clause 25, duplex mode unknown
Two-pair Category 5 UTP as specified in Clause 25, half duplex mode
Two-pair Category 5 UTP as specified in Clause 25, full duplex mode
One single-mode fiber OLT PHY as specified in Clause 58

100BASE-BX10U

One single-mode fiber ONU PHY as specified in Clause 58

100BASE-FX
100BASE-FXHD
100BASE-FXFD
100BASE-LX10

X fiber over PMD _as specified in Clause 26, duplex mode unknown
X fiber over PMD as specified in Clause 26, half duplex mode

X fiber over PMD as specified in Clause 26, full duplex mode

Two fiber PHY as specified in Clause 58

100BASE-T2
100BASE-T2HD
100BASE-T2FD
1000BASE-X

Two-pair Category 3 UTP as specified in Clause 32, duplex mode unknown
Two-pair Category 3 UTP as specified in Clause 32, half duplex mode
Two-pair Category 3 UTP as specified in Clause 32, full duplex mode

X PCS/PMA as specified in Clause 36 over undefined PMD, duplex mode
unknown

1000BASE-BX10D One single-mode fiber OLT PHY as specified in Clause 59

1000BASE-BX 10U One single-mode fiber ONU PHY as specified in Clause 59

1000BASE-XHD

1000BASE-XFD

1000BASE-LX

1000BASE-LXHD

1000BASE-LXFD

1000BASE-LX10

X PCS/PMA as specified in Clause 36 over undefined PMD, half duplex
mode

X PCS/PMA as specified in Clause 36 over undefined PMD, full duplex
mode

X fiber over long-wavelength laser PMD as specified in Clause 38, duplex
mode unknown

X fiber over long-wavelength laser PMD as specified in Clause 38, half
duplex mode

X fiber over long-wavelength laser PMD as specified in Clause 38, full
duplex mode

Two fiber 10 km PHY as specified in Clause 59

1000BA SE-PX10D

One single-mode fiber OMP OLT 10 km PHY as specified in Clause 60

1000BA SE-PX 10U

One single-mode fiber OMP ONU 10 km PHY as specified in Clause 60

1000BA SE-PX20D

One single-mode fiber OMP OLT 20 km PHY as specified in Clause 60

1000BA SE-PX20U

One single-mode fiber OMP ONU 20 km PHY as specified in Clause 60

1000BASE-SX

X fiber over short-wavelength laser PMD as specified in Clause 38, duplex
mode unknown
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1000BASE-SXHD X fiber over short-wavelength laser PMD as specified in Clause 38, half
duplex mode

1000BASE-SXFD X fiber over short-wavelength laser PMD as specified in Clause 38, full
duplex mode

1000BASE-CX X copper over 150-Ohm balanced cable PMD as specified in Clause 39,
duplex mode unknown

1000BASE-CXHD X copper over 150-Ohm balanced cable PMD as specified in Clause 39, half

duplex mode

1000BASE-CXFD X copper over 150-Ohm balanced cable PMD as specified in Clause 39, full
duplex mode

1000BASE-T Four-pair Category 5 UTP PHY to be specified in Clause 40, duplex mode
unknown

1000BASE-THD  Four-pair Category 5 UTP PHY to be specified in Clause 40, half duplex
mode

1000BASE-TFD  Four-pair Category 5 UTP PHY to be specified in Clause 40, full duplex
mode

10GBASE-X X PCS/PMA as specified in Clause 48 over undefined PMD

10GBASE-LX4 X fibre over 4 lane 1310nm optics as specified in Clause 53
10GBASE-CX4 X copper over 8 pair 100-Ohm balanced cable as specified in Clause 54
10GBASE-R R PCS/PMA as specified in Clause 49 over undefined PMD
10GBASE-ER R fibre over 1550nm optics as specified in Clause 52

10GBASE-LR R fibre over 1310nm optics as specified in Clause 52

10GBASE-SR R fibre over 850nm optics as specified in Clause 52

10GBASE-W W PCS/PMA as specified in Clauses 49 and 50 over undefined PMD
10GBASE-EW W fibre over 1550nm optics as specified in Clause 52

10GBASE-LW W fibre over 1310nm optics as specified in Clause 52

10GBASE-SW W fibre over 850nm optics as specified in Clause 52

802.9a Integrated services MAU as specified in |[EEE Std 802.9™ |SLAN-16T

BEHAVIOUR DEFINED AS:

Returns a value that identifies the internal MAU type. If an AUI isto be identified to access an
external MAU, the type “AUI" isreturned. A SET operation to one of the possible enumerations
indicated by aMAUTypeList will forcethe MAU into the new operating mode. If aClause 22 M1
or Clause 35 GMII is present, then this will map to the mode force bits specified in 22.2.4.1. If a
Clause 45 MDIO Interfaceis present, then thiswill map to the PCS type selection bit(s) in the
10G WIS Control 2 register specified in 45.2.2.6.6,-ane-Hn the 10G PCS Control 2 register
specified in 45.2.3.6.1, andte-the PMA/PMD type selection bits in the 10G PMA/PMD Control 2
register specifiedin45.2.1.6.1-, the PMA/PMD control 1 register specified in 45.2.1.1 and the PCS
control 1 register 45.2.3.1. If Clause 28 or Clause 37 Auto-Negotiation is operational, then this
will change the advertised ability to the single enumeration specified in the SET operation, and
cause an immediate link renegotiation. A change in the MAU type will also be reflected in

aPHY Type.

The enumerations 1000BA SE-X, 1000BASE-XHD, 1000BASE-XFD, 10GBASE-X,
10GBASE-R and 10GBASE-W shall only be returned if the underlying PMD type is unknown.;

30.5.1.1.4 aMediaAvailable

Change this subclause as follows (as modified by |EEE Std 802.3ae-2002 and | EEE Std 802.3aj-2003):

ATTRIBUTE
APPROPRIATE SYNTAX:

52

An ENUMERATED value list that has the following entries:
other undefined
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unknown initializing, true state not yet known
available link or light normal, loopback normal
available reduced link normal, reduced bandwidth, appliesonly to 2BASE-TL and 10PASS-TS
not available link loss or low light, no loopback
remote fault remote fault with no detail
invalid signal invalid signal, applies only to 10BASE-FB
remote jabber remote fault, reason known to be jabber
remote link loss remote fault, reason known to be far-end link loss
remote test remote fault, reason known to be test
ready at least one PME available, appliesonly to 2BASE-TL and 10PASS-TS
offline offline, applies only to Clause 37 Auto-Negotiation
auto neg error Auto-Negotiation Error, applies only to Clause 37 Auto-Negotiation
PMD link fault PMD/PMA receive link fault
WIS frame loss WIS loss of frame, applies only to 10GBASE-W
WIS signal loss WIS loss of signal, applies only to 10GBASE-W
PCSlink fault PCSreceivelink fault
excessive BER PCS Bit Error Ratio monitor reporting excessive error ratio
DXSlink fault DTE XGXSreceive link fault, applies only to XAUI
PXS link fault PHY XGXS transmit link fault, applies only to XAUI

BEHAVIOUR DEFINED AS:
If the MAU isa10M b/slink or fiber type (FOIRL, 10BASE-T, 10BASE-F), then thisis equivalent
to the link test fail state/low light function. For an AUI, 10BASE2, 10BA SES5, or 10BROAD36
MAU, thisindicates whether or not loopback is detected on the DI circuit. The value of thisattribute
persists between packets for MAU types AUI, 10BASES, 10BASE2, 10BROAD36, and 10BA SE-
FP.
At power-up or following areset, the value of thisattributewill be*unknown” for AUI, 10BA SE5,
10BASE2, 10BROAD36, and 10BASE-FP MAUSs. For these MAUSs loopback will be tested on
each transmission during which no collision is detected. If DI isreceiving input when DO returns
to IDL after atransmission and there has been no collision during the transmission, then loopback
will be detected. The value of this attribute will only change during noncollided transmissions for
AUI, 10BASE2, 10BASES5, 10BROAD36, and 10BASE-FP MAUSs.

- For
ective
link integrity state diagrams, Figure 32—16 and Figure 23-12. For 100BASE-TX, 100BASE-FX,
100BASE-L X 10 and 100BA SE-BX 10 PHY s the enumerations match the states within the link
integrity state diagram Figure 24-15. Any MAU that implements management of Clause 28 Auto-
Negotiation will map remote fault indication to MediaAvailable “remote fault.” Any MAU that
implements management of Clause 37 Auto-Negotiation will map the received RF1 and RF2 bits
as specified in Table 37-2, as follows. Offline maps to the enumeration “ offline,” Link_Failure
maps to the enumeration “remote fault” and Auto-Negotiation Error maps to the enumeration
“auto neg error.”

The enumeration “ remote fault” applies to 10BA SE-FB remote fault indication, the 100BA SE-X
far-end fault indication and nonspecified remote faults from a system running Clause 28 Auto-
Negotiation. The enumerations “ remote jabber;”, “remote link loss;”, or “remote test” should be
used instead of “remote fault” where the reason for remote fault isidentified in the remote
signaling protocol.

Where a Clause 22 MII or Clause 35 GMII is present, alogic one in the remote fault bit
(22.2.4.2.11) maps to the enumeration “remote fault,” alogic zero in the link status bit
(22.2.4.2.13) maps to the enumeration “not available.” The enumeration “not available’ takes
precedence over “remote fault.”

For 2BASE-TL and 10PASS-TS PHY s, the enumeration " unknown” maps to the condition where
the PHY isinitializing, the enumeration “ready” maps to the condition where at least one PME is
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available and is ready for handshake, the enumeration “available” maps to the condition where, at

the PCS, at least one PME is operationally linked, the enumeration “not available” maps to the
condition wherethe PCSis not operationally linked, the enumeration “ available reduced” mapsto

the condition where alink fault is detected at the receive direction by one or more PMEs in the
aggregation group and the enumeration “PMD link fault” maps to the condition where alink fault

is detected at the receive direction by all of the PMA/PMDs in the aggregation group.

For 10 Gb/s the enumerations map to value of the link_fault variable within the Link Fault
Signaling state diagram (Figure 46-9) asfollows: the value OK maps to the enumeration
“available’, the value Loca Fault mapsto the enumeration “not available” and the value
Remote Fault maps to the enumeration “remote fault”. The enumeration “PMD link fault”, “WIS
frameloss’, “WISsigna loss’, “PCSlink fault”, “excessive BER” or “DXS|ink fault” should be
used instead of the enumeration “not available” where the reason for the Local Fault state can be
identified through the use of the Clause 45 MDIO Interface. Where multiple reasons for the
Loca Fault state can be identified only the highest precedence error should be reported. This
precedence in descending order is as follows: “PXS link fault”, “PMD link fault”,

“WIS frameloss’, “WIS signal loss”, “PCSlink fault”, “excessive BER”, “DXSlink fault”.
Where a Clause 45 MDIO interfaceis present alogic zero in the PMA/PMD Receive link status
bit (45.2.1.2.2) maps to the enumeration “PMD link fault”, alogic one in the L OF status hit
(45.2.2.10.4) maps to the enumeration “WIS frame loss’, alogic one in the LOS status bit
(45.2.2.10.5) maps to the enumeration “WIS signal loss’, alogic zero in the PCS Receive link
status bit (45.2.3.2.2) maps to the enumeration “PCS link fault”, alogic one in the 10GBASE-R
PCS Latched high BER status bit (45.2.3.12.2) maps to the enumeration “ excessive BER”, alogic
zero inthe DTE XSreceive link status bit (45.2.5.2.2) maps to the enumeration “DXS link fault”
and alogic zero in the PHY XS transmit link status bit (45.2.4.2.2) maps to the enumeration
“PXSlink fault”.;

30.5.1.1.6 aJabber
Change this subclause as follows (as modified by |EEE Std 802.3ae-2002):

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of two indications. Thefirst, JabberFlag, consists of an ENUMERATED valuelist
that has the following entries:

other undefined

unknown initializing, true state not yet known
normal state is true or normal

fault stateis false, fault, or abnormal

The second, jabberCounter, is a generalized nonresettable counter. This counter has a maximum
increment rate of 40 counts per second

BEHAVIOUR DEFINED AS:
If the MAU isinthe JABBER state, the jabberFlag portion of the attribute is set to the “fault”
value. The jabberCounter portion of the attribute isincremented each time the flag is set to the
“fault” value. This attribute returns the value “ other” for type AUI. Note that this counter will_
increment for 10 Mb/s baseband and broadband M AUs only.ret-erement-for-a-100-Mbfs-1000-
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Insert the following new subclauses after 30.5.1.1.11:
30.5.1.1.12 aPCSCodingViolation

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettabl e counter. This counter has a maximum increment rate of 25 000 000
counts per second for 100 Mb/s implementations and 125 000 000 counts per second for
1000 Mb/s implementations.

BEHAVIOUR DEFINED AS:
For 100 Mb/s operation it is a count of the number of events that cause the PHY to indicate “ Data
reception with errors’ on the M1 (see Table 22-2). For 1000 Mb/s operation it is a count of the
number of eventsthat cause the PHY to indicate “ Datareception error” or “Carrier Extend Error”
on the GMII (see Table 35-2). The contents of this attribute is undefined when FEC is operating.;

30.5.1.1.13 aFECADility

ATTRIBUTE

APPROPRIATE SYNTAX:
A ENUMERATION that meets the requirement of the description below
unknown initializing, true state not yet known
supported FEC supported
not supported  FEC not supported

BEHAVIOUR DEFINED AS:
A read-only valuethat indicatesthe if the L000BASE-PX PHY supportsthe optional FEC Sublayer
for forward error correction (see 65.2).

If aClause 45 MDIO Interfaceto the PCSis present, then this attribute will map to the FEC
capability register (see 45.2.7.2).;

30.5.1.1.14 aFECmode

ATTRIBUTE

APPROPRIATE SYNTAX:
A ENUMERATION that meets the requirement of the description below

unknown initializing, true state not yet known
disabled FEC disabled
enabled FEC enabled

BEHAVIOUR DEFINED AS:

A read-write value that indicates the mode of operation of the 1000BASE-PX PHY optional FEC
Sublayer for Forward error correction (see 65.2).

A GET operation returns the current mode of operation the PHY. A SET operation changes the
mode of operation of the PHY to the indicated value.

If aClause 45 MDIO Interface to the PCSis present, then this attribute will map to the FEC control
register (see 45.2.7.3).;
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30.5.1.1.15 aFECCorrectedBlocks

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 1 600 000
counts per second for 10Mb/s implementations and 500 000 counts per second for 1000 Mb/s
implementations.

BEHAVIOUR DEFINED AS:
For 10PASS-TSand 1000BA SE-PX PHY s, acount of corrected FEC blocks. This counter will not
increment for other PHY types.

Increment the counter by one for each received block that is corrected by the FEC function in the
PHY.

If aClause 45 MDIO Interfaceto the PCSis present, then this attribute will map to the FEC
corrected blocks counter (see 45.2.7.5).;

30.5.1.1.16 aFECUncorrectableBlocks

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 1 600 000
counts per second for 10Mb/s implementations and 500 000 counts per second for 1000 Mb/s
implementations.

BEHAVIOUR DEFINED AS:
For 10PASS-TS and 1000BASE-PX PHY's, a count of uncorrectable FEC blocks. This counter
will not increment for other PHY types.

Increment the counter by onefor each FEC block that is determined to be uncorrectable by the FEC
function in the PHY..

If aClause 45 MDIO Interfaceto the PCSis present, then this attribute will map to the FEC
uncorrectable blocks counter (see 45.2.7.6).;

30.5.1.3.1 nJabber

Change this subclause as follows:

NOTIFICATION

APPROPRIATE SYNTAX:
The same as used for aJabber

BEHAVIOUR DEFINED AS:
The notification is sent whenever a managed 10 Mb/s baseband or broadband MAU enters the
JABBER state,;
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Insert the following new subclauses after 30.10.5.2.1

30.11 Layer Management for Physical Medium Entity (PME)
30.11.1 PAF managed object class

This subclause formally defines the behaviours for the oPAF managed object class attributes.

30.11.1.1 PAFAttributes
30.11.1.1.1 aPAFID

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
Thevalue of aTCID is assigned so asto uniquely identify a PAF among the subordinate managed
objects of the containing object.

30.11.1.1.2 aPhyEnd

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED value that has one of the following entries:
subscriber subscriber mode of operation
office office mode of operation

BEHAVIOUR DEFINED AS:
A read-only value that indicates the subtype of the PHY (see 61.1). The enumeration “ subscriber”
indicates the PHY is operating as a -R subtype, the enumeration “ office” indicatesthe PHY is
operating as a-O subtype.;

30.11.1.1.3 aPHYCurrentStatus

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has the following entries:
noPMEAssigned  no PME assigned in case of PME aggregation

lossOfFraming one or more PME in aggregation indicates Loss of Framing
lossOfSignal one or more PME in aggregation indicates Loss of Signal
lossOf Power one or more PME in aggregation indicates L oss of Power

configlnitFailure  configuration initialization failure

noPeerPMEPresent one or more PME in aggregation indicates no peer PME present
snrMarginViolation one or more PME in aggregation indicates SNR Margin Violation
lineAttenViolation oneor more PME in aggregation indicates Loop Attenuation Violation

BEHAVIOUR DEFINED AS:
Thisread-only valueindicates the current operational state of the PHY (see62.3.4.8 and 63.2.2.3).

The enumeration “noPMEASssigned” indicates that the PAF is enabled but that there are no PMEs
available for aggregation (no modems assigned), the enumeration “lossOf Framing” indicates one
or more PMEs in the aggregation are reporting loss of framing, the enumeration “lossOf Signal”
indicates one or more PMEs in the aggregation are reporting loss of signal, the enumeration

Copyright © 2004 IEEE. All rights reserved. 57



|IEEE
Std 802.3ah-2004 AMENDMENT TO IEEE Std 802.3

“lossOfPower” indicates one or more PMES in the aggregation are reporting loss of power, the
enumeration “configlnitFailure” indicates configuration initialization failure, the enumeration
“noPeerPM EPresent” indicates one or more PMEs in the aggregation are reporting that there was
no handshake message/tones send by the remote end during initialization, the enumeration
“snrMarginViolation” indicates one or more PMEsin the aggregation are reporting a SNR margin
violation and the enumeration “lineAttenViolation” indicates one or more PMEs in the
aggregation are reporting aloop attenuation violation.;

30.11.1.1.4 aPAFSupported

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A read-only value that indicates if the TPS-TC supports the PME aggregation function (see
61.2.2). A TPS-TC that can perform PME aggregation on the available PMEs shall return the
enumeration “true”. A TPS-TC that is incapable of PME aggregation shall return the enumeration
“false”.

If aClause 45 MDIO Interface to the PCS is present, then this attribute will map to the PAF
available bit in the 10P/2B capability register (see 45.2.3.17.1).;

30.11.1.1.5 aPAFAdminState

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has the following entries:
enabled
disabled

BEHAVIOUR DEFINED AS:
A read-write value that indicates the state of the PM E aggregation function (see 61.2.2).
When “disabled”, PM E aggregation will not be performed, when“ enabled”, PM E aggregation will
be performed when the link is Up, even on asingle PME. As changing the state of the PME
aggregation function is a traffic disruptive operation this can only occur when the link is down.

A GET operation returns the current state of the PME aggregation function. A SET operation
changes the state of the PME aggregation function to the indicated value only if the attribute
aPAFSupported is“true” and thelink isdown. If the attribute aPAFSupportedis“false”, or thelink
is not down, a SET operation has no effect.

If aClause 45 MDIO Interfaceto the PCSis present, then this attribute will map to the PAF enable
bit in the 10P/2B capability register (see 45.2.3.18.3).;

30.11.1.1.6 aLocalPAFCapacity

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:
The al ocal PAFCapacity is the number of PMEs that can be aggregated by the PME aggregation
function (PAF) of the PHY . Valid range is 1-32. Within each PHY, the PMESs are uniquely
numbered in the range from 1 to aL ocal PAFCapacity. Some PMEs may not be present in agiven
PHY instance, in which case the actual number of PMES present is less than al ocal PAFCapacity.
The number of PMES present is never greater than al ocal PAFCapacity .;

58 Copyright © 2004 |EEE. All rights reserved.



IEEE
CSMA/CD Std 802.3ah-2004

30.11.1.1.7 aLocalPMEAvailable

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (32)]

BEHAVIOUR DEFINED AS:
A string of bits that indicates which PMEs are currently avail able for aggregation by the PME
aggregation function (PAF) of the PHY (see 61.1.5.3) and therefore reflects the current
configuration of PME managed objects within this PAF. The length of the bitstring is
“al.ocal PAFCapacity” bits. Thefirst bit relatesto PME[0]. A “1” inthe bitstring indicatesthe PME
is present and is avail able to the PAF for aggregation. A “0” in the bitstring indicates the PME is
absent and not available to the PAF for aggregation.

If aClause 45 MDIO Interfaceto the PCSis present, then this attribute will map to the 10P/2B
PME available register (see 45.2.3.19) ;

30.11.1.1.8 aLocalPMEAggregate

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (32)]

BEHAVIOUR DEFINED AS:
A string of bits that indicates which PMEs arein an active aggregation in the PHY . The length of
the bitstring is “al ocal PAFCapacity” bits. The first bit relatesto PME[0]. A “1” in the bitstring

indicatesthe PME isin an active aggregation. A “0” in the bitstring indicates the PME isnot in an
active aggregation.

If aClause 45 MDIO Interfaceto the PCSis present, then this attribute will map to the 10P/2B
PME available registers (see 45.2.3.20).;

30.11.1.1.9 aRemotePAFSupported

ATTRIBUTE

APPROPRIATE SYNTAX:
An ENUMERATED VALUE that has the following entries:
unknown initializing, true state not yet know
supported PAF supported
not supported  PAF not supported

BEHAVIOUR DEFINED AS:
A read-only value that indicates if the link-partner PHY supports the PME aggregation function
(see 61.2.2). When the link-partner PHY can perform PME aggregation on its available PMEs the

enumeration “supported” shall be returned. When the link-partner PHY isincapable of PME
aggregation the enumeration “not supported” shall be returned.

If aClause 45 MDIO Interfaceto the local PCSis present, then this attribute will map to the
Remote PAF supported bit in the 10P/2B capability register (see 45.2.3.17.2).;
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30.11.1.1.10 aRemotePAFCapacity

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER
BEHAVIOUR DEFINED AS:

The aRemotePA FCapacity indicates the number of PME that can be aggregated by the PME

aggregation function (PAF) of the link-partner PHY . Valid range is 1-32. Within the link-partner
PHY , the PMEsare uniquely numbered in therange from 1 to aRemotePA FCapacity. Some PMEs
may not be present in agiven PHY instance, in which case the actual number of PMES present is

less than aRemotePAFCapacity. The number of PMEs present is never greater than
aRemotePAFCapacity .;

30.11.1.1.11 aRemotePMEAggregate

ATTRIBUTE

APPROPRIATE SYNTAX:
BIT STRING [SIZE (32)]
BEHAVIOUR DEFINED AS:

A string of bits that indicates which PMEs are in an active aggregation in the link-partner PHY .
The length of the bitstring is “ aRemotePAFCapacity” bits. The first bit relatesto PME[Q]. A “1”

in the bitstring indicates the PME isin an active aggregation. A “0” in the bitstring indicates the
PME is not in an active aggregation.

If aClause 45 MDIO Interfaceto the local PCSis present, then this attribute will map to the
10P/2B PME available registers (see 45.2.6.10).;

30.11.2 PME managed object class

This subclause formally defines the behaviours for the oPME managed object class attributes.

30.11.2.1 PME Attributes
30.11.2.1.1 aPMEID

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:

A vaueuniquewithinthe PAF. Thevalue of aPMEID isassigned so asto uniquely identify aPME

among the subordinate managed objects of the containing object (0PAF). This value is never
greater than al ocal PAFCapacity.;

30.11.2.1.2 aPMEAdminState

APPROPRIATE SYNTAX:

An ENUMERATED VALUE that has the following entries:
enabled
disabled

BEHAVIOUR DEFINED AS:

A read-write value that indicates the state of the PME. The enumeration “disabled” indicates that
the PME is disabled, the enumeration “enabled” indicates that the PME is enabled.
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A GET operation returns the current state of the PME. A SET operation changes the state of the
PME to the indicated value. The PME isenabled and link initialization initiated when the a SET
operation is performed with the value “enabled” when the current value is “disabled”. A SET
operation performed with the value “enabled” when the current value is aready “enabled” will
have shall have no effect.

If aClause 45 MDIO Interface to the PMA/PMD is present, then this attribute will map to the
PMA/PMD link control register (see 45.2.1.11.1).;

30.11.2.1.3 aPMEStatus

ATTRIBUTE

APPROPRIATE SYNTAX:
A ENUMERATED VALUE that has the following entries:
down not ready link isdown, not ready

down ready link is down, ready
initializing link isinitializing
10PASS-TS link isup as 10PASS-TS
2BASE-TL link isup as2BASE-TL

BEHAVIOUR DEFINED AS:

A read-only value that indicates the PME status. The enumeration “not ready” indicates that the
link is down and handshake tones are not being received from alink partner, the enumeration
“ready” indicates that the link is down and that handshake tones are being received from alink
partner, the enumeration “initializing” indicates that the link isinitializing, the enumeration
“10PASS-TS’ indicates that thelink is up and the remote PHY isa 10PASS-TS PHY and the
enumeration “2BASE-TL” indicates that the link is up and the remote PHY isa2BASE-TL PHY.

If aClause 45 MDIO Interface to the PMA/PMD is present, then this attribute will map to the
PMA/PMD link status register (see 45.2.1.12.4);

30.11.2.1.4 aPMESNRMgn

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

BEHAVIOUR DEFINED AS:

A read-only valuethat indicatesthe PM E current signal-to-noiseratio (SNR) Margin (see 62.3.4.7

and 63.2.2.3) with respect to the received signal inincrements of dB rounded down to the nearest
dB.

If aClause 45 MDIO Interfaceto the PMA/PMD is present, then this attribute will map to the 10P/
2B RX SNR margin register (see 45.2.1.16).;

30.11.2.1.5 aTCCodingViolations

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettable counter. This counter has a maximum increment rate of 19 230 counts
per second for 10 Mb/s implementations.

BEHAVIOUR DEFINED AS:

A count of 64/65-octet encapsulation error. Increment the counter by one for each 64/65-octet
encapsulation error detected by the 64/65-octet receive function (see Figure 61-19).;

If aClause 45 MDIO Interface to the PCSis present, then this attribute will map to the TC coding
violationsregister (see 45.2.6.12).;
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30.11.2.1.6 aProfileSelect

ATTRIBUTE
APPROPRIATE SYNTAX:

SEQUENCE of the type INTEGER

BEHAVIOUR DEFINED AS:

A SEQUENCE of read-write values that indicates the operating profile numbers (see 62A.3.7 and
63A.4) of thePME. A 2BASE-TL PME supports amaximum of six values, 10PASS-TS PME can
only support one. The operating profile can only be changed in a PME that is operating within
a-O PHY subtype (see 61.1). As changing the operating profile isatraffic disruptive operation
this can only occur when the link is down.

A GET operation returns the current operating profile number(s). A SET operation changes the
operating profileto the indicated profile number only if the attribute aPHY End is “ office” and the
link isdown. If the attribute aPHY End is “subscriber”, or the link is not down, a SET operation
hasno effect. If al values are zero, the PME operation is defined via the Clause 45 register settings
(Table 45-10aa and Table 45-10ab) rather than a specific profile.

NOTE 1- The profile selected by a particular value is different for 10PASS-TS and 2BASE-TL
PHY types.

NOTE 2 —For a2BASE-TL PHY six profiles per region can be chosen for handshake (see 61.4)
and the one with the highest data rate will be used.;

30.11.2.1.7 aOperatingProfile

ATTRIBUTE
APPROPRIATE SYNTAX:

A SEQUENCE of two instances, the first instances PMEProfileState isan ENUMERATED
VALUE that has the following entries:

no link link isdown
match link up using a profile
no match link up not using a profile

activate failure link activate failure
The second instances is an INTEGER

BEHAVIOUR DEFINED AS:

The ProfileState portion of the attributeisaread-only value that indicates the state of the operating
profile. The enumeration “no link” indicates that the link is down, the enumeration “match”
indicates that the link is up and achieved operating parameters match a defined complete profile
(63A.3 and Table 63A-1), the enumeration “no match” indicates that the link is up but the
achieved operating parameters do not match a defined complete profile and the enumeration
“activate failure” indicates that the link failed to come up in any of the selected profiles.

Theinteger portion of the attribute isaread-only value that indicates the operating profile number.
Thisvalueis only valid when the ProfileState portion of the attribute is “match”;

30.11.2.1.8 aPMEFECCorrectedBlocks

ATTRIBUTE
APPROPRIATE SYNTAX:

62

Generalized nonresettable counter. This counter has a maximum increment rate of 5000 counts per
second for 10M b/simplementations.
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BEHAVIOUR DEFINED AS:
For a10PASS-TSPME, acount of corrected FEC blocks. This counter will not increment for other
PHY types.

Increment the counter by one for each received block that is corrected by the FEC function in the
PME.

If aClause 45 MDIO Interfaceto the PMA/PMD is present, then this attribute will map to the 10P
FEC correctable errors (see 45.2.1.22);

30.11.2.1.9 aPMEFECUncorrectableBlocks

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment rate of 5000 counts per
second for 10M b/simplementations.

BEHAVIOUR DEFINED AS:
For a10PASS-TS PME, acount of uncorrectable FEC blocks. This counter will not increment for
other PME types.

Increment the counter by onefor each FEC block that is determined to be uncorrectable by the FEC
function in the PME.

If aClause 45 MDIO Interfaceto the PMA/PMD is present, then this attribute will map to the 10P
FEC uncorrectable errors counter (see 45.2.1.23).;
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45. Management Data Input/Output (MDIO) Interface

45.1 Overview
Change the third paragraph to read:

This extension to the MDIO interface is applicable to Ethernet the following:

— Implementations that operate at speeds of 10 Gb/s and above

Implementations of 10PASS-TS and 2BASE-TL subscriber network Physical |ayer devices
Implementations of 10, 100 or 1000 Mb/s with additional management functions beyond those
defined in Clause 22

45.1.2 Application
Changethe first sentence of the subclause:

This clause defines a management interface between Station Management (STA) and the sublayers that form
a10-Gbhfs Physical Layer device (PHY) entity.

45.2 MDIO interface registers
I nsert these sentences at the end of the second paragraph:

For 10PASS-TS and 2BASE-TL, control and monitoring of the TC sublayer is defined in the TC MMD. For
10, 100 and 1000 Mb/s PHY s, further management capability is defined in the Clause 22 extension MMD.

I nsert two new paragraphs after the second to read:

10PASS-TS and 2BASE-TL each have two port sub-types, 10PASS-TS-O, 10PASS- TSR, 2BASE-TL-O
and 2BASE-TL-R. Hereafter, referred to generically as -O and -R. The -O sub-type corresponds to the port
located at the service provider end of a subscriber link (the central office end). The -R sub-type corresponds
to the port located at the subscriber end of a subscriber link (the remote end). See 61.1 for more information.

Some register behaviour may differ based on the port sub-type. In the case where a register’s behaviour or
definition differs between port sub-types, it is noted in the register description and in the bit definition tables
(denoted by “O:” and “R:” in the R/W column).

The Clause 22 extension MMD allows new features to be added to 10, 100 and 1000 Mb/s PHY s beyond
those already defined in Clause 22.

Insert a new paragraph after thethird to read:

In the case of two registers that together form a 32-bit counter, whenever the most significant 16-bit register
of the counter isread, the 32-bit counter valueislatched into the register pair, the value being latched before
the contents of the most significant 16 bits are driven on the MDIO interface and the contents of both
registersis cleared to all zeros. A subsequent read from the least significant 16 bit register will return the
least significant 16 bits of the latched value, but will not change the contents of the register pair. Writing to
these registers has no effect. Counters that adhere to this behaviour are marked in their bit definition tables
with the tag “MW = Multi-word”.

Copyright © 2004 IEEE. All rights reserved. 65



|IEEE
Std 802.3ah-2004 AMENDMENT TO IEEE Std 802.3

Change Table 45-1 to read:

Table 45-1—MDIO Manageable Device addresses

Device address MMD name
0 Reserved
1 PMA/PMD
2 WIS
3 PCS
4 PHY XS
5 DTE XS
6 threugh-29 Reserved TC
7 through 28 Reserved
29 Clause 22 extension
30 Vendor specific 1
31 Vendor specific 2

Change Figure 45-2:

YpstreamSuperior MMD or RS

- ~
Transmit ’ [a] ~ Receive
‘ A
Transmit MMD MMD Receive
fault < Transmit Receive fault
Loopback
v BPewnstreamSubordinate MMD or MDI

Figure 45—-2—MMD signal terminology

[a] Direction of the optional PHY XS loopback
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Each MMD contains registers 5 and 6, as defined in Table 45-1a. Bitsread as a one in this register indicate
which MMDs are instantiated within the same package as the MMD being accessed. Bit 5.0 is used to
indicate that Clause 22 functionality has been implemented within a Clause 45 electrical interface device.
Bit 6.13 indicates that Clause 22 functionality is extended using the Clause 45 electrical interface through
MMD 29. The definition of the term package is vendor specific and could be a chip, module, or other similar

entity.

Insert the following Table 45-1a after Table 45-1:

Table 45-1a— Devices in package registers bit definitions

Bit(s)? Name Description R/WP
m.6.15 Vendor specific device 2 1 = Vendor specific device 2 present in package RO
present 0 = Vendor specific device 2 not present in package
m.6.14 Vendor specific device 1 1 = Vendor specific device 1 present in package RO
present 0 = Vendor specific device 1 not present in package
m.6.13 Clause 22 extension 1 = Clause 22 extension present in package RO
present 0 = Clause 22 extension not present in package
m.6.12:0 Reserved Ignore on read RO
m.5.15:7 Reserved Ignore on read RO
m.5.6 TC present 1=TC present in package RO
0=TC not present in package
m.5.5 DTE XS present 1=DTE XS present in package RO
0=DTE XS not present in package
m.5.4 PHY XS present 1=PHY XS present in package RO
0=PHY XSnot present in package
m.5.3 PCS present 1= PCS present in package RO
0 =PCS not present in package
m.5.2 WIS present 1= WIS present in package RO
0= WIS not present in package
m.5.1 PMD/PMA present 1=PMA/PMD present in package RO
0=PMA/PMD not present in package
m.5.0 Clause 22 registerspresent | 1 = Clause 22 registers present in package RO
0 = Clause 22 registers not present in package

8m = address of MM D accessed (see Table 45-1)
RO = Read Only
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Change 802.3ae-2002 Table 45-2 (as modified by 802.3ak-2004) to read:

Table 45—-2—PMA/PMD registers

Register address Register name
1.0 PMA/PMD control 1
1.1 PMA/PMD status 1
12,13 PMA/PMD device identifier
1.4 PMA/PMD speed ability
15,16 PMA/PMD devicesin package
1.7 10G PMA/PMD control 2
1.8 10G PMA/PMD status 2
19 10G PMD tranamit disable
1.10 10G PMD receive signal detect
1.11 10G PMA/PM D extended ability register
1.12,1.13 Reserved
1.14,1.15 PMA/PMD package identifier
1.16 through-+327671.29 Reserved
1.30 10P/2B PMA/PMD control
1.31 10P/2B PMA/PMD status
1.32 10P/2B link partner PMA/PMD control®
1.33 10P/2B link partner PMA/PMD status?
1.34,1.35 Reserved
1.36 10P/2B link loss counter
1.37 10P/2B RX SNR margin
1.38 10P/2B link partner RX SNR margin?
1.39 10P/2B line attenuation
1.40 10P/2B link partner line attenuation®
141 10P/2B line quality thresholds
1.42 2B link partner line quality thresholds?
143 10P FEC correctable errors counter
1.44 10P FEC uncorrectable errors counter
1.45 10P link partner FEC correctable errors?
1.46 10P link partner FEC uncorrectable errors?
1.47 10P electrical length
1.48 10P link partner eectrical length?
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Table 45-2—PMA/PMD registers (continued)
Register address Register name
1.49 10P PMA/PMD general configuration?
1.50 10P PSD configuration?
1.51,1.52 10P downstream data rate configuration?
1.53 10P downstream Reed-Solomon configuration?
1.54,1.55 10P upstream data rate?
1.56 10P upstream Reed-Solomon configuration®
1.57,1.58 10P tone group
1.59, 1.60, 1.61, 1.62, 1.63 10P tone control parameters?
1.64 10P tone control action?
1.65, 1.66, 1.67 10P tone status
1.68 10P outgoing indicator bits
1.69 10P incoming indicator bits
1.70 10P cyclic extension configuration
171 10P attainable downstream data rate
1.72 through 1.79 Reserved
1.80 2B general parameter
1.81 through 1.88 2B PMD parameters
1.89 2B code violation errors counter
1.90 2B link partner code violation errors?
191 2B errored seconds counter
1.92 2B link partner errored seconds?
1.93 2B severely errored seconds counter
1.94 2B link partner severely errored seconds?
1.95 2B LOSW counter
1.96 2B link partner LOSW2
1.97 2B unavailable seconds counter
1.98 2B link partner unavailable seconds?
1.99 2B state defects
1.100 2B link partner state defects?
1101 2B negotiated constellation
1.102 through 1.109 2B extended PMD parameters
1.110 through 1.32 767 Reserved
1.32 768 through 1.65 535 Vendor specific

3Register is defined only for -O port types and is reserved for -R ports
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45.2.1.1 PMA/PMD control 1 register (Register 1.0)
Change 802.3ae-2002 Table 45-3 read:

Table 45-3—PMA/PMD control 1 register bit definitions

Bit(s) Name Description R/wa
1.0.15 Reset 1=PMA/PMD reset R/W
0 = Normal operation SC
1.0.14 Reserved Value always 0, writes ignored R/W
1.0.13 Speed selection 13 6 R/W
11 = bits 5:2 select speed
0 x = unspecified
x 0 = unspecified
1.0.12 Reserved Value always 0, writes ignored R/W
1.011 Low power 1 = Low-power mode R/W
0= Normal operation
1.0.10:7 Reserved Value always 0, writes ignored R/W
1.0.6 Speed selection 13 6 R/W
11 = bits 5:2 select speed
0 x = unspecified
x 0 = unspecified
1.0.5:2 Speed selection 5432 R/W
1 x x X =Reserved
Xx 1 x x =Reserved
X X 1 x =Reserved
0 0 01 =10PASSTS2BASE-TL
0 000 =10Gh/s
101 Reserved Value dways 0, writes ignored R/W
1.0.0 PMA loopback 1 = Enable PMA loopback mode R/W

0 = Disable PMA loopback mode

8R/W = Read/Write, SC = Self Clearing

45.2.1.1.3 Speed selection (1.0.13, 1.0.6, 1.05:2)
Insert a new paragraph after the third:

When set to 0001, bits 5:2 select the use of the 10PASS-TS or 2BASE-TL PMA/PMD. More specific mode
selection is performed using the 10P/2B PMA control register (45.2.1.11).

45.2.1.1.4 PMA loopback (1.0.0)

Change the second paragraph to read:

The loopback function is mandatory for the 10GBASE-X port type and optiona for all other port types,
except 2BASE-TL and 10PASS-TS, which do not support loopback. A device's ability to perform the loop-
back function is advertised in the loopback ability bit of the related speed-dependent status register. A PMA
that is unable to perform the loopback function shall ignore writes to this bit and shall return avalue of zero
when read. For 10 Gb/s operation, the loopback functionality is detailed in 48.3.3 and 51.8, and the loopback
ability bit is specified in the 10G PMA/PMD status 2 register.
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45.2.1.2 PMA/PMD status 1 register (Register 1.1)
45.2.1.2.1 Fault (1.1.7)
Insert the following sentence at the end of the paragraph:

For 10PASS-TS or 2BASE-TL operations, when read as a one, afault has been detected and more detailed
information is conveyed in 45.2.1.15, 45.2.1.38, 45.2.1.39, and 45.2.1.54.

45.2.1.2.2 Receive link status (1.1.2)
Insert the following paragraph to the end of the subclause:

While a10PASS-TS or 2BASE-TL PMA/PMD isinitializing, this bit shall indicate receive link down (see
45.2.1.12).

45.2.1.4 PMA/PMD speed ability (Register 1.4)

Change 802.3ae-2002 Table 45-5 to read:

Table 45-5— PMA/PMD speed ability register bit definitions

Bit(s) Name Description R/Wa
1.4.15:43 | Reserved for future speeds | Value alwaysO0, writesignored RO
1.4.2 10PASS-TS capable 1=PMA/PMD isc le of operating as 10PASS-TS RO

0 =PMA/PMD isnot capable of operating as 10PASS-TS

141 2BASE-TL capable 1=PMA/PMD isc le of operating as 2BASE-TL RO
0=PMA/PMD isnot capable of operating as 2BASE-TL
1.4.0 10G capable 1=PMA/PMD iscapable of operating at 10 Gh/s RO
0 =PMA/PMD isnot capable of operating at 10 Gh/s
8RO = Read Only

Insert the following two subclauses before 802.3ae-2002 45.2.1.4.1. Renumber appropriately

45.2.1.4.1 10PASS-TS capable (1.4.2)

When read asaone, bit 1.4.2 indicates that the PMA/PMD is able to operate as 10PASS-TS. When read asa
zero, bit 1.4.2 indicates that the PMA/PMD is not able to operate as 10PASS-TS.

45.2.1.4.2 2BASE-TL capable (1.4.1)

When read as aone, bit 1.4.1 indicates that the PMA/PMD is able to operate as 2BASE-TL. When read asa
zero, bit 1.4.1 indicates that the PMA/PMD is not able to operate as 2BASE-TL.

45.2.1.5 PMA/PMD devices in package (Registers 1.5 and 1.6)
Change subclause text to read:

The PMA/PMD devices in package registers are defined in Table 45-1a.
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Delete 802.3ae-2002 Table 45-6.

Insert the following new subclauses and new tables after 45.2.1.11 (as modified by 802.3ak-2004), and
renumber the tables accordingly:

45.2.1.11 10P/2B PMA/PMD control register (Register 1.30)

The assignment of bitsin the 10P/2B PMA control register is shown in Table 45-10a

Table 45-10a—10P/2B PMA control register bit definitions

Bit(s) Name Description R/wa

1.30.15 PMA/PMD link control 1= begininitidization, enable link (-R default) R/W
0 = force link down (-O default)

1.30.14 STFU Silence the far unit R/W
1 = send silence command
0 = silence command inactive (default)

1.30.13:8 | Silencetime Silence time= 10 X (vaue of bits + 1) seconds R/W
1.30.7 Port sub-type select 1 = port operates as an -O sub-type R/W
0 = port operates as a -R sub-type
1.30.6 Handshake cleardown 1 = send cleardown command R/W,SC
0=idle (default)
1.30.5 Ignore incoming hand- 1 =PMA/PMD does not respond to handshake tones R/W
shake 0 =PMA/PMD responds to handshake tones
1.304:0 | PMA/PMD typeselection | 342 1 0 R/W
0 0 0 0=10PASS-TSPMA/PMD type
0 0 0 1=2BASE-TL PMA/PMD type
0 0 1 0=2BASE-TL or 10PASS-TS (-R only)
0 0 1 1=2BASE-TL preferred, or 10PASS-TS (-O only)
0 1 0 0=10PASS-TS preferred, or 2BASE-TL (-O only)
all other values are reserved

8R/W = Read/Write, SC = Sdif Clearing

45.2.1.11.1 PMA/PMD link control (1.30.15)

The STA may enable the PMA/PMD link and initiate link initialization by writing this bit to a one. While
link isinitializing or up, this bit shall remain a one and writing a one to this bit shall be ignored. The STA
may force the link down by writing a zero to this bit. While this bit is set to zero, the PHY shall not send
(G.994.1 handshake tones. For -O sub-types, upon link drop or MMD reset, the PMA/PMD shall set these
bits to zero. For -R sub-types, upon link drop or MMD reset, the PMA/PMD shall set these bitsto one.

45.2.1.11.2 STFU (1.30.14)

When thisbit is set to aone, the PMA/PMD sends a message to the link partner instructing it to be silent for
the silence time (see 45.2.1.11.3). Writing to this bit isvalid only when the PMA/PMD link status bitsin the
PMA/PMD status register (see 45.2.1.12.4) are set to “link is down (ready)”. Writes are otherwise ignored.

This bit clearsto zero when the silence command is sent, or upon the execution of an MMD reset.
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45.2.1.11.3 Silence time (1.30.13:8)

The value of these bits sets the silence time conveyed in a STFU operation (see 45.2.1.11.2). The silence
time is encoded according to the following formula, where x is the decimal value of the hits:

time = 10 x (x + 1) seconds

45.2.1.11.4 Port sub-type select (1.30.7)

This register bit selects the port sub-type for PMA/PMD operation. The bit defaults to a supported mode.
The PHY shall ignore writes that select an unsupported mode (see 45.2.1.12).

Changing this bit alters the fundamental operation of the PMA/PMD, therefore, writes to change this bit
shall beignored if thelink isup or initializing (see 45.2.1.12.4).

45.2.1.11.5 Handshake cleardown (1.30.6)

Setting this bit to a one shall cause the PMA/PMD to issue a G.994.1 cleardown command to the link partner
(see 61.4.3). The PMA/PMD shall clear this bit to zero after the cleardown command has been sent or upon
MMD reset. If the PMA/PMD link is not in the “link down (ready)” state (see 45.2.1.12.4), writes to this
register shall be ignored.

45.2.1.11.6 Ignore incoming handshake (1.30.5)

When set to a one, the PMA/PMD shall not respond to received handshake tones (see 61.4.3). When set to a
zero, the PMA/PMD shall respond to received handshake tones normally, according to 61.4.3 and G.994.1.
Upon MMD reset, thisbit shall be cleared to zero.

45.2.1.11.7 PMA/PMD type selection (1.30.4:0)

The PMA/PMD type of a 10P/2B PHY may be selected using bits 4 through 0. A PHY shall ignore writesto
the type selection bits that select PMA/PMD typesit has not advertised in the speed ability register. It isthe
responsibility of the STA entity to ensure that mutually acceptable port types are applied consistently across
al the MMDs on aparticular PHY.

A value of 0010 may be set in -R sub-type PMA/PMDs that have both 2BASE-TL and 10PASS-TS
capability set in the PMA/PMD speed ability register. The PMA/PMD type of the -R is set upon link
initialization by the -O.

Values of 0011 and 0100 may be set in -O sub-type PMA/PMDs that have both 2BASE-TL and 10PASS-TS
capabilities set in the PMA/PMD speed ability register. These values indicate whether the -R is set to
10PASS-TS or 2BASE-TL respectively. If the -R is not capable of the “preferred” mode, the -R is set to
10PASS-TS or 2BASE-TL respectively.

The selection is advertised during link initialization G.994 handshake.

The PMA/PMD type selection defaults to a supported ability.
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45.2.1.12 10P/2B PMA/PMD status register (Register 1.31)

The assignment of bitsin the 10P/2B PMA/PMD status register is shown in Table 45-10b.

Table 45-10b—10P/2B PMA/PMD status register bit definitions

Bit(s) Name Description R/wa

1.31.15:5 | Datarate Current operating bit rate of the PMD RO
n = the value of the bits
Datarate = 64n kb/s

1314 CO supported 1 = -O sub-type operation supported RO
0 = -0 sub-type operation not supported

1313 CPE supported 1 = -R sub-type operation supported RO
0 = -R sub-type operation not supported

N

1.31.2.0 PMA/PMD link status 0 RO

1
0 0 O=linkisDown (not ready)
1 0 O=linkisDown (ready)

0 0 1=linkislInitidizing

0 1 O0=linkisUp, 10PASS-TS
0 1 1=linkisUp, 2BASE-TL
all other values reserved

8RO = Read Only
45.2.1.12.1 Datarate (1.31.15:5)

These bits indicate the current bit rate of an operational PMA/PMD link. These bits shall be set to al zeros
when the link is down or initializing.

45.2.1.12.2 CO supported (1.31.4)

This bit indicates that the PMA/PMD supports operation as a-O sub-type. This bit is set to a one when the
capability is supported and zero otherwise. This bit reflectsthe signal PMA_PMD_typein 61.3.2.1.

45.2.1.12.3 CPE supported (1.31.3)

This bit indicates that the PMA/PM D supports operation as a -R sub-type. This bit is set to a one when the
capability is supported and zero otherwise. This bit reflectsthe signal PMA_PMD_typein 61.3.2.1.

45.2.1.12.4 PMA/PMD link status (1.31.2:0)

The overall state of the PMA/PMD link isreflected in bits 2:0. After the PMA/PMD is linked to the remote
PHY, the PHY shall set these bitsto indicate the PMA/PMD port type that islinked (010 for 10PASS-TS and
011 for 2BASE-TL). The corresponding signal, PMA_received_synchronized, is defined in 61.3.2.1.

While thelink isinitializing, these bits shall be set to 001.

When read as 000, these bits shall indicate that PMA/PMD link is down and the PMA/PMD is not detecting
handshake tones from alink partner. This state is known as “not ready”.

When read as 100, these bits shall indicate that the PMA/PMD link is down and the PMA/PMD is detecting
handshake tones from alink partner. This state is known as “ready”.
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45.2.1.13 Link Partner PMA/PMD control register (Register 1.32)
The 10PASS-TS-O and 2BASE-TL-O PMA/PMDs allow access to certain register values of their link

partner viathe local MDIO interface. A summary of link partner parameters that may be sent or retrieved is
provided in Table 45-10c.

Table 45-10c—Link partner PMA/PMD registers and PMA/PMD register duals

Register type L ir;l;gpiasatretrner Local register counter part
PHY sub-type -0 -0 -R
Link partner register name Address and access type?

10P/2B link partner RX SNR margin 1.38 RO 1.37RO 1.37RO
10P/2B link partner line attenuation 1.40 RO 1.39RO 1.39RO
10P/2B link partner line quality thresholds 1.42 RIW 141 R/W n/a
10P link partner FEC correctable errors 1.45R0O 1.43RO 1.43RO
10P link partner FEC uncorrectable errors 1.46 RO 1.44 RO 1.44RO
10P link partner electrical length 1.48 RO 1.47 RO 1.47RO
2B link partner code violétion errors 1.90 RO 1.89 RO 1.89 RO
2B link partner errored seconds 1.92 RO 191 RO 191 RO
2B link partner severely errored seconds 1.94RO 1.93RO 1.93RO
2B link partner LOSW 1.96 RO 1.95RO 1.95RO
2B link partner unavailable seconds 1.98 RO 1.97RO 197 RO
2B link partner state defects register 1.100 RO 1.99 RO 1.99 RO

3R/W = Read/Write, RO = read only, n/a = undefined

The Link partner PMA/PMD control register allows the -O STA to control the transmission and retrieval of
parameters from its -R link partner.

The -R STA may read values exchanged by the -O STA in the local register counterpart to the link partner
register. For example, the -O 10P link partner electrical length register will be popul ated with the contents of
the -R 10P electrical length register upon a successful “ Get link partner parameters” command. Similarly, the
-R 10P/2B line quality thresholds register will contain the values sent by the -O in the 10P/2B link partner
line quality thresholds register, after a successful “Send link partner parameters’ command.

The link partner registers listed in Table 45-10c have the same behaviour upon being read or reset as their
local register counterparts.

Thisregister is defined for -O port sub-types only.

Bit definitions for the Link partner PMA/PMD control register are found in Table 45-10d.
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Table 45-10d—Link partner PMA/PMD control register bit definitions

Bits(s) Name Description R/W?2
1.32.15 Get link partner parameters 1= get link partner parameters R/W, SC
0 = operation complete, ready
1.32.14 Reserved Value always 0, writesignored R/W
1.32.13 Send link partner parameters 1 = send link partner parameters R/W, SC

0 = operation complete, ready

1.32.12:.0 Reserved Value dways 0, writes ignored R/W
8R/W = Read/Write, SC = Self Clearing

45.2.1.13.1 Get link partner parameters (1.32.15)

When this bit is set to a one, the -O PHY updates its link partner registers shown in Table 45-10c with
values from the link partner. While the operation isin progress, the PHY shall keep the bit set as one. If the
“Get link partner parameters’ operation does not complete within 10 seconds, its result shall be marked as
“failed” (see 45.2.1.14) and the operation marked as “complete”. After completion of the operation or upon
reset, the PHY shall reset the bit to zero. A write to this bit when link is down shall cause the result to be
marked as“failed” and the operation marked as “complete”.

45.2.1.13.2 Send link partner parameters (1.32.13)

When this bit is set to a one, the -O PHY sends the contents of the 2B link partner line quality thresholds
register (see 45.2.1.20) to the link partner. While the operation isin progress, the PHY shall keep the bit set
asone. The“Send Link partner parameters’ operation must complete within 10 seconds, or its result shall be
marked as “failed” (see 45.2.1.14) and the operation marked as “complete’. After completion of the
operation or upon reset, the PHY shall reset the bit to zero. A write to this bit when link is down shall cause
the result to be marked as “failed” and the operation marked as“ complete’.

45.2.1.14 Link partner PMA/PMD status register (Register 1.33)

The Link partner PMA/PMD status register reflects the result of the operations that are performed using the
Link Partner PMA/PMD control register (1.32).

Thisregister is defined for -O port sub-types only.

Bit definitions for the Link partner PMA/PMD status register are found in Table 45-10e.

Table 45-10e—Link Partner PMA/PMD status register bit definitions

Bits(s) Name Description R/W?2
1.33.15 Reserved Value always 0, writes ignored RO
1.33.14 Get link partner result 1 = operation failed RO, LH

0 = operation successful
1.33.13 Reserved Value always 0, writes ignored RO
1.33.12 Send link partner result 1 = operation failed RO, LH
0 = operation successful
1.33.11:0 Reserved Value dways 0, writes ignored RO

8RO = Read Only, LH = Latches High
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45.2.1.14.1 Get link partner result (1.33.14)

After a“Get link partner parameters’ operation terminates, this bit reflects the result of the operation. If the
operation did not complete successfully, the PHY shall set this bit to a one. Upon being read or a reset, the
PHY shall set the hit to zero.

The definition of an unsuccessful “Get link partner parameters” operation is unspecified and left to the
implementation.

45.2.1.14.2 Send link partner result (1.33.12)

After a“ Send link partner parameters’ operation terminates, thishit reflects the result of the operation. If the
operation did not complete successfully, the PHY shall set this bit to a one. Upon being read or a reset, the
PHY resets the bit to zero.

The definition of an unsuccessful “Send link partner parameters’ operation is unspecified and |eft to the
implementation.

45.2.1.15 10P/2B PMA/PMD link loss register (Register 1.36)

The 10P/2B PMA/PMD link loss register is a 16 bit counter that contains the number of times the PMA/
PMD link is lost. Link is considered lost when the PMA_receive_synchronized signal (see 61.3.2.1)
transitions from up to down. These bits shall be reset to all zeroes when the register is read by the
management function or upon execution of the MMD reset. These bits shall be held at all ones in the case of
overflow. The assignment of bitsin the 10P/2B PMA/PMD link loss register is shown in Table 45-10f.

Table 45-10f—10P/2B PMA/PMD link loss register bit definitions

Bits(s) Name Description R/W?2

1.36.15:0 | Link lost events The bytes of the counter | RO, NR

8RO = Read Only, NR = Non Roll-over

45.2.1.16 10P/2B RX SNR margin register (Register 1.37)
For further information on 2BASE-TL SNR margin, see 63.3. For 10PASS-TS SNR margin, see 62.3.

The bit definitions for the 10P/2B RX SNR margin register are found in Table 45-10g.

Table 45-10g—10P/2B RX SNR margin register bit definition

Bit(s) Name Description R/Wa
1.37.15:8 Reserved Value always 0, writes ignored R/W
1.37.7:0 RX SNR margin Value of SNR margin in dB RO

3R/W = Read/Write, RO = Read Only
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45.2.1.17 10P/2B link partner RX SNR margin register (Register 1.38)

The 10P/2B link partner RX SNR margin register provides access to the link partner’s receive SNR margin.
The contents of this register are refreshed when the STA activates the “Get link partner parameter”
command in the Link Parther PMA/PMD control register (see 45.2.1.13) and the command completes
successfully (see 45.2.1.14.1).

Thisregister is defined for -O port sub-types only.
The bit definitions for this register are found in Table 45-10g.

45.2.1.18 10P/2B line attenuation register (Register 1.39)

This register reports the line attenuation as measured by the PMA/PMD. For more information, see the
reference documents in 63.3 and 62.3.

The bit definitions for the 10P/2B line attenuation register are found in Table 45-10h.

Table 45-10h—10P/2B line attenuation register bit definitions

Bits(s) Name Description R/wWa

1.39.15:0 | Lineattenuation The value of the line attenuation in dB, RO
as perceived by the local PMD.

8RO = Read Only
45.2.1.19 10P/2B link partner line attenuation register (Register 1.40)
The 10P/2B link partner line attenuation register provides access to the link partner’s perceived line
attenuation margin. The contents of this register are refreshed when the STA activates the “ Get link partner
parameter” command in the Link Partner PMA/PMD control register (see 45.2.1.13) and the command
compl etes successfully (see 45.2.1.14.1).
Thisregister is defined for -O port sub-types only.
The bit definitions for this register are found in Table 45-10h.
45.2.1.20 10P/2B line quality thresholds register (Register 1.41)

The 10P/2B line quality thresholds register sets the target environment for the 10PASS-TS/2BASE-TL
connection. Theline quality is defined by the SNR margin and line attenuation values.

Bit definitions for the 10P/2B line quality threshold register are found in Table 45-10i.

Table 45-10i— 10P/2B line quality thresholds register bit definition

Bit(s) Name Description R/wa
1.41.15:8 | Loop attenuation threshold | Attenuation threshold in dB O: RIW
R: RO
1.41.7:4 SNR margin threshold SNR margin threshold in dB O: RIW
R: RO
1.41.3.0 Reserved Value dways0, writesignored | O: RIW
R: RO

8R/W = Read/Write, RO = Read Only
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45.2.1.20.1 Loop attenuation threshold (1.41.15:8)

Thesebitsset theloop attenuation threshold for 2BASE-TL PMA/PMDs. WritingtothesebitsonalOPASS-TS
PMA/PMD have no effect. The threshold valueisin units of dB. For more information on the loop attenuation
threshold, see 63.2.2.3.

45.2.1.20.2 SNR margin threshold (1.41.7:4)

These hits set the SNR margin threshold for 10PASS-TS and 2BASE-TL PMA/PMDs. The threshold is
expressed in units of dB. For more information of the SNR margin threshold, see 63.2.2.3 for 2BASE-TL
and Section 10 of the document referenced in 62.1.3 for 10PASS-TS.

45.2.1.21 2B link partner line quality thresholds register (Register 1.42)

The 2B link partner line quality thresholds register allows the -O STA to set its-R link partner’s line quality
thresholds. The contents of this register are transmitted to the -R when the STA activates the “Send link
partner parameter” command in the Link Partner PMA/PMD control register (see 45.2.1.13) and the
command completes successfully (see 45.2.1.14.2).

Thisregister is defined for -O port sub-types only.

The bit definitions for this register are found in Table 45-10i.

45.2.1.22 10P FEC correctable errors counter (Register 1.43)

The 10P FEC correctable errors counter is a 16 bit counter that contains the number of FEC codewords that
have been received and corrected. For more information on 10PASS-TS FEC, see 62.2.4.2. These bits shall

be reset to all zeroes upon execution of the MMD reset and upon being read. The assignment of bitsin the
10P FEC correctable error counter is shown in Table 45-10j.

Table 45-10j—10P FEC correctable errors counter register bit definitions

Bity(s) Name Description R/wa
1.43.15.0 Correctable codewords [15:0] The bytes of the counter RO
8RO = Read Only

45.2.1.23 10P FEC uncorrectable errors counter (Register 1.44)

The 10P FEC uncorrectable errors counter is a 16 bit counter that contains the number of FEC codewords
that have been received and are uncorrectable. For more information on 10PASS-TS FEC, see 62.2.4.2.
These bits shall be reset to all zeroes upon execution of the MMD reset and upon being read. The assignment
of bitsin the 10P FEC uncorrectable error counter is shown in Table 45-10k.

Table 45-10k—10P FEC uncorrectable errors counter bit definitions

Bits(s) Name Description R/wWa
1.44.15.0 Uncorrectable codewords [15:0] The bytes of the counter RO
8RO = Read Only
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45.2.1.24 10P link partner FEC correctable errors register (Register 1.45)

The 10P link partner FEC correctable errors register provides the -O STA with a snapshot of the -R link
partner’s FEC correctable errors counter. Because this register is not a counter, its value will increment only
when refreshed. The contents of this register are refreshed when the STA activates the “Get link partner
parameter” command in the Link Partner PMA/PMD control register (see 45.2.1.13) and the command
compl etes successfully (see 45.2.1.14.1).

Thisregister is defined for -O port sub-types only.

The bit definitions for thisregister are found in Table 45-10j and 45.2.1.22.

45.2.1.25 10P link partner FEC uncorrectable errors register (Register 1.46)

The 10P link partner FEC uncorrectable errors register provides the -O STA a snapshot of the -R link
partner’s FEC uncorrectable errors counter. Because this register is not a counter, its value will increment
only when refreshed. The contents of this register are refreshed when the STA activates the “ Get link partner
parameter” command in the Link Partner PMA/PMD control register (see 45.2.1.13) and the command
compl etes successfully (see 45.2.1.14.1).

Thisregister is defined for -O port sub-types only.

The bit definitions for thisregister are found in Table 45-10k and 45.2.1.23.

45.2.1.26 10P electrical length register (Register 1.47)

The bit definitions for the 10P electrical length register are found in Table 45-101.

Table 45-10I—10P electrical length register bit definitions

Bits(s) Name Description R/wWa

1.47.15:0 | Electrica length | Theéectrica length of the medium (in meters),as | RO
perceived at the loca PMD

8RO = Read Only

45.2.1.26.1 Electrical length (1.47.15:0)

After the link is established, these bits contain the measured electrical length (in meters) of the medium as
measured by the PMD. If the link isdown or the PMD is unable to determine the electrical length, these bits
shall be set to all ones (see 62.3.2).

45.2.1.27 10P link partner electrical length register (Register 1.48)

The 10P link partner electrical length register provides access to the link partner’s electrical length
measurement. The contents of this register are refreshed when the STA activates the “Get link partner
parameter” command in the Link Partner PMA/PMD control register (see 45.2.1.13) and the command
completes successfully (see 45.2.1.14.1).

Thisregister is defined for -O port sub-types only.

The bit definitions for thisregister are found in Table 45-10l and 45.2.1.26.1.
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45.2.1.28 10P PMA/PMD general configuration register (Register 1.49)
The 10P PMA/PMD general configuration register is defined for -O port types only.

The 10P PMA/PMD general configuration register bit definitions are found in Table 45-10m.

Table 45-10m—10P PMA/PMD general configuration register bit definitions

Bit(s) Name Description R/wa
1.49.15:8 | Reserved Value always 0, writes ignored R/W
1.49.7.0 | TX window length | Transmit window length O: RIW

R: undefined

34R/W = Read/Write

45.2.1.28.1 TX window length (1.49.7:0)

Bits 7:0 control the PMD transmit window length within the cyclic prefix and suffix in units of number of
samples, as defined in 62.3.2.

45.2.1.29 10P PSD configuration register (Register 1.50)
Thisregister is defined for -O port sub-types only.

The 10P PSD configuration register bit definitions may be found in Table 45-10n.

Table 45-10n—10P PSD configuration register bit definitions

Bit(s) Name Description R/wa
1.50.15:9 | Reserved Value always 0, writes ignored R/W
1.50.8 PBO disable 1 =PBO disabled O: RIW
0=PBO normal operation R: undefined
1.50.7.0 | Reserved Value always 0, writes ignored O: RIW
R: undefined

34R/W = Read/Write

45.2.1.29.1 PBO disable (1.50.8)
Setting this bit to a one disables UPBO for performance testing purposes. Refer to 62.3.4.4.
45.2.1.30 10P downstream data rate configuration (Registers 1.51, 1.52)

These registers are defined for -O port sub-types only.

Copyright © 2004 IEEE. All rights reserved. 81



|IEEE
Std 802.3ah-2004 AMENDMENT TO IEEE Std 802.3

The bit definitions for the 10P downstream data rate configuration registers are found in Table 45-100.

Table 45-100—10P downstream data rate configuration register bit definitions

Bit(s) Name Description R/Wa

151.15.0 Minimum downstream data rate Sets the minimum required downstream payload | O: R/W
datarate R: undefined
M = vaue of bits
Datarate = M X 64000 b/s

1.52.15.0 Maximum downstream data rate Sets the maximum downstream payload datarate | O: R/IW
M =vaue of bits R: undefined
Datarate = M X 64000 b/s

34R/W = Read/Write

45.2.1.31 10P downstream Reed-Solomon configuration (Register 1.53)
Thisregister is defined for -O port sub-types only.

The bit definitions for 10P downstream Reed-Solomon configuration are found in Table 45-10p.

Table 45-10p—10P downstream Reed-Solomon configuration register bit definitions

Bit(s) Name Description R/W?2
1.53.15:1 | Reserved Value always 0, writesignored | O: R/W
R: undefined
1.53.0 RS codeword length 1 = codeword length of 144 O: RIW
0 = codeword length of 240 R: undefined

34R/W = Read/Write

45.2.1.31.1 RS codeword length (1.53.0)

This bit selects the Reed-Solomon forward error correction codeword length used in the downstream
direction. For more information, see 62.2.4.2.

45.2.1.32 10P upstream data rate configuration (Registers 1.54, 1.55)

These registers are defined for -O port sub-types only.

The bit definitions for 10P upstream data rate configuration are found in Table 45-10q.

45.2.1.33 10P upstream 10P upstream Reed-Solomon configuration register (Register 1.56)
Thisregister is defined for -O port sub-types only.

The bit definitions for the 10P upstream Reed-Solomon configuration are found in Table 45-10r.
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Table 45-109—10P upstream data rate configuration register bit definitions

Bit(s) Name Description R/wa
1.54.15.0 Minimum upstream Sets the required upstream payload datarate O: R'W
datarate M = value of bits R: undefined
Datarate = M X 64000 b/s
1.55.15.0 M aximum upstream Sets the maximum upstream payload datarate | O: R/W
datarate M = value of bits R: undefined

Datarate = M X 64000 b/s

34R/W = Read/Write

Table 45-10r—10P upstream Reed-Solomon configuration register bit definitions

Bit(s) Name Description R/wa
156.15:1 Reserved Value always 0, writes ignored O: RIW
R: undefined
1.56.0 RS codeword length 1 = codeword length = 144 O: R'W
0 = codeword length = 240 R: undefined

3R/W = Read/Write

45.2.1.33.1 RS codeword length (1.56.0)

This bit selects the Reed-Solomon forward error correction codeword length used in the upstream direction.
For more information, see 62.2.4.2.

45.2.1.34 10P tone group registers (Registers 1.57, 1.58)

10PASS-TS operates by modulating 4096 individual tones across the transmission spectrum. Each tone can
be assigned a PSD level, desired SNR margin and transmission direction (downstream or upstream). To
reduce the complexity of addressing individual tones, tones are addressed by group. The STA sets the lower
and upper tones in a group, sets the parameters for that group, and issues a command to activate those
parameters for that group. See 62.3.4.7 for details on the mechanism that transfers tone information across
the link to and from the -R link partner.

This register allows the STA to specify the range of tones to control. The bit definitions for the 10P tone
group register are defined in Table 45-10s.

Table 45-10s—10P tone group register bit definitions

Bit(s) Name Description R/wa

157.15.0 Lower tone | The number of the lower frequency tone in the group. R/W
Valid when < the Upper tone.

1.58.15.0 Upper tone | The number of the higher frequency tonein the group. | R/W
Valid when > the Lower tone.

34R/W = Read/Write
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45.2.1.35 10P tone control parameters (Registers 1.59, 1.60, 1.61, 1.62, 1.63)

These registers alow the STA to specify parameters for the tones selected in the 10P tone group registers.
These values do not take effect until the corresponding activation commands are issued in the 10P tone
control action register. The bit definitions for the 10P tone control parameters are shown in Table 45-10t.

These registers are defined for -O port sub-types only.

Table 45-10t—10P tone control parameters register bit definitions

Bit(s) Name Description R/W?2
1.59.15 Tone active 1 = selected tones are active R/W
0 = selected tones are disabled
1.59.14 Tone direction 1 = selected tones assigned to upstream communication R/W

0 = selected tones assigned to downstream communication

1.59.13:5 Max SNR margin Assigns the maximum SNR margin the PMD may achieve | R/IW
M = value of bits
Max SNR Margin = M/4 dB

1.59.4:.0 Reserved Value always 0, writes ignored R/W
1.60:15:9 Reserved Value always 0, writes ignored R/W
1.60.8:0 Target SNR margin | Assignsthe target SNR margin for the selected tones R/W

M = value of bits
Target SNR Margin = M/4 dB

1.61:15:9 Reserved Value always 0, writes ignored R/W

1.61.8:0 Min SNR margin Assigns the minimum SNR margin for the selected tones R/W
M = value of bits
Min SNR Margin = M/4 dB

1.62.15:9 Reserved Value always 0, writes ignored R/W

1.62.8:.0 PSD level AssignsaTX PSD level for the selected tonesin dBm/Hz R/W
P = value of bits (2's complement)
PSD Level =P/4 - 100 dBm/Hz

1.63.15:9 Reserved Value always 0, writes ignored R/W
1.63.8:.0 USPBO reference Assigns the level of the USPBO reference at the points R/W
represented by the selected tones

P = value of bits (2's complement)
PSD Level =P/4 - 100 dBm/Hz

3R/W = Read/Write

45.2.1.35.1 Tone active (1.59.15)

These bits are used to control the activity of the selected tones. When the “Change tone activity” command
is issued (1.64.4), the selected tones will be either activated or deactivated based on the value set in these
bits.

45.2.1.35.2 Tone direction (1.59.14)

These bits are used to control the direction of the selected tones. When the “Change tone direction”
command is issued (1.64.3), the selected tones will adopt the direction set in these bits.
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45.2.1.35.3 Max SNR Margin (1.59.13:5)

These bits control the maximum SNR margin for the selected tones. When the “Change SNR margin”
command is issued (1.64.2), the PMA/PMD will use the value set in these bits in calculations related to
maximum SNR margin. The SNR margin isin units of dB, derived by dividing the value of bits 13:5 by 4.

45.2.1.35.4 Target SNR margin (1.60.8:0)

These bits control the target SNR margin for the selected tones. When the “ Change SNR margin” command
is issued (1.64.2), the PMA/PMD will use the value set in these bits in calculations related to target SNR
margin. The SNR margin isin units of dB, derived by dividing the value of bits 13:5 by 4.

45.2.1.35.5 Minimum SNR margin (1.61.8:0)

These bits control the minimum SNR margin for the selected tones. When the “Change SNR margin”
command is issued (1.64.2), the PMA/PMD will use the value set in these bits in calculations related to
minimum SNR margin. The SNR margin isin units of dB, derived by dividing the value of bits 13:5 by 4.

45.2.1.35.6 PSD level (1.62.8:0)

These bits control the transmit PSD level of the selected tones. When the “Change PSD level” command is
issued (1.64.1), the PMA/PMD will set the PSD level of the selected tones to according to this formula,
where x isthe value of bits 8:0:

_X dBm
power = 7 -100—— (45-1)

45.2.1.35.7 USPBO reference (1.63.8:0)

These bits control the reference level for the upstream power back-off function of the PMA/PMD. When the
“Change USPBO reference PSD” command (1.64.0) is issued, the portion of the USPBO reference curve
that corresponds to the selected tones is changed to the value specified by these bits. The USPBO reference
level isspecified according to this formula, where x isthe value of bits 8:0:

_X dBm
power = Z—lOOH (45-2)

45.2.1.36 10P tone control action register (Register 1.64)
The operations in this register apply to the tones selected in the 10P tone group registers (1.57, 1.58).

Thisregister is defined for -O port sub-types only.
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The bit definitions for the 10P tone control action register are shown in Table 45-10uT

Table 45-10u—10P tone control action register bit definitions

Bit(s) Name Description R/wa
1.64.15:6 | Reserved Value always 0, writes ignored R/W
1645 Refresh tone 1 = refresh selected tones for the 10P tone status registers R/W, SC
status 0 =ready, operation complete

1.64.4 Change tone 1 = activate tone active setting as in tone control parameter register R/W, SC
activity 0 = ready, operation complete

1.64.3 Change tone 1 = activate tone direction setting as in tone control parameter register | R/W, SC
direction 0 = ready, operation complete

1.64.2 Change SNR 1 = activatemin, max and target SNR margin settingsasin tonecontrol | R/W, SC
margin parameter register
0 =ready, operation complete

164.1 Change PSD 1 = activate PSD level setting as in tone control parameter register R/W, SC
level 0 = ready, operation complete

1.64.0 ChangeUPBO | 1= activate UPBO reference PSD settings asin tone control parameter | R/W, SC
reference PSD | register
0 = ready, operation complete

8R/W = Read/Write, SC = Self Clearing

45.2.1.36.1 Refresh tone status (1.64.5)

When this bit is set to a one, the tone status information from the local and link partner is gathered so that it
may be read using the 10P tone status registers (1.65, 1.66 and 1.67). While the tones are being refreshed,
thisbit shall remain set as one. This bit shall be reset to zero when the refresh operation is over or upon reset.

NOTE—Refreshing alarge number of tones may take a long time to complete.
45.2.1.36.2 Change tone activity (1.64.4)

When this bit is set to a one, the selected tones are enabled or disabled according to the assignment in the
tone active bit of the 10P tone control parameters register (1.59.15). While the tones are being activated/
deactivated, thisbit shall remain set as one. This bit shall be reset to zero when the operation is over or upon
reset.

45.2.1.36.3 Change tone direction (1.64.3)

When this bit is set to a one, the transmission direction of selected tones is changed according to the
assignment in the tone direction bit of the 10P tone control parametersregister (1.59.14). While the tones are
being assigned, this bit shall remain set as one. This bit shall be reset to zero when the operation is over or
upon reset.

45.2.1.36.4 Change SNR margin (1.64.2)
When this bit is set to a one, the SNR margin parameters for the selected tones are loaded according the
assignment in the Minimum, Target and Maximum SNR margin bits of the 10P tone control parameters

register (1.59.13:5, 1.60.8:0, 1.61.8:0). While the parameters are being loaded, this bit shall remain set as
one. Thisbit shall be reset to zero when the operation is over or upon reset.
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45.2.1.36.5 Change PSD level (1.64.1)

When this bit is set to a one, the PSD level for the selected tones is set according to the value in the PSD
level bits of the 10P tone control parameters register (1.62.8:0). While the PSD is being set, this bit shall
remain set as one. This bit shall be reset to zero when the operation is over or upon reset.

45.2.1.36.6 Change USPBO reference PSD (1.64.0)

When this bit is set to a one, the upstream power back-off reference PSD level for the selected tones is set
according to the value in the USPBO PSD reference bits of the 10P tone control parameters register
(1.63.8:0). While the reference PSD is being set, this bit shall remain set as one. This bit shall be reset to
zero when the operation is over or upon reset.

45.2.1.37 10P tone status registers (Registers 1.65, 1.66, 1.67)

The 10P tone status registers allow the STA to query the status of any individual tone in the link. The values
read in the 10P tone status register correspond to the tone whose number is set in the “Lower tone” of the
10P tone group registers ( see 45.2.1.34).

The status of some tonesisread from the link partner. Because the constant update of these values would be
astrain on channel resources, these values are only updated for selected tones when the “Refresh tone table”
command isissued in the 10P tone control action register (1.64).

The 10P tone status registers bit definitions are given in Table 45-10v.

Table 45-10v—10P tone status registers bit definitions

Bit(s) Name Description R/W?2
1.65.15 Refresh status | 1 = tone entry has been refreshed RO
0 = tone entry has not been refreshed since | ast read
1.65.14 Active 1 =toneisdisabled RO
0 =toneisactive
1.65.13 Direction 1 =toneis assigned to upstream communication RO
0 =toneis assigned to downstream communication
1.65.12:8 Reserved Value always 0, writesignored RO
1.65.7:0 RX PSD PSD of the tone at the receiver in dBm/Hz RO
1.66.15:8 TX PSD PSD of the tone at the transmitter in dBm/Hz RO
1.66.7:3 Bit load The number of bits currently loaded on the tone RO
1.66.2:0 Reserved Value always 0, writesignored RO
1.67.15:10 Reserved Value dways 0, writesignored RO
1.67.9.0 SNR margin Current SNR margin for the tone RO

R = value of bits
SNR Margin = R/4 dB

3RO = Read Only
45.2.1.37.1 Refresh status (1.65.15)
This bit set to a one indicates that the values for this tone table have not been read since the last “Refresh
tone status” command isissued in the 10P tone control action register (1.64). Upon reading this bit or upon
reset, the bit shall be reset to zero.
45.2.1.37.2 Active (1.65.14)

When read as a one, this bit indicates that the selected tone is disabled (i.e. powered off and not carrying
data).
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45.2.1.37.3 Direction (1.65.13)

When read as a one, this bit indicates that the selected tone is assigned to upstream communication. When
read as a zero, the tone is assigned to downstream communication.

45.2.1.37.4 RX PSD (1.65.7:0)

These bits report the PSD of the selected tone as perceived at the receiver in units of dBm/Hz.
45.2.1.37.5 TX PSD (1.66.15:8)

These bits report the PSD of the selected tone as output by the transmitter in units of dBm/Hz.
45.2.1.37.6 RX PSD (1.66.7:3)

These bits report the number of bits encoded on the selected tone.

45.2.1.37.7 SNR Margin (1.67.9:0)

These bits report the current SNR margin for the selected tone, as perceived by the receiver, in units of dB.
The value of the SNR margin is obtained by dividing the decimal value of bits 9:0 by 4.

45.2.1.38 10P outgoing indicator bhits status register (Register 1.68)

The 10P outgoing indicator bits status register conveys the current state of the indicator bits being sent to the
link partner. (See 62.3.4.7) The bit definitions for the 10P indicator bits status register are shown in Table
45-10w.

Table 45-10w—10P outgoing indicator bits status register bit definition

Bit(s) Name Description R/wa
1.68.15:9 Reserved Value always 0, writes ignored RO
1.68.8 LoM 1 =received signa below SNR margin threshold RO
0 = normal state

1.68.7 Ipr 1 = power supply voltage invalid RO
0 =normal state

1.68.6 po 1=PMA/PMD is being powered off RO
0 =normal state

1.68.5 Rdi 1 = severely errored frames have been received RO
0 =normal state

1.68.4 los 1 = signal power islower than the threshold RO
0 =normal state

1.68.3 fec-f 1 = reserved condition RO
0 =normal state

1.68.2 be-f 1 = reserved condition RO
0 = normal state

1.68.1 fec-s 1 = corrected errors have been detected in the received FEC block of dow | RO
data
0 =normal state

1.68.0 be-s 1 = non-corrected errors have been detected in the received block of slow RO
data
0 =normal state

3RO = Read Only

NOTE—These hit refer to “slow” data. 10PASS-TS uses the slow data channel as referenced in T1.424. The name is
kept here to simplify a comparison between the two documents
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45.2.1.38.1 LoM (1.68.8)

When read as a one, this bit indicates that the PMA/PMD is receiving asignal whose SNR margin is below
the set threshold (see 45.2.1.20). The status of this condition is reported to the link partner PMA/PMD via
the 10PASS-TSindicator bits.

45.2.1.38.2 Ipr (1.68.7)

When read as a one, this bit indicates that the PMA/PMD is not receiving sufficient power supply input for
proper operation. The specific conditions that cause this bit to be set are implementation specific. The status
of this condition isreported to the link partner PMA/PMD viathe 10PASS-TS indicator bits.

45.2.1.38.3 po (1.68.6)

When read as a one, this bit indicates that the PMA/PMD has been instructed to power off. The specific
conditions that cause this bit to be set are implementation specific. The status of this condition is reported to
the link partner PMA/PMD viathe 10PASS-TS indicator bits.

45.2.1.38.4 Rdi (1.68.5)

When read as a one, this bit indicates that the PMA/PMD has received PMA/PMD frames containing severe
errors. The status of this condition is reported to the link parther PMA/PMD via the 10PASS-TS indicator
bits.

45.2.1.38.5 los (1.68.4)

When read as a one, this bit indicates that the PMA/PMD is not receiving a valid signal. The status of this
condition is reported to the link partner PMA/PMD viathe 10PASS-TS indicator bits.

45.2.1.38.6 fec-f (1.68.3)

Thisbit is reserved and shall read as zero for 10PASS-TS.

45.2.1.38.7 be-f (1.68.2)

Thisbit is reserved and shall read as zero for 10PASS-TS.

45.2.1.38.8 fec-s (1.68.1)

When read as a one, this bit indicates that the PMA/PMD is receiving FEC blocks with one or more
correctable errors. The status of this condition is reported to the link partner PMA/PMD viathe 10PASS-TS
indicator bits.

45.2.1.38.9 be-s (1.68.0)

When read as a one, this bit indicates that the PMA/PMD is receiving FEC blocks with one or more

uncorrectable errors. The status of this condition is reported to the link partner PMA/PMD via the
10PASS-TS indicator bits.
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45.2.1.39 10P incoming indicator bits status register (Register 1.69)
The 10P indicator bits status register conveys the current state of the indicator bits being received from the

link partner’s PMA (see 62.3.4.7). The bit definitions for the 10P incoming indicator bits status register are
shown in Table 45-10w.

Table 45-10x—10P incoming indicator bits status register bit definition

Bit(s) Name Description R/wa
1.69.15:9 Reserved Value always 0, writes ignored RO
1.69.8 LoM 1 =received signa below SNR margin threshold RO
0 = normal state

1.69.7 Flpr 1 = power supply voltage invalid RO
0 = normal state

1.69.6 Fpo 1=PMA/PMD is being powered off RO
0 = normal state

1.69.5 Rdi 1 = severely errored frames have been received RO
0 = normal state

1.69.4 Flos 1 =signal power islower than the threshold RO
0 = normal state

1.69.3:2 Reserved Value always0 RO

1.69.1 Ffec-s 1 = corrected errors have been detected in the received FEC block of dow RO
data
0 = normal state

1.69.0 Febe-s 1 = non-corrected errors have been detected in the received block of slow RO
data
0 = normal state

8RO = Read Only

NOTE —These hit refer to “slow” data. 10PASS-TS uses the slow data channel as referenced in T1.424. The name is
kept here to simplify a comparison between the two documents.

45.2.1.39.1 LoM (1.69.8)

When read as a one, this bit indicates that the link partner PMA/PMD is receiving a signa whose SNR
margin is below the set threshold (see 45.2.1.20). The status of this condition is reported to the local PMA/
PMD viathe 10PASS-TS indicator bits.

45.2.1.39.2 Flpr (1.69.7)

When read as a one, this bit indicates that the link partner PMA/PMD is not receiving sufficient power

supply input for proper operation. The specific conditions that cause this bit to be set are implementation
specific. The status of this condition is reported to thelocal PMA/PMD viathe 10PASS-TS indicator hits.
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45.2.1.39.3 Fpo (1.69.6)

When read as a one, this bit indicates that the link partner PMA/PMD has been instructed to power off. The
specific conditions that cause this bit to be set are implementation specific. The status of this condition is
reported to the local PMA/PMD viathe 10PASS-TS indicator hits.

45.2.1.39.4 Rdi (1.69.5)

When read as a one, this bit indicates that the link parther PMA/PMD has received PMA/PMD frames
containing severe errors. The status of this condition is reported to the local PMA/PMD viathe 10PASS-TS
indicator bits.

45.2.1.39.5 Flos (1.69.4)

When read as aone, this bit indicates that the link partner PMA/PMD has is not receiving avalid signa. The
status of this condition is reported to the local PMA/PMD viathe 10PASS-TS indicator hits.

45.2.1.39.6 Ffec-s (1.69.1)

When read as a one, this bit indicates that the link partner PMA/PMD is receiving FEC blocks with one or
more correctable errors. The status of this condition is reported to the local PMA/PMD via the 10PASS-TS
indicator bits.

45.2.1.39.7 Febe-s (1.69.0)

When read asaone, thisbit indicatesthat thelink partner PMA/PMD isreceiving FEC blockswith oneor more
uncorrectable errors. The status of this condition is reported to the loca PMA/PMD via the 10PASS-TS
indicator bits.

45.2.1.40 10P cyclic extension configuration register (Register 1.70)

The 10P cyclic extension configuration register controls the length of the cyclic extension for the 10P PMD.
For more information, see 62.3.4.2. The value of the cyclic extension is equal to the decimal value set in bits
15:0. Vaues of decimal 10, 20 and 40 are valid. Writes to set any other values shall be ignored. Upon reset,
the PMD shall set these bits to adecimal value of 20.

The bit definitions for thisregister are shown in Table 45-10y.

Table 45-10y—10P cyclic extension configuration register bit definitions

Bit(s) Name Description R/wa

1.70.15:0 | Cyclicextension | Thevalue of the cyclic extension | O: R/'W
R: RO

3R/W = Read/Write, RO = Read Only

45.2.1.41 10P attainable downstream data rate register (Register 1.71)
The 10P attainable downstream data rate register reports the data rate that the -R link partner measures to be

the highest data rate for downstream transmission. The datarate is encoded as 1 kb/s times the decimal value
of the register bits 15:0. The value of the register bits are not valid until after link is*up” (see 45.2.1.12.4).
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The bit definitions for thisregister are found in Table 45-10z.

Table 45-10z—10P attainable downstream data rate register bit definitions

Bit(s) Name Description R/wWa

1.71.15:0 | Attainable downstream datarate | Dataratein 1 kb/sincrements | RO
8RO = Read Only

45.2.1.42 2B general parameter register (Register 1.80)

The 2B general parameter register controls various parameters for the operation of the 2BASE-TL PMA/
PMD.

Thisregister is read only for -R ports which may be read so the STA may know the mode selected by the -O
port. The selected parameters on the -O are sent to the -R link partner on link initialization. For more

information on how these parameters are passed across the physical link using G.994.1 signalling (see
61B.3.2).

The bit definitions for the 2B general parameter register are found in Table 45-10aa.

Table 45-10aa— 2B general parameter register bit definition

Bit(s) Name Description R/W?2
1.80.15 Reserved Value always 0, writes ignored R/W
1.80.14:10 | PMMStarget margin | margin = 14:10 - 10dB R/W
1.80.9 Line probing control | 1 = useline probing R/W

0 = do not use line probing (default)
1.80.8 Noise environment 1 = current condition R/W
0 = worst case (default)
1.80.7:2 Reserved Value always 0, writes ignored R/W
1.80.1.0 Region Selects the regional annex to operate under | O: R/W
00 = Annex A R: RO
01=Annex B
10=Annex C

11 = reserved, writes ignored

3R/W = Read/Write, RO = Read Only

45.2.1.42.1 PMMS target margin (1.80.14:10)
The PMMS target margin specified in bits 14:10 specifies the noise margin that the PMM S procedure tries to

attain. The margin is expressed in dB as the decimal value of bits 14:10 minus 10dB. The margin specified is
measured either against either worst case or current line conditions, based on the value set in 1.80.8.

92 Copyright © 2004 IEEE. All rights reserved.



IEEE
CSMA/CD Std 802.3ah-2004

The PMMS margin value is transferred during 2BASE-TL initialization via the worst case PMMS margin
bits in Table 61B-57 and Table 61B—43, or the current condition PMMS margin bits in Table 61B—48 and
Table 61B—44.

45.2.1.42.2 Line probing control (1.80.9)

When set to aone, this bit tellsthe PMA/PMD to perform line probing the next timelink isinitialized. When
set to a zero, the PMA/PMD does not use line probing. Line probing causes the PMA/PMD to select probe
duration and the link data rate. For more information, see the documents referenced in 63.3.

45.2.1.42.3 Noise environment (1.80.8)

This bit controls the reference noise used during line probing. When set to a one, the noise environment is
based on the current line conditions. When set to a zero, the noise environment is based on worst case
models. For more information, see the documents referenced in 63.3.

45.2.1.42.4 Region (1.80.1:0)

These hits select the regional annex that is used for the operation of the 2BASE-TL PMA/PMD. These
annexes refer to clauses in documents referenced by the 2BASE-TL PMA/PMD specification. These are not
annexesin |IEEE Std 802.3-2002 or its amendments. For details on each annex, see the document referenced
in 63.1.3.

45.2.1.43 2B PMD parameters registers (Registers 1.81 through 1.88)

The 2B PMD parameters registers set the transmission parameters for an individual 2BASE-TL PMA/PMD
link. When the link is initialized, these parameters are used by the link partner PMA/PMDs in an attempt to
achieve specified settings.

These registers allow one to specify a single fixed data rate or up to four data rate ranges at the -O PMA/
PMD. An additional set of four data ranges are found in the 2B extended PMD parameters registers (1.102
through 1.109). Bit descriptions for the 2B extended PMD parameters registers are found in 45.2.1.57.
Together these sets allow up to eight data rate ranges to be specified.

If at least one data rate range is specified with different Minimum and Maximum data rates, the link is
trained with the highest attainable rate. If line probing is enabled, the highest rate is determined by the result
of line probing and the “Data rate step” value is ignored. If line probing is disabled, the minimum and
maximum rate, “ Data rate step” and “Power” values are used to determine the highest attainable rate.

In the case of a single fixed rate specified (Minimum data ratel equals Maximum data ratel, Data rate
step[1:8] set to zero, Minimum/Maximum data rate[2:8] set to zero), the link istrained at the specified rate.

When multiple ranges are specified, the PMD selects the first attainable range, starting sequentialy from the
first range.

Since writing to this register does not have an immediate effect, reading this register returns the desired
parameters, which are not necessarily the current operating parameters.

For more information on how these parameters are passed across the physical link using G.994.1 signalling
(see 61B.3.2).
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The bit definitions for the 2B PMD parameters register are found in Table 45-10ab.

Table 45-10ab— 2B PMD parameters registers bit definition

Bit(s) Name Description R/wWa
1.81.15 Reserved Value always 0, writes ignored R/W
1.81.14:8 Min data ratel Min datarate of the first range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kb/s

1.81.7 Reserved Value always 0, writes ignored R/W

1.81.6:.0 Max dataratel Max datarate of the first range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kb/s

1.82.15:14 | Reserved Value dways 0, writes ignored R/IW

1.82.13:7 Datarate stepl Data rate step of the first range O: R'W
n = value of the bits, nvalid 1 to 86 R: RO
Data Rate = 64n kb/s

1.82.6:2 Powerl x = multiple of 0.5 dBm to add to 5 dBm offset O: RIW
Power = (5+ 0.5x ) dBm R: RO

1.82.1.0 Constellationl 11 = reserved O: R'W
10=16-TCPAM R: RO
01=32-TCPAM
00 = automatically set by the PHY

1.83.15 Reserved Value dways 0, writes ignored R/W

1.83.14:8 Min data rate2 Min data rate of the second range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate =64n kb/s

1.83.7 Reserved Value always 0, writes ignored R/W

1.83.6:.0 Max datarate2 Max datarate of the second range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kb/s

1.84.15:14 | Reserved Value dways 0, writes ignored R/W

1.84.13:7 Data rate step2 Data rate step of the second range O: R'W
n = value of the bits, nvalid 1 to 86 R: RO
Data Rate = 64n kb/s

1.84.6:2 Power2 x = multiple of 0.5 dBm to add to 5 dBm offset O: RIW
Power = (5 + 0.5x ) dBm R: RO

1.84.1.0 Constellation2 11 = reserved O: RIW
10=16-TCPAM R: RO
01=32-TCPAM
00 = automatically set by the PHY

1.85.15 Reserved Value dways 0, writes ignored R/W

1.85.14:8 Min datarate3 Min datarate of the third range O: R'W
n = value of the bits, nvalid 3to 89 R: RO
Data Rate = 64n kb/s

1.85.7 Reserved Value dways 0, writes ignored R/W
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Table 45-10ab— 2B PMD parameters registers bit definition (continued)
Bit(s) Name Description R/wWa

1.85.6:.0 Max datarate3 Max datarate of the third range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kh/s

1.86.15:14 | Reserved Value dways 0, writes ignored R/IW

1.86.13:7 Data rate step3 Data rate step of the third range O: R'W
n = value of the bits, nvalid 1 to 86 R: RO
Data Rate = 64n kb/s

1.86.6:2 Power3 x = multiple of 0.5 dBm to add to 5 dBm offset O: R'W
Power = (5 + 0.5x ) dBm R: RO

1.86.1.0 Constellation3 11 = reserved O: R'W
10=16-TCPAM R: RO
01 =32-TCPAM
00 = automatically set by the PHY

1.87.15 Reserved Value dways 0, writes ignored R/W

1.87.14:8 Min datarated Min datarate of the fourth range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kb/s

1.87.7 Reserved Value dways 0, writes ignored R/W

1.87.6.0 Max datarated Max datarate of the fourth range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kh/s

1.88.15:14 | Reserved Value dways 0, writes ignored R/W

1.88.13:7 Datarate step4 Data rate step of the fourth range O: R'W
n = value of the bits, nvalid 1 to 86 R: RO
Data Rate = 64n kb/s

1.88.6:2 Power4 x = multiple of 0.5 dBm to add to 5 dBm offset O: R'W
Power = (5 + 0.5x ) dBm R: RO

1.88.1.0 Constellation4 11 = reserved O: RIW
10=16-TCPAM R: RO
01 =32-TCPAM
00 = automatically set by the PHY

3R/W = Read/Write, RO = Read Only

45.2.1.43.1 Minimum data rate (1.81 through 87.14:8)

Bits 14:8 in registers 1.81 through 1.87 set the minimum data rate for each of the four ranges. Valid values
for these bits are decimal 3 through 89, writes to set an invalid value shall be ignored. The rate is expressed

in units of kb/s and is derived by multiplying the decimal value of bits 14:8 by 64.

45.2.1.43.2 Max data rate (1.81 through 87.6:0)

Bits6:0in registers 1.81 through 1.87 set the maximum datarate for each of the four ranges. Valid valuesfor
these bits are decimal 3 through 89, writes to set an invalid value shall be ignored. The rate is expressed in
units of kb/s and is derived by multiplying the decimal value of bits 6:0 by 64.
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45.2.1.43.3 Data rate step (1.82 through 88.13:7)

Bits 13:7 in registers 1.82 through 1.88 set the granularity used by the PMA/PMD when determining theline
rate. Valid values for these bits are decimal 1 through 86, writesto set an invalid value shall be ignored. The
datarate step is expressed in units of kb/s and is derived by multiplying the decimal value of bits 13:7 by 64.
45.2.1.43.4 Power (1.82 through 88.6:2)

Bits 6:2 in registers 1.82 through 1.88 set the allowed power level for each datarate range. The power levels
set in these bits override those of the annex selected in the 2B general parameter register (1.80). The power

level is expressed in units of dBm and is derived by the following equation, where x equals the value of bits
6:2.

power = (5+)—9 dBm (45-3)

45.2.1.43.5 Constellation (1.82 through 88.1:0)

Bits 1:0 in registers 1.82 through 1.88 set the allowed constellation for each data rate range. Setting a value
of 10 or 01 restricts the constellation to 16- or 32-TCPAM respectively. When set to a value of 00, the PMD
automatically determines the constellation during initialization. Attempts to set a value of 11 shal be
ignored.

45.2.1.44 2B code violation errors counter (Register 1.89)

The 2B code violation errors counter is a 16-bit counter that contains the number of the 2BASE-TL CRC
anomalies. See 63.2.2.3 for more information. These bits shall be set to all zeros upon an MMD reset and
upon being read.

Bit definitions for the 2B code violation errors counter are found in Table 45-10ac.

Table 45-10ac—2B code violation errors counter bit definitions

Bity(s) Name Description R/wa
1.89.15.0 Code violations [15:0] The bytes of the counter RO
8RO = Read Only

45.2.1.45 2B link partner code violations register (Register 1.90)

The 2B link partner code violations register provides the -O STA with a snapshot of the -R link partner’s 2B
code violations counter. Because this register is not a counter, its value will be updated only when refreshed.
The contents of this register are refreshed when the STA activates the “Get link partner parameter”
command in the Link Parther PMA/PMD control register (see 45.2.1.13) and the command completes
successfully (see 45.2.1.14.1).

Thisregister is defined for -O port sub-types only.

The bit definitions for this register are found in Table 45-10ac.
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45.2.1.46 2B errored seconds counter (Register 1.91)

This 8-bit counter contains the number of errored seconds (see 63.2.2.3) These bits shall be set to all zeros
when the register is read by management or upon an MMD reset.

Bit definitions for the 2B errored seconds counter are found in Table 45-10ad.

Table 45-10ad—2B errored seconds counter bit definitions

Bits(s) Name Description R/wa
1.91.15:8 Reserved Vaue always 0, writes ignored RO
1.91.7:0 Errored seconds [7:0] The byte of the counter RO

8RO = Read Only

45.2.1.47 2B link partner errored seconds register (Register 1.92)

The 2B link partner errored seconds register provides the -O STA with a snapshot of the -R link partner’s 2B
errored seconds counter. Because this register is not a counter, its value will be updated only when refreshed.
The contents of this register are refreshed when the STA activates the “Get link partner parameter”
command in the Link Parther PMA/PMD control register (see 45.2.1.13) and the command completes
successfully (see 45.2.1.14.1).

Thisregister is defined for -O port sub-types only.

The bit definitions for this register are found in Table 45-10ad.

45.2.1.48 2B severely errored seconds counter (Register 1.93)

This 8-bit counter contains the number severely errored seconds (see 63.2.2.3). These bits shall be set to all
zeros when the register is read by management or upon an MMD reset.

Bit definitions for the 2B severely errored seconds register are found in Table 45-10ae.

Table 45-10ae—2B severely errored counter register bit definitions

Bits(s) Name Description R/wa
1.93.15:8 Reserved Vaue always 0, writes ignored RO
1.93.7.0 Severely errored seconds [7:0] The byte of the counter RO

8RO = Read Only

45.2.1.49 2B link partner severely errored seconds register (Register 1.94)

The 2B link partner severely errored seconds register provides the -O STA with a snapshot of the -R link
partner’'s 2B severely errored seconds counter. Because this register is not a counter, its value will be
updated only when refreshed. The contents of this register are refreshed when the STA activates the “ Get
link partner parameter” command in the Link Partner PMA/PMD control register (see 45.2.1.13) and the
command compl etes successfully (see 45.2.1.14.1).
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Thisregister is defined for -O port sub-types only.
The bit definitions for thisregister are found in Table 45-10ae.
45.2.1.50 2B LOSW counter (Register 1.95)

This 8-bit counter contains the number of loss of sync seconds (see 63.2.2.3). These bits shall be set to all
zeros when the register is read by management or upon an MMD reset.

Bit definitions for the 2B LOSW counter are found in Table 45-10af.

Table 45-10af—2B LOSW counter bit definitions

Bits(s) Name Description R/wa
1.95.15:8 Reserved Vaue always 0, writes ignored RO
1.95.7:.0 loss of sync seconds [7:0] The byte of the counter RO

8RO = Read Only

45.2.1.51 2B link partner LOSW register (Register 1.96)

The 2B link partner LOSW register provides the -O STA with a snapshot of the -R link partner’s 2B LOSW
counter. Because this register is not a counter, its value will be updated only when refreshed. The contents of
this register are refreshed when the STA activates the “ Get link partner parameter” command in the Link
Partner PMA/PMD control register (see 45.2.1.13) and the command completes successfully (see
45.2.1.14.1).

Thisregister is defined for -O port sub-types only.

The bit definitions for thisregister are found in Table 45-10af .

45.2.1.52 2B unavailable seconds counter (Register 1.97)

This 8-hit counter contains the number of unavailable seconds (see 63.2.2.3). These bits shall be set to all
zeros when the register is read by management or upon an MMD reset.

Bit definitions for the 2B unavailable seconds counter are found in Table 45-10ag.

Table 45-10ag—2B unavailable seconds counter bit definitions

Bits(s) Name Description R/wa
1.97.15:8 Reserved Vaue always 0, writes ignored RO
1.97.7.0 unavail able seconds [7:0] The byte of the counter RO

8RO = Read Only
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45.2.1.53 2B link partner unavailable seconds register (Register 1.98)

The 2B link partner unavailable seconds register provides the -O STA with a snapshot of the -R link
partner’s 2B unavailable seconds counter. Because this register is not a counter, its value will be updated
only when refreshed. The contents of this register are refreshed when the STA activates the “ Get link partner
parameter” command in the Link Partner PMA/PMD control register (see 45.2.1.13) and the command
completes successfully (see 45.2.1.14.1).

Thisregister is defined for -O port sub-types only.

The bit definitions for this register are found in Table 45-10ag.

45.2.1.54 2B state defects register (Register 1.99)

The 2B state defects register is used to communicate defect states from the 2BASE-TL PMD (see 63.2.2.3).
The thresholds for these defects are set using the 2B line quality threshold register (see 45.2.1.20). The
register bits are cleared to zero when read by the STA or upon MMD reset. On a-R PMA/PMD, these bits
are also cleared to zero upon the successful reception of a “Get link partner parameters’ command (see

45.2.1.13.1).

Bit definitions for the 2B state defects register are found in Table 45-10ah.

Table 45-10ah—2B state defects register bit definitions

Bits(s) Name Description R/W?2

1.99.15 Segment defect 1 = segment defect detected RO, LH
0 =normal condition

1.99.14 SNR margin defect 1 = SNR margin defect detected RO, LH
0 =normal condition

1.99.13 L oop attenuation defect 1 = loop attenuation defect detected | RO, LH
0 =normal condition

1.99.12 Loss of sync word 1 =loss of sync word detected RO, LH
0= normal condition

1.99.11:0 Reserved Value always 0, writes ignored R/W

8RO = Read Only, LH = Latching High, R/W = Read/Write

45.2.1.54.1 Segment defect (1.99.15)
When read as a one, this bit indicates that the local PMA/PMD has detected a segment defect.
45.2.1.54.2 SNR margin defect (1.99.14)

When read as a one, this bit indicates that the local PMA/PMD has received a signal whose SNR is below
the set threshold (see 45.2.1.20).

45.2.1.54.3 Loop attenuation defect (1.99.13)

When read as a one, this bit indicates that the PMA/PMD has detected that the loop attenuation is below the
set threshold (see 45.2.1.20).
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45.2.1.54.4 Loss of sync word (1.99.12)

When read as a one, this bit indicates that the PMA/PMD has lost PMA/PMD frame sync.

45.2.1.55 2B link partner state defects register (Register 1.100)

The 2B link partner state defects register provides the -O STA with a snapshot of the -R link partner’s 2B
state defects register. The contents of thisregister are refreshed when the STA activates the “ Get link partner
parameter” command in the Link Partner PMA/PMD control register (see 45.2.1.13) and the command
completes successfully (see 45.2.1.14.1).

Thisregister is defined for -O port sub-types only.

The bit definitions for this register are found in Table 45-10ah.

45.2.1.56 2B negotiated constellation register (Register 1.101)

The bit definitions for this register are shown in Table 45-10ai.

Table 45-10ai—2B register bit definition

Bit(s) Name Description R/Wa
1.101.15:2 | Reserved Value always 0, writes ignored R/W
1.101.1:0 Negotiated constellation 11 = reserved RO

10=16-TCPAM
01 =32-TCPAM
00 = undetermined

8R/W = Read/Write, RO = Read Only

45.2.1.56.1 Negotiated constellation (1.101.1:0)

These bits report the resulting constellation that was obtained after initialization. For more information on
configuring 2BASE-TL PMA/PMD link initialization, see the 2B PMD parameter registers (see 45.2.1.43).
When read as 10 or 01, the constellation has been set as either 16- or 32-TCPAM respectively. When read as
00, the local PMD has not arrived at a constellation with its link partner (as may be the case while link is
down or initializing, after reset or upon afailed initialization).

45.2.1.57 2B extended PMD parameters registers (Registers 1.102 through 1.109)
The 2B extended PMD parameters registers define four additional data range sets to be used in conjunction

with the 2B PMD parameters registers when additional PMD configuration detail is desired. For a complete
description of the use of these registers, see 45.2.1.43.

100 Copyright © 2004 |EEE. All rights reserved.



CSMA/CD

Bit definitions for these registers can be found in Table 45-10g)

IEEE

Std 802.3ah-2004

Table 45-10aj— 2B extended PMD parameters registers bit definition

Bit(s) Name Description R/wWa
1.102.15 Reserved Value dways 0, writes ignored R/IW
1.102.14:8 Min datarate5 Min datarate of the fifth range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kb/s

1.102.7 Reserved Value always 0, writes ignored R/W

1.102.6:0 Max datarateb Max datarate of the fifth range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kb/s

1.103.15:14 | Reserved Value dways 0, writes ignored R/W

1.103.13:7 Datarate step5 Datarate step of the fifth range O: R'W
n = value of the bits, nvalid 1 to 86 R: RO
Data Rate = 64n kb/s

1.103.6:2 Power5 x = multiple of 0.5 dBm to add to 5 dBm offset O: R'W
Power = (5 + 0.5x ) dBm R: RO

1.103.1:.0 Constellation5 11 = reserved O: R'W
10=16-TCPAM R: RO
01 =32-TCPAM
00 = automatically set by the PHY

1.104.15 Reserved Value always 0, writes ignored R/W

1.104.14:8 Min data rate6 Min datarate of the sixth range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate =64n kb/s

1.104.7 Reserved Value always 0, writes ignored R/W

1.104.6:.0 Max data rate6 Max datarate of the sixth range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kb/s

1.105.15:14 | Reserved Value dways 0, writes ignored R/IW

1.105.13:7 Datarate step6 Datarate step of the sixth range O: R'W
n = value of the bits, nvalid 1 to 86 R: RO
Data Rate = 64n kb/s

1.105.6:2 Power6 x = multiple of 0.5 dBm to add to 5 dBm offset O: R'W
Power = (5 + 0.5x ) dBm R: RO

1.105.1:.0 Constellation6 11 = reserved O: RIW
10=16-TCPAM R: RO
01 =32-TCPAM
00 = automatically set by the PHY

1.106.15 Reserved Value dways 0, writes ignored R/IW

1.106.14:8 Min data rate7 Min datarate of the seventh range O: R'W
n = value of the bits, nvalid 3to 89 R: RO
Data Rate = 64n kb/s

1.106.7 Reserved Value always 0, writes ignored R/W
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Table 45-10aj— 2B extended PMD parameters registers bit definition (continued)

Bit(s) Name Description R/wWa

1.106.6:0 Max datarate7 Max datarate of the seventh range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kh/s

1.107.15:14 | Reserved Value dways 0, writes ignored R/W

1.107.13:7 Datarate step7 Datarate step of the seventh range O: R'W
n = value of the bits, nvalid 1 to 86 R: RO
Data Rate = 64n kb/s

1.107.6:2 Power7 x = multiple of 0.5 dBm to add to 5 dBm offset O: R'W
Power = (5 + 0.5x ) dBm R: RO

1.107.1:0 Constellation7 11 = reserved O: R'W
10=16-TCPAM R: RO
01 =32-TCPAM
00 = automatically set by the PHY

1.108.15 Reserved Value dways 0, writes ignored R/IW

1.108.14:8 Min datarate8 Min datarate of the eighth range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kb/s

1.108.7 Reserved Value dways 0, writes ignored R/W

1.108.6:0 Max datarate8 Max datarate of the eighth range O: R'W
n = value of the hits, nvalid 3to 89 R: RO
Data Rate = 64n kh/s

1.109.15:14 | Reserved Value always 0, writes ignored R/W

1.109.13:7 Datarate step8 Datarate step of the eighth range O: R'W
n = value of the bits, nvalid 1 to 86 R: RO
Data Rate = 64n kb/s

1.109.6:2 Power8 x = multiple of 0.5 dBm to add to 5 dBm offset O: R'W
Power = (5 + 0.5x ) dBm R: RO

1.109.1:.0 Constellation8 11 = reserved O: RIW
10=16-TCPAM R: RO
01 =32-TCPAM
00 = automatically set by the PHY

3R/W = Read/Write, RO = Read Only

45.2.1.57.1 Minimum data rate (1.102 through 108.14:8)

Bits 14:8 in registers 1.102 through 1.108 set the minimum data rate for each of the four extended ranges.
Valid values for these bits are decimal 3 through 89. writes to set an invalid value shall be ignored. The rate
is expressed in units of kb/s and is derived by multiplying the decimal value of bits 14:8 by 64.

45.2.1.57.2 Max data rate (1.102 through 108.6:0)
Bits 6:0 in registers 1.102 through 1.108 set the maximum data rate for each of the four extended ranges.

Valid values for these bits are decimal 3 through 89, writes to set an invalid value shall be ignored. The rate
is expressed in units of kb/s and is derived by multiplying the decimal value of bits 6:0 by 64.
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45.2.1.57.3 Data rate step (1.103 through 109.13:7)

Bits 13:7 in registers 1.102 through 1.109 set the granularity used by the PMA/PMD when determining the
linerate. Valid valuesfor these bits are decimal 1 through 86, writes to set an invalid value shall be ignored.
The data rate step is expressed in units of kb/s and is derived by multiplying the decimal value of bits 13:7
by 64.

45.2.1.57.4 Power (1.103 through 109.6:2)

Bits 6:2 in registers 1.103 through 1.109 set the allowed power level for each extended data rate range. The
power levels set in these bits override those of the annex selected in the 2B general parameter register (1.80).

The power level is expressed in units of dBm and is derived by the following equation, where x equals the
value of hits 6:2.

power = (5+)—2() dBm (45-4)

45.2.1.57.5 Constellation (1.103 through 109.1:0)

Bits 1:0 in registers 1.103 through 1.109 set the allowed constellation for each extended data rate range.
Setting a value of 10 or O1 restricts the constellation to 16- or 32-TCPAM respectively. When set to a value
of 00, the PMD automatically determines the constellation during initialization. Attemptsto set a value of 11
shall beignored.

45.2.2.5 WIS devices in package (Registers 2.5 and 2.6)

Replace entire subclause text with the following text:

The WIS devices in package registers are defined in Table 45-1a.

Delete 802.3ae-2002 Table 45-15.

45.2.2.14 10G WIS Far End Line BIP Errors (Register 2.55 and 2.56)

Insert the following NOTE at the end of the subclause:

NOTE—These counters do not follow the behaviour described in 45.2 for 32-bit counters.

45.2.2.15 10G WIS Line BIP Errors (Register 2.57 and 2.58)

Insert the following NOTE at the end of the subclause:

NOTE—These counters do not follow the behaviour described in 45.2 for 32-bit counters.
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45.2.3 PCS registers

AMENDMENT TO IEEE Std 802.3

Change 802.3ae-2002 Table 45-29 as follows:

Table 45-29—PCS registers

Register address Register name

3.0 PCS control 1
3.1 PCS status 1
32,33 PCS deviceidentifier
34 PCS speed ability
35,36 PCS devicesin package
3.7 10G PCS control 2
3.8 10G PCS status 2
3.9 through 3.13 Reserved
3.14,3.15 PCS package identifier
3.16 through 23 Reserved
3.24 10GBASE-X PCS status
3.25 10GBASE-X PCStest control
3.26 through 31 Reserved
3.32 10GBASE-R PCS status 1
3.33 10GBASE-R PCS status 2
3.34 through 37 10GBASE-R PCStest pattern seed A
3.38 through 41 10GBASE-R PCS test pattern seed B
342 10GBASE-R PCStest pattern control
343 10GBASE-R PCStest pattern error counter
3.44 through 3:32-7673.59 Reserved
3.60 10P/2B capability
3.61 10P/2B PCS control register
3.62, 3.63 10P/2B PME available
3.64, 3.65 10P/2B PME aggregate
3.66 10P/2B PAF RX error counter
3.67 10P/2B PAF small fragment counter
3.68 10P/2B PAF large fragments counter
3.69 10P/2B PAF overflow counter
3.70 10P/2B PAF bad fragment counter
3.71 10P/2B PAF lost fragment counter
3.72 10P/2B PAF lost start of fragment counter
3.73 10P/2B PAF lost end of fragment counter

“443.74 through 3.32 767 Reserved
3.32 768 through 3.65 535 Vendor specific
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45.2.3.1 PCS control 1 register (Register 3.0)

Change 802.3ae-2002 Table 45-30 to read:

Table 45-30—PCS control 1 register bit definitions

IEEE
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Bit(s) Name Description R/wa
3.0.15 Reset 1=PCSreset R/W
0 = Normal operation SC
3.0.14 L oopback 1 = Enable Loopback mode R/W
0 = Disable Loopback mode
3.0.13 Speed selection 13 6 R/W
11 = bits 5:2 select speed
0 x = unspecified
x 0 = unspecified
3.0.12 Reserved Value always 0, writes ignored R/W
3.0.11 Low power 1 = Low-power mode R/W
0 = Normal operation
3.0.10:7 Reserved Value always 0, writes ignored R/W
3.0.6 Speed selection 13 6 R/W
11 = bits 5:2 select speed
0 x = unspecified
x 0 = unspecified
3.05:2 Speed selection 5432 R/W
1 x x X =Reserved
Xx 1 x x =Reserved
X X 1 x =Reserved
0 0 01 =10PASSTS2BASE-TL
0 000 =10Gh/s
3.0.1.0 Reserved Value always 0, writes ignored R/W

8RO = Read Only, SC = Sdlf Clearing

45.2.3.1.2 Loopback (3.0.14)

Change the first paragraph to read:

The 10GBASE-R PCS shall be placed in a Loopback mode of operation when bit 3.0.14 is set to a one.
When bit 3.0.14 is set to a one, the 10GBA SE-R PCS shall accept data on the transmit path and return it on
the receive path. The specific behaviour of the 10GBASE-R PCS during loopback is specified in 49.2. For all

other port types when-eperating-at-10-Gbfs, the PCS loopback functionality is not applicable and writes to
thisbit shall be ignored and reads from this bit shall return avalue of zero.

45.2.3.1.4 Speed selection (3.0.13, 3.0.6, 3.0.5:2)

Insert the following paragraph at the end of the subclause:

The speed selection bits 3.0.5:2, when set to 0001, select the use of the 10PASS-TS and 2BASE-TL PCS.
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45.2.3.2.1 Fault (3.1.7)
Insert the following sentence at the end of the subclause:

For 10BASE-TS or 2BASE-TL operation, this bit shall become a one when any 10P/2B PCS registers
indicate afault (see 45.2.3.17 and 45.2.3.21 through 45.2.4.5).

45.2.3.2.2 PCS receive link status (3.1.2)

Insert the following paragraph after the last paragraph:

When a10PASS-TS or 2BASE-TL PCSisimplemented and selected, the PCS sets this bit to a one when the
encapsulation function of one or more atached TC sublayers is synchronized, indicated by the
TC_synchronized signal, istrue asin 61.2.3. For example, when four TC sublayers are attached to the 10P/
2B PCS, this hit is set to a one while any of the four TCs are synchronized. In all other cases, this bit latches
low.

45.2.3.4 PCS speed ability (Register 3.4)

Change 802.3ae-2002 Table 45-32 to read:

Table 45-32— PCS speed ability register bit definitions

Bit(s) Name Description R/wa
3.4.15:2 | Reserved for future speeds | Value dways 0, writesignored RO
34.1 10PASS- TS/2BASE-TL 1 = PCSis capable of operating as the 10P/2B PCS RO

capable 0 =PCS is not capable of operating as the 10P/2B PCS
34.0 10G capable 1=PCSis capable of operating at 10 Gb/s RO
0 =PCSisnot capable of operating at 10 Gh/s

3RO = Read Only

Insert the following subclause after 802.3ae-2002 45.2.3.4.1:

45.2.3.4.2 10PASS-TS/2BASE-TL capable (3.4.1)

When read as aone, this bit indicates that the PCS is able to operate as the 10PASS- TS/2BASE-TL PCS, as
specified in Clause 61.

45.2.3.5 PCS devices in package (Registers 3.5 and 3.6)
Replace entire subclause text with the following text:
The PCS devices in package registers are defined in Table 45-1a.

Delete 802.3ae-2002 Table 45-33.
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Insert the following subclauses, tables, registers and descriptions after 45.2.3.16:
45.2.3.17 10P/2B capability register (3.60)

The 10P/2B capahility register reports which functions are supported by the PCS. Thisregister is present at
the PCS layer for each PHY. The bit definitions of the 10P/2B capability register are shown in Table 45-42a.

Table 45-42a—10P/2B capability register bit definitions

Bit(s) Name Description R/wa
3.60.15:13 | Reserved Value adways 0, writes ignored RO
3.60.12 PAF available 1 = PAF supported RO

0 = PAF not supported
3.60.11 Remote PAF supported 1 =link partner supports PAF RO
0 = link partner does not support PAF
3.60.10:0 Reserved Value dways 0, writes ignored RO
8RO = Read Only

45.2.3.17.1 PAF available (3.60.12)

This bit indicates that the PHY supports the PME aggregation function. The PHY sets this bit to a one when
the capability is supported and zero otherwise. This bit reflects the signal PAF_availablein 61.2.3.

45.2.3.17.2 Remote PAF supported (3.60.11)

This bit indicates that the remote, link-partner PHY supports the PME aggregation function. The PHY sets
this bit to a one when the capability is supported and zero otherwise. This bit does not accurately report the
capability of the remote PCS until aremote discovery operation has been completed by the -O PHY. In this
case, this bit is set if the “ Ethernet bonding” NPar(2) bit is set in the capabilities exchange message received
from the other device. See 61.4.7, which discusses use of G.994.1 to access remote registers.

45.2.3.18 10P/2B PCS control register (Register 3.61)

The assignment of bitsin the 10P/2B PCS control register is shown in Table 45-42b.

Table 45-42b—10B/2B PCS control register bit definitions

Bit(s) Name Description R/wa

3.61.15 MII receive during transmit 1 =MII can TX/RX simultaneously R/W
0 =MII cannot TX/RX simultaneoudly (default)

3.61.14 TX_EN and CRS infer acollision | 1=MIIl usesTX_EN and CRSto infer acollision | R/'W
0 =MII uses COL to indicate a collision (default)

3.61.13:1 | Reserved Value always 0, writes ignored R/W
3.61.0 PAF enable 1=use PAF O: RIW
0 =do not use PAF R: RO

3R/W = Read/Write, RO = Read Only
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45.2.3.18.1 Mll receive during transmit (3.61.15)

This register bit is used to tell the PHY-MAC rate matching function if the MAC is capable of receiving
frames from the PHY while the MAC is transmitting (i.e. sending frames to the PHY). The variable
tx_rx_simultaneously for the PHY-MAC Rate-Matching function takes on the value of this bit as defined in
61.2.3.

45.2.3.18.2 TX_EN and CRS infer a collision (3.61.14)

This bit is set by the STA to tell the MAC-PHY rate matching function that the MAC-PHY interface does
not have a separate collision signal but instead infers a collision when TX_EN and CRS are asserted
simultaneously. The variable crs_and_tx_en _infer_col in the PHY-MAC Rate-Matching function takes on
the value of thisbit asin 61.2.3. This bit will default to a supported mode, and writes to unsupported modes
will be ignored.

45.2.3.18.3 PAF enable (3.61.0)

Setting this bit to a one shall activate the PM E aggregation function of the PCS when the link is established.
Writes to this bit while link is up or initiaizing (see 45.2.1.12) or if the PAF is not supported shall be
ignored. When link is established, handshake indicates the use of PAF to the -R PHY. This hit reflects the
signal PAF_enablein 61.2.3.4.

45.2.3.19 10P/2B PME available (Registers 3.62 and 3.63)

The 10P/2B PME available registers are used to indicate which PMEs in the aggregation group are available
to be attached to the queried PCS. A PME is marked as unavailable if the PME does not support PME
aggregation or if the PME is currently marked to be aggregated with another PMD. For a device that does
not support aggregation of multiple PMES, a single bit of this register shall be set to one and all other bits
cleared to zero.

These registers may be writable for -R ports. For PMEs that may be accessed through more than one Ml|,
the availability islimited such that no PM E may be mapped to more than one MII prior to enabling the links.
In this case, the reset state of the 10P/2B PME available registers shall reflect the capahilities of the device,
the management entity should reset appropriate bits to meet the restriction described.

If the -R device is not capable of aggregating PMEs to multiple Ml1lIs then these registers may be read only.
The 10P/2B PME available register shall be available per PCS. For example, a package implementing four

PMEs and one M1I would have only one set of 10P/2B PME avail able registers, addressed by aread or write
to 3.62 and 3.63 on any of those PHY's.
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For more information, see 61.2.2.8.3.

The assignment of bitsin the 10P/2B PME Available registersis shown in Table 45-42c

Table 45-42c—10P/2B PME available register bit definitions

Bit(s) Name Description R/W?2

3.62.15.0 PME [p = 31:16] available | For each bit in the sequence: O: RO
1=PME[p] isavailable for aggregating | R: R/'W
0=PME[p] isunavailable

3.63.15:.0 PME [p = 15:0] available For each bit in the sequence: O: RO
1=PME[p] isavailable for aggregating | R: R/'W
0=PME[p] isunavailable

8RO = Read Only, R/W = Read/Write

45.2.3.20 10P/2B PME aggregate registers (Registers 3.64 and 3.65)

The 10P/2B PME aggregate registers are used to select PMEs for aggregation. Attempts to activate
aggregation with an unavailable PME (see 45.2.3.19) are ignored. The PCS shall use PME aggregation if
one or more bits are set to aone and if PME aggregation is supported.

The 10P/2B PME aggregate register shall be available per PCS. For example, a package implementing four
PMEs and one MI1 would have only one set of 10P/2B PME aggregate registers, accessed by aread or write
to 3.64, 3.65 on any of those PHY's.

Upon MMD reset, these registers shall be reset to al zeros.

For more information, see 61.2.2.8.3.

The assignment of bitsfor the 10P/2B PME aggregate registers are shown in Table 45-42d.

Table 45-42d—10P/2B PME aggregate register bit definitions

Bit(s) Name Description R/wWa

3.64.15.0 Aggregate with PME [p = 31:16] | For each hit in the sequence: R/W
1 = activate aggregation with PME[p]
0 = deactivate aggregation with
PME[p]

3.65.15:.0 Aggregate with PME [p = 15:0] For each hit in the sequence: R/W
1 = activate aggregation with PME[p]
0 = deactivate aggregation with
PME[p]

34R/W = Read/Write
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45.2.3.21 10P/2B PAF RX error register (Register 3.66)

The 10P/2B PAF RX error register isa 16 bit counter that contains the number of fragments that have been
received across the gamma interface with RxErr asserted. The corresponding signal,
TC_PAF_RxErrorReceived, is defined in 61.2.3. This counter is inactive when the PAF is unsupported or
disabled. Upon disabling the PAF, the register retains its previous value. These bits shall be reset to all
zeroes when the 10P/2B PAF RX error register isread by the management function or upon execution of the
MMD reset. These bits shall be held at al onesin the case of overflow. The assignment of bitsin the 10P/2B
PAF RX error register is shown in Table 45-42e.

Table 45-42e—10P/2B PAF RX error register bit definitions

Bits(s) Name Description R/wWa

3.66.15:0 PAF RX errorg[15:0] The bytes of the counter RO, NR

8RO = Read Only, NR = Non Roll-over

45.2.3.22 10P/2B PAF small fragments register (Register 3.67)

The 10P/2B PAF small fragments register is a 16 bit counter that contains the number of small fragments
that have been received across the gamma interface. The corresponding signal,
TC_PAF_FragmentTooSmall, is defined in 61.2.3. These bits shall be reset to al zeroes when the register is
read by the management function or upon execution of the MMD reset. This counter is inactive when the
PAF is unsupported or disabled. Upon disabling the PAF, the register retains its previous value. These bits
shall be held at all ones in the case of overflow. The assignment of bits in the 10P/2B PAF small fragment
register is shown in Table 45-42f.

Table 45-42f—10P/2B PAF small fragments register bit definitions

Bits(s) Name Description R/wa

3.67.15.0 | PAF small fragments[15:0] | The bytesof thecounter | RO, NR

8RO = Read Only, NR = Non Roll-over

45.2.3.23 10P/2B PAF large fragments register (Register 3.68)

The 10P/2B PAF large fragments register is a 16 bit counter that contains the number of |arge fragments that
have been received across the gamma interface. The corresponding signal, TC_PAF_FragmentTooLarge, is
defined in 61.2.3. These bits shall be reset to all zeroes when the register is read by the management function
or upon execution of the MMD reset. This counter is inactive when the PAF is unsupported or disabled.
Upon disabling the PAF, the register retainsits previous vaue. These bits shall be held at all onesin the case
of overflow. The assignment of bitsin the 10P/2B PAF large fragments register is shown in Table 45-42g.

Table 45-429—10P/2B PAF large fragments register bit definitions

Bits(s) Name Description R/W?2

3.68.15:.0 | PAF large fragments[15:0] | The bytesof the counter | RO, NR

8RO = Read Only, NR = Non Roll-over
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45.2.3.24 10P/2B PAF overflow register (Register 3.69)

The 10P/2B PAF overflow register is a 16 bit counter that contains the number of fragments that have been
received across the gamma interface which would have caused the receive buffer to overflow. The
corresponding signal, TC_PAF_Overflow, is defined in 61.2.3. These bits shall be reset to all zeroes when
the register is read by the management function or upon execution of the MMD reset. This counter is
inactive when the PAF is unsupported or disabled. Upon disabling the PAF, the register retains its previous
value. These bits shall be held at all onesin the case of overflow. The assignment of bitsin the 10P/2B PAF
overflow register is shown in Table 45-42h.

Table 45-42h—10P/2B PAF overflow register bit definitions

Bits(s) Name Description R/W?2

3.69.15.0 | PAF overflow fragments[15:0] | The bytesof the counter | RO, NR

8RO = Read Only, NR = Non Roll-over

45.2.3.25 10P/2B PAF bad fragment register (Register 3.70)

The 10P/2B PAF bad fragment register is a 16 bit counter that contains the number of bad fragments that
have been received across the gammainterface. The corresponding signal, TC_PAF_BadFragmentReceived,
is defined in 61.2.3. These bits shall be reset to all zeroes when the register is read by the management
function or upon execution of the MMD reset. This counter is inactive when the PAF is unsupported or
disabled. Upon disabling the PAF, the register retains its previous value. These bits shall be held at all ones
in the case of overflow. The assignment of bits in the 10P/2B PAF bad fragment register is shown in Table
45-42i.

Table 45-42i—P10P/2B AF bad fragment register bit definitions

Bits(s) Name Description R/W?2

3.70.15.0 | PAF bad fragments[15:0] The bytes of the counter | RO, NR

8RO = Read Only, NR = Non Roll-over
45.2.3.26 10P/2B PAF lost fragment register (Register 3.71)

The 10P/2B PAF lost fragment register is a 16 bit counter that contains the number of gaps in the sequence
of fragments that have been recelved across the gamma interface. The corresponding signal,
TC_PAF_LostFragment, is defined in 61.2.3.

These bits shall be reset to all zeroes when the register is read by the management function or upon
execution of the MMD reset. This counter is inactive when the PAF is unsupported or disabled. Upon
disabling the PAF, the register retains its previous value. These bits shall be held at all ones in the case of
overflow. The assignment of bits in the 10P/2B PAF lost fragment register is shown in Table 45-42j.

Table 45-42j—10P/2B PAF lost fragment register bit definitions

Bits(s) Name Description R/W?2

3.71.15.0 | PAF lost fragments[15:0] The bytes of the counter | RO, NR

8RO = Read Only, NR = Non Roll-over
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45.2.3.27 10P/2B PAF lost start of fragment register (Register 3.72)

The 10P/2B PAF lost start of fragment register is a 16-bit counter that contains the number of missing start
of fragment indicators expected by the frame assembly function. The corresponding signal,
TC_PAF_LostStart, is defined in 61.2.3. These bits shall be reset to all zeroes when the register is read by
the management function or upon execution of the MMD reset. This counter is inactive when the PAF is
unsupported or disabled. Upon disabling the PAF, the register retains its previous value. These bits shall be
held at all ones in the case of overflow. The assignment of bits in the 10P/2B PAF lost start of fragment
register is shown in Table 45-42k.

Table 45-42k—10P/2B PAF lost start of fragment register bit definitions

Bits(s) Name Description R/wa

3.72.15.0 | PAF lost starts of fragments[15:0] | The bytes of the counter | RO, NR

8RO = Read Only, NR = Non Roll-over

45.2.3.28 10P/2B PAF lost end of fragment register (Register 3.73)

The 10P/2B PAF lost end of fragment register is a 16 bit counter that contai ns the number of missing end of
fragment indicators expected by the frame assembly function. The corresponding signal, TC_PAF_L ostEnd,
is defined in 61.2.3. These bits shall be reset to all zeroes when the register is read by the management
function or upon execution of the MMD reset. This counter is inactive when the PAF is unsupported or
disabled. Upon disabling the PAF, the register retains its previous value. These bits shall be held at all ones

in the case of overflow. The assignment of bits in the 10P/2B PAF lost end of fragment register is shown in
Table 45-42I.

Table 45-42|—10P/2B PAF lost end of fragment register bit definitions

Bits(s) Name Description R/wa

3.73.15:0 | PAFlost ends of fragments[15:0] | The bytes of the counter | RO, NR

8RO = Read Only, NR = Non Roll-over

45.2.4.5 PHY XS devices in package (Registers 4.5 and 4.6)
Replace entire subclause text with the following text:

The PHY XSdevicesin package registers are defined in Table 45-1a
Delete 802.3ae-2002 Table 45-48.

45.2.5.5 DTE XS devices in package (Registers 5.5 and 5.6)
Replace entire subclause text with the following text:

The DTE XS devicesin package registers are defined in Table 45-1a.

Delete Table 45-56.
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Insert new subclauses 45.2.6 and 45.2.7 (and subordinate subclauses) before 802.3ae-2002 subclause
45.2.6. Renumber 802.3ae-2002 subclauses as appropriate.

45.2.6 TC registers

The assignment of registersin the TC MMD is shown in Table 45-59a.

Table 45-59a—TC registers

Register address Register name
6.0 TC control
6.1 Reserved
6.2,6.3 TC deviceidentifier
6.4 TC speed ability
6.5, 6.6 TC devicesin package
6.7 through 6.13 Reserved
6.14, 6.15 TC package identifier
6.16 10P/2B aggregation discovery control?
6.17 10P/2B aggregation and discovery status?
6.18, 6.19, 6.20 10P/2B aggregation discovery code?
6.21 10P/2B link partner PME aggregate control®
6.22,6.23 10P/2B link partner PME aggregate data®
6.24 10P/2B TC CRC error counter
6.25, 6.26 10P/2B TPS-TC coding violations counter
6.27 10P/2B TC indications
6.28 through 6.32 767 Reserved
6.32 768 through 6.65 535 | Vendor specific

3Register is defined only for -O port types and is reserved for -R ports
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45.2.6.1 TC control register (Register 6.0)
The assignment of bitsin the TC control register is shown in Table 45-59b. The default value for each bit of

the TC control register has been chosen so that the initial state of the device upon power up or completion of
reset is anormal operational state without management intervention.

Table 45-59b—TC control register bit definitions

Bit(s) Name Description R/W?2
6.0.15 Reset 1=TC reset R/W
0 =Normal operation SC
6.0.14 Reserved Value always 0, writes ignored R/W
6.0.13 Speed selection 13 6 R/W
11 = bits 5:2 select speed
0 x = unspecified
x 0 = unspecified
6.0.12:7 Reserved Value always 0, writes ignored R/W
6.0.6 Speed selection 13 6 R/W
11 = bits 5:2 select speed
0 x = unspecified
x 0 = unspecified
6.0.5:2 Speed selection 54 32 R/W
1 x X X =Reserved
Xx 1 x x =Reserved
X X 1 x =Reserved
0 0 0 1 =10PASS-TS/2BASE-TL
0 0 0 0 =Reserved
6.0.1:0 Reserved Value always 0, writes ignored R/W

8R/W = Read/Write, SC = Self Clearing

45.2.6.1.1 Reset (6.0.15)

Resetting a TC is accomplished by setting bit 6.0.15 to a one. This action shall set al TC registers to their
default states. As a consequence, this action may change the internal state of the TC and the state of the
physical link. This action may also initiate a reset in any other MMDs that are instantiated in the same
package. This bit is self-clearing, and a TC shall return a value of one in bit 6.0.15 when a reset isin
progress; otherwise, it shall return a value of zero. A TC is not required to accept a write transaction to any
of its registers until the reset process is completed. The control and management interface shall be restored
to operation within 0.5 s from the setting of bit 6.0.15. During a reset, a TC shall respond to reads from
register bit 6.0.15.

NOTE—This operation may interrupt data communication. The data path of a TC, depending on type and temperature,
may take many seconds to run at optimum error rate after exiting from reset.
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45.2.6.1.2 Speed selection (6.0.13, 6.0.6, 6.0.5:2)

Speed selection bits 6.0.13 and 6.0.6 shall both be written as a one. Any attempt to change the bits to an
invalid setting shall be ignored. These two bits are set to one in order to make them compatible with
Clause 22.

The operating mode of the TC may be selected using bits 5 through 2. The ahilities of the TC are advertised
in the TC speed ability register. A TC may ignore writes to the TC speed selection bits that select speeds it
has not advertised in the TC speed ability register. It is the responsibility of the STA entity to ensure that
mutually acceptabl e speeds are applied consistently across al the MMDs on a particular PHY.

The speed selection bits 6.0.5:2, when set to 0001, select the use of the 10PASS-TS and 2BASE-TL TC.
The TC speed selection defaults to a supported ability.

45.2.6.2 TC device identifier (Registers 6.2 and 6.3)

Registers 6.2 and 6.3 provide a 32-bit value, which may constitute a unique identifier for a particular type of
TC. Theidentifier shall be composed of the 3rd through 24th bits of the Organizationally Unique Identifier
(OUI) assigned to the device manufacturer by the |EEE, plusa six-bit model number, plus a four-bit revision
number. A TC may return avalue of zero in each of the 32 bits of the TC device identifier.

The format of the TC device identifier is specified in 22.2.4.3.1.

45.2.6.3 TC speed ability (Register 6.4)

The assignment of bitsin the TC speed ability register is shown in Table 45-59c.

Table 45-59¢c—TC speed ability register bit definitions

Bit(s) Name Description R/Wa
6.4.15:1 Reserved for future speeds | Value aways 0, writesignored RO
6.4.1 10PASS- TS/2BASE-TL 1=TC iscapable of operating as the 10P/2B TC RO

capable 0=TC isnot capable of operating asthe 10P/2B TC
6.4.0 Reserved Value always 0, writesignored RO
8RO = Read Only

45.2.6.3.1 10PASS-TS/2BASE-TL capable (6.4.1)

When read as a one, this bit indicates that the TC is able to operate as the 10PASS- TS/2BASE-TL TC, as
specified in Clause 61.

45.2.6.4 TC devices in package registers (Registers 6.5, 6.6)

The TC devices in package registers are defined in Table 45-1a.
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45.2.6.5 TC package identifier registers (Registers 6.14, 6.15)

Registers 6.14 and 6.15 provide a 32-bit value, which may constitute a unique identifier for a particular type
of package that the TC MMD isinstantiated within. The identifier shall be composed of the 3rd through 24th
bits of the Organizationally Unique Identifier (OUI) assigned to the package manufacturer by the IEEE, plus
a six-bit model number, plus a four-bit revision number. A TC may return a value of zero in each of the 32
bits of the package identifier.

A non-zero package identifier may be returned by one or more MMDs in the same package. The package
identifier may be the same as the device identifier.

The format of the package identifier is specified in 22.2.4.3.1.
45.2.6.6 10P/2B aggregation discovery control register (Register 6.16)

The 10P/2B aggregation discovery control register allows the STA of an -O port to determine the
aggregation capabilities of an -R link-partner.

The 10P/2B aggregation discovery control register shall be implemented as a unique register for each TC
MMD in a package. For example, a package implementing four PHYs would have four independent
instances of the 10P/2B aggregation discovery control register, accessed by aread or write to each PHY.

For information on the encoding of thisfunction on the physical link, see 61.4.7.

This register is defined for -O port sub-types only. The register bit definitions for the 10P/2B aggregation
discovery control register are shown in Table 45-59d.

Table 45-59d—10P/2B aggregation discovery control register bit definitions

Bit(s) Name Description R/Wa
6.16.15:2 Reserved Value always 0, writes ignored R/W
6.16.1:.0 Discovery operation 01 = Ready (default) R/W

00 = Set if clear
11 = Clear if same
10 = Get

34R/W = Read/Write

45.2.6.6.1 Discovery operation (6.16.1:0)

The Discovery operation bits are used to query and manipulate the remote discovery register. The remote
discover register is not a Clause 45 object, but avariable of the PME Aggregation PCS function on -R ports.
The Discovery operation makes use of G.994.1 handshaking messages, therefore valid only when the link
status is down (i.e., neither Initializing nor Up). Attempts to perform an operation while the link is Initializ-
ing or Up shall be ignored.

The default state of these bits is “Ready.” The bits shall indicate “Ready” any time the PME aggregation
function is capable of performing an operation on the remote discovery register. If PAF is not supported, the
discovery operation bits shall indicate “Ready” and ignore writes. These bits shall return to the “Ready”
state upon MMD Reset.
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If the STA sets the bits to “Get,” the PME aggregation function queries the remote discovery register and
returns its contents to the aggregation discovery code register.

If the STA sets the bits to “Set if clear,” the PME aggregation function passes a message to the -R PCS
instructing it to set the remote discovery register to the contents of the aggregation discovery code register,
but only if the remote discovery register is all zeroes.

If the STA sets the bits to “Clear if same,” the PME aggregation function passes a message to the -R PCS
instructing it to clear the remote discovery register, but only if the contents of the remote discovery register
currently match the contents of the aggregation discovery code register.

While the requested operation is in progress, the PHY maintains the operation value in the bits. After the
operation is complete, the PHY shall set the bits to indicate “Ready”. If the operation does not complete
within a 255 second time-out, the discovery operation result bit (6.17.0) will be set to “1” (operation
unsuccessful), and the discovery operation bits will be set to “ Ready” .

45.2.6.7 10P/2B aggregation and discovery status register (Register 6.17)

The 10P/2B aggregation and discovery status register is defined for -O port sub-types only.

The assignment of bitsin the 10P/2B aggregation and discovery status register is shown in Table 45-59e.

Table 45-59e—10P/2B aggregation and discovery status register bit definitions

Bit(s) Name Description R/W2
6.17.15:2 Reserved Value always 0, writes ignored R/W
6.17.1 Link partner aggregate 1 = operation unsuccessful RO, LH

operation result 0 = operation completed successfully (default)
6.17.0 Discovery operation result | 1 = operation unsuccessful RO, LH
0 = discovery operation completed successfully (default)

8R/W = Read/Write, RO = Read Only, LH = Latches High

45.2.6.7.1 Link partner aggregate operation result (6.17.1)
When a link partner aggregate operation is complete, the PHY sets this bit to indicate the result of the
operation. A “1” indicates that the operation could not be completed. This may be for avariety of reasons:
a PMA/PMD link statusisinitializing or up.
b) thelink partner isnot present or not responding.

If PAF is not supported, this bit shall remain set to zero.
45.2.6.7.2 Discovery operation result (6.17.0)

When a discovery operation is complete, the PHY sets this bit to indicate the result of the operation. A “1”
indicates that the operation could not be completed. This may be for avariety of reasons:

a PMA/PMD link statusisinitializing or up

b) a“Setif clear” operation was requested but the remote discovery register was not clear

c) a“Clear if same” operation was requested but the remote discovery register did not match the
aggregation discovery code register

d) thelink partner isnot present or not responding

If PAF is not supported, thisbit shall read as zero.
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45.2.6.8 10P/2B aggregation discovery code (Registers 6.18, 6.19, 6.20)

The 10P/2B aggregation discovery code registers store the value of the remote discovery register
exchanged with the -R link partner.

Thisregister is defined for -O port sub-types only.

These registers shall be implemented as unique registers for each TC MMD in a package. For example, a
package implementing four TCs would have four independent instances of the 10P/2B aggregation
discovery code registers, accessed by aread or write to each PHY.

For information on the encoding of this function on the physical link, please see 61.4.7.

The assignment of bits for the 10P/2B aggregation discovery code registers are shown in Table 45-59f.

Table 45-59f—10P/2B aggregation discovery code bit definitions

Bit(s) Name Description R/Wa

6.18.15.0 Code[47:32] | Thetwo most significant octets of the aggregation discovery code | R/W

6.19.15.0 Code[31:16] | Thetwo middle octets of the aggregation discovery code R/W

6.20.15:.0 Code[15:0] The two least significant octets of the aggregation discovery code | R/W
3RIW = Read/Write

45.2.6.9 10P/2B link partner PME aggregate control register (Register 6.21)

The 10P/2B link partner PME aggregate control register allows the STA of an -O port to read and write the
remote PME_Aggregate register (see 61.2.2.8.3).

The 10P/2B link partner PME aggregate control register shall be implemented as a unique register for each

TC MMD in a package. For example, a package implementing four TCs would have four independent

instances of the 10P/2B link partner PME aggregate control register, accessed by a read or write to each
PHY.

Thisregister is defined for -O port sub-types only.

The register bit definitions for the 10P/2B link partner PME aggregate control register are shown in Table
45-59g.

Table 45-599—10P/2B link partner PME aggregate control register bit definitions

Bit(s) Name Description R/Wa
6.21.15:2 Reserved Value always 0, writes ignored R/W
6.21.1:.0 Link partner aggregate 01 = Ready (default) R/W

operation 00 = Set
11 =invalid
10 = Get

34R/W = Read/Write

45.2.6.9.1 Link partner aggregate operation (1.21.1:0)

The Link partner aggregate operation bits are used to query and manipulate the remote
PME_Aggregate register. This operation makes use of G.994.1 handshaking messages and therefore must
be performed only when the link status is down (i.e., neither Initializing nor Up). Attempts to perform an
operation while the link is Initializing or Up shall be ignored.
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The default state of these bits is “Ready.” The bits shall indicate “Ready” any time the PME aggregation
function is capable of performing an operation on the remote PME_Aggregate register. If PAF is not
supported, the link partner aggregate operation bits shall indicate “Ready” ignore writes. These bits shall
return to the “Ready” state upon MMD Reset.

If the STA setsthe bits to “Get,” the PME aggregation function queries the remote PME_Aggregate register
and returns its contents to the 10P/2B link partner PM E aggregate data register (see 45.2.6.10).

If the STA setsthe bitsto “ Set,” the PME aggregation function passes a message to the -R PCSinstructing it
to set the bit location in the remote PME_Aggregate register corresponding to the TC on which the message
was received to the contents of bit O of the 10P/2B link partner PME aggregate data register.

While the requested operation is in progress, the PHY maintains the operation value in the bits. After the
operation is complete, the PHY shall set the bits to indicate “ Ready”.

45.2.6.10 10P/2B link partner PME aggregate data (Registers 6.22, 6.23)

The 10P/2B link partner PME aggregate data registers store the data for the link partner aggregate operation.
This register either contains the result of a“Get” operation, the data sent in a “Set” operation, or all zeros
following an MMD reset.

These registers are defined for -O port sub-types only.

These registers shall be implemented as unique registers for each TC MMD in a package. For example, a
package implementing four TCs would have four independent instances of the registers, accessed by a read
or write to each PHY.

The assignment of bits for the 10P/2B link partner PM E aggregate data registers are shown in Table 45-59h.

Table 45-59h—10P/2B link partner PME aggregate data registers bit definitions

Bit(s) Name Description R/Wa

6.22.15:0 Data[31:16] | Thetwo most significant octets of the link partner PME aggregate data | R/W

6.23.15:0 Data[15:0] The two least significant octets of the link partner PME aggregate data | R/W
8R/W = Read/Write

45.2.6.11 10P/2B TC CRC error register (Register 6.24)

The 10P/2B TC CRC error register is a 16 bit counter that contains the number of TC frames received with
the TC_CRC_error primitive asserted, defined in 61.2.3. These bits shall be reset to all zeroes when the
register is read by the management function or upon execution of the MMD reset. These bits shall be held at
all onesin the case of overflow. The assignment of bits in the 10P/2B TC CRC error register are shown in
Table 45-59i.

Table 45-59i—10P/2B TC CRC error register bit definitions

Bits(s) Name Description R/W?2

6.24.15.0 | CRC errorg[15:0] The bytes of the counter | RO, NR

8RO = Read Only, NR = Non Roll-over
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45.2.6.12 10P/2B TPS-TC coding violations counter (Registers 6.25, 6.26)

The 10P/2B TPS-TC coding violations counter is a 32-bit counter that contains the number of 64/64-octet
encapsulation errors, defined in 61.3.3.1. This counter increments for each 64/65-octet received with the
TC_coding_error signal asserted. These bits shall be reset to all zeroes when the register is read by the
management function or upon execution of the MMD reset. These bits shall be held at al ones in the case
of overflow. The assignment of bits in the 10P/2B TPS-TC coding violations counter are shown in Table
45-59;.

Table 45-59]—10P/2B TPS-TC coding violations counter bit definitions

Bits(s) Name Description R/wa

6.25.15:0 | Coding violationg31:16] The high order bytes of the counter | RO, MW

6.26.15:0 | Coding violationg 15:0] The low order bytes of the counter | RO, MW

8RO = Read Only, MW = Multi-word

45.2.6.13 10P/2B TC indications register (Register 6.27)

The 10P/2B TC indications register reflects the state of the TC sync detect state machine and the state of the
link partner TC sync detect state machine (if present) (see 61.3.3.5). The assignment of bits in the 10P/2B
TC indications register is shown in Table 45-59K.

Table 45-59k—10P/2B TC indications register bit definitions

Bit(s) Name Description R/wa
6.27.15:9 | Reserved Value always 0 RO
6.27.8 Local TC synchronized 1=TC_synchronized is TRUE RO

0=TC_synchronized is FALSE
6.27.7:1 Reserved Value always 0 RO
6.27.0 Remote TC synchronized 1=remote_TC_ out_of syncisFALSE RO

0 =remote_TC out_of_syncisTRUE

8RO = Read Only

45.2.6.13.1 Local TC synchronized (6.27.8)

This bit is read as a one when the TC_synchronized variable in the TC sync detect state machine is TRUE
(see 61.2.3.3.8). In dl other cases, this bit is read as zero.

45.2.6.13.2 Remote TC synchronized (6.27.0)

Thishit is read as a one when the remote_TC_out_of _sync variable in the link partner TC sync detect state
machine is FALSE (see 61.2.3.3.8). In all other cases, thisbit is read as zero.

45.2.7 Clause 22 extension registers
As new management features are added to 10, 100 and 1000 Mb/s PHY's, more register space is required
beyond that defined in Clause 22. The Clause 22 extension MMD provides this space. ThisMMD is defined

only for 10, 100, 1000 Mb/s PHY s. Since these PHY s do not segment their management by their sublayers,
all management extensions to these PHY s will appear in the Clause 22 extension MMD.
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The assignment of registersin the Clause 22 extension MMD is shown in Table 45-59I.

Table 45-59I—Clause 22 extension registers

Register address Register name
29.0 through 29.4 Reserved
29.5, 29.6 Clause 22 extension devices in package
29.7 FEC capability
29.8 FEC control
29.9 FEC buffer head coding violation counter
29.10 FEC corrected blocks counter
20.11 FEC uncorrected blocks counter
29.12 through 29.32 767 Reserved

45.2.7.1 Clause 22 extension devices in package registers (Registers 29.5, 29.6)
The Clause 22 extension devices in package registers are defined in Table 45-1a.
45.2.7.2 FEC capability register (Register 29.7)

The assignment of bitsin the FEC capability register is shown in.Table 45-59m.

Table 45-59m—FEC capability register bit definitions

Bits(s) Name Description R/W?2
29.7.15:1 Reserved Value dways 0, writes ignored RO
29.7.0 FEC capable 1 = FEC supported RO

0 = FEC unsupported

8RO = Read Only

45.2.7.2.1 FEC capable (29.7.0)

When read as a one, this bit indicates that the PHY supports forward error correction. When read as a zero,
the PHY does not support forward error correction.

45.2.7.3 FEC control register (Register 29.8)

The assignment of bitsin the FEC control register is shown in Table 45-59n.
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Table 45-59n—FEC control register bit definitions

Bit(s) Name Description R/W?2
29.8.15:1 Reserved Value dways 0, writes ignored R/W
29.8.0 FEC enable 1= FEC enabled R/W

0= FEC disabled

3R/W = Read/Write

45.2.7.3.1 FEC enable (29.8.0)

When written as a one, this bit enables the PHY's forward error correction. When written as a zero, FEC is
disabled. This bit shall be set to zero upon execution of aPHY reset.

45.2.7.4 FEC buffer head coding violation counter (Register 29.9)

The assignment of bits in the FEC buffer head coding violation counter register is shown in Table 45-590.
See 65.2.3.6.1 for adefinition of this register. These bits shall be reset to all zeroes when the register is read
by the management function or upon PHY reset. These bits shall be held at all onesin the case of overflow.

Table 45-590—FEC buffer head coding violation counter register bit definitions

Bit(s) Name Description R/W?&

29.9.15:0 | FEC buffer head coding violation counter | Error counter | RO, NR

8RO = Read Only, NR = Non Roll-over

45.2.7.5 FEC corrected blocks counter (Register 29.10)

The assignment of bits in the FEC corrected blocks counter register is shown in Table 45-59p. See
65.2.3.6.2 for a definition of this register. These bits shall be reset to all zeroes when the register is read by
the management function or upon PHY reset. These bits shall be held at all onesin the case of overflow.

Table 45-59p—FEC corrected blocks counter register bit definitions

Bit(s) Name Description R/wa

29.10.15:.0 | FEC corrected blocks counter Error counter | RO, NR

8RO = Read Only, NR = Non Roll-over
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The assignment of bits in the FEC uncorrected blocks counter register is shown in Table 45-59q. See
65.2.3.6.3 for a definition of this register. These bits shall be reset to all zeroes when the register is read by
the management function or upon PHY reset. These bits shall be held at all onesin the case of overflow.

Table 45-59g—FEC uncorrected blocks counter register bit definitions

Bit(s)

Name

Description

R/W?2

29.11.15:0

FEC uncorrected blocks counter

Error counter

RO, NR

8RO = Read Only, NR = Non Roll-over
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45.5 Protocol Implementation Conformance Statement (PICS) proforma for Clause
45, MDIO/MDC management interface!

45.5.4.3 Major capabilities/options

Insert the following rowsto the end of the table:

Item Feature Subclause | Satus | Support | Value/Comment
*TC Implementation of the TC MMD 45.2.6 10P*2 | Yes][ ]
B:M No[ ]
*CTT | Implementation of the Clause 22 extension 45.2.7 (0] Yes[ ]
MMD No [ ]

45.5.5.2 PMA/PMD options

Insert the following rowsto the end of the table:

Item Feature Subclause | Satus | Support | Value/Comment
*10P | Implementation of the 10PASS-TS PMA/PMD 452.1.4 (0] Yes[ ]

No [ ]
*2B Implementation of the 2BASE-TL PMA/PMD 452.1.4 (0] Yes[ ]

No [ ]

45.5.5.3 PMA/PMD management functions

Insert the following rowsto the end of the table:

Item Feature Subclause Satus Support Value/Comment
MM46 | Bit indicateslink down while 452.1.2.2 PMA*10 | Yes[ ]
initializing P2B:M | N/A[ ]
MM47 | Bit remains a one and writing a 452.1.11.1 | PMA*10 | Yes[ ]
oneisignored when link is up or P*2B:M N/AT ]
initializing
MM48 | Bit set to zerouponresetorupon | 45.21.11.1 | PMA*10 | Yes][ ] -O sub-types only
link down P*2B:M N/AT ]
MM49 | Bit setto oneuponreset orupon | 45.21.11.1 | PMA*10 | Yes[ ] -R sub-types only
link down P*2B:M N/AT ]
MMZ0 | Handshake tones not sent while 45.2.1.11.1 | PMA*10 | Yes[ ]
bit is set to zero P*2B:M | N/A[ ]
MM51 | Writesto set unsupported modes | 45.2.1.11.4 | PMA*10 | Yes[ ]
or when link is not down are P*2B:M N/AT ]
ignored

MMB2 | Setting bitto onetooneissuesa | 45.2.1.11.5 | PMA*10 | Yes[ ]
cleardown command P*2B:M | N/A[ ]

1Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proformain this clause so that it can be
used for itsintended purpose and may further publish the completed PICS.
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Item Feature Subclause Satus Support Value/Comment
MM53 | MMD clearshit to zero when 4521115 | PMA*10 | Yes[ ]
cleardown command isissued or P*2B:M | N/A[ ]
on reset
MM54 | Writesignored if link isnot in 45.2.1.11.5 | PMA*10 | Yes] ] link state described in
“Link down (ready)” state P2B:M | N/A[ ] | 45.21.124
MMS5 | PMA/PMD does not respond to 45.2.1.11.6 | PMA*10 | Yes][ ]
handshake tones while bit is set P*2B:M | N/A[ ]
to one
MM%6 | PMA/PMD responds to hand- 45.2.1.11.6 | PMA*10 | Yes[ ]
shake tones properly when bitis P*2B:M N/AT ]
set to zero
MM57 | Bit set to zero upon MMD reset 45.2.1.11.6 | PMA*10 | Yes[ ]
P*2B:M | N/A] ]
MMB58 | Writesto set unsupported modes | 45.2.1.11.7 | PMA*10 | Yes[ ]
areignored P*2B:M | N/A[ ]
MMD9 | Bitszero when link isdown or 45.2.1.12.1 | PMA*10 | Yes[ ]
initializing P2B:M | N/A[ ]
MM60 | Bitssetindicate linked port type | 45.2.1.12.4 | PMA*10 | Yes[ ]
or link status P*2B:M N/AT ]
MM6L | Bitsindicate 001 whilelink is 45.2.1.12.4 | PMA*10 | Yes[ ]
initializing P2B:M | N/A[ ]
MME2 | Bitsindicate 000 when link is 45.2.1.12.4 | PMA*10 | Yes[ ]
down and handshake tones are P*2B:M | N/A[ ]
not detected
MM6E3 | Bitsindicate 100 when link is 45.2.1.12.4 | PMA*10 | Yes[ ]
down and handshake tones are P*2B:M N/AT ]
detected
MM64 | Bit held asoneduring operation, | 45.2.1.13.1 | PMA*10 | Yes][ ]
clearsto zero after P*2B:M | N/A[ ]
MM6E5 | Result = failed after 10 second 45.2.1.13.1 | PMA*10 | Yes[ ]
timeout P*2B:M | N/A] ]
MM6E6 | Writesto onewhilelink isdown | 45.2.1.13.1 | PMA*10 | Yes][ ]
are marked completed and failed P*2B:M | N/A[ ]
MM67 | Bit held as one during operation, | 45.2.1.13.2 | PMA*10 | Yes][ ]
clearsto zero after P*2B:M | N/A[ ]
MM6E8 | Result =failed after 10 second 45.2.1.13.2 | PMA*10 | Yes[ ]
timeout P*2B:M | N/A| ]
MME | Writesto onewhilelink isdown | 45.2.1.13.2 | PMA*10 | Yes][ ]
are marked completed and failed P*2B:M | N/A[ ]
MMT70 | Bit set to result of the“Get” oper- | 45.2.1.14.1 | PMA*10 | Yes][ ]
ation P*2B:M N/AT ]
MM71 | Bit set to zero on read or reset 45.2.1.14.1 | PMA*10 | Yes[ ]
P*2B:M | N/A| ]
MMT72 | Bit set to result of the “Send 45.2.1.14.2 | PMA*10 | Yes[ ]
" operation P*2B:M | N/A[ ]
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Item Feature Subclause Status | Support Value/Comment
MM73 | Bitsarereset to zero when read 45.2.1.15 PMA*10 | Yes[ ]
or on reset P*2B:M N/AT ]
MM74 | Bitsare held to all ones upon 45.2.1.15 PMA*10 | Yes[ ]
counter overflow P*2B:M | N/A[ ]
MM75 | Bitsare reset to zero when read 45.2.1.22 PMA*10 | Yes[ ]
or reset P:M N/AT ]
MMT76 | Bitsare reset to zero when read 45.2.1.23 PMA*10 | Yes[ ]
or reset P:M N/AT ]
MM77 | Bitsare held at al oneswhen 45.2.1.26.1 | PMA*10 | Yes][ ] ex: Whilelink is down
PHY cannot determine value P:M N/AT ]
MMT78 | Bitremainasonewhiletonesare | 45.2.1.36.1 | PMA*10 | Yes][ ]
being refreshed P:-M N/AT ]
MM79 | Bit set to zero when operation 45.2.1.36.1 | PMA*10 | Yes[ ]
completes or upon reset P:M N/AT ]
MM8&) | Bitremainasonewhiletonesare | 45.2.1.36.2 | PMA*10 | Yes][ ]
being activated/deactivated P:-M N/AT ]
MM8L | Bit set to zero when operation 45.2.1.36.2 | PMA*10 | Yes[ ]
completes or upon reset P:M N/AT ]
MM& | Bit remain as one while tone 45.2.1.36.3 | PMA*10 | Yes[ ]
direction is being changed P:-M N/AT ]
MM8&3 | Bit set to zero when operation 45.2.1.36.3 | PMA*10 | Yes|[ ]
completes or upon reset P:M N/AT ]
MM8&4 | Bit remain as one while SNR 45.2.1.36.4 | PMA*10 | Yes[ ]
margins parameters are loaded P:-M N/AT ]
MM& | Bit set to zero when operation 45.2.1.36.4 | PMA*10 | Yes[ ]
completes or upon reset P:M N/AT ]
MM8&6 | Bit remain as one while PSD 45.2.1.36.5 | PMA*10 | Yes|[ ]
level is set P:M N/AT ]
MM87 | Bit set to zero when operation 45.2.1.36.5 | PMA*10 | Yes[ ]
completes or upon reset P:M N/AT ]
MM83 | Bitremainasonewhilereference | 45.2.1.36.6 | PMA*10 | Yes|[ ]
PSD level is set P:M N/AT ]
MM& | Bit set to zero when operation 45.2.1.36.6 | PMA*10 | Yes[ ]
completes or upon reset P:M N/AT ]
MM | Bitsare reset to zero when read 45.2.1.37.1 | PMA*10 | Yes[ ]
or upon reset P:M N/AT ]
MMOL | Bitsread as zero 452.1.38.6 | PMA*10 | Yes[ ]
P:M N/AT ]
MM | Bitsread as zero 452.1.38.7 | PMA*10 | Yes[ ]
P:M N/AT ]
MMS3 | Writesto aninvalid value are 45.2.1.40 PMA*10 | Yes|[ ] Valid vaues are decimal
ignored P:M N/AT ] 10, 20, or 40
MM | Bitssettodefault valueonMMD | 45.2.1.40 PMA*10 | Yes[ ] Default value is decimal
reset P:M N/AT ] 20
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MM | Writesto set aninvalidvaueare | 45.2.1.43.1 | PMA*10 | Yes][ ] Valid vaues are decimal
ignored P:M N/AT ] 3 through 89
MM®6 | Writesto set aninvalidvaueare | 45.2.1.43.2 | PMA*10 | Yes|[ ] Valid vaues are decimal
ignored P:M N/AT ] 3 through 89
MM97 | Writesto set aninvalidvaueare | 45.2.1.43.3 | PMA*10 | Yes][ ] Valid vaues are decimal
ignored P:M N/AT ] 1through 86
MMB | Writesto set aninvalidvaueare | 45.2.1.435 | PMA*10 | Yes][ ] Invalid valueis 11
ignored P:M N/AT ]
MM | Bitssettozerowhenread or reset | 45.2.1.44 PMA*2 Yes[ ]
B:M N/AT ]
MMI® | Bitssettozerowhenread or reset | 45.2.1.46 PMA*2 Yes[ ]
B:M N/AT ]
MMIQL | Bitssettozerowhenread or reset | 45.2.1.48 PMA*2 Yes[ ]
B:M N/AT ]
MMI® | Bitssetto zerowhenread or reset | 45.2.1.50 PMA*2 Yes[ ]
B:M N/AT ]
MMIB | Bitssettozerowhenread or reset | 45.2.1.52 PMA*2 Yes[ ]
B:M N/AT ]
MMIQ} | Writesto set aninvalidvalueare | 45.2.1.57.1 | PMA*10 | Yes][ ] Valid vaues are decimal
ignored P:M N/AT ] 3 through 89
MMIGG | Writesto set aninvalidvaueare | 45.2.1.57.2 | PMA*10 | Yes][ ] Valid vaues are decimal
ignored P:M N/AT ] 3 through 89
MMIGB | Writesto set aninvalidvaueare | 45.2.1.57.3 | PMA*10 | Yes][ ] Valid vaues are decimal
ignored P:M N/AT ] 1through 86
MMIY | Writesto set aninvalidvaueare | 45.2.1.57.5 | PMA*10 | Yes][ ] Invalid valueis 11
ignored P:M N/AT ]
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455.5.5 PCS options

Insert the following rowsto the end of the table:

AMENDMENT TO IEEE Std 802.3

Item Feature Subclause | Status | Support | Value/Comment
*EPC | Implementation of the 10BASE-TS2BASE-TL 45.2.3.17 PCS: Yes|[ ]
PCS ] No [ ]
N/AT ]
*PAF | Implementation of the PME aggregation function | 45.2.3.17 PCS* Yes[ ]
EPC: No [ ]
0] N/AT ]
45.5.5.7 PCS management functions
Insert the following rows to the end of the table:
Item Feature Subclause | Satus | Support | Value/Comment
RM51 | Bitindicatesfault when any PCSregister | 45.2.3.2.1 PCS* Yes[ ] If sub-typeis
indicates fault EPC: NoJ ] supported
0] N/AT ]
RM52 | Writesto hit 15 areignored 45.2.3.17 PCS* Yes[ ] If sub-typeis
EPC: NoJ ] unsupported
0] N/AT ]
RM53 | Writing thishit to aoneactivatesthe PAF | 45.2.3.18.3 | PCS* Yes[ ]
when link is established PAF: N/AT ]
M
RM54 | Writesto bit areignored whilelink is 45.2.3.18.3 | PCS* Yes[
active or initializing or if PAF is not sup- PAF: N/AT ]
ported M
RM55 | Bitsindicate device capabilities upon 45.2.3.19 PCS* Yes[ ]
reset PAF: N/AT ]
M
RM56 | Writesto the register through any PCS 45.2.3.19 PCS* Yes[ ]
MMD in the same package effect the reg- PAF: N/AT ]
ister equally M
RM57 | Single bit set to oneand all otherscleared | 45.2.3.19 PCS: Yes[ ]
to zero when device does not support M N/AT ]
aggregation of multiple PMEs
RM58 | PME aggregation used if one or morebits | 45.2.3.20 PCS* | Yes[ ]
set PAF: | N/AT ]
M
RM59 | Registers set to all zeros upon reset 45.2.3.20 PCS* Yes[ ]
PAF: | N/AT ]
M
RM60 | Writesto the register through any PCS 45.2.3.20 PCS* Yes[ ]
MMD in the same package effect the reg- PAF: N/AT ]
ister equally M
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RM61 | Bitsreset to zero when read of upon 45.2.3.21 PCS* Yes[ ]
MMD reset PAF: | N/A[ ]

M
RM62 | Bitsheld to one upon overflow 45.2.3.21 PCS* Yes[ ]
PAF: | N/AT ]

M
RM63 | Bitsreset to zero when read of upon 45.2.3.22 PCS* Yes[ ]
MMD reset PAF: | N/AT ]

M
RM64 | Bitsheld to one upon overflow 45.2.3.22 PCS* Yes[ ]
PAF: | N/AT ]

M
RM65 | Bitsreset to zero when read of upon 45.2.3.23 PCS* Yes[ ]
MMD reset PAF: | N/A[ ]

M
RM66 | Bitsheld to one upon overflow 45.2.3.23 PCS* Yes[ ]
PAF: | N/AT ]

M
RM67 | Bitsreset to zero when read of upon 45.2.3.24 PCS* Yes[ ]
MMD reset PAF: | N/AT ]

M
RM68 | Bitsheld to one upon overflow 45.2.3.24 PCS* Yes[ ]
PAF: | N/AT ]

M
RM69 | Bitsreset to zero when read of upon 45.2.3.25 PCS* Yes[ ]
MMD reset PAF: | N/AT ]

M
RM70 | Bitsheld to one upon overflow 45.2.3.25 PCS* Yes[ ]
PAF: | N/AT ]

M
RM71 | Bitsreset to zero when read of upon 45.2.3.26 PCS* Yes[ ]
MMD reset PAF: | N/A[ ]

M
RM72 | Bitsheld to one upon overflow 45.2.3.26 PCS* Yes[ ]
PAF: | N/AT ]

M
RM73 | Bitsreset to zero when read of upon 45.2.3.27 PCS* Yes[ ]
MMD reset PAF: | N/AT ]

M
RM74 | Bitsheld to one upon overflow 45.2.3.27 PCS* Yes[ ]
PAF: | N/AT ]

M
RM75 | Bitsreset to zero when read of upon 45.2.3.28 PCS* Yes[ ]
MMD reset PAF: | N/AT ]

M
RM76 | Bitsheld to one upon overflow 45.2.3.28 PCS* Yes[ ]
PAF: | N/AT ]

M
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45.5.5.15 TC management functions

Insert new subclauses 45.5.5.15 through 45.5.5.17 before 45.5.5.15 (inserted by |EEE Std 802.3ae-2002),
and renumber following subclauses appropriately:

Item Feature Subclause | Status | Support | Value/Comment
TC1 Devicerespondsto all register addresses | 45.2 TCM | Yes[ ]
for that device N/AT ]
TC2 Writes to undefined and read only regis- | 45.2 TCM | Yes[ ]
ter have no effect N/AT ]
TC3 Operation is not affected by writes to 45.2 TCM | Yes[ ]
reserved and unsupported bits N/AT ]
TC4 Reserved and unsupported bitsreturna | 45.2 TCM | Yes[ ]
value of zero N/AT ]
TC5 Setting bit to aone setsall TC registers | 45.2.6.1.1 TCM | Yes[ ]
to their default states N/AT ]
TC6 Bit reads one while reset isin progress 452611 TC:M | Yes[ ]
otherwise reads zero N/AT ]
TC7 Control and management interfaceis 45.2.6.1.1 TCM | Yes[ ]
restored within 0.5s from setting bit to a N/AT ]
one

TC8 During reset, TC respondsto readsfrom | 45.2.6.1.1 TC:M | Yes[ ]

bit N/AT ]

TC9 Writesthat would select an unsupported | 45.2.6.1.2 TCM | Yes[ ]
ability areignored N/AT ]

TC10 | Identifier composed properly 45.2.6.2 TC:M | Yes[ ]
N/AT ]

TC11 Identifier composed properly 45.2.6.5 TC:M | Yes[ ]
N/AT ]

TC12 | Register isunique across all PCS 45.2.6.6 TC:M | Yes[ ]
MMDsin a package N/AT ]

TC13 Operation ignored when link isup or 45.2.6.6.1 TC:M | Yes[ ]
initializing N/AT ]

TC14 Bitsindicate “Ready” when PAF is 45.2.6.6.1 TCM | Yes[ ]
capable N/AT ]

TC15 | Writesignored and “Ready” indicated if | 45.2.6.6.1 TC:M | Yes[ ]
PAF is unsupported N/AT ]

TC16 | Bitsindicate“Ready” when operationis | 45.2.6.6.1 | TC:M | Yes[ ]
complete or upon reset N/AT ]

TC17 Bits read as zero if PAF isunsupported 452.6.7.1 TC:M | Yes[ ]
N/AT ]

TC18 Bits read as zero if PAF isunsupported 45.2.6.7.2 TC:M | Yes[ ]
N/AT ]
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Item Feature Subclause | Status | Support | Value/Comment
TC19 | Register isunique across all PCS 45.2.6.8 TC:M | Yes[ ]
MMDsin a package N/AT ]
TC20 | Register isunique across all PCS 45.2.6.9 TC:M | Yes[ ]
MMDsin a package N/AT ]
TC21 Operation ignored when link isup or 45.2.6.9.1 TC:M | Yes[ ]
initializing N/AT ]
TC22 Bitsindicate “Ready” when PAF is 45.2.6.9.1 TCM | Yes[ ]
capable N/AT ]
TC23 | Writesignored and “Ready” indicated if | 45.2.6.9.1 TC:M | Yes[ ]
PAF is unsupported N/AT ]
TC24 Bitsindicate “ Ready” when operationis | 45.2.6.9.1 TC:M | Yes[ ]
complete or on reset N/AT ]
TC25 | Register isunique across all PCS 45.2.6.10 TC:M | Yes[ ]
MMDsin a package N/AT ]
TC26 Bits reset to zero when read or reset 45.2.6.11 TCM | Yes[ ]
N/AT ]
TC27 Bits held to one upon overflow 45.2.6.11 TCM | Yes[ ]
N/AT ]
TC28 Bits reset to zero when read or reset 45.2.6.12 TCM | Yes[ ]
N/AT ]
TC29 Bits held to one upon overflow 45.2.6.12 TCM | Yes[ ]
N/AT ]
45.5.5.16 Clause 22 extension options
Item Feature Subclause | Satus | Support | Value/Comment
*FEC | Implementation of PHY FEC 65.4.4.6 CTT: Yes[ ]
(0] No [ ]
N/AT ]
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45.5.5.17 Clause 22 extension management functions

Item Feature Subclause | Satus | Support | Value/Comment

CT1 Device respondsto all register 45.2 CTT: Yes[ ]
addresses for that device M N/AT ]
CT2 Writesto undefined and read only | 45.2 CTT: Yes[ ]
register have no effect M N/AT ]
CT3 Operation is not affected by writes | 45.2 CTT: Yes[ ]
to reserved and unsupported bits M N/AT ]
CT4 Reserved and unsupported bits 45.2 CTT: Yes[ ]
return avalue of zero M N/AT ]
CT5 Bits set to zero upon PHY reset 452.7.3.1 CTT* | Yes[ ]
FEC: | N/A[ ]

M
CT6 Bits reset to dl zeroes when the 45.2.7.4 CTT* | Yes[ ]
register isread by the management FEC: N/AT ]

function or upon PHY reset. M
Cc17 Bits held at all onesin the case of 45.2.7.4 CTT* | Yes[ ]
overflow FEC: N/AT ]

M
CT8 Bits reset to dl zeroes when the 45.2.75 CTT* | Yes[ ]
register isread by the management FEC: N/AT ]

function or upon PHY reset. M
CT9 Bits held at all onesin the case of 45.2.7.5 CTT* | Yes[ ]
overflow FEC: N/AT ]

M
CT10 Bits reset to al zeroes when the 45.2.7.6 CTT* | Yes[ ]
register isread by the management FEC: N/AT ]

function or upon PHY reset. M
CT11 Bits held at all onesin the case of 45.2.7.6 CTT* | Yes[ ]
overflow FEC: N/AT ]

M
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Annex A

(informative)
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Insert the following bibliographical entriesin alphabetic order and renumber as required.

Editor’s note: These bibliographical numbers correspond to |EEE 802.3ah-2004 only. When this
admentment ismerged into | EEE Std 802.3 all bibliographical citations will be updated.

[B1] IEC 60721-2-1, Classification of environmental conditions — Part 2-1: Environmental conditions
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[B3] IEC 62255 - Multicore and symmetrical pair/quad cables for broadband digital communications (High
bit rate Digital access Telecommunication Network.

[B4] GR-468-CORE, Generic Reliahility Assurance Requirements for Optoelectronic Devices Used in
Telecommunications Equipment.

[B5] GR-487-CORE, Generic Requirements for Electronic Equipment Cabinets.

[B6] GR-63-CORE, NEBS Requirements. Physical Protection.

[B7] ETSI EN 300 019-1-3, Equipment Engineering (EE); Environmental conditions and environmental
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Annex 30A

(normative)

GDMO specification for IEEE 802.3 managed object classes
Change the first paragraph of thisannex as follows:

Thisannex formally defines the protocol encodings for CMIP and 1SO/IEC 15802-2: 1995 [ANSI/IEEE Std
802.1B™ and 802.1k™, 1995 Edition] for the |EEE 802.3 Managed Objects using the templates specified in
ISO/IEC 10165-4: 1992. The application of a GDMO template compiler against 30A.1 to 30A-830A.19 will
produce the proper protocol encodings.

30A.1.1 DTE MAC entity formal definition

Change the package definitionsin 30A.1.1 asfollows:

oM ACEntity MANAGED OBJECT CLASS

DERIVED FROM “CCITT Rec. X.721 (1992) | ISO/IEC 10165-2: 1992" :top;
CHARACTERIZED BY
pBasic PACKAGE
ATTRIBUTES aMACID GET,
ACTIONS aclnitializeMAC;

CONDITIONAL PACKAGES
pMandatory PACKAGE

ATTRIBUTES aFramesTransmittedOK GET,
aSingleCollisionFrames GET,
aMultipleCollisionFrames GET,
aFramesReceivedOK GET,
aFrameCheck SequenceErrors GET,
aAlignmentErrors GET,
aM A CCapabilities GET,
aDuplexStatus GET-REPLACE,
aRateControl Ability GET,
aRateControl Status GET-REPLACE:,
aDeferControl Ability GET,
aDeferControl Status GET-REPLACE;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
package(4) macMandatoryPkg(1)} ;

PRESENT IF Conformance to DTE Management is desired. Attributes aM A CCapabilities and
aDuplexStatus are mandatory in systems that can operate in full duplex mode and
are recommended in systems that can only operate in half duplex mode.,

pRecommended PACKAGE

ATTRIBUTES aOctetsTransmittedOK GET,
aFramesWithDeferredX missions GET,
alateCollisions GET,
aFramesAbortedDueToX SColls GET,

aFramesL ostDuUeToIntMACX mitError  GET,
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aCarrierSenseErrors GET,

aOctetsReceivedOK GET,

aFramesL ostDueT olntM ACRcvVError GET,

aPromiscuousStatus GET-REPLACE,

aReadM ulticastAddressList GET;
ACTIONS acAddGroupAddress,

acDeleteGroupAddress;

{iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
package(4) macRecommendedPkg(2)};

PRESENT IF The Recommended Package is implemented.,
pOptional PACKAGE

ATTRIBUTES aMulticastFramesXmittedOK GET,
aBroadcastFramesX mittedOK GET,
aM ulticastFramesReceivedOK GET,
aBroadcastFramesReceivedOK GET,
alnRangel engthErrors GET,
aOutOfRangel engthField GET,
aFrameTooLongErrors GET,
aM A CEnableStatus GET-REPLACE,
al ransmitEnabl eStatus GET-REPLACE,
aMulticastReceiveStatus GET-REPLACE,
aReadWriteM ACAddress GET-REPLACE;

ACTIONS acExecuteSelfTest;

REGISTERED AS

PRESENT IF
pArray

REGISTERED AS

PRESENT IF

{iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)

package(4) optiona Pkg(3)} ;

The Optional Package and the Recommended Package are implemented.,
PACKAGE

ATTRIBUTES aCollisionFrames GET;

{iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)

package(4) arrayPkg(4)};

The Array Package and the Recommended Package are implemented.,

pExcessiveDeferral PACKAGE

REGISTERED AS

PRESENT IF

REGISTERED AS

ATTRIBUTES aFramesWithExcessiveDeferral GET;

{iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
package(4) excessiveDeferralPkg(5)};

The ExcessiveDeferral Package and the Recommended Package are
implemented.;

{iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
managedObjectClass(3) macObjectClass(1)} ;

Insert the following text at the end of 30A.1.1:

aDefer Control Ability ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmtAttributeM odule. TrueFal se;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bDeferControl Ability;

REGISTERED AS

bDefer ControlAbility

136

DEFINED AS

{iso(1) member-body(2) us(840) ieeeB02dot3(10006) csmacdmgt(30)
attribute(7) deferControl Ability(311)};

BEHAVIOUR

See “BEHAVIOUR DEFINED AS’ in 30.3.1.1.35;

Copyright © 2004 IEEE. All rights reserved.



CSMA/CD

aDefer ControlSatus

WITH ATTRIBUTE SYNTAX
MATCHES FOR
BEHAVIOUR

REGISTERED AS {iso(l) member-body(2) us(840) ieee802dot3(10006)

ATTRIBUTE

IEEE
Std 802.3ah-2004

IEEE802D ot3-M gmtA ttributeM odul e.DeferControl;

EQUALITY, ORDERING,;
bDeferControl Status;

attribute(7) deferControl Status(312)} ;

bDefer ControlStatus

DEFINED AS

BEHAVIOUR

See “BEHAVIOUR DEFINED AS’ in 30.3.1.1.36;

30A.4.2 DTE MAC Control function entity formal definition

Insert the following text to the end of 30A.4.1:

oMPCP

DERIVED FROM
CHARACTERIZED BY
pMPCPBasic

ATTRIBUTES

ACTIONS

REGISTERED AS{iso(1)

member-body(2)  us(840)

MANAGED OBJECT CLASS

csmacdmgt(30)

“CCITT Rec. X.721 (1992) | ISO/IEC 10165-2: 1992" :top;

PACKAGE

aMPCPID

aMPCPAdminState
aMPCPMode

aMPCPLinkID

aM PCPRemoteM A CAddress
aMPCPRegistrationState
aMPCPMA CCtrl FramesTransmitted
aMPCPM A CCitrl FramesReceived
aMPCPTxGate
aMPCPTxRegAck

aMPCPT xRegister
aMPCPTxRegRequest

aM PCPT xReport
aMPCPRxGate

aM PCPRxRegAck

aM PCPRxRegister
aMPCPRxRegRequest

aM PCPRxReport

aM PCPTransmitElapsed

aM PCPReceiveElapsed
aMPCPRoundTripTime

aM PCPDiscoveryWindowsSent
aMPCPDiscoveryTimeout

aM PCPM aximumPendingGrants
acMPCPAdminControl;

managedObj ectClass(3) mpcpObjectClass(21)} ;
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nbM PCP-macControl NAME BINDING
SUBORDINATE OBJECT CLASS oMPCP;
NAMED BY SUPERIOR OBJECT CLASS oMACControlEntity AND SUBCLASSES;
WITH ATTRIBUTE aMPCPID;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30) name-
Binding(6) mpcp-macControl (34)};

aMPCPID ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmtA ttributeM odule.OneOfName;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bMPCPID;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcplD(351)};

bMPCPID BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.1;
aMPCPAdminState ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odul e. PortAdminState;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bMPCPAdminState;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpAdminState(278)} ;

bMPCPAdminSate BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.2;

aMPCPMode ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odule. M PCPM ode;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOURBEHAVIOUR bMPCPM ode;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpMode(279)} ;

bMPCPM ode BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.3;
aMPCPLinkID ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmtA ttributeM odule. OneOfName;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bMPCPLIiNkID;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpLinklD(282)} ;
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bMPCPLinkID BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.4;
aM PCPRemoteM ACAddress ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtAttributeM odule. MACAddress;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bMPCPRemoteM ACAddress;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpRemoteM A CAddress(283)} ;

bMPCPRemoteM ACAddress BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.5;
aMPCPRegistrationState ATTRIBUTE

WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmtA ttributeM odule. M PCPRegState;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR bM PCPRegistrationState;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpRegistrationState(284)} ;

bM PCPRegistrationState BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.6;

aM PCPMACCtrIFramesTransmitted ATTRIBUTE

DERIVED FROM aCM_ Counter;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bMPCPMA CCtrlFramesTransmitted;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpM A CCtrlFramesTransmitted(280)} ;

bMPCPMACCtrIFramesTransmittedBEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.7;
aMPCPMACCtrIFramesReceived ATTRIBUTE

DERIVED FROM aCM_ Counter;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR bMPCPMA CCtrIFramesReceived;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpM A CCtrlFramesReceived(281)};

bMPCPM ACCtrIFramesReceivedBEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.8;
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aM PCPT xGate

DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS

bMPCPT xGate

DEFINED AS

aM PCPT xRegAck

DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS

bM PCPTxRegAck

DEFINED AS

aM PCPT xRegister

DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS

bM PCPT xRegister

DEFINED AS

aM PCPT xRegRequest

DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS

bM PCPTxRegRequest

DEFINED AS

aM PCPT xReport

140

DERIVED FROM
MATCHES FOR
BEHAVIOUR
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ATTRIBUTE

aCM Counter,

EQUALITY, ORDERING;

bMPCPT xGate,
{iso(1) member-body(2) us(840) ieeeB802dot3(10006)
attribute(7) txGate(315)} ;

BEHAVIOUR
See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.9;
ATTRIBUTE
aCM Counter;
EQUALITY, ORDERING;
bMPCPT xRegAck;
{iso(1) member-body(2) us(840) ieeeB802dot3(10006)
attribute(7) txRegAck(316)};
BEHAVIOUR
See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.10;
ATTRIBUTE
aCM Counter;
EQUALITY, ORDERING;
bMPCPT xRegister;
{iso(1) member-body(2) us(840) ieeeB802dot3(10006)
attribute(7) txRegister(317)} ;
BEHAVIOUR
See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.11;
ATTRIBUTE
aCM Counter;
EQUALITY, ORDERING;
bM PCPT xRegRequest;
{iso(1) member-body(2) us(840) ieeeB802dot3(10006)
attribute(7) txRegRegister(318)};
BEHAVIOUR
See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.12;
ATTRIBUTE
aCM Counter;

EQUALITY, ORDERING,;
bM PCPT xReport;

csmacdmgt(30)

csmacdmgt(30)

csmacdmgt(30)

csmacdmgt(30)

Copyright © 2004 IEEE. All rights reserved.



CSMA/CD

REGISTERED AS

bM PCPTxReport
DEFINED AS

aMPCPRxGate
DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS

bMPCPRxGate
DEFINED AS

aM PCPRxRegAck
DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS

bM PCPRxRegA ck
DEFINED AS

aM PCPRxRegister
DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS

bM PCPRxRegister
DEFINED AS

aM PCPRxRegRequest
DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS

bM PCPRxRegRequest

DEFINED AS

{iso(1)  member-body(2)
attribute(7) txReport(319)} ;

us(840)  ieee802dot3(10006)

BEHAVIOUR
See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.13;
ATTRIBUTE

aCM Counter,;

EQUALITY, ORDERING;

bMPCPRxGate;
{iso(1) member-body(2) us(840)
attribute(7) rxGate(320)};

ieee802dot3(10006)

BEHAVIOUR
See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.14;
ATTRIBUTE

aCM Counter;

EQUALITY, ORDERING;

bMPCPRxRegAck;
{iso(1) member-body(2) us(840)
attribute(7) rxRegAck(321)};

ieee802dot3(10006)

BEHAVIOUR
See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.15;
ATTRIBUTE

aCM Counter,

EQUALITY, ORDERING;

bM PCPRxRegister;
{iso(1) member-body(2) us(840)
attribute(7) rxRegister(322)};

ieee802dot3(10006)

BEHAVIOUR
See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.16;
ATTRIBUTE

aCM Counter;

EQUALITY, ORDERING;

bM PCPRxRegRequest;
{iso(1) member-body(2) us(840)
attribute(7) rxRegRequest(323)} ;

ieee802dot3(10006)

BEHAVIOUR

See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.17;
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aM PCPRxReport ATTRIBUTE
DERIVED FROM aCM_Counter;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bM PCPRxReport;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) rxReport(324)} ;

bMPCPRxReport BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.18;
aM PCPTransmitElapsed ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odul e.Integer32;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bM PCPTransmitElapsed;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpTransmitElapsed(285)} ;

bMPCPTransmitElapsed BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.19;
aM PCPReceiveElapsed ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odul e.Integer32;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bM PCPReceiveEl apsed;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpReceiveElapsed(286)} ;

bM PCPReceiveElapsed BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.20;
aMPCPRoundTripTime ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odul e.I nteger16;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bMPCPRoundTripTime;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpRoundTripTime(287)} ;

bMPCPRoundTripTime BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.21;
aM PCPDiscover yWindowsSent ATTRIBUTE
DERIVED FROM aCM_ Counter;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bMPCPDiscoveryWindowsSent;
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REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpDiscoveryWindowsSent(288)} ;

bM PCPDiscoveryWindowsSent BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.22;
aM PCPDiscover yTimeout ATTRIBUTE

DERIVED FROM aCM_ Counter;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR bM PCPDiscovery Timeout;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpDiscovery Timeout(290)} ;

bM PCPDiscoveryTimeout BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.23;
aM PCPM aximumPendingGr ants ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odul e.Integer8;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bM PCPM aximumPendingGrants;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) mpcpM aximumPendingGrants(291)} ;

bM PCPM aximumPendingGrantsBEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.1.24;
acM PCPAdminControl ACTION
BEHAVIOUR bM PCPA dminControl;
MODE CONFIRMED;
WITH INFORMATION SYNTAX IEEE802D ot3-M gmtA ttributeM odul e.AdminState;
REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
action(9) mpcpAdminCtrl(16)};
bMPCPAdminControl BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.5.2.1;

30A.8.1 MAU, formal definition

Change the package definitionsin 30A.8.1 as follows:

oMAU MANAGED OBJECT CLASS
DERIVED FROM “CCITT Rec. X.721 (1992) | ISO/IEC 10165-2 : 1992":top;
CHARACTERIZED BY
pMAUBasic PACKAGE
ATTRIBUTES aMAUID GET,
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aMAUType GET-REPLACE,
aMAUTypeList GET,
aMediaAvailable GET,
aJabber GET,
aMAUAdminState GET;

NOTIFICATIONS nJabber;

CONDITIONAL PACKAGES
pMAUControl PACKAGE
ACTIONS acResetMAU,
acMAUAdminControl;
REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
package(4) mauControlPkg(13)};
PRESENT IF The pMAUControl package isimplemented.,
pMedial ossTracking PACKAGE
ATTRIBUTESaL 0seM ediaCounterGET,;
REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
package(4) medial ossTrackingPkg(14)};

PRESENT IF MAU TypeVaue= AUI or if the pMedial ossTracking package is implemented.,
pBroadbandDTEMAU  PACKAGE
ATTRIBUTES aBbMAUXmitRcvSplitType GET,
aBroadbandFreguencies GET;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
package(4) broadbandM AUPkg(15)} ;

PRESENT IF The MAU is of type 10BROAD36.,
p100M bpsM onitor PACKAGE
ATTRIBUTES aFalseCarriers GET,
adleErrorCount GET;

REGISTERED AS  {iso(1) ~member-body(2) ~ us(840)  ieee80200t3(10006)  csmacdmgt(30)
package(4) maul00MbpsMonitor(16)} ;

PRESENT IF The MAU is capable of 100 Mb/s operation.;,
pPCSM onitor PACKAGE
ATTRIBUTES aPCSCodingViolation GET:

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
package(4) pcsMonitor(35)} ;

PRESENT IF The MAU PCS code error monitoing capability isimplemented.,
pFECM onitor PACKAGE
ATTRIBUTES aFECAbility GET,
aFECmode GET-REPLACE
aFECCorrectedBlocks GET,
aFECUncorrectableBlocks GET;
REGISTERED AS {iso(1) member-body(2) us(840) ieeeB802dot3(10006) csmacdmgt(30)
package(4) fecMonitor(30)}
PRESENT IF The MAU is capable of FEC operation.;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
managedObjectClass(3) mauObjectClass(6)} ;

30A.8.2 MAU attributes

Insert the following text at the end of 30A.8.2:

144
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aPCSCodingViolation ATTRIBUTE

DERIVED FROM aCM Counter;

MATCHES FOR EQUALITY, ORDERING,;

BEHAVIOUR bPCSCodingViolation;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) pcsCodingViolation(292)} ;

bPCSCodingViolation BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.5.1.1.12;
aFECADility ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmtAttributeM odule. FECM ode;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bFECADility;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) fecAbility(313)};

bFECADbility BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.5.1.1.13;
aFECmode ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-MgmtA ttributeM odule. FECM ode;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bFECmode;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) fecM ode(314)} ;

bFECmode BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.5.1.1.14;
aFECCorrectedBlocks ATTRIBUTE
DERIVED FROM aCM Counter;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bFECCorrectedBlocks;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) fecCorrectedBlocks(293)} ;

bFECCorrectedBlocks BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.5.1.1.15;
aFECUncor rectableBlocks ATTRIBUTE
DERIVED FROM aCM Counter;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bFECUncorrectableBlocks;
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REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) fecUncorrectableBlocks(294)} ;

bFECUncorrectableBlocks BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.5.1.1.16;

30A.15.2 WIS attributes

Changethe awWISID attribute in subclause 30A.15.2 asfollows (inserted by | EEE Std 802.3ae-2002):

awl!SID ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmtA ttributeM odule.OneOfName;
MATCHES FOR EQUALITY;
BEHAVIOUR bWISID;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) wisiD(1812)} ;

Insert the following new subclauses after the 30A.18:

30A.19 OMP entity formal definition

oOMP MANAGED OBJECT CLASS
DERIVED FROM "CCITT Rec. X.721 (1992) | ISO/IEC 10165-2: 1992":top;
CHARACTERIZED BY
pOMPBasic PACKAGE
ATTRIBUTES aOMPEmulationlD GET,
aOMPEmulationType GET,
aSLDErrors GET,
aCRC8Errors GET;,

CONDITIONAL PACKAGES

pOMPOLTMonitor PACKAGE
ATTRIBUTES aGoodLLID GET,
aONUPON(CcastLLID GET,
aOLTPONcastLLID GET,
aBadLLID GET;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
package(4) oMPError(37)};

PRESENT IF This package is mandatory for a OLT and optional for aONU.;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
managedObjectClass(3) ompObjectClass(19)} ;

nbOM P-M ACEntity NAME BINDING
SUBORDINATE OBJECT CLASS oOMP,
NAMED BY SUPERIOR OBJECT CLASS OMACEntity;
WITH ATTRIBUTE aOMPEmulationID;
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REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30) name-
Binding(6) omp-macEntity(36)} ;

30A.19.1 OMP attributes

aOMPEmulationl D ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmtA ttributeM odule.OneOfName;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOMPEmulationiD;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) ompEmulationID(231)} ;

bOM PEmulationl D BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.7.1.1;
aOMPEmulationType ATTRIBUTE
WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmtA ttributeM odule. OM PEmulationType;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOMPEmulationType;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) ompEmulationType(232)} ;

bOM PEmulationType BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.7.1.2;
aSLDErrors ATTRIBUTE
DERIVED FROM aCMCounter;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bSLDErrors;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) sldErrors(233)} ;

bSLDErrors BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.7.1.3;
aCRCB8Errors ATTRIBUTE
DERIVED FROM aCMCounter;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bCRCS8Errors,

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) crc8Errors(234)};

bCRCS8Errors BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.7.1.4;
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aGoodLLID
DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS
bGoodLLID
DEFINED AS
aONUPONcastLLID
DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS
bONUPONcastLLID
DEFINED AS
aOLTPONcastLLID
DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS
bOLTPONcastLLID
DEFINED AS
aBadLLID
DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS
bBadLLID

DEFINED AS

AMENDMENT TO IEEE Std 802.3

ATTRIBUTE

aCM Counter,

EQUALITY, ORDERING;

bGoodLLID;
{iso(1) member-body(2) us(840) ieeeB802dot3(10006)
attribute(7) goodLLID(341)};

BEHAVIOUR
See “BEHAVIOUR DEFINED AS’ in 30.3.7.1.5;
ATTRIBUTE
aCM Counter,
EQUALITY, ORDERING;
bONUPONCcastLLID;
{iso(1) member-body(2) us(840) ieeeB802dot3(10006)
attribute(7) onuPONcastLL1D(342)};
BEHAVIOUR
See “BEHAVIOUR DEFINED AS’ in 30.3.7.1.6;
ATTRIBUTE
aCM Counter,
EQUALITY, ORDERING;
bOLTPONcastLLID;
{iso(1) member-body(2) us(840) ieeeB802dot3(10006)
attribute(7) oltPONcastLLID(343)};
BEHAVIOUR
See “BEHAVIOUR DEFINED AS’ in 30.3.7.1.7;
ATTRIBUTE
aCM Counter,
EQUALITY, ORDERING;
bBadLLID;
{iso(1) member-body(2) us(840) ieeeB802dot3(10006)
attribute(7) badLL1D(235)};
BEHAVIOUR

See “BEHAVIOUR DEFINED AS’ in 30.3.7.1.8;

30A.20 OAM entity managed object class

30A.20.1 OAM entity formal definition
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00AM

DERIVED FROM
CHARACTERIZED BY
pOAMBasic

ATTRIBUTES

ACTIONS

Copyright © 2004 IEEE. All rights reserved.

MANAGED OBJECT CLASS

“CCITT Rec. X.721 (1992) | ISO/IEC 10165-2: 1992" :top;

PACKAGE

aOAMID

aOAMAdminState

aOAMMode
aOAMDiscoveryState
aOAMRemoteM ACAddress
aOAMLocalConfiguration

aOAM RemoteConfiguration
aOAM L ocalPDUConfiguration
a0OAMRemotePDUConfiguration
aOAML ocalFlagsField
aOAMRemoteFl agsField
aOAMLocalRevision
aOAMRemoteRevision

aOAML ocal State
aOAMRemoteState
aOAMRemoteVendorOUlI
aOAMRemoteV endor Specificlnfo
aOAMUnsupportedCodesTx
a0OAMU nsupportedCodesRx
aOAMInformationTx
aOAMInformati onRx
aOAMUniqueEventNotificationTx
aOAMDuplicateEventNatificationTx
aOAMUniqueEventNotificationRx
aOAMDuplicateEventNoaotificationRx
aOAML oopbackControl Tx

aOAML oopbackControlRx
aOAMYV ariableRequestTx
aOAMYV ariableRequestRx

aOAMYV ariableResponseT x

aOAMYV ariableResponseRx

aOAM OrganizationSpecificTx
aOAM OrganizationSpecificRx
aOAM L ocal ErrSymPeriodConfig
aOAM L ocal ErrSymPeriodEvent
aOAML ocalErrFrameConfig
aOAML ocalErrFrameEvent

aOAM L ocal ErrFramePeriodConfig
aOAM L ocal ErrFramePeriodEvent

aOAM L ocal ErrFrameSecsSummaryConfig
aOAM L ocal ErrFrameSecsSummaryEvent

a0OAMRemoteErrSymPeriodEvent
aOAMRemoteErrFrameEvent
aOAMRemoteErrFramePeriodEvent

IEEE

Std 802.3ah-2004

GET,
GET,

GET-REPLACE,

GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,
GET,

aOAM RemoteErrFrameSecsSummaryEvent GET,

aFramesL ostDueT o OAMError
acOAMAdminControl;

GET;
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REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
managedObjectClass(3) oamObjectClass(20)} ;

nbOAM -aggregator NAME BINDING
SUBORDINATE OBJECT CLASS 00AM;
NAMED BY SUPERIOR OBJECT CLASS oAggregator;
WITH ATTRIBUTE aOAMID;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30) name-
Binding(6) oam-aggregator(35)} ;

30A.20.2 OAM entity attributes

aOAMID ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmtA ttributeM odule.OneOfName;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAMID;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamiD(236)} ;

bOAMID BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.1;
aOAMAdminState ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odul e. PortAdminState;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAMAdminState;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) camAdminState(237)} ;

bOAMAdminState BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’” in 30.3.6.1.2;
aOAMM ode ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odule. OAMMode;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAMMode;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamMode(238)} ;

bOAMMode BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.3;

aOAM DiscoverySate ATTRIBUTE
WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmtA ttributeM odule. OAMDiscovery State;
MATCHES FOR EQUALITY, ORDERING;
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BEHAVIOUR bOAMDiscoveryState;
REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamDiscoveryState(333)} ;

bOAM DiscoveryState BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.4;
aOAMRemoteM ACAddress ATTRIBUTE
WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmtA ttributeM odule MACAddress;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAMRemoteM A CAddress;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamRemoteM ACAddress(239)} ;

bOAM RemoteM ACAddress BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.5;
aOAM L ocalConfiguration ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odule. OAM Config;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAM L oca Configuration;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamL ocalConfiguration(334)} ;

bOAM LocalConfiguration BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.6;
aOAM RemoteConfiguration ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odule. OAM Config;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOAM RemoteConfiguration;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamRemoteConfiguration(240)};

bOAM RemoteConfiguration BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.7;
aOAML ocalPDUConfiguration ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odul e.l nteger16;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOAML ocalPDUConfiguration;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamLocalPDUConfiguration(335)} ;
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bOAM LocalPDUConfiguration BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.8;
aOAM RemotePDUConfiguration ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odul e.Integer16;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAM RemotePDUConfiguration;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamRemotePDUConfiguration(241)} ;

bOAM RemotePDUConfigurationBEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.9;
aOAM L ocalFlagsField ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odule. OAMFlagsFiel d;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAMLocalFlagsField;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamL ocalFlagsField(242)} ;

bOAM L ocalFlagsField BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.10;
aOAM RemoteFlagsField ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA_ttributeM odule. OAMFlagsFiel d;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOAM RemoteFlagsField;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamRemoteFlagsFiel d(243)} ;

bOAM RemoteFlagsField BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.11;
aOAML ocalRevision ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-MgmtA ttributeM odul e.I nteger 16;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAMLocalRevision;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamL ocalRevision(336)} ;

bOAM LocalRevision BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.12;
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aOAMRemoteRevision ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmitA ttributeM odul e.l nteger 16;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAMRemoteRevision;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamRemoteRevision(244)} ;

bOAM RemoteRevision BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.13;
aOAML ocalSate ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odule. OAM State;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAMLocd State;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamL ocal State(337)} ;

bOAM LocalSate BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.14;
aOAMRemoteSate ATTRIBUTE
WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmtA ttributeM odule. OAM State;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAM RemoteState;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamRemoteState(245)} ;

bOAM RemoteSate BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.15;
aOAM RemoteVendor OUI ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odule.OUI;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAM RemoteVendorOUI;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamRemoteVendorOUI(246)} ;

bOAM RemoteVendorOUI BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.16;
aOAM RemoteVendor Specificlnfo ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmtAttributeM odul e.l nteger32;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOamRemoteVendorSpecificl nfo;

Copyright © 2004 IEEE. All rights reserved. 153



|IEEE

Std 802.3ah-2004 AMENDMENT TO IEEE Std 802.3

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamRemoteVendor Specificlnfo(247)} ;

bOamRemoteVendor Specificlnfo BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.17;
aOAMUnsupportedCodesT x ATTRIBUTE

DERIVED FROM aCM Counter;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR bOAMUnsupportedCodesTx;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamUnsupportedCodesTx(338)} ;

bOAM UnsupportedCodesT x BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.18;
aOAMUnsupportedCodesRx ATTRIBUTE

DERIVED FROM aCM Counter;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR bOAMUnsupportedCodesRx;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamUnsupportedCodesRx(250)} ;

bOAM UnsupportedCodesRx BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.19;
aOAM I nformationTXx ATTRIBUTE

DERIVED FROM aCMCounter;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR bOAMInformationTXx;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oaminformationTx(251)} ;

bOAM InformationTx BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.20;
aOAM I nfor mationRx ATTRIBUTE
DERIVED FROM aCMCounter;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOAMInformationRXx;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamlnformationRx(252)} ;

bOAM InformationRx BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.21;

csmacdmgt(30)

csmacdmgt(30)

csmacdmgt(30)
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aOAMUniqueEventNoaotificationTx

DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS  {iso(1)

member-body(2)

ATTRIBUTE

aCM Counter;

EQUALITY, ORDERING;
bOAMUniqueEventNoatificationTx;

us(840)  ieee802dot3(10006)

attribute(7) oamUniqueEventNotificationTx(339)} ;

bOAM UniqueEventNotificationTXBEHAVIOUR

DEFINED AS

aOAM DuplicateEventNotificationTx

DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS  {iso(1)

member-body(2)

See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.22;

ATTRIBUTE

aCMCounter;

EQUALITY, ORDERING,;

bOAM DuplicateEventNotificationTX;
us(840)  ieee802dot3(10006)

attribute(7) oambDuplicateEventNotificationTx(340)} ;

bOAM DuplicateEventNotificationTXBEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.23;
aOAM UniqueEventNotificationRx ATTRIBUTE
DERIVED FROM aCM Counter;

MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAMUniqueEventNotificationRXx;
REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)

attribute(7) oamUniqueEventNotificationRx(254)} ;

bOAM UniqueEventNotificationRXxBEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.24;
aOAM DuplicateEventNoaotificationRx ATTRIBUTE

DERIVED FROM aCM Counter;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR bOAM DuplicateEventNotificationRx;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamDuplicateEventNotificationRx(255)} ;

bOAM DuplicateEventNotificationRXBEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.25;
aOAM L oopbackControl Tx ATTRIBUTE

DERIVED FROM aCM Counter;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR bOAM L oopbackControl Tx;

Copyright © 2004 IEEE. All rights reserved.
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REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamL oopbackControl Tx(256)} ;

bOAM L oopbackControl Tx BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.26;
aOAM L oopback ControlRx ATTRIBUTE

DERIVED FROM aCM Counter;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR bOAM LoopbackControl Rx;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamL oopbackControlRx(257)} ;

bOAM L oopbackControlRx BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.27;
aOAM VariableRequestTx ATTRIBUTE

DERIVED FROM aCM_Counter;

MATCHES FOR EQUALITY, ORDERING,;

BEHAVIOUR bOAM VariableRequestTx;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamVariableRequestTx(258)} ;

bOAM VariableRequestTx BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.28;
aOAM VariableReguestRx ATTRIBUTE
DERIVED FROM aCM_ Counter;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAM VariableRequestRx;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamVariableRequestRx(259)} ;

bOAM VariableRequestRx BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.29;
aOAM VariableResponseT x ATTRIBUTE
DERIVED FROM aCM Counter;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOAM VariableResponseTx;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamVariableResponseTx(260)} ;

bOAM VariableResponseT x BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.30;

csmacdmgt(30)
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aOAM VariableResponseRx

DERIVED FROM
MATCHES FOR
BEHAVIOUR
REGISTERED AS  {iso(1)

IEEE
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ATTRIBUTE

aCMCounter;
EQUALITY, ORDERING,;
bOAM VariableResponseRx;

member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)

attribute(7) oamVariableResponseRx(261)} ;

bOAM VariableResponseRx
DEFINED AS

aOAM OrganizationSpecificTx
DERIVED FROM
MATCHES FOR

BEHAVIOUR
REGISTERED AS  {iso(1)

BEHAVIOUR

See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.31;

ATTRIBUTE

aCMCounter;
EQUALITY, ORDERING,;
bOAM Organi zationSpecificTx;

member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)

attribute(7) oamOrgani zationSpecificTx(262)} ;

bOAM Or ganizationSpecificTx
DEFINED AS

aOAM Or ganizationSpecificRx
DERIVED FROM
MATCHES FOR

BEHAVIOUR
REGISTERED AS  {iso(1)

BEHAVIOUR

See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.32;

ATTRIBUTE

aCMCounter;
EQUALITY, ORDERING,;
bOAM Organi zationSpecificRx;

member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)

attribute(7) oamOrganizationSpecificRx(263)} ;

bOAM Or ganizationSpecificRx
DEFINED AS

aOAML ocalErr SymPeriodConfig
WITH ATTRIBUTE SYNTAX
MATCHES FOR

BEHAVIOUR
REGISTERED AS  {iso(1)

BEHAVIOUR

See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.33;

ATTRIBUTE

IEEE802D ot3-M gmtA ttributeM odule. OAMErrorConf;
EQUALITY, ORDERING;
bOAM L oca ErrSymPeriodConfig;

member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)

attribute(7) oamL ocal ErrSymPeriodConfig(264)} ;

bOAM LocalErr SymPeriodConfigBEHAVIOUR

DEFINED AS
aOAML ocalErr SymPeriodEvent
WITH ATTRIBUTE SYNTAX

MATCHES FOR
BEHAVIOUR

Copyright © 2004 IEEE. All rights reserved.

See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.34;

ATTRIBUTE

|EEE802D ot3-MgmtA ttributeM odule. OAMErrorEvent;
EQUALITY, ORDERING;
bOAM L oca ErrSymPeriodEvent;
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REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamL ocal ErrSymPeriodEvent(265)} ;

bOAM LocalErr SymPeriodEvent BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.35;
aOAML ocalErr FrameConfig ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odule. OAM ErrorConf;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOAM_LocaErrFrameConfig;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamL ocal ErrFrameConfig(266)} ;

bOAM LocalErr FrameConfig BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.36;
aOAML ocal Err FrameEvent ATTRIBUTE
WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmtA ttributeM odule. OAMErrorEvent;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOAM Loca ErrFrameEvent;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamL ocal ErrFrameEvent(267)} ;

bOAM LocalErrFrameEvent BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.37;

aOAML ocalErr FramePeriodConfig ATTRIBUTE

WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odule. OAM ErrorConf;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAM L oca ErrFramePeriodConfig;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamL ocal ErrFramePeriodConfig(268)} ;

bOAM LocalErrFramePeriodConfigBEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.38;
aOAM L ocalErr FramePeriodEvent ATTRIBUTE
WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmtA ttributeM odule. OAMErrorEvent;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAM Loca ErrFramePeriodEvent;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamL ocal ErrFramePeriodEvent(269)} ;

bOAM LocalErr FramePeriodEventBEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.39;
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aOAML ocalErr FrameSecsSummar yConfigAT TRIBUTE

WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odule. OAMErrorConf;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAM L ocal ErrFrameSecsSummaryConfig;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamL ocal ErrFrameSecsSummaryConfig(270)} ;

bOAM L ocalErr FrameSecsSummaryConfigBEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.40;

aOAML ocal Err FrameSecsSummar yEventATTRIBUTE

WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmtA ttributeM odule. OAMErrorEvent;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAM L ocal ErrFrameSecsSummaryEvent;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamL ocal ErrFrameSecsSummaryEvent(271)} ;

bOAM L ocalErr FrameSecsSummaryEventBEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.41;
aOAM RemoteErr SymPeriodEvent ATTRIBUTE
WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmtA ttributeM odule. OAMErrorEvent;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOAM RemoteErrSymPeriodEvent;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamRemoteErrSymPeriodEvent(272)} ;

bOAM RemoteErr SymPeriodEventBEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.42;
aOAMRemoteErr FrameEvent ATTRIBUTE
WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmtA ttributeM odule. OAMErrorEvent;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOAM RemoteErrFrameEvent;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) oamRemoteErrFrameEvent(273)} ;

bOAMRemoteErr FrameEvent BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.43;

aOAMRemoteErr FramePeriodEvent ATTRIBUTE

WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odule. OAMErrorEvent;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bOAM RemoteErrFramePeri odEvent;
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REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamRemoteErrFramePeriodEvent(274)} ;

bOAM RemoteErr FramePeriodEventBEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.44;

aOAMRemoteErr FrameSecsSummaryEventATTRIBUTE

csmacdmgt(30)

WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odule. OAMErrorEvent;

MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOAM RemoteErrFrameSecsSummaryEvent;
REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) oamRemoteErrFrameSecsSummaryEvent(275)} ;
bOAM RemoteErr FrameSecsSummaryEventBEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.45;
aFramesL ostDueToOAM Error ATTRIBUTE
DERIVED FROM aCM  Counter;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bFramesL ostDueToOAMEtrror;
REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
attribute(7) framesLostDueTOOAMError(276)} ;
bFramesL ostDueToOAMError BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.1.46;

30A.20.3 OAM actions
acOAMAdminControl ACTION

BEHAVIOUR bOAMAdminControl;
MODE CONFIRMED;

csmacdmgt(30)

csmacdmgt(30)

WITH INFORMATION SYNTAX |EEE802D ot3-M gmtA ttributeM odul e.AdminState;
REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)

action(9) oamAdminControl(15)};
bOAM AdminControl BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.3.6.2.1;

30A.21 PAF managed object class

30A.21.1 PAF formal definition
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oPAF MANAGED OBJECT CLASS
DERIVED FROM “CCITT Rec. X.721 (1992) | ISO/IEC 10165-2: 1992" :top;
CHARACTERIZED BY
pPAFBasic PACKAGE
ATTRIBUTES aPAFID GET,
aPhyEnd GET,
aPHY CurrentStatus GET,
aPAFSupported GET,;

CONDITIONAL PACKAGES
pPAFAggregation PACKAGE
ATTRIBUTES aPAFAdminState
al ocal PAFCapacity
al ocalPMEAvailable
al ocalPMEAggregate
aRemotePAFSupported
aRemotePA FCapacity
aRemotePM EA ggregate

REGISTERED AS{iso(1) member-body(2)
csmacdmgt(30) package(4) paf Aggregation(38)};

GET-REPLACE,
GET,
GET,
GET,
GET,
GET,
GET;

ieee802d0t3(10006)

PRESENT IF  The PAF aggregation capability isimplemented.;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006)
managedObjectClass(3) pafObjectClass(24)} ;

NbPAF-PHY Entity NAME BINDING
SUBORDINATE OBJECT CLASS OoPAF;
NAMED BY SUPERIOR OBJECT CLASS OPHY Entity;
WITH ATTRIBUTE aPAFID;

csmacdmgt(30)

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30) name-

Binding(6) paf-phyEntity(39)}:

aPAFID ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odule.OneOfName;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bPAFID;
REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) paflD(344)};
bPAFID BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS" in 30.11.1.1.1;
aPhyEnd ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtAttributeM odule.PHY End;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bPhyENd;
REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) phyEnd(326)} ;
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bPhyEnd BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS” in 30.11.1.1.2;
aPHY CurrentStatus ATTRIBUTE
WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmtA ttributeM odule.PHY CurrentState;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bPHY CurrentStatus;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) phyCurrentStatus(296)} ;

bPHY CurrentStatus BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS" in 30.11.1.1.3;
aPAFSupported ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtAttributeM odul e. TrueFal se;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bPAFSupported;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) pAFSupported(304)} ;

bPAFSupported BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’" in 30.11.1.1.4;
aPAFAdminState ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odul e.PortAdminState;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bPAFAdminState;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) pAFAdminState(305)} ;

bPAFAdminState BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.1.1.5;
al ocalPAFCapacity ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtAttributeM odul e.l nteger8;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bL ocal PAFCapacity;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) local PAFCapacity(327)} ;

bL ocalPAFCapacity BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.1.1.6;
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aLocalPMEAvailable ATTRIBUTE

WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmitA ttributeM odul e.l nteger32;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR bLoca PMEAvailable;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) local PMEAvail able(306)} ;

bL ocalPM EAvailable BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.1.1.7,
al ocalPM EAggregate ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odul e.I nteger32;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bL ocal PMEA ggregate;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) local PMEAggregate(307)} ;

bL ocalPM EAggregate BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS” in 30.11.1.1.8;
aRemotePAFSupported ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmtAttributeM odule. TrueFal se;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bRemotePA FSupported,;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) remotePAFSupported(328)} ;

bRemotePAFSupported BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.1.1.9;
aRemotePAFCapacity ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtAttributeM odul e.l nteger8;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bRemotePA FCapacity;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) remotePAFCapacity(329)} ;

bRemotePAFCapacity BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.1.1.10;
aRemotePM EAggregate ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odul e.l nteger32;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bRemotePM EAggregate;
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REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) remotePMEA ggregate(310)} ;

bRemotePM EAggregate BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.1.1.11;

30A.22 PME managed object class

30A.22.1 PME formal definition

oPME MANAGED OBJECT CLASS
DERIVED FROM “CCITT Rec. X.721 (1992) | ISO/IEC 10165-2: 1992" :top;
CHARACTERIZED BY
pPMEBasic PACKAGE
ATTRIBUTES aPMEID GET,

aPMEAdminState GET-REPLACE,
aPMEStatus GET,
aPMESNRMgn GET,
arCCodingViolations GET,
aProfileSelect GET-REPLACE,
aOperatingProfile GET,
aPMEFECCorrectedBlocks GET,
aPM EFECUncorrectableBlocks GET;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
managedObjectClass(3) pmeObjectClass(25)} ;

nbPME-PAF NAME BINDING
SUBORDINATE OBJECT CLASS OoPME;
NAMED BY SUPERIOR OBJECT CLASS oPAF;
WITH ATTRIBUTE aPAFID;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30) name-
Binding(6) pme-paf (40)};

aPMEID ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-M gmtA ttributeM odule.OneOfName;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bPMEID;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) pmelD(330)} ;

bPMEID BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.2.1.1;
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aPMEAdminSate ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odul e. PortAdminState;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bPMEAdminState;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) pmeAdminState(345)} ;

bPMEAdminState BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.2.1.2;
aPMESatus ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-M gmtA ttributeM odul e. PM EStatus;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bPM EStatus;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) pmeStatus(346)} ;

bPM EStatus BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.2.1.3;
aPMESNRMgn ATTRIBUTE
WITH ATTRIBUTE SYNTAX |EEE802D ot3-MgmtA ttributeM odul e.l ntegers8;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bPMESNRMgn;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) pmeSNRMgn(331)};

bPMESNRMgn BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.2.1.4;
aTCCodingViolations ATTRIBUTE
DERIVED FROM aCM Counter;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bTCCodingViolations;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) tcCodingViolations(332)} ;

bTCCodingViolations BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.2.1.5;
aProfileSelect ATTRIBUTE
WITH ATTRIBUTE SYNTAX | EEE802D ot3-MgmtA ttributeM odule. PM EProfile;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bProfileSelect;
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REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) profileSel ect(347)} ;

bProfileSel ect BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.2.1.6;
aOperatingProfile ATTRIBUTE
WITH ATTRIBUTE SYNTAX IEEE802D ot3-M gmtA ttributeM odule.PM EOperatingProfil e;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR bOperatingProfile;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) operatingProfile(348)} ;

bOperatingProfile BEHAVIOUR
DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.2.1.7;
aPMEFECCorrectedBlocks ATTRIBUTE
DERIVED FROM aCMCounter;
MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bPM EFECCorrectedBlocks;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) pmeFECCorrectedBlocks(349)} ;

bPM EFECCorrectedBlocks BEHAVIOUR

aPM

bPM

166

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.2.1.8;
EFECUncorrectableBlocks ATTRIBUTE

DERIVED FROM aCMCounter;

MATCHES FOR EQUALITY, ORDERING,;
BEHAVIOUR bPMEFECUncorrectableBlocks;

REGISTERED AS {iso(1) member-body(2) us(840) ieee802dot3(10006) csmacdmgt(30)
attribute(7) pmeFECUncorrectableBlocks(350)} ;

EFECUncorrectableBlocks BEHAVIOUR

DEFINED AS See “BEHAVIOUR DEFINED AS’ in 30.11.2.1.9;
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Annex 30B

(normative)

GDMO and ASN.1 definitions for management

30B.2 ASN.1 module for CSMA/CD managed objects

Change the following ASN.1 definitions of the ASN.1 module:
PhyTypeValue::= ENUMERATED {

other (D), --undefined

unknown (2), --initiaizing, true state or type not yet known

none 3, --MII present and nothing connected

10 Mb/s (), --Clause 7 10 Mb/s Manchester

100BASE-T4 (23), --Clause 23100 Mb/s8B/6T

100BASE-X (24), --Clause24 100 Mb/s4B/5B

100BASE-T2 (32), --Clause 32 100 Mb/s PAM5x5

1000BASE-X (36), --Clause 36 1000 Mb/s 8B/10B

1000BASE-T (40) --Clause 40 1000 Mb/s 4D-PAM5

10GBASE-X (48) --Clause 48 10 Gh/s 4

10GBASE-R (49) --Clause 49 10 Gb/s 64B/66B

10GBASE-W (50), --—-Clause 49 10 Gh/s 64B/66B and Clause 50 WIS

10PASS-TS (62), --Clause61 2.5 Mb/sto 100 Mb/s 64/65-octet

2BASE-TL (63) --Clause 61 0.5 Mb/s to 5.5 Mb/s 64/65-octet

}

TypeValue::= ENUMERATED {

global (0), --undefined

other (D), --undefined

unknown (2), --initializing, true state not yet known

AUI (7), --no internal MAU, view from AUI

2BASE-TL (63). --Voicegrade UTP PHY as specified in Clause 61 and 63

10BASE5S (8), --Thick coax MAU as specified in Clause 8

FOIRL (9), --FOIRL MAU as specified in 9.9

10BASE2 (10),  --Thin coax MAU as specified in Clause 10

10BROAD36 (11), --Broadband DTE MAU as specified in Clause 11

10BASE-T (14), --UTP MAU as specified in Clause 14, duplex mode
unknown

10BASE-THD (141), --UTP MAU as specified in Clause 14, half duplex mode

10BASE-TFD (142), --UTP MAU as specified in Clause 14, full duplex mode

10PASS-TS (62)., --Voicegrade UTP PHY as specified in Clause 61 and 62

10BASE-FP (16),  --Peassivefiber MAU as specified in Clause 16

10BASE-FB (17),  --Synchronousfiber MAU as specified in Clause 17

10BASE-FL (18),  --Asynchronous fiber MAU as specified in Clause 18, duplex
mode unknown

10BASE-FLHD (181), --Asynchronous fiber MAU as specified in Clause 18, half
duplex mode

10BASE-FLFD (182), --Asynchronous fiber MAU as specified in Clause 18, full
duplex mode

100BASE-T4 (23), --Four-pair Category 3 UTP as specified in Clause 23

100BASE-TX (25), --Two-pair Category 5 UTP as specified in Clause 25, duplex
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mode unknown
100BASE-TXHD (251), --Two-pair Category 5 UTP as specified in Clause 25, half
duplex mode
100BASE-TXFD (252), --Two-pair Category 5 UTP as specified in Clause 25, full
duplex mode
100BASE-BX10D (581), --One-fiber OLT PHY as specified in Clause 58
100BASE-BX10U (582), --One-fiber ONU PHY as specified in Clause 58
100BASE-FX (26), --X fiber over PMD as specified in Clause 26, duplex mode
unknown
100BASE-FXHD (261), --Xfiber over PMD as specified in Clause 26, half duplex mode
100BASE-FXFD (262), --X fiber over PMD asspecified in Clause 26, full duplex mode
100BASE-LX10 (58), --Two-fiber PHY as specifiedin Clause 58
100BASE-T2 (32), --Two-pair Category 3 UTP as specified in Clause 32, duplex
mode unknown
100BASE-T2HD (321), --Two-pair Category 3 UTP as specified in Clause 32, half
duplex mode
100BASE-T2FD (322), --Two-pair Category 3 UTP as specified in Clause 32, full
duplex mode
1000BASE-X (36), --X PCS/PMA as specified in Clause 36 over unknown PMD,
duplex mode unknown
1000BASE-BX10D (591), --One-fiber OLT PHY as specified in Clause 59
1000BASE-BX 10U (592), --One-fiber ONU PHY as specified in Clause 59
1000BASE-XHD (361), --X PCS/PMA as specifiedin Clause 36 over unknown PMD,
half duplex mode
1000BASE-XFD (362), --X PCS/PMA as specifiedin Clause 36 over unknown PMD,
full duplex mode
1000BASE-LX (381), --X fiber over long-wavelength laser PMD as specified in
Clause 38, duplex mode unknown
1000BASE-LXHD (382), --X fiber over long-wavelength laser PMD as specified in
Clause 38, half duplex mode
1000BASE-LXFD (383), --X fiber over long-wavelength laser PMD as specified in
Clause 38, full duplex mode
1000BASE-LX10 (59), --Two-fiber 10 km PHY as specified in Clause 59
1000BA SE-PX 10D (601), --One-fiber OMPOLT 10 km PHY as specified in
Clause 60
1000BA SE-PX 10U (602), --One-fiber OMP ONU 10 km PHY as specified in
Clause 60
1000BA SE-PX 20D (603), --One-fiber OMPOLT 20 km PHY as specified in
Clause 60
1000BA SE-PX 20U (604), --One-fiber OMP ONU 20 km PHY as specified in
Clause 60
1000BASE-SX (384), --X fiber over short-wavelength laser PMD as specified in
Clause 38, duplex mode unknown
1000BASE-SXHD (385), --X fiber over short-wavelength laser PMD as specified in
Clause 38, half duplex mode
1000BASE-SXFD (386), --X fiber over short-wavelength laser PMD as specified in
Clause 38, full duplex mode
1000BASE-CX (39), --X copper over 150-Ohm balanced cable PMD as specified in
Clause 39, duplex mode unknown
1000BASE-CXHD (391), --X copper over 150-Ohm balanced cable PMD as specified in
Clause 39, half duplex mode
1000BASE-CXFD (392), --X copper over 150-Ohm balanced cable PMD as specified in

Clause 39, full duplex mode
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1000BASE-T (40),
1000BASE-THD (401),
1000BASE-TFD (402),
10GBASE-X (48),
10GBASE-LX4 (481),
10GBASE-CX4 (482),
10GBASE-R (49),
10GBASE-ER (491),
10GBASE-LR (492),
10GBASE-SR (493),
10GBASE-W (50),
10GBASE-EW (501),
10GBASE-LW (502),
10GBASE-SW (503),
802.9a (99)

}

DeferControl::= ENUMERATED {

unknown (D),
defer control off (2),
defer control on (©)]
}

FECMode::= ENUMERATED {
unknown (),
supported (2),
not supported (©)
}

Integer8::= INTEGER (0..2"8-1)
Integer16::= INTEGER (0..2"16-1)
Integer48::= INTEGER (0..2"48-1)
Integer64::= INTEGER (0..2"64-1)
MPCPMode::= ENUMERATED {

OLT (1),
ONU (2
}

MPCPRegState::= ENUMERATED {
unregistered (D),
registering (2),
registered 3
}

IEEE
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--Four-pair Category 5 UTP PHY as specified in Clause 40,

duplex mode unknown

--Four-pair Category 5 UTP PHY as specified in Clause 40,

half duplex mode

--Four-pair Category 5 UTP PHY as specified in Clause 40,

full duplex mode

--X PCS/PMA as specified in Clause 48 over undefined PMD

--X fibre over WWDM optics as specified in Clause 53

--X copper over 8 pair 100-Ohm balanced cable as specified in

Clause 54

--R PCS/PMA as specified in Clause 49 over undefined PMD

--R fibre over 1550nm optics as specified in Clause 52

--R fibre over 1310nm optics as specified in Clause 52

--R fibre over 850nm optics as specified in Clause 52

--W PCS/PMA as specified in Clauses 49 and 50 over
undefined PMD

--W fibre over 1550nm optics as specified in Clause 52

--W fibre over 1310nm optics as specified in Clause 52

--W fibre over 850nm optics as specified in Clause 52

--Integrated services MAU as specified in IEEE Std 802.9
ISLAN-16T

Insert the following ASN.1 definitions into the ASN.1 module, in appropriate al phabetic sequence:

--defer control mode unknown
--defer control mode disabled
--defer control mode enabled

--initializing, true state not yet known
--FEC supported
--FEC not supported

--8 bit value

--16 bit value
--48 bit value
--64 bit value

--sublayer operating in OLT mode
--sublayer operating in ONU mode

--unregistered
--registering
--registered

OAMConfig::= BIT STRING (SIZE (5))
OAMDiscoveryState::= ENUMERATED {
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link fault (D,
active send local (2),
passive wait 3,
send local remote 4,
send any (5)
}

OAMErrorConf::= SEQUENCE {
OAMEventWindow [1] Integer64,
OAMEventThreshold [2] Integer64
}

OAMErrorEvent::= SEQUENCE {
OAMEventTimeStamp [1] Integerl6,
OAMEventWindow [2] Integer64,
OAMEventThreshold  [3] Integer64,
OAMErrors [4] Integer64,
OAMErrorRunTotal [5] Integer64,
OAMEventRunTotal [6] Integer32
}

OAMFlagsField::= BIT STRING (SIZE (7))
OAMMode::= ENUMERATED {

passive (D), --passive
active 2 --active
}

OAMState::= BIT STRING (SIZE (3))
OMPEmulationType::= ENUMERATED {

unknown (D), --Initializing, true state or type not yet known
OLT (2), --Sublayer operating in OLT mode
ONU 3 --Sublayer operating in ONU mode
}
OUl::= OCTETSTRING -- Length 3 octets
PHY CurrentState::= ENUMERATED {
noPM EAssigned (D, --no PME assigned in case of PME aggregation
lossOfFraming (2), --one or more PME in aggregation indicates Loss of Framing
lossOf Signal 3, --one or more PME in aggregation indicates Loss of Signal
lossOf Power (4), --one or more PME in aggregation indicates L oss of Power,
10PASS-TS only
configlnitFailure (5), --configuration initialization failure
noPeerPM EPresent (6), --one or more PME in aggregation indicates no peer PME
present
snrMarginViolation (), --one or more PME in aggregation indicates SNR Margin
Violation
lineAttenViolation 8 --one or more PME in aggregation indicates Loop Attenuation
Violation
}
PHY End::= ENUMERATED {
subscriber (D), --Subscriber mode of operation
office 2 --Office mode of operation
}

PMEOperatingProfile::= SEQUENCE {
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PMEProfileState [1]
PM EProfileNumber [2]
}

PMEProfile::= SEQUENCE {
profilel [1]
profile2 [2]
profile3 [3]
profiled4 [4]
profiled4 [5]
profiled4 [6]
}

PMEProfileState::= ENUMERATED {
no link (D),
match (2),
no match 3,
activate failure 4
}

PMEStatus::= ENUMERATED {
down not ready (D),
down ready (2),
initializing 3,
10PASS-TS (4),
2BASE-TL (5)
}
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PMEProfileState,
Integer8

Integer8,
Integer8,
Integer8,
Integer8,
Integer8,
Integer8

--link is not up

--link up using a profile
--link up not using a profile
--link activate failure

--link is down, not ready
--link is down, ready
--link isinitializing

--link isup as 10PASS-TS
--link isup as 2BASE-TL

171



|IEEE
Std 802.3ah-2004 AMENDMENT TO IEEE Std 802.3

172 Copyright © 2004 IEEE. All rights reserved.



CSMA/CD

Annex 31A

(normative)
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MAC Control opcode assignments

Change Annex 31A asfollows:

Table 31A—1 shows the currently defined opcode values and interpretations:

Table 31A-1—MAC Control opcodes

Opcode
(Hexadecimal)

MAC Control
function

Specified in
anhex

Value/comment

Timestamp!

a

00-00

Reserved

00-01

PAUSE

Annex 31B

Requests that the recipient stop transmitting
non-control frames for a period of time
indicated by the parameters of this function.

GATE

64

Request that the recipient allow
transmission of frames at atime, and for a

period of time indicated by the parameters
of this function.

-03

S

REPORT

R

Notify the recipient of pending transmis-

sion reguests asindicated by the parameters
of this function.

‘.8
R

REGISTER_REQ

R

Request that the station be recognized by

the protocol as participating in a gated
transmission procedure asindicated by the
parameters of this function.

REGISTER

R

Notify the recipient that the station is
recognized by the protocol as participating

in a gated transmission procedure as
indicated by the parameters of this function.

REGISTER_ACK

R

Notify the recipient that the station

acknowledges participation in a gated
transmission procedure.

00-027
through FF-FF

Reserved

&The timestamp field is generated by MAC Control and is not exposed through the client interface.

Opcodes are transmitted high-order octet first. Within each octet, bits are transmitted |east-significant bit
first. Reserved opcodes shall not be used by MAC Control sublayer entities.
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indication_operand_list for

MA_CONTROL.indication primitives for each currently defined opcode value in Table 31A-1:

Table 31A—-2—PAUSE MAC Control indications

PAUSE (opcode 0x0001)

indication_operand_list element Value Interpretation
pause_status paused Indicates that the PAUSE function isinhibiting
transmission of dataframes by the MAC client.
not_paused Indicates that the PAUSE function is not inhibiting

transmission of data frames by the MAC client.

Table 31A-3—GATE MAC Control indications

GATE (opcode 0x0002

indication_operand_list eement Value Interpretation
start 32 bit Time when transmission should be initiated.
length 16 bit Interval of time during which transmission is allowed.
status arrive Indicates that a grant has been received for future activation.
active Indicates that the GATE function is alowing transmission
of frames.
deactive Indicates that the GATE function is inhibiting transmission
of frames.
force report true The OLT expects the ONU to transmit a REPORT message
during the transmission opprtunity identified by start and
length fields.
false The OLT does not request the ONU to transmit a REPORT
message during the transmission opprtunity identified by
start and length fields.
discovery true Thisgrant is reserved for use during discovery.
false Thisgrant is not reserved for use by the discovery process,

and is available for use by all traffic.

Table 31A-4—REPORT MAC Control indications

REPORT (opcode 0x0003)

indication_operand_list eement Value Interpretation

RTT 32 bit Indicates the calculated round trip time for the station, as
calculated following the REPORT message reception.

n Integer Indicates the number of queue status reports present

report_list valid[8 Indicates whether the corresponding status element is
present when set to true.

statug[8] Indicates amount of datawaiting in the corresponding queue
including the associated transmission overhead.
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Table 31A-5—REGISTER_REQ MAC Control indications

REGISTER_REQ (opcode 0x0004)

indication_operand_list eement Value Interpretation
status incoming Indicates that a station is requesting recognition.

retry Indicates that the station should reattempt registration.
flags register Indicates that the station is requesting to register.

deregister Indicates that the station is requesting to deregister.
pending_grants Integer Indicates the maximal number of future GATES that can be

stored by the GATE function.

RTT 32 bit Indicates the calcul ated round trip time for the station, as

calculated following the REGISTER_REQ message
reception.

Table 31A—6—REGISTER MAC Control indications

REGISTER (opcode 0x0005)

indication_operand_list eement Value Interpretation
SA 48 hit MAC address of OLT to which registration is being
performed.
1D 16 bit LLID assigned by the OLT for use by the ONU.
status accepted Indicates that the requested registration is successful.
denied Indicates that the requested registration attempt is denied by
the higher-layer-entity.
deregistered Indicates that the ONU has been deregistered, i.e., the
associated LLID has been deallocated.
reregistered Indicates that the ONU is explicitly asked to re-register.

Table 31A—7—REGISTER_ACK MAC Control indications

REGISTER_ACK (opcode 0x0006)

indication_operand_list element Value Interpretation

SA 48 bit MAC address of ONU to which registration is being
performed.

1D 16 bit Indicatesthe LLID allocated to the ONU.
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Table 31A—7—REGISTER_ACK MAC Control indications

REGISTER_ACK (opcode 0x0006)
indication_operand_list element Value Interpretation
datus accepted Indicates the station has been recognized as participating in
gated transmission.
denied Indicates the station has been excluded from participating in
gated transmission.
reset Indicates the station has been reguested to resubmit a
registration request.
deregistered Indicates that the station will no longer be participating in
gated transmission.
RTT 32 bit Indicates the calculated round trip time for the station, as
calculated following the REGISTER_ACK message
reception.
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Annex 43B

(normative)

Requirements for support of Slow Protocols

43B.2 Slow Protocol transmission characteristics
Change the following section to read asfollows:

Protocols that make use of the addressing and protocol identification mechanisms identified in this Annex
are subject to the following constraints:

a) No morethan 5 10 frames shall be transmitted in any one-second period.
b)  The maximum number of Slow Protocolsis 10.

NOTE—This is the maximum number of Slow Protocols that use the specified protocol type defined here. That
is, there may be more than 10 dow protocolsin the universe, but no more than 10 may map to the same Ethernet
Length/Typefield.

¢) The MAC Client data generated by any of these protocols shall be in the normal length range for an
IEEE 802.3 MAC frame, as specified in 4.4.2. It is recommended that the maximum length for a
Slow Protocol frame be limited to 128 octets.

NOTE—The Slow Protocols specified in Clause 43 (i.e.,, LACP and Marker) conform to this recommended
maximum. The OAM protocol specified in Clause 57 may generate frames greater than 128 octets.

d) PDUs generated by these protocols shall use the Basic and not the Tagged frame format (see
Clause 3).

The effect of these restrictionsis to restrict the bandwidth consumed and performance demanded by this set
of protocols; the absolute maximum traffic loading that would result is 50 100 maximum length frames per
second per point-to-point link and 100 maximum length frames per ONU for point-to-multipoint Hak

topologies.

43B.4 Protocol identification

Change the fourth row of the following table to read as follows:

Table 43B—3—Slow Protocols subtypes

Protocol Subtype value Protocol name
0 Unused—Illega value
1 Link Aggregation Control Protocol (LACP)
2 Marker Protocol
Reserved-for-futareuse
3

Operations, Administration, and Maintenance (OAM)

Reserved for future use

Reserved for future use

Reserved for future use

Reserved for future use

Reserved for future use

©| 0 N| O g &

Reserved for future use

10 Reserved for future use
11 through 255 Unused—Illegal values
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56. Introduction to Ethernet for subscriber access networks

56.1 Overview

Ethernet for subscriber access networks, also referred to as “Ethernet in the First Mile”, or EFM, combines a
minimal set of extensionsto the |EEE 802.3 Media Access Control (MAC) and MAC Control sublayerswith a
family of Physical Layers. These Physical Layers include optical fiber and voice grade copper cable Physical
Medium Dependent sublayers (PMDs) for point to point (P2P) connections in subscriber access networks.
EFM also introduces the concept of Ethernet Passive Optical Networks (EPONSs), in which a point to
multipoint (F2MP) network topology isimplemented with passive optical splitters, along with extensionsto the
MAC Control sublayer and Reconciliation sublayer as well as optical fiber PMDs to support this topology. In
addition, a mechanism for network Operations, Administration and Maintenance (OAM) is included to
facilitate network operation and troubleshooting. 100BASE-L X 10 extends the reach of 100BA SE-X to achieve
10 km over conventional single-mode two-fiber cabling. The relationships between these EFM elements and
the ISO/IEC Open System Interconnection (OSl) reference model are shown in Figure 561 for point to point
topologies, and Figure 56-2 for point to multi-point topologies.

LAN
CSMA/CD
oSl LAYERS
REFERENCE . .
MODEL ! HIGHER LAYERS .
LAYERS
LLC - LOGIC LINK CONTROL OR OTHER MAC CLIENT
APPLICATION . OAM (OPTIONAL)
PRESENTATION MAC CONTROL (OPTIONAL)
SESSION . MAC - MEDIA ACCESS CONTROL
TRANSPORT | " RECONCILIATION
NETWORK |+
e MIl —p E
. Mil
DATALINK | CupCs —> GMIl —»
PHYSICAL cuTC 100BASE-X PCS 1000BASE-X PCY
" PMA PHY PHY PMA PHY PMA PHY
" PMD PMD PMD
", MDI—p MDI MDI —» MDI — >
2BASE-TL 100BASE-BX10 1000BASE-BX10
10PASS-TS 100BASE-LX10 1000BASE-LX10
GMIl = GIGABIT MEDIA INDEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
MDI = MEDIUM DEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE
Ml = MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
OAM = OPERATIONS, ADMINISTRATION, AND MAINTENANCE  pMD = PHYSICAL MEDIUM DEPENDENT

Figure 56—1—Architectural positioning of EFM: P2P Topologies

An important characteristic of EFM is that only full duplex links are supported. A simplified full duplex
MAC is defined in Annex 4A for use in EFM networks. P2MP applications must use this simplified full
duplex MAC. EFM Copper applications may use either this simplified full duplex MAC or the Clause 4
MAC operating in half duplex mode as described in 61.1.4.1.2. All other EFM P2P applications may use
either this smplified full duplex MAC or the Clause 4 MAC operating in full duplex mode.
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osl LAN LAN
REFERENCE CSMA/CD CSMA/CD
MODEL LAYERS LAYERS
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| LLC—LOGICAL LINK CONTROL OR LLC—LOGICAL LINK CONTROL OR
APPLICATION | || OTHER MAC CLIENT OTHER MAC CLIENT
PRESENTATION | | ©AM (OPTIONAL) OAM (OPTIONAL)
SESSION ' | MPMC—MULTI-POINT MAC CONTROL MPMC—MULTI-POINT MAC CONTROL
TRANSPORT MAC—MEDIA ACCESS CONTROL MAC—MEDIA ACCESS CONTROL
, RECONCILIATION oLt RECONCILIATION ONU(s)
NETWORK | /
!
DATALINK | GMIl —» GMII —»
PHYSICAL
Pes PHY Fes PHY
VA PMA
" PMD PMD

L MDI—» MDI —»Jj

PASSIVE OPTICAL NETWORK MEDIUM

GMIlI = GIGABIT MEDIA INDEPENDENT INTERFACE ONU = OPTICAL NETWORK UNIT

MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER

OAM = OPERATIONS, ADMINISTRATION, AND MAINTENANCE PHY = PHYSICAL LAYER DEVICE

OLT = OPTICAL LINE TERMINAL PMA = PHYSICAL MEDIUM ATTACHMENT
PMD = PHYSICAL MEDIUM DEPENDENT

Figure 56—2—Architectural positioning of EFM: P2MP Topologies

56.1.1 Summary of P2P sublayers

EFM P2P supports operation at severa different bit rates, depending on the characteristics of the underlying
medium. In the case of point to point optical fiber media, bit rates of 100 Mb/s and 1000 Mb/s are supported,
using the 100BASE-X and 1000BASE-X Physical Coding Sublayer (PCS) and Physica Medium
Attachment (PMA) sublayers defined in 66.1 and 66.2, respectively. In the case of point to point copper,
EFM supports a variety of bit rates, depending on the span and the Signal to Noise Ratio (SNR)
characteristics of the medium as described in Clauses 61 through 63. 2BASE-TL supports a nominal bit rate
of 2 Mbl/s at a nominal reach of 2700 meters?. 10PASS-TS supports a nominal bit rate of 10 Mb/s at a
nominal reach of 750 metersS.

56.1.2 Summary of P2MP sublayers
For P2MP optical fiber topologies, EFM supports a nominal bit rate of 1000 Mb/s, shared amongst the
population of Optica Network Units (ONUSs) attached to the P2MP topology. The P2MP PHY s use the

1000BASE-X Physical Coding Sublayer (PCS), the Physical Medium Attachment (PMA) sublayer defined
in Clause 65, and an optional FEC function defined in Clause 65.

56.1.2.1 Multi-Point MAC Control Protocol (MPCP)
The Multi-Point MAC Control Protocol (MPCP) uses messages, state machines, and timers, as defined in

Clause 64, to control access to a P2MP topology. Every P2MP topology consists of one Optical Line
Terminal (OLT) plus one or more ONUS, as shown in Figure 56—2. One of several instances of the MPCP in

2Refer to Annex 63B for amore detailed discussion of bit rates and reach.
SRefer to Annex 62B for amore detailed discussion of bit rates and reach.
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the OLT communicates with the instance of the MPCP in the ONU. A pair of MPCPs that communicate
between the OLT and ONU are a distinct and associated pair.

56.1.2.2 Reconciliation Sublayer (RS) and media independent interfaces

The Clause 22 RS and MII, and Clause 35 RS and GMI1, are both employed for the same purpose in EFM,
that being the interconnection between the MAC sublayer and the PHY sublayers. Extensions to the Clause
35 RS for P2MP topologies are described in Clause 65. The combination of MPCP and the extension of the
Reconciliation Sublayer (RS) for P2P Emulation alows an underlying P2MP network to appear as a
collection of point to point links to the higher protocol layers (at and above the MAC Client). It achievesthis
by prepending a Logical Link Identification (LLID) to the beginning of each data frame, replacing two
octets of the preamble. Thisis described in Clause 65. EFM Copper links use the M11 of Clause 22 operating
at 100 Mb/s. Thisisdescribedin 61.1.4.1.2.

56.1.3 Physical layer signaling systems

EFM extends the family of 100BASE-X Physical Layer signaling systems to include 100BASE-L X 10 (long
wavelength), plus the combination of the 100BASE-BX10-D (Bidirectional long wavelength Downstream)
and the 100BASE-BX10-U (Bidirectional long wavelength Upstream), as defined in Clause 58. All of these
systems employ the 100BASE-X PCS and PMA as defined in Clause 66.

EFM aso extends the family of 1000BASE-X Physical Layer signaling systems to include 1000BA SE-
LX10 (long wavelength), plus the combination of the 1000BASE-BX10-D (Bidirectional long wavelength
Downstream) and the 1000BASE-BX10-U (Bidirectional long wavelength Upstream), as defined in
Clause59. All of these systems employ the 1000BASE-X PCS and PMA as defined in Clause 66.
1000BASE-LX10 is interoperable with 1000BASE-LX on single-mode and multimode fiber, and offers
greater reach than 1000BASE-L X on single-mode fiber.

For P2MP topologies, EFM introduces afamily of Physical Layer signaling systems which are derived from
1000BASE-X, but which include extensions to the RS, PCS and PMA, along with an optional Forward Error
Correction (FEC) capability, as defined in Clause 65. The family of P2MP Physical Layer signaling systems
includes the combination of 1000BASE-PX10-D (Passive Optical Network Downstream 10 km), plus
1000BASE-PX10-U (PON Upstream 10 km), and the combination of 1000BASE-PX20-D (PON
Downstream 20 km) plus 1000BA SE-PX20-U (PON Upstream 20 km), as defined in Clause 60.

For copper cabling, EFM introduces a family of Physical Layer signaling systems. There are two distinct
signaling systems specified for copper cabling. Both of them share a set of common functions and interfaces
as described in Clause61. Clause 61 also includes an optional specification that supports combined
operation on multiple copper pairs, affording greater data rate capability for a given link span. Underlying
these functions, two Physical Layer signaling system specific PMAs and PMDs are described in Clause 62
and Clause 63. Non-loaded cable is areguirement of the signaling methods employed.

For high speed applications, the 10PASS-TS signaling system isdefined in Clause 62. 10PASS-TSrelies on
a technique referred to as Frequency Division Duplexing (FDD) to accomplish full duplex communication
on asingle wire pair. 10PASS-TS is a passband signaling system derived from the Very-high-speed Digita
Subscriber Line (VDSL) standard defined in American National Standard T1.424, using Multiple Carrier
Modulation (MCM, also referred to as Discrete Multi-Tone or DMT). This PHY supports a nominal full
duplex data rate of 10 Mb/s, hence the identifier 10PASS-TS. For the 10PASS-TS PHY, two subtypes are
defined: 10PASS-TS-O and 10PASS-TS-R. A connection can be established only between a 10PASS-TS-O
PHY on one end of the voice-grade copper line, and a 10PASS-TS-R PHY on the other end. In public
networks, a 10PASS-TS-O PHY isused at a central office (CO), a cabinet or other centralized distribution
point; a 10PASS-TS-R PHY is used at the subscriber premises. In private networks, the network
administrator will designate one end of each link as the network end. A PHY implementation may be
equipped to support both subtypes and provide means to be configured as a 10PASS-TS-O or a 10PASS-
TSR.
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For long distance applications, the 2BASE-TL signaling system is defined in Clause 63. 2BASE-TL is a
baseband signaling system derived from the Single-Pair High-Speed Digital Subscriber Line (SHDSL)
standards defined by ITU-T. The 2BASE-TL PMD supports a nomina full duplex data rate of
approximately 2 Mb/s. As is the case with the 10PASS-TS PHY, the 2BASE-TL PHY consists of two

subtypes: 2BASE-TL-O (network end) and 2BASE-TL-R (subscriber end).
System considerations for Ethernet subscriber access networks are described in Clause 67.

Specifications unique to the operation of each physical layer device are shown in Table 56-1.

Table 56-1—Summary of EFM physical layer signaling systems

Rate Nominal
Name Location Reach Medium Clause
(Mb/s)
(km)

100BASE-LX10 ONU/OLT? 100 10 Two single-mode fibers 58
100BA SE-BX10-D OLT 100 10 One single-mode fiber 58
100BA SE-BX10-U ONU

1000BASE-LX10 ONU/OLT? 1000 10 Two single-mode fibers 59

0.55 Two multimode fibers

1000BASE-BX10-D OLT 1000 10 One single-mode fiber 59
1000BASE-BX10-U ONU

1000BA SE-PX10-D OLT 1000 10 One single-mode fiber PON 60
1000BA SE-PX10-U ONU

1000BA SE-PX20-D OLT 1000 20 One single-mode fiber PON 60
1000BA SE-PX20-U ONU

10PASSTS-O cob 10° 0.75¢ One or more pairs of voice grade 62

b copper cable
10PASS TSR Subscriber
2BASE-TL-O cob 2¢ 2.7 One or more pairs of voice grade 63
b copper cable
2BASE-TL-R Subscriber
aSymmetric

BIn private networks, the network administrator will designate one end of each link as the network end.

®Nominal rate stated at the nominal reach. Rate may vary depending on plant. Refer to Annex 62B for moreinformation.

dReach may vary depending on plant. Refer to Annex 62B for further information.

®Nominal rate stated at the nominal reach. Rate may vary depending on plant. Refer to Annex 63B for moreinformation.

fReach may vary depending on plant. Refer to Annex 63B for further information.

Table 562 specifies the correlation between nomenclature and clauses. A complete implementation

conforming to one or more nomenclatures meets the requirements of the corresponding clauses.
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Table 56—2—Nomenclature and clause correlation

Clause
57 58 59 60 61| 62 | 63 | 64 65 66
e |g |8 |8 S |8
Nomenclature X% |x < X% % g 2 g s | X< ¥ a
- o = ; g g BIEEFEaoes s s
s |59 40 ) Olwo|wolo 83 U TIO|l g LE
Z HUs|4s | 0s | 8s As 8sc|Bgfesetncl gl
O |<l|<d|<|<a |2 (<0 |3 | fq<asSvo By
s g 8 8 8 B |°ssas =R 8289
S S § § § § "7 Vg A =
— — = = = =
2BASE-TL o2 M
10PASSTS (0] M| M
100BASE-LX10 (@] M M
100BASE-BX10 (0] M M
1000BASE-LX10 (0] M M
1000BASE-BX 10 (0] M M
1000BASE-PX10-D | O M M M | O M
1000BASE-PX10-U | O M M M | O
1000BASE-PX20-D | O M M M | O M
1000BASE-PX20-U | O M M M | O

80 = Optional, M = Mandatory

56.1.4 Management

Managed objects, attributes, and actions are defined for all EFM components in Clause 30. That Clause
consolidates all |EEE 802.3 management specifications so that agents can be managed by existing network
management stations with little or no modification to the agent code, regardless of the operating speed of the
network.

In addition to the management objects, attributes, and actions defined in Clause 30, EFM introduces
Operations, Administration, and Maintenance (OAM) for subscriber access networks to Ethernet. OAM, as
defined in Clause 57, includes a mechanism for communicating management information using OAM
frames, as well as functions for performing low level diagnostics on a per link basis in an Ethernet
subscriber access network.

56.1.5 Unidirectional transmission

In contrast to previous editions of 802.3, in certain circumstancesa DTE is alowed to transmit frames while
not receiving a satisfactory signal. It is necessary for a 1000BA SE-PX-D OLT to do thisto bring a PON into
operation (although it is highly inadvisable for a 1000BASE-PX-U ONU to transmit without receiving).
Clause 66 describes optional modifications to the 100BASE-X PHY, 1000BASE-X PHY and 10GBASE RS
so that a DTE may signal remote fault using OAMPDUSs. When unidirectional operation is not enabled, the
sublayersin Clause 66 are precisely the same as their equivaentsin Clause 24, Clause 36, and Clause 46.
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56.2 State diagrams

State machine diagrams take precedence over text.

The conventions of 1.2 are adopted, along with the extensions listed in 21.5.

56.3 Protocol Implementation Conformance Statement (PICS) proforma

The supplier of aprotocol implementation that is claimed to conform to any part of |EEE 802.3, Clauses 57

through 66, demonstrates compliance by completing a Protocol Implementation Conformance Statement
(PICS) proforma.

A completed PICS proforma is the PICS for the implementation in question. The PICS is a statement of
which capabilities and options of the protocol have been implemented. A PICSisincluded at the end of each

clause as appropriate. Each of the EFM PICS conforms to the same notation and conventions used in
100BASE-T (see 21.6).
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57. Operations, Administration, and Maintenance (OAM)

57.1 Overview
57.1.1 Scope

This clause defines the Operations, Administration, and Maintenance (OAM) sublayer, which provides
mechanisms useful for monitoring link operation such as remote fault indication and remote |oopback
control. In general, OAM provides network operators the ability to monitor the health of the network and
quickly determine the location of failing links or fault conditions. The OAM described in this clause
provides data link layer mechanisms that complement applications that may reside in higher layers.

OAM information is conveyed in Slow Protocol frames (see Annex 43B) called OAM Protocol Data Units
(OAMPDUSs). OAMPDUSs contain the appropriate control and status information used to monitor, test and
troubleshoot OAM-enabled links. OAMPDUSs traverse a single link, being passed between peer OAM
entities, and as such, are not forwarded by MAC clients (e.g., bridges or switches).

OAM does not include functions such as station management, bandwidth allocation or provisioning
functions, which are considered outside the scope of this standard.

For the remainder of this clause, the term OAM is specific to the link level OAM described here.
57.1.2 Summary of objectives and major concepts

This section provides detail s and functional requirements for the OAM objectives:

a) Remote Failure Indication

1) A mechanism is provided to indicate to a peer that the receive path of the local DTE is non-
operational.

2) Physical layer devices using Clause 66 may support unidirectiona operation that allows OAM
remote failure indication during fault conditions.

3) Subscriber access physical layer devices using Clause 65 support unidirectional operation in
the direction from OLT to ONU that allows OAM remote failure indication from OLT during
fault conditions.

4) Physical layer devices other than those listed above do not support unidirectional operation
allowing OAM remote failure indication during fault conditions. Some physical layer devices
have specific remote failure signaling mechanisms in the physical layer.

b) Remote Loopback—A mechanism is provided to support a data link layer frame-level loopback
mode.
c) Link Monitoring

1) A mechanism is provided to support event notification that permits the inclusion of diagnostic
information.

2) A mechanism is provided to support polling of any variable in the Clause 30 MIB.

d) Miscellaneous

1) Implementation and activation of OAM is optional.

2) A mechanism is provided that performs OAM capability discovery.

3) An extension mechanism is provided and made available for higher layer management
applications.

These objectives support a subset of the user-plane OAM requirements found in [B9] Recommendation
ITU-T Y.1730—Requirements for OAM functionsin Ethernet based networks.
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57.1.3 Summary of non-objectives

This section explicitly lists certain functions that are not addressed by OAM. These functions, while
valuable, do not fall within the scope of this standard.

a) Management functions not pertaining to a single link such as protection switching and station
management are not covered by this clause. Such functions could be addressed using the extension
mechanism.

b) Provisioning and negotiation functions such as bandwidth alocation, rate adaptation and speed/
duplex negotiation are not supported by OAM.

c) Issuesrelated to privacy of OAM data and authentication of OAM entities are beyond the scope of
this standard.

d) The ability to set/write remote MIB variables is not supported.

57.1.4 Positioning of OAM within the IEEE 802.3 architecture
OAM comprises an optional sublayer between a superior sublayer (e.g., MAC client or optional Link

Aggregation) and a subordinate sublayer (e.g., MAC or optional MAC Control sublayer). Figure 57-1
shows the relationship of the OAM sublayer to the ISO/IEC (IEEE) OSI reference model.

osl
REFERENCE LAN
MODEL CSMA/CD
LAYERS LAYERS
APPLICATION HIGHER LAYERS
PRESENTATION LLC—LOGICAL LINK CONTROL OR OTHER MAC CLIENT
SESSION OAM (OPTIONAL)

TRANSPORT MAC CONTROL (OPTIONAL)
NETWORK MAC—MEDIA ACCESS CONTROL
DATA LINK PHYSICAL LAYER
PHYSICAL

Figure 57-1—OAM sublayer relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model and the IEEE 802.3 CSMA/CD LAN model

57.1.5 Compatibility considerations

57.1.5.1 Application

OAM isintended for point-to-point and emul ated point-to-point IEEE 802.3 links. Implementation of OAM
functionality is optional. A conformant implementation may implement the optiona OAM sublayer for
some ports within a system while not implementing it for other ports.

57.1.5.2 Interoperability between OAM capable DTEs

A DTE is able to determine whether or not a remote DTE has OAM functionality enabled. The OAM

Discovery mechanism ascertains the configured parameters, such as maximum allowable OAMPDU size,
and supported functions, such as OAM remote loopback, on a given link.
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57.1.5.3 MAC Control PAUSE

MAC Control PAUSE, commonly referred to as Flow Control as defined in Annex 31B, inhibits the
transmission of all MA_DATA .request service primitives, including OAMPDUSs. This may delay or prevent
the signaling of critical events such as unrecoverable failure conditions and link faults.

57.1.5.4 Interface to MAC Control client

MAC Control clients that generate MA_CONTROL.request service primitives (and which expect
MA_CONTROL.indication service primitives in response) are not acted upon by the OAM sublayer. They
communicate directly with the MAC Control entity asthough no OAM sublayer exists.

57.1.5.5 Frame loss during OAM remote loopback

Invocations of OAM remote loopback may result in data frame loss. OAM remote loopback is an intrusive
operation that prevents a link from passing frames between the MAC client of the local DTE and the MAC
client of the remote DTE. Refer to 57.2.11 for a complete description of OAM remote loopback operation.
57.1.6 State diagram conventions

Many of the functions specified in this clause are presented in state diagram notation. All state diagrams
contained in this clause use the notation and conventions defined in 21.5. In the event of a discrepancy

between the text description and the state diagram formalization of a function, the state diagrams take
precedence.

57.2 Functional specifications
57.2.1 Interlayer service interfaces

Figure 57-2 depicts the usage of interlayer interfaces by the OAM sublayer.

‘ OAM client ‘ ‘ MAC client ‘
OAM_CTL.request T OAMPDU.request T MCF:MA_DATA.request MCF:MA_DATA.indication
) OAM_CTL.indication | OAMPDU.indication
802.3 OAM client 802.3 MAC data
service interfaces -‘- service interface

OAM sublayer

802.3 MAC data
service interface
MAC:MA_DATA.request MAC:MA_DATA.indication

MAC CONTROL (OPTIONAL)

Instances of MAC data service interface: MAC—MEDIA ACCESS CONTROL
MAC-=interface to subordinate sublayer
MCF=interface to MAC client PHYSICAL LAYER

Figure 57-2—O0AM sublayer support of interlayer service interfaces
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57.2.2 Principles of operation

OAM employs the following principles and concepts:

a) The OAM sublayer presents a standard |EEE 802.3 MAC service interface to the superior sublayer.
Superior sublayersinclude MAC client and Link Aggregation.

b) The OAM sublayer employs a standard IEEE 802.3 MAC service interface to the subordinate
sublayer. Subordinate sublayersinclude MAC and MAC Contral.

¢) Framesfrom superior sublayers are multiplexed within the OAM sublayer with OAMPDUs.

d) The OAM sublayer parses received frames and passes OAMPDUSs to the OAM client. In general,
non-OAMPDUSs are passed to the superior sublayer. When in OAM remote loopback mode, non-
OAMPDUs are looped back to the subordinate sublayer. When the peer OAM entity isin OAM
remote loopback mode, non-OAMPDUs are discarded by the OAM sublayer so that higher layer
functions (e.g., bridging) do not process the looped back frames.

e) Knowledge of the underlying physical layer device is not required by the OAM sublayer.

f) OAMPDUSs traverse a single link and are passed between OAM client entities or OAM sublayer
entities. OAMPDUs are not forwarded by OAM clients.

g) OAM is extensible through the use of an Organization Specific OAMPDU, Organization Specific
Information TLV, and Organization Specific Event TLV. These can be used for functions outside the
scope of this standard.

57.2.3 Instances of the MAC data service interface

A superior sublayer such asthe MAC client communicates with the OAM sublayer using the standard MAC
data service interface specified in Clause 2. Similarly, the OAM sublayer communicates with a subordinate
sublayer such asthe MAC Control or MAC using the same standard service interfaces.

Since this clause uses two instances of the MAC data service interface, it is necessary to introduce a notation
convention so that the reader can be clear as to which interface is being referred to at any given time. A
prefix is therefore assigned to each service primitive, indicating which of the two interfaces is being
invoked, as depicted in Figure 57-2. The prefixes are as follows:
a) MCEF;, for primitives issued on the interface between the superior sublayer and the OAM sublayer
(MCF is an abbreviation for MAC client frame)
b) MAC:, for primitives issued on the interface between the underlying subordinate sublayer (e.g.,
MAC) and the OAM sublayer

57.2.4 Responsibilities of OAM client

The OAM client plays an integral role in establishing and managing OAM on a link. The OAM client
enables and configures the OAM sublayer entity. During the OAM Discovery process (see 57.3.2.1), the
OAM client monitors received OAMPDUSs from the remote DTE and based upon local and remote state and
configuration settings allows OAM functionality to be enabled on the link.

After OAM has been established, the OAM client is responsible for adhering to the OAMPDU response
rules. For example, the OAM client does not respond to illegal requests such as Variable Request and
Loopback Control OAMPDUSs from Passive DTEs. The OAM client is also expected to manage the OAM
remote loopback mode (see 57.2.11). It does so by reacting to particular OAMPDUs and atering local
configuration parameters.

Link events are signalled between peer OAM client entities. The OAM client transfers events by sending

and receiving particular OAMPDUS. To increase the likelihood that a specific event is received by the
remote DTE, the OAM client may send the event multiple times.
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57.2.5 OAM client interactions

The OAM sublayer entity communicates with the OAM client using the following new interlayer service
interfaces:

OAMPDU.request

OAMPDU.indication

OAM_CTL.request

OAM_CTL.indication

The OAMPDU.request, OAMPDU.indication, OAM_CTL.request and OAM_CTL.indication service
primitives described in this subclause are mandatory.

57.2.5.1 OAMPDU.request

57.2.5.1.1 Function

This primitive defines the transfer of data from an OAM client entity to apeer OAM client entity.
57.2.5.1.2 Semantics of the service primitive

The semantics of the primitive are asfollows:

OAMPDU.request (
source_address,
flags,
code,
data

)
The source_address parameter specifies an individual MAC address. The flags parameter is used to create
the Flags field within the OAMPDU to be transmitted. Only the indications corresponding to the Flags field
bits 15:3 are contained in the flags parameter since the indications corresponding to Flags field bits 2:0 are
contained in the OAM_CTL .request service primitive. The code parameter is used to create the Code field

within the OAMPDU to be transmitted. The data parameter is used to create the Data field within the
OAMPDU to be transmitted.

57.2.5.1.3 When generated

This primitive is generated by the OAM client entity whenever an OAMPDU is to be transferred to a peer
entity. This can bein response to arequest from the peer entity or from data generated internally to the OAM
client.

57.2.5.1.4 Effect of receipt

The receipt of this primitive will cause the OAM sublayer entity to insert al OAMPDU specific fields,
including DA, SA, Length/Type and Subtype, and pass the properly formed OAMPDU to the lower protocol
layers for transfer to the peer OAM client entity according to the transmit rules as described in 57.3.2.2.6.
57.2.5.2 OAMPDU.indication

57.2.5.2.1 Function

This primitive defines the transfer of data from an OAM sublayer entity to an OAM client entity.
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57.2.5.2.2 Semantics of the service primitive
The semantics of the primitive are asfollows:

OAMPDU.indication (
source_address,
flags,
code,
data

)

The source_address parameter is the MAC source address of the incoming OAMPDU. The flags parameter
is the entire Flags field of the incoming OAMPDU. The code parameter is the Code field of the incoming
OAMPDU. The data parameter is the Datafield of the incoming OAMPDU.

57.2.5.2.3 When generated

This primitive is passed from the OAM sublayer entity to the OAM client entity to indicate the arrival of an
OAMPDU to the local OAM sublayer entity that is destined for the OAM client. Such OAMPDUSs are
reported only if they are validly formed and received without error.

57.2.5.2.4 Effect of receipt

The effect of receipt of this primitive by the OAM client is unspecified.
57.2.5.3 OAM_CTL.request

57.2.5.3.1 Function

This primitive defines the transfer of control information from an OAM client entity to an OAM sublayer
entity.

57.2.5.3.2 Semantics of the service primitive
The semantics of the primitive are asfollows:

OAM_CTL.request (
local_unidirectional,
local_link_status,
local_dying_gasp,
local_critical_event,
loca_satisfied,
remote_state valid,
remote_stable,
local_mux_action,
local_par_action,
information_data

)

When set, the local_undirectional parameter is used to indicate the sending station supports transmission of
OAMPDUs on unidrectional links as supported by some physical coding layers (see 57.2.12).

Thelocal_link_status, local_dying_gasp, and local_critical_event parameters are used to indicate immediate
event situations that should be transmitted to the peer OAM entity. The local_link_status parameter is used
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to convey the status of the link as determined by the underlying physical layer. When set to FAIL, the
local_link_status parameter will cause the OAM sublayer entity to transmit an Information OAMPDU with
the Link Fault bit of the Flagsfield set and no Information TLVs. Theloca _dying_gasp parameter is used to
signal a local unrecoverable failure condition. When set, the loca_dying_gasp parameter will cause the
OAM sublayer to transmit an Information OAMPDU with the Dying Gasp bit of the Flags field set. The
local_critical_event parameter is used to signal an unspecified critical link event condition. When set, the
local_critical_event parameter will cause the OAM sublayer to transmit an Information OAMPDU with the
Critical Event bit of the Flags field set.

The local_satisfied, remote_state valid, and remote_stable parameters are used in the Discovery process.

The local_satisfied parameter is set by the OAM client as a result of comparing its local configuration and
the remote configuration found in the received Local Information TLV (see 57.3.2.1).

The loca_mux_action and local_par_action parameters are used to control the state of the Multiplexer and
Parser functions of the OAM sublayer (see 57.3.3 and 57.3.4).

The information_data parameter contains the Local Information TLV fields, and, if available, the Remote
Information and Organization Specific Information TLV fields, to be included in Information OAMPDUSs
generated by the Transmit process (see 57.3.2.2).

57.2.5.3.3 When generated

This primitive is passed from the OAM client entity to the OAM sublayer to update control information.
57.2.5.3.4 Effect of receipt

The receipt of this primitive will cause the OAM sublayer to generate Information OAMPDUs or update
specific fields of future Information OAMPDUSs. Also, OAM functions will be re-evaluated based upon any
changing control information.

57.2.5.4 OAM_CTL.indication
57.2.5.4.1 Function

This primitive defines the transfer of control information from an OAM sublayer entity to an OAM client
entity.

57.2.5.4.2 Semantics of the service primitive
The semantics of the primitive are asfollows:

OAM_CTL.indication (
local_pdu,
local_stable,
local_lost_link_timer_done

)

The local_pdu and local_stable parameters are used by the OAM sublayer to indicate to the OAM client
state information in the Discovery process (see 57.3.2.1). Thelocal_lost_link_timer_done parameter is used
to convey the expiration of the local_lost_link_timer.
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57.2.5.4.3 When generated

This primitive is passed from the OAM sublayer entity to the OAM client entity to indicate local state
information has changed.

57.2.5.4.4 Effect of receipt
The effect of receipt of this primitive by the OAM client is unspecified.
57.2.6 Instances of the OAM internal service interface

The OAM sublayer communicates internally using the OAM internal service interface. Since two instances
of the OAM internal service interface are used, it is necessary to introduce a notation convention so that the
reader can be clear as to which interface is being referred to at any given time. A prefix istherefore assigned
to each service primitive, indicating which of the two interfaces is being invoked (see Figure 57-3). The
prefixes are as follows:

a) LBF:, for primitives issued on the interface between the Parser and the Multiplexer (LBF is an
abbreviation for Loopback frame).

b) CTL:, for primitivesissued on the interface between the Control and other OAM functions (CTL is
an abbreviation for Control function).
57.2.7 Internal block diagram

Figure 57-3 depicts the major blocks within the OAM sublayer and their interrel ationships.

OAM_CTL.request T OAMPDU.request T MCF:MA_DATA.request MCF:MA_DATA.indication
) OAM_CTL.indication | OAMPDU.indication
802.3 OAM client 802.3 MAC data
service interfaces service interface
4 \ 4
MAC client frames
Control
OAMPDUs
CTL:OAMI.request CTL:OAML.indication
LBF:OAMI.request
loopback
\ 4 frames
Multiplexer Parser
OAM sublayer A
802.3 MAC data
service interface
MAC:MA_DATA.request  MAC:MA_DATA.indication
v |
Instances of OAM internal service interfaces: Instances of MAC data service interface:
CTL:OAML.indication = Passes OAMPDUSs to OAM Control MAC=interface to subordinate sublayer
CTL:OAMI.request = Passes OAMPDUSs to Multiplexer MCF=interface to MAC client

LBF:OAML.request = Passes loopback frames to Multiplexer

Figure 57-3—OAM sublayer block diagram
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57.2.8 OAM internal interactions

The OAM sublayer entity employs the following new internal service interfaces.
OAMI.request
OAMI.indication

The OAMI .request and OAM .indication service primitives described in this subclause are mandatory.
57.2.8.1 OAMl.request
57.2.8.1.1 Function
This primitive defines the transfer of frames to the Multiplexer function internal to the OAM sublayer.
57.2.8.1.2 Semantics of the service primitive
The semantics of the primitive are asfollows:
OAMI.request (

destination_address,

source_address,

oam_service_data unit,

frame_check _sequence

)
The destination_address parameter specifies the Slow Protocols Multicast Address. The source address
parameter must specify an individual MAC address. The oam_service_data unit parameter specifies the
OAM service data unit to be transmitted within the OAM sublayer entity. This parameter includes the
Length/Type, Subtype, Flags, Code and Data/Pad fields. There is sufficient information associated with the
oam_service data unit for the OAM sublayer entity to determine the length of the data unit. The
frame_check _sequence parameter, if present, must specify the frame check sequence field for the frame (see
3.2.8).
57.2.8.1.3 When generated
This primitive is generated by the Parser function whenever a frame is intended to be looped back to the
remote DTE viathe Multiplexer function. This primitive is also generated by the Control function whenever

an OAMPDU is to be conveyed to the peer OAM entity via the Multiplexer function, interna to the OAM
sublayer.

57.2.8.1.4 Effect of receipt

The receipt of this primitive will cause the Multiplexer function to pass the properly formed frame, subject
to Figure 57—7, to the subordinate sublayer viathe MAC data service interface (see 57.2.3).

57.2.8.2 OAMIl.indication
57.2.8.2.1 Function

This primitive defines the transfer of frames to the Control function internal to the OAM sublayer.
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57.2.8.2.2 Semantics of the service primitive
The semantics of the primitive are asfollows:

OAML.indication (
destination_address,
source_address,
oam_service_data _unit,
frame_check_sequence,
reception_status
)

The destination_address parameter is the Slow Protocols Multicast Address as specified by the DA field of
the incoming frame. The source_address parameter is an individual address as specified by the SA field of
the incoming frame. The oam_service_data_unit parameter specifies the OAM service data unit as received
by the internal OAM function. The frame_check_sequence parameter, if present, is the cyclic redundancy
check value (see 3.2.8) as specified by the FCSfield of the incoming frame. The reception_status parameter
is used to pass status information to the internal OAM function. Values for the reception_status parameter
can befoundin 4.3.2.

57.2.8.2.3 When generated

Thisprimitive is generated whenever the Parser function intends to pass a received OAMPDU to the Control
function, internal to the OAM sublayer. Frames are reported only if they are validly formed and received
without error.

57.2.8.2.4 Effect of receipt

The receipt of this primitive will cause the Control function to update internal state variables and pass the
OAMPDU to the OAM client viathe OAMPDU.indication service primitive (see 57.2.5.2).

57.2.9 Modes
DTEs incorporating the OAM sublayer support Active and/or Passive mode. When OAM is enabled, aDTE
capable of both Active and Passive modes shall select either Active or Passive. Table 57-1 contains the

behaviour of Active and Passive mode DTEs.

Table 57-1—Active and passive mode behaviour

Capability Active DTE Passive DTE
Initiates OAM Discovery process Yes No
Reactsto OAM Discovery process initiation Yes Yes
Required to send Information OAMPDUs Yes Yes
Permitted to send Event Notification OAMPDUs Yes Yes
Permitted to send Variable Request OAMPDUs Yes No
Permitted to send Variable Response OAMPDUs Yes? Yes
Permitted to send Loopback Control OAMPDUs Yes No
Reacts to L oopback Control OAMPDUs Yes? Yes
Permitted to send Organization Specific OAMPDUs Yes Yes

8Requires the peer DTE to bein Active mode.
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57.2.9.1 Active mode

DTEs configured in Active mode initiate the exchange of Information OAMPDUs as defined by the
Discovery state diagram (see Figure 57-5). Once the Discovery process completes, Active DTEs are
permitted to send any OAMPDU while connected to a remote OAM peer entity in Active mode. Active
DTEs operate in alimited respect if the remote OAM entity is operating in Passive mode (see Table 57-1).
Active devices should not respond to OAM remote loopback commands and variable requests from a
Passive peer.

57.2.9.2 Passive mode

DTEs configured in Passive mode do not initiate the Discovery process. Passive DTEs react to the initiation
of the Discovery process by the remote DTE. This eliminates the possibility of passive to passive links.
Passive DTEs shall not send Variable Request or Loopback Control OAMPDUSs.

57.2.10 OAM events

OAM defines a set of events that may impact link operation. OAM contains mechanisms to communicate
such events to the remote DTE. The following sections provide an overview of these events and
mechanisms.

57.2.10.1 Critical link events

Table 57-2 lists the defined critical link events. Critical link events are carried within the Flags field of each
OAMPDU. Refer to 57.4.2.1 for the definition and encoding of the Flags field.

Table 57-2—~Critical link event

Critical link event Description
Link fault The PHY has determined a fault has occurred in the receive direction of
theloca DTE.
Dying gasp An unrecoverable local failure condition has occurred.
Critical event An unspecified critical event has occurred.

NOTE—The definition of the specific faults comprising the Critical Event, Dying Gasp, and Link Fault flagsis
implementation specific and beyond the scope of this standard.

57.2.10.2 Link events

Link events are signaled via Link Event TLVs that are defined in 57.5.3. Examples of link events include
Errored Symbol Period Event and Errored Frame Event.

57.2.10.3 Local event procedure
Local events are communicated to the remote DTE via one of two mechanisms described below:

a) Critica link events, defined in 57.2.10.1, are communicated to the OAM sublayer via the
OAM_CTL .request service primitive. The OAM sublayer shall respond to critical link events by
setting or clearing the appropriate bits within the Flags field on any subsequently generated
OAMPDUs of any type.

b) The OAM client sends an Event Notification OAMPDU (see 57.4.3.2) containing aLink Event TLV
(see Table 57-12) for every event not yet signaled to the remote DTE. The OAM client uses the
OAMPDU .request service primitive to send Event Notification OAMPDUSs. The OAM client may
send duplicate Event Notification OAMPDUSs to increase the probability of reception at the remote
DTE on deteriorating links.
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57.2.10.4 Remote event procedure
Remote events are detected by the local OAM client via one of two mechanisms described below:

a) Critical link events, defined in 57.2.10.1, shall be detected by the local OAM sublayer via the Flags
field of any received OAMPDU. The OAM sublayer signals the Flags field to the OAM client using
the OAMPDU.indication service primitive. When receiving Information OAMPDUSs indicating
Link Fault from the remote DTE, it is recommended that the local OAM client set the
local_link_status parameter in the OAM_CTL.request service primitive to OK. This avoids the
situation where both ends of alink arein adeadlock condition where neither DTE will be capable of
receiving frames.

b) All other link events shall be detected by the local OAM sublayer via the reception of an Event
Notification OAMPDU and the subsequent passing of the OAMPDU to the OAM client via the
OAMPDU.indication service primitive. The OAM client discards any duplicate received Event
Notification OAMPDU.

57.2.11 OAM remote loopback

OAM provides an optiona data link layer frame-level loopback mode, which is controlled remotely. OAM
remote loopback can be used for fault localization and link performance testing. Statistics from both the
local and remote DTE can be queried and compared at any time while the remote DTE isin OAM remote
loopback mode. These queries can take place before, during or after loopback frames have been sent to the
remote DTE. In addition, an implementation may analyze loopback frames within the OAM sublayer to
determine additional information about the health of the link (i.e. determine which frames are being dropped
due to link errors). Figure 57—4 shows the path of frames traversing the layer stack of both the local and
remote DTES.

/ OAM client‘ ‘ MAC client v\ /)v( MAC client ‘ ‘OAM client \
0AM X - 0AM
MAC CONTROL (Optional) | ' - = MAC CONTROL (Optional)
MAC . o MAC
I a o Lors ]
Ml . L Mil
[ [

PCS b o PCS

PMA A\ v. PMA
PMD i o PMD

Local - Lo Remote
u/lm ‘ / \ MDI

")

Medium

Figure 57-4—OAM remote loopback

57.2.11.1 Initiating OAM remote loopback

To initiate OAM remote loopback, the local OAM client sets its local_mux_action parameter to DISCARD
and the local_par_action parameter to DISCARD via the OAM_CTL.regquest service primitive. The local
OAM client sends a L oopback Control OAMPDU (see 57.4.3.5) with the Enable OAM Remote L oopback
command. After receiving the Loopback Control OAMPDU, the remote OAM client first sets its
local_par_action parameter to LB and its loca_mux_action parameter to DISCARD via the
OAM_CTL.request service primitive, and then sends an Information OAMPDU with updated state
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information reflecting its local_par_action set to LB and its local_mux_action parameter set to DISCARD.
On the reception of an Information OAMPDU from the remote OAM client with updated state information,
the local OAM client sets the local_mux_action to FWD.

If an OAM client has sent a Loopback Control OAMPDU and is waiting for the peer DTE to respond with
an Information OAMPDU that indicates it isin OAM remote loopback mode, and that OAM client receives
an OAM remote loopback command from the peer device, the following procedures are recommended:
a) If thelocal DTE has a higher source_address than the peer, it should enter OAM remote |oopback
mode at the command of its peer.
b) If the local DTE has a lower source address than the peer, it should ignore the OAM remote
loopback command from its peer and continue as if it were never received.

If OAM clients do not follow these guidelines, it may be possible for two OAM clients to issue simultaneous
OAM remote loopback commands with indeterminate results.

57.2.11.2 During OAM remote loopback

This section elaborates on Figure 57—4 and describes the flow of frames within the local and remote DTES
and across the link during OAM remote loopback mode. While in OAM remote |oopback mode:
a) Theloca DTE transmits frames from the MAC client and OAMPDUSs from the local OAM client or
OAM sublayer.
b) Within the remote OAM sublayer entity, every non-OAMPDU, including other Slow Protocol
frames, islooped back without atering any field of the frame.
¢c) OAMPDUSsreceived by the remote DTE are passed to the remote OAM client.
d) Both DTEsarerequired to send OAMPDUSs to the peer DTE in order to keep the Discovery process
from re-starting. Both are also permitted to send other OAMPDUSs to the peer DTE.
€) Frames received by the local DTE are parsed by the OAM sublayer. OAMPDUSs are passed to the
OAM client and all other frames are discarded.

57.2.11.3 Exiting OAM remote loopback

When the local DTE wishes to end the OAM remote loopback test, the local OAM client sets its
local_mux_action parameter to DISCARD. The local OAM client then sends a Loopback Control
OAMPDU with the Disable OAM Remote Loopback command. After receiving a Loopback Control
OAMPDU with the Disable OAM Remote Loopback command, the remote OAM client first sets the
local_par_action and local_mux_action parameters to FWD via the OAM_CTL.request service primitive
and then sends an Information OAMPDU with updated state information reflecting the local_par_action and
local_mux_action parameters set to FWD. After receiving an Information OAMPDU with local_par_action
and local_mux_action set to FWD, the local OAM client sets its local_par_action and local_mux_action
parameters to FWD via the OAM_CTL.request service primitive. The remote Parser resumes passing
received non-OAMPDUSs up to the MAC client and the local Multiplexer resumes forwarding any frames
sourced by the local MAC client.

57.2.11.4 Loss of OAMPDUs during OAM remote loopback

There isthe possibility of OAMPDU loss before, during and after OAM remote loopback tests. Of particular
interest to the operation of OAM remote loopback is the loss of Loopback Control OAMPDUs and
Information OAMPDUSs. The local OAM client is able to determine whether or not the remote OAM client
received Loopback Control OAMPDUs by examining al received Information OAMPDUs. Since
Information OAMPDUSs are continually sent to keep the OAM Discovery process from re-starting, the
occasional loss of an Information OAMPDU should not adversely impact the operation of OAM remote
loopback mode.
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57.2.11.5 Loss of frames during OAM remote loopback

While the link is operating in OAM remote |loopback mode, MAC client frames originating from the remote
DTE are not transmitted by the remote OAM sublayer entity. Depending upon the remote DTE's
implementation of OAM remote loopback, not every frame received is guaranteed to be looped back to the
local DTE. Clock differences between the local and remote DTES may also be a source of 1ost frames, asthe
delta in the rate of frames transmitted and received may overrun buffers within either DTE. As aways,
frames that incur errors during transit will be dropped by the MAC sublayer receiving the frame. Also,
OAMPDUs inserted by the remote DTE impacts the bandwidth available to loopback frames.
Implementations should take into account the topology (e.g., emulated point-to-point, asymmetrical links)
when determining the rate at which to send frames during OAM remote loopback. When a bidirectional link
has asymmetric data rates, frame loss may occur if the receive bandwidth is less than the transmit
bandwidth.

Loopback frames that are discarded by the OAM sublayer within the remote DTE are counted and, if
Clause 30 is present, are reflected in 30.3.6.1.46. This helps determine the health of the link by
distinguishing between frames discarded due to link errors and those discarded within the OAM sublayer.

57.2.11.6 Timing considerations for OAM remote loopback

For effective OAM remote loopback operation, it is necessary to place an upper bound on the response time
of the remote OAM client after receiving Loopback Control OAMPDUSs.

To ensure correct operation, the OAM client needs to, within one second of receiving a Loopback Control
OAMPDU with the Enable OAM Remote Loopback command:
a) Set its local_par_action parameter to LB and the local_mux_action to DISCARD via the
OAM_CTL.request service primitive.
b) Send an Information OAMPDU.

To ensure correct operation, the OAM client needs to, within one second of receiving a Loopback Control
OAMPDU with the Disable OAM Remote Loopback command:
c) Set its local_par_action and local_mux_action parameters to FWD via the OAM_CTL.request
service primitive.
d) Send an Information OAMPDU.

It is possible for the remote MAC client to send frames before the remote OAM client can send the
Information OAMPDU instructing the local DTE to change its local_par_action variable. As a result these
remote MAC client frames will be discarded by thelocal DTE.

57.2.12 Unidirectional OAM operation

OAM provides an OAMPDU-based mechanism to notify the remote DTE when one direction of alink is
non-operational and therefore data transmission is disabled. The ability to operate a link in a unidirectional
mode for diagnostic purposes supports the maintenance objective of failure detection and notification.
Some physica layer devices support Unidirectional OAM operation (see 22.2.4.1.12, 22.2.4.2.8, and
Clause 66). When a link is operating in Unidirectional OAM mode, the OAM sublayer ensures that only

Information OAMPDUSs with the Link Fault critical link event indication set and no Information TLVS are
sent once per second across the link.

57.3 Detailed functions and state diagrams

Asdepicted in Figure 57-3, the OAM sublayer comprises the following functions:
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a) Multiplexer. This function is responsible for passing frames received from the superior sublayer
(e.g., MAC client sublayer), OAMPDUs from the Control function and loopback frames from the
Parser, to the subordinate sublayer (e.g., MAC sublayer).

b) Parser. This function distinguishes among OAMPDUs, MAC client frames and loopback frames
and passes each to the appropriate entity (Control, superior sublayer and Multiplexer, respectively).

¢) Control. Thisfunction is responsible for providing the interface between the OAM client entity and
the functions internal to the OAM sublayer. It incorporates the Discovery process which detects the
existence and capabilities of OAM at the remote DTE. Also, it includes the Transmit process, which
governs the transmission of OAMPDUSs to the Multiplexer function and a set of Receive rules,
which govern the reception of OAMPDUSs.

57.3.1 State diagram variables
57.3.1.1 Constants

OAM _subtype
The value of the Subtype field for OAMPDUS (see Table 43B-3).

Slow_Protocols_Multicast
The value of the Slow Protocols Multicast Address. (see Table 43B-1.)

Slow_Protocols Type
The value of the Slow Protocols Length/Type field. (see Table 43B-2.)

57.3.1.2 Variables

BEGIN
A variable that resets the functions within OAM.
Values: TRUE; when the OAM sublayer is reset, or when local_oam_enableisset to DISABLE.
FALSE; When (re)initialization has completed and local_oam_enable is set to
ENABLE.

ind_DA
ind_SA
ind_mac_service data_unit
ind_reception_status
The parameters of the MA_DATA.indication service primitive, as defined in Clause 2.

ind_subtype
The value of the octet following the Length/Type field in a Slow Protocol frame (see Annex 43B).
Vaue: Integer

local_critical_event
A parameter of the OAM_CTL.request service primitive, as defined in 57.2.5.3. This indicates the
DTE has experienced an unspecified critical event condition.
Vaues. FALSE; A critica event condition has not occurred.
TRUE; A critical event condition has occurred.

local_dying_gasp
A parameter of the OAM_CTL.request service primitive, as defined in 57.2.5.3. This indicates the
DTE has experienced an unrecoverable failure condition.
Vaues. FALSE; An unrecoverable local failure condition has not occurred.
TRUE; An unrecoverable local failure condition has occurred.
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local_link_status
A parameter of the OAM_CTL.request service primitive, as defined in 57.2.5.3. This indicates the
status of the established link (see 67.6.3).
Vaues: FAIL; A link fault condition does exist.
OK; A link fault condition does not exist.

local_lost_link_timer_done
A parameter of the OAM_CTL.indication service primitive, as defined in 57.2.5.4. Thisis used to
indicate the local_lost_link_timer has expired.
Values: TRUE; local_lost_link_timer has expired.
FALSE; local_lost_link_timer has not expired.

local_mux_action
A parameter of the OAM_CTL.request service primitive, as defined in 57.2.5.3. This governs the
flow of frames from the MAC client through the Multiplexer function (see 57.3.3).
Values: FWD; Multiplexer passes MAC client frames to subordinate sublayer.
DISCARD; Multiplexer discards MAC client frames.

local_oam_enable
Used to enable and disable the OAM sublayer entity. If Clause 30 is present, this maps to
30.3.6.1.2 aOAMAdminState.
Vaues. DISABLE; Theinterface actsasit would if it had no OAM sublayer.
ENABLE; The interface employs the OAM sublayer and its functions.

local_oam_mode
Used to configure the OAM sublayer entity in either Active or Passive mode. If Clause 30 is
present, this mapsto 30.3.6.1.3 aOAMMode.
Vaues. PASSIVE; The OAM sublayer entity is configured in Passive mode.
ACTIVE; The OAM sublayer entity is configured in Active mode.

local_par_action
A parameter of the OAM_CTL.request service primitive, as defined in 57.2.5.3. This governs the
flow of non-OAMPDUSs through the Parser function (see 57.3.4).
Vaues. FWD; Parser passes received non-OAMPDUSs to superior sublayer.
LB; Parser passes received non-OAMPDUs to Multiplexer during remote loopback test.
DISCARD; Parser discards received non-OAMPDUSs.

local_pdu

This is used to govern the transmission and reception of OAMPDUSs as part of the Discovery

process (see 57.3.2.1).

Values: LF_INFO; Only Information OAMPDUs with the Link Fault critical link event set and
without Information TLV's are alowed to be transmitted; only Information OAMPDUs
are allowed to be received.

RX_INFO; No OAMPDUs are allowed to be transmitted; only Information OAMPDUs
are allowed to be received.

INFO; Only Information OAMPDUSs are allowed to be transmitted and received.

ANY; Any permissible OAMPDU is allowed to be transmitted and received (see Table
57-1).

local_satisfied
A parameter of the OAM_CTL.request service primitive, as defined in 57.2.5.3. This indicates the
OAM client finds the local and remote OAM configuration settings are agreeable.
Vaues. FALSE; OAM client either has not seen or is not satisfied with local and remote settings.
TRUE; OAM client is satisfied with local and remote settings.
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local_stable
A variable set by the Discovery state diagram (see Figure 57-5). This is used to indicate local
OAM client acknowledgment of and satisfaction with remote OAM state information.
Vaues. FALSE; Indicates that local DTE either has not seen or is unsatisfied with remote state
information.
TRUE; Indicates that local DTE has seen and is satisfied with remote state information.

local_unidirectional
A parameter of the OAM_CTL.request service primitive, as defined in 57.2.5.3. This indicates the
DTE is capable of sending OAMPDUs when the link in the receive direction is not operational .
Vaues. FALSE; DTE isunableto send OAMPDUSs when receive path is not operational.
TRUE; DTE is capable of sending OAMPDUSs when receive path is not operational .

pdu_req
This represents a request to send an OAMPDU and is used within the Transmit state diagram (see
Figure 57-6).
Values: NONE: No OAMPDU .request
CRITICAL: OAMPDU.request with one or more critical link event OAM_CTL.request
parameters set (local_dying_gasp, local_link_status, local_critical_event).
NORMAL: OAMPDU.request with no critical link event(s) set

remote_stable
A parameter of the OAM_CTL.request service primitive, as defined in 57.2.5.3. OAM client
extracts remote state information from received OAMPDUSs. This is used to indicate remote OAM
client acknowledgment of and satisfaction with local OAM state information.
Vaues. FALSE; Indicates that remote DTE either has not seen or is unsatisfied with local state
information.
TRUE; Indicates that remote DTE has seen and is satisfied with local state information.

remote_state valid
A parameter of the OAM_CTL .request service primitive, as defined in 57.2.5.3. Thisis used to
indicate OAM client has received remote state information found within Local Information TLV's
of received Information OAMPDUs.
Vaues. FALSE; Indicates that OAM client has not seen remote state information.
TRUE; Indicates that OAM client has seen remote state i nformation.

req DA
req SA
req_mac_service data unit
reg_frame_check_sequence
The parameters of the MA_DATA .request service primitive, as defined in Clause 2.

57.3.1.3 Messages

CTL:OAMI.indication

The service primitive used to pass a received frame to an internal OAM function with the specified
parameters.

CTL:OAMI.request
LBF:OAMI.request
The service primitives used to transmit a frame with the specified parameters.

MAC:MA_DATA.indication
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MCF:MA_DATA.indication
The service primitives used to pass areceived frame to a client with the specified parameters.

MAC:MA_DATA .request
MCF.MA_DATA .request
The service primitives used to transmit a frame with the specified parameters.

MADI
Aliasfor
MA_DATA.indication(ind_DA, ind_SA, ind_mac_service_data_unit, ind_reception_status)

MADR
Aliasfor
MA_DATA .request(req DA, req_SA, req_mac_service _data unit, req_frame_check_sequence)

OAMII
Aliasfor
OAMI.indication(DA, SA, oam_service_data_unit, frame_check_seguence, reception_status)

OAMIR
Aliasfor
OAMI.request(DA, SA, oam_service _data_unit, frame_check _sequence)

RxOAMPDU
Alias for ind_ DA = Slow_Protocols Multicast * ind_Length/Type = Slow_Protocols Type *
ind_subtype = OAM _subtype

rxOK
Aliasfor ind_reception_status = receiveOK

valid_pdu_req
Aliasfor the following term:
(local_pdu#RX_INFO * pdu_reg=NORMAL * pdu_cnt+0)
+ (local_pdu=ANY * pdu_reg=CRITICAL)

57.3.1.4 Counters
pdu_cnt
This counter is used to limit the number of OAMPDUs transmitted per second and ensure at least
one OAMPDU is sent each second within the Transmit state diagram (see Figure 57-6).
57.3.1.5 Timers
All timers operate in a manner consistent with 14.2.3.2.
local_lost_link_timer
Timer used to reset the Discovery state diagram (see Figure 57-5).
Duration: 5 s + 10%.
pdu_timer
Timer used to ensure OAM sublayer adheres to maximum number of OAMPDUs per second and

emits at least one OAMPDU per second.
Duration: 1 s+ 10%.
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57.3.2 Control

The Control function provides the interfaces with the OAM client necessary to transmit and receive
OAMPDUs and convey control and status parameters. The Control function also contains the Discovery
process, which enables OAM to be established on a link, and the Transmit process, which governs the
transmission of OAMPDUs to the Multiplexer block. Rules governing the reception of OAMPDUSs are aso
contai ned within the Control function.

57.3.2.1 OAM Discovery

OAM provides a mechanism to detect the presence of an OAM sublayer at the remote DTE. This
mechanism is called Discovery. OAM sublayer entities shall implement the OAM Discovery state diagram
shown in Figure 57-5.

BEGIN + local_lost_link_timer_done + local_link_status=FAIL

v

FAULT

IF (local_link_status = FAIL)
THEN local_pdu <= LF_INFO
ELSE local_pdu <= RX_INFO

local_stable <= FALSE

local_oam_mode=ACTIVE local_oam_mode=PASSIVE
ACTIVE_SEND_LOCAL PASSIVE_WAIT
local_pdu <= INFO local_pdu <= RX_INFO
remote_state_valid=TRUE remote_state_valid=TRUE
v Y ¥

SEND_LOCAL_REMOTE

local_pdu <= INFO
local_stable <= FALSE

local_satisfied=TRUE

v

SEND_LOCAL_REMOTE_OK

local_pdu <= INFO
local_stable <= TRUE

local_satisfied=FALSE local_satisfied=TRUE *
remote_stable=TRUE

hl

SEND_ANY
local_pdu <= ANY

local_satisfied=TRUE *
local_satisfied=FALSE remote_stable=FALSE

Figure 57-5—O0AM Discovery state diagram

In each state, the OAM sublayer sends specified OAMPDUSs in a periodic fashion, normally once a second.
When local_pdu is set to LF_INFO, the OAM sublayer sends Information OAMPDUSs with the Link Fault
bit of the Flags field set and without any Information TLVs. When local_pdu is set to RX_INFO, the OAM
sublayer does not send any OAMPDUSs. When local_pdu is set to INFO, only Information OAMPDUSs are
sent. When local_pdu is set to ANY, al permissible OAMPDUSs may be sent, subject to the restrictions
found in Table 57-1.
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57.3.2.1.1 FAULT state

Upon entering the FAULT state, local_pdu is set based on the value of local_link_status. If it is set to FAIL,
local_pdu is set to LF_INFO, otherwise is it set to RX_INFO. Then, local_stable is set to FALSE. While
local_link_statusis set to FAIL, the DTE will remain in this state indicating to the remote DTE thereislink
fault. This is accomplished by sending Information OAMPDUSs once per second with the Link Fault bit of
the Flags field set and no Information TLVsin the Datafield. The unidirectional transmission of Information
OAMPDUs is supported by some physical coding sublayers (see 57.2.12).

If OAM is reset, disabled, the local_lost_link_timer expires or the local_link_status equals FAIL, the
Discovery process returns to the FAULT state.

57.3.2.1.2 ACTIVE_SEND_LOCAL state

Onceloca_link_statusis set to OK, the DTE evauateslocal_oam_mode. A DTE configured in Active mode
(see 57.2.9.1) sends Information OAMPDUSs that only contain the Local Information TLV (see 57.5.2.1).
This state is called ACTIVE_SEND_LOCAL. While in this state, the local DTE waits for Information
OAMPDUSs received from the remote DTE.

57.3.2.1.3 PASSIVE_WAIT state

A DTE configured in Passive mode (see 57.2.9.2) waits until receiving Information OAMPDUSs with Local
Information TLV's before sending any Information OAMPDUSs with Local Information TLVs. This state is
caled PASSIVE_WAIT. By waiting until first receiving an Information OAMPDU with the Loca
Information TLV, a Passive DTE cannot complete the OAM Discovery process when connected to another
Passive DTE.

57.3.2.1.4 SEND_LOCAL_REMOTE state

Once the local DTE has received an Information OAMPDU with the Local Information TLV from the
remote DTE, the local DTE begins sending Information OAMPDUSs that contain both the Local and Remote
Information TLVs. This state is called SEND_LOCAL_REMOTE. If a any time the settings on either the
local or remote DTE change resulting in the local OAM client becoming unsatisfied with the settings, the
Discovery process returns to the SEND_LOCAL_REMOTE state.

57.3.2.1.5 SEND_LOCAL_REMOTE_OK state

If the local OAM client deems the settings on both the local and remote DTESs are acceptable, it enters the
SEND_LOCAL_REMOTE_OK state. If at any time the settings on the local OAM client change resulting in
the remote OAM client becoming unsatisfied with the settings, the OAM Discovery process returns to the
SEND_LOCAL_REMOTE_OK state.

57.3.2.1.6 SEND_ANY state

Finally, once an OAMPDU has been received indicating the remote device is satisfied with the respective
settings, the local device entersthe SEND_ANY state. Thisis the expected normal operating state for OAM
on fully operational links.

57.3.2.1.7 Sending Discovery status to peer

The Loca Stable and Local Evaluating bits of the Flags field communicate the status of the local Discovery

process to the peer. When the OAM Discovery process is started, the local DTE sets the Local Stable to 0
and Local Evauating bitsto 1 indicating OAM Discovery has not completed.
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If, after learning of the remote OAM settings, the local OAM client determines it is unsatisfied it sets the
Loca Stable and Local Evaluating bits to 0 indicating Discovery cannot successfully complete. If the local
OAM client is satisfied, the local DTE setsthe Local Stable bit to 1 and Local Evaluating bit to 0 indicating
the local OAM client is satisfied.

When Local Stable is set to 1 and Local Evaluating is set to 0 and Remote Stable is set to 1 and Remote
Evaluating is set to O indicating that both OAM clients are satisfied, the OAM Discovery process has
successfully completed and local_pdu is set to ANY. See Table 57-3 for more information.

57.3.2.2 Transmit

OAM sublayer entities shall implement the Transmit state diagram shown in Figure 57-6.

BEGIN
—
RESET
Start pdu_timer
pdu_cnt <= 10
¥ ucT ¢
WAIT_FOR_TX

pdu_timer_done
* (local_pdu=RX_INFO

+ pdu_cnt#10)

pdu_timer_done
* local_pdu#RX_INFO
* pdu_cnt=10

Ipdu_timer_done
* valid_pdu_req

v
DEC_PDU_CNT

IF (pdu_req=NORMAL)

THEN pdu_cnt <= pdu_cnt-1

UCT
v

TX_OAMPDU
Generate CTL:OAMIR

pdu_timer_done Ipdu_timer_done

Figure 57—6—Transmit state diagram

57.3.2.2.1 RESET state

Upon initialization, the RESET stateis entered. A one second timer is started called pdu_timer. The pdu_cnt
variable is reset with a value of ten, the maximum number of OAMPDUSs that may be sent in one second.
Following RESET, the WAIT_FOR_TX stateis entered.

57.3.2.2.2 WAIT_FOR_TX state

Whileinthe WAIT_FOR_TX state, the Transmit process waitsfor the occurrence of one of three conditions.
These three conditions are summarized below:
a) Expiration of pdu_timer:
1) With one or more OAMPDUSs sent within the last second
2)  Without any OAMPDUSs being sent within the last second and without a valid pending request
to send an OAMPDU
b) Vaid request to send an OAMPDU present
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57.3.2.2.3 Expiration of pdu_timer

While in the WAIT_FOR_TX state, if the pdu_timer expires and one or more OAMPDUs have been sent
within the last second, the Transmit process transitions to the RESET state. If, however, the pdu_timer
expires and no OAMPDUSs have been sent within the last second and there is no valid request to send an
OAMPDU present, the Transmit process transitions to the TX_OAMPDU state sending an Information
OAMPDU. This prevents the Discovery process from restarting. If local_pdu is set to LF_INFO, the
Transmit process ensures the Information OAMPDU has the Link Fault bit of the Flags field set and has no
Information TLVsin the Datafield.

If, however, the OAM sublayer entity is configured to not send any OAMPDUS, as indicated by the
local_pdu variable set to RX_INFO, the Transmit function will simply restart the pdu_timer by returning to
the RESET state.

57.3.2.2.4 Valid request to send an OAMPDU

While in the WAIT_FOR_TX state, if avalid request to send an OAMPDU is present, the Transmit process
transmits the requested OAMPDU in the TX_OAMPDU state. If the Flagsfield of the OAMPDU to be sent
does not contain any critical link events, the pdu_cnt variable is decremented in the DEC_PDU_CNT state.
A valid request is either one of the following:

a An OAMPDU.request service primitive from the OAM client with the local_pdu variable set to
INFO or ANY and pdu_cnt not equal to zero.

b) An OAM_CTL.request service primitive from the OAM client with one or more critical event
parameters set and the local_pdu variable set to ANY. When the local_pdu variable is set to ANY,
the Discovery process has completed and isin the SEND_ANY state. The Discovery process needs
to complete before critical events, other than Link Fault, may be sent to the peer OAM entity.

57.3.2.2.5 TX_OAMPDU state

The TX_OAMDPU state generates the CTL:OAMI.request service primitive, which requests the
transmission of an OAMPDU to the Multiplexer process. After generating the request, the Transmit process
returns to the RESET state if the pdu_timer is expired or the WAIT_FOR_TX state if the pdu_timer has not
expired.

57.3.2.2.6 Transmit rules

The following rules govern the generation of the CTL:OAMIR service primitive:
a) While local_pdu is set to LF_INFO, only Information OAMPDUSs with the Link Fault bit of the

Flagsfield set and without any Information TLV s shall be generated.

b) Whilelocal_pduisset to RX_INFO, CTL:OAMIR service primitives shall not be generated.
¢) Whilelocal_pduisset to INFO, only Information OAMPDUs shall be generated.
d) Whileloca_pduissetto ANY:

1) AnOAM_CTL.request service primitive with one or more of the critical link event parameters
set shall generate a CTL:OAMIR service primitive, requesting the transmission of an
Information OAMPDU with the appropriate bit(s) of the Flags field set.

2) An OAMPDU.request service primitive shall generate a CTL:OAMIR service primitive,
requesting the transmission of the particular OAMPDU.

57.3.2.3 Receive rules
CTL:OAMII service primitives indicate areceived OAMPDU and in turn generate an OAMPDU.indication
service primitive to the OAM client entity subject to the following rules:

a) When local_pdu is not set to ANY, Information OAMPDUSs shall be passed to the OAM client and
non-Information OAMPDUSs are discarded.
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b) When local_pdu is set to ANY, all OAMPDUS, including those with unknown Code fields shall be
passed to the OAM client.? It is anticipated that the OAM client will ignore unknown or
unsupported OAMPDUSs.

57.3.3 Multiplexer

OAM sublayer entities shall implement the Multiplexer state diagram shown in Figure 57—7.

BEGIN
WAIT_FOR_TX
CTL:OAMIR ICTL:OAMIR
* ( (MCF:MADR * local_mux_action=FWD )
+ LBF:OAMIR)
v
CHECK_PHY+LINK
local_unidirectional=TRUE
* local_link_status=FAIL
local_unidirectional=FALSE
+ local_link_status=OK
A N
TX_FRAME
Generate MAC:MADR
UCT

Figure 57—7—Multiplexer state diagram

57.3.3.1 WAIT_FOR_TX state

Upon initialization, the WAIT_FOR_TX state is entered. While in the WAIT_FOR_TX state, the
Multiplexer waits for the occurrence of one of two conditions. These two conditions are summarized below:
a) Validrequest to send an OAMPDU present
b) Vaid request to forward aMAC client frame or loop back frame from Parser

57.3.3.1.1 Valid request to send an OAMPDU

While in the WAIT_FOR_TX state, if a request to send an OAMPDU s present, the Multiplexer function
transmits the requested OAMPDU in the TX_FRAME state.

57.3.3.1.2 Valid request to forward or loop back frame
While in the WAIT_FOR_TX state, if a valid request to forward or loop back a frame is present and no
reguest to send an OAMPDU is present, the Multiplexer will then check the status of the underlying physical

layer and unidirectional configuration (in the CHECK_PHY +LINK state) and either transmit the frame in
the TX_FRAME state or simply return to the WAIT_FOR_TX state.

“4The behaviour of the OAM sublayer is different in this regard from the behaviour of the MAC Control sublayer (see Clauses 31 and
64).
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A valid request to forward a frame from the superior sublayer is indicated by the variable MCF:MADR with
the Multiplexer configured to forward frames as indicated by the local_mux_action variable set to FWD. A
reguest to loop back aframe from the Parser function isindicated by the variable LBF:OAMIR. When either
request occurs, the local_unidirectional variable needs to be FALSE or the local _link_status variable needs
to be OK in order for the frame to be sent to the subordinate sublayer viathe TX_FRAME state. Since only
Information OAMPDUs with the Link Fault critical link event indication set and no Information TLVs are
sent on a unidirectional link, the status of thelink is evaluated to ensure the same behaviour as devices that
do not support the optional Unidirectional OAM capability. When the local_link_status variable is OK, the
MAC client frame will be transmitted regardiess of the Unidirectiond OAM capability or setting (see
57.2.12).

57.3.3.2 TX_FRAME state

Once the Multiplexer process reaches the TX_FRAME state, it shall provide transparent pass-through of
frames submitted by the superior sublayer, the Transmit process and the Parser process. The transmission of
an OAMPDU shall not affect the transmission of aframe that has been submitted to the subordinate sublayer
(i.e.,, the MAC's TransmitFrame function is synchronous, and is never interrupted). After the frame has been
sent to the subordinate sublayer, the Multiplexer process returns to the WAIT_FOR_TX state.

57.3.4 Parser

OAM sublayer entities shall implement the Parser state diagram shown in Figure 57-8.

BEGIN
WAIT_FOR_RX
MAC:MADI
PARSE
xOK XOK * XOK * IrXOK |
* RxOAMPDU IRXOAMPDU * IRXOAMPDU * ('RXOAMPDU *
local_par_action=FWD local_par_action=LB local_par_action=DISCARD )
RX_OAMPDU RX_DATA RX_LOOPBACK
Generate CTL:OAMII Generate MCF:MADI Generate LBF.OAMIR
Start local_lost_link_timer
UCT UCT UCT
v v

Figure 57-8—Parser state diagram

The Parser decodes frames received from the subordinate sublayer, passes OAMPDUs to the Control
function, MAC client frames to the superior sublayer and loop back frames to the Multiplexer function.
After reset, the Parser function enters the WAIT_FOR_RX state. The reception of a frame is detected when

the MAC:MADI service primitive occurs. When a frame is received, the Parser function enters the PARSE
state.

57.3.4.1 Reception of OAMPDU

The RX_OAMPDU state is entered when the receive frame is identified as an OAMPDU. Received
OAMPDUs are sent to the OAM Control function via the CTL:OAMII service primitive. Following the
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receiverulesin 57.3.2.3, the OAM Control function then passes the received OAMPDU to the OAM client.
In addition, the local_lost_link_timer isreset. The Parser function then returnsto the WAIT_FOR_RX state.

57.3.4.2 Reception of non-OAMPDUs

Received non-OAMPDUs are handled according to the setting of the local_par_action parameter. Refer to
57.2.11 for acomplete description of OAM remote loopback operation and the local_par_action variable.

57.3.4.2.1 Reception of non-OAMPDU in FWD mode

The RX_DATA state is entered if the frame is determined to not be an OAMPDU and the local_par_action
variable is set to FWD. The received frameis passed up to the superior sublayer viathe MCF:MADI service
primitive. The Parser then returnsto the WAIT_FOR_RX state.

57.3.4.2.2 Reception of non-OAMPDU in LB mode

The RX_LOOPBACK state is entered if the frame is determined to not be an OAMPDU and the
local_par_action parameter is set to LB. The received loopback frame is passed to the Multiplexer function
viathe LBF:OAMIR service primitive to be looped back to the remote DTE. After the frame is passed to the
Multiplexer function, the Parser function returns to the WAIT_FOR_RX state.

57.3.4.2.3 Reception of non-OAMPDU in DISCARD mode

If the local_par_action parameter is set to DISCARD, the Parser function simply returns to the
WAIT_FOR_RX state.

57.4 OAMPDUs
57.4.1 Ordering and representation of octets

All OAMPDUs comprise an integral number of octets. When the encoding of (an el ement of) an OAMPDU
is depicted in adiagram:
a) Octets are transmitted from top to bottom.
b)  Within an octet, bits are shown with bit O to the |eft and bit 7 to the right.
¢) When consecutive octets are used to represent a binary number, the octet transmitted first has the
more significant value.
d) When consecutive octets are used to represent a MAC address, the least significant bit of the first
octet is assigned the value of thefirst bit of the MAC address, the next most significant bit the value
of the second bit of the MAC address, and so on for all the octets of the MAC address.

When the encoding of an element of an OAMPDU is depicted in atable, the least significant bit is bit O.
The bit/octet ordering of any Organizationally Unique Identifier (OUI) field within an OAMPDU is

identical to the bit/octet ordering of the OUI portion of the DA/SA. Additional detail defining the format of
OUlscan be found in |EEE Std 802-2001 Clause 9.
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57.4.2 Structure

OAMPDUs are basic frames; they shall not be tagged (see Clause 3). The OAMPDU structure shall be as
shown in Figure 57-9.

Octets

42-1496 Data/Pad

6 Destination Address = 01-80-c2-00-00-02

6 | Source Address

2 | Length/Type = 88-09 [Slow Protocols] Common, fixed header
1 | Subtype = 0x03 [OAM] for all OAMPDUs

2 | Flags
1 | Code

4 | FCS

Figure 57-9—OAMPDU frame structure

OAMPDUs shadll have the following fields:

a)
b)
©)
d)

€)

f)
9)

h)

Destination Address (DA). The DA in OAMPDUsisthe Slow_Protocols_Multicast address. Its use
and encoding are specified in Annex 43B.

Source Address (SA). The SA in OAMPDUSs carries the individual MAC address associated with
the port through which the OAMPDU is transmitted.

Length/Type. OAMPDUs are always Type encoded, and carry the Slow_Protocols_Type field value.
The use and encoding of this type is specified in Annex 43B.

Subtype. The Subtype field identifies the specific Slow Protocol being encapsulated. OAMPDUSs
carry the Subtype value 0x03.

Flags. The Flags field contains status bits as defined in 57.4.2.1.

Code. The Code field identifies the specific OAMPDU. The use and encoding of this field is
specified in Table 574.

Data/Pad. This field contains the OAMPDU data and any necessary pad. Implementations shall
support OAMPDUSs at least minFrameSize in length.

FCS. Thisfield is the Frame Check Sequence, as defined in Clause 4.

57.4.2.1 Flags field

The Flagsfield is encoded asindividual bitswithin two octets as shown in Table 57-3. Additional diagnostic
information may be sent using the Event Notification OAMPDU.

Table 57-3—Flags field

Bit(s) Name Description
Reserved bits shall be set to zero when sending an OAMPDU, and
15:7 Reserved should be ignored on reception for compatibility with future use of
reserved bits.
6 Remote Stable When remote_state valid is set to TRUE, the Remote Stable and
Remote Evaluating values shall be a copy of the last received Local Sta
: ble and Local Evaluating values from the remote OAM peer. Otherwise,
5 Remote Evaluating the Remote Stable and Remote Evaluating bits shall be set to 0.
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Table 57-3—Flags field (continued)

Bit(s) Name Description

4 Loca Stable Loca Stable and Local Evaluating form a two-bit encoding shown
bel ow:
4:3

0x0 = Local DTE Unsatisfied, Discovery can not complete

Ox1 = Loca DTE Discovery process has not completed

0x2 = Local DTE Discovery process has completed

0x3 = Reserved. This value shall not be sent. If the value Ox3 isreceived,
it should be ignored and not change the last received value.

3 Loca Evauating

1= A critica event has occurred.

2 Critical Event 0 = A critical event has not occurred.

1 DVing G 1 = An unrecoverable loca failure condition has occurred.
ying asp 0 = An unrecoverable local failure condition has not occurred.

The PHY has detected afault has occurred in the receive direction of the
local DTE (e.g., link, Physical layer).

1 =Local device'sreceive path has detected a fault.

0 =Local device'sreceive path has not detected a fault.

0 Link Fault

NOTE—The definition of the specific faults comprising the Critica Event, Dying Gasp, and Link Fault flagsis
implementation specific and beyond the scope of this standard.

57.4.2.2 Code field

The value of the Code field is set by the Transmit process in the Control function for Information
OAMPDUs it generates. The OAM client sets the Code field for all OAMPDUSs it generates. Table 574
contains the defined OAMPDU codes.

Table 57-4—0OAMPDU codes

Code OAMPDU Comment Source
] . . . OAM client /
00 Information Communicates local and remote OAM information. OAM sublayer
01 Event Notification Alerts remote DTE of link event(s). OAM client
02 Variable Request Reguests one or more specific MIB variables. OAM client
03 Variable Response Returns one or more specific MIB variables. OAM client
04 Loopback Control Enables/disables OAM remote | oopback. OAM client
05-FD | Reserved Reserved OAM client
_— - Reserved for Organization Specific Extensions, :
FE | Organization Specific | i iished by Organizationally Unique Identifier | O/*M dlient
FF Reserved Reserved OAM client

57.4.3 OAMPDU descriptions

The local OAM sublayer communicates with the remote OAM sublayer via OAMPDUs. OAMPDUSs are
identified with a specific code. OAMPDUs are formatted as compliant IEEE 802.3 frames, where the
IEEE 802.3 frame header format is described in Clause 3. OAMPDUSs are further defined, as shown in
Figure 57-9, to include a Subtype field, a Flags field, and a Code field following the IEEE 802.3 defined
Length/Type field. The Data field beginsin a fixed location within the OAMPDU. The Datafield contents
are unique to the particular OAMPDU. The following sections provide a detailed description of each
OAMPDU and its corresponding Data field. All received OAMPDUSs, including those with reserved Code
fields, are passed to the OAM client. OAMPDUs with reserved Code field values shall not be transmitted.
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The Information OAMPDU, identified by the Code field 0x00, is used to send OAM state information to the
remote DTE. The Information OAMPDU frame structure shall be as depicted in Figure 57-10.

Octets

1
42-1496
4

Destination Address

Source Address

Length/Type

Subtype

Flags

Code = 0x00

Data/Pad

FCS

Octets

-
7/

/

6]

16 |

Information TLV(s)

————— -
Local |
Information TLV
————— 4
Remote \
Information TLV
————— s
Information |
TLV #3
_____ 1

Local Information TLV fields

Information Type

Information Length

OAM Version

Revision

State

OAM Configuration

OAMPDU Configuration

oul

Vendor Specific Info

Figure 57-10—Information OAMPDU frame structure

Octets

A W N R RPN PR R R

When local_pdu is set to LF_INFO, the Information OAMPDU Data field shall not have any Information
TLVs. When local_pdu is not set to LF_INFO, the Information OAMPDU Data field shall consist of the
Loca Information TLV (see 57.5.2.1) immediately following the Code field. In addition, if the Discovery
state diagram variable remote_state validis TRUE, the Data field shall aso contain the Remote Information
TLV (see 57.5.2.2), immediately following the Local Information TLV and may aso contain other
Information TLVs found in Table 57-6.

57.4.3.2 Event Notification OAMPDU

The optional Event Notification OAMPDU, identified with the Code field set to 0x01, is used to alert the
remote DTE of link events introduced in 57.2.10.2. The Event Notification OAMPDU frame structure shall
be as depicted in Figure 57-11.

Octets
6

6
2

1
2

1
42-1496
4

Destination Address

Source Address

Length/Type

Subtype

Flags

Code = 0x01

Data/Pad

FCS

~

Octets

-

s 2
[}

1

/
7

40

~

Sequence Number

Link Event TLV
#1

Link Event TLV
#2

~

~

(Sample Link Event)
Errored Symbol Period Event

Event Type

Event Length

Event Time Stamp

Window

Threshold

Errors

Error Running Total

Event Running Total

Figure 57-11—Event Notification OAMPDU frame structure

ctets

A ©® ® ® ® N P P g

Thefirst two octets of the Datafield shall contain a Sequence Number, encoded as a 16-bit unsigned integer.
As described in 57.2.3, the OAM client may send duplicate Event Notification OAMPDUS to increase the
likelihood the remote DTE receives a particular event. The OAM client increments the Sequence Number
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for each unique Event Notification OAMPDU formed by the OAM client. A particular Event Notification
OAMPDU may be sent multiple times with the same sequence number. It is recommended that any
duplicate Event Notification OAMPDUs follow its original without a different, intervening Event
Notification OAMPDU. A duplicate Event Notification OAMPDU should not be transmitted if a new Event
Notification OAMPDU has aready followed the original OAMPDU. Any particular event can be signaled
in only one unique Event Notification OAMPDU (though that OAMPDU may be transmitted multiple
times). Upon receiving an Event Notification OAMPDU, the OAM client compares the Sequence Number
with the last received Sequence Number. If equal, the current event is a duplicate and isignored by the OAM
client.

Following the Sequence Number field, the Data field shall contain one or more optional Link Event TLVs
which may provide useful information for troubleshooting events and faults. Link Event TLVsaredefinedin
57.5.3.

57.4.3.3 Variable Request OAMPDU

The optional Variable Request OAMPDU, identified with a Code field of 0x02, is used to request one or
more MIB variables from the remote DTE. The Variable Request OAMPDU frame structure shall be as
depicted in Figure 57-12.

The Variable Request OAMPDU Data field shall contain one or more Variable Descriptors. Variable
Descriptors are defined in 57.6.1.

Octets
6 Destination Address

6 | Source Address

2 | Length/Type

(Sample Variable Descriptor)

1 | Subtype ] ) aFrameCheckSequenceErrors
) Octets Variable Descriptors - Octets
Flags - Variable Variable Branch = 0x07 |1
— .7 3 . -
1 | Code = 0x02 . Descriptor #1 Variable Leaf = 0x0006 | 2
42-1496 | Data/Pad | Variable |
4 | FCs T~ Descriptor #2
~L 2

Figure 57-12—Variable Request OAMPDU frame structure
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57.4.3.4 Variable Response OAMPDU

The optional Variable Response OAMPDU, identified with the Code field of 0x03, is used to return one or
more MIB variables. The Variable Response OAMPDU frame structure shall be as depicted in Figure 57—

13.

Octets

6 | Destination Address

6 | Source Address

2 | Length/Type (Sample Variable Container)

1 Subtype . . aFrameCheckSequenceErrors Octets

Variable Containers .-
2 | Flags Octets - Branch = 0x07 1
P Variable

1 | Code = 0x03 - Container #1 Leaf = 0x0006 2
42-1496 | Data/Pad . Variable | ~ Width = 0x04 1

4 | FCS T~ Container #2 ~ | Value = 0x0102_0304 |4

Lo |

Figure 57-13—Variable Response OAMPDU frame structure

The Variable Response OAMPDU Data field shall contain one or more Variable Containers. Variable
Containers are defined in 57.6.2. A Variable Response OAMPDU needs to be sent by the OAM client within
one second of receipt of a Variable Request OAMPDU. If aDTE is unableto retrieve one or more variables,
it needs to respond within one second and indicate the appropriate error(s) asfound in Table 57-17. If aDTE
is unable to retrieve one or more attributes within a package or object, it needs to either a) return the
appropriate Variable Indication for the particular attribute(s) and return all other requested variables or b)
return a Variable Indication for the entire package or object.

57.4.3.5 Loopback Control OAMPDU

The optiona Loopback Control OAMPDU, identified with the Code field set to 0x04, is used to control the
remote DTE's OAM remote loopback state. The Loopback Control OAMPDU frame structure shall be as
depicted in Figure 57-14.

Octets

6 | Destination Address

6 | Source Address

2 | Length/Type

1 | Subtype

2 | Flags

1 | Code = 0x04 Octets

1 | Data o 1 OAM Remote Loopback command
41 Pad S

4 | FCS

Figure 57-14—Loopback Control OAMPDU frame structure

The Loopback Control OAMPDU Datafield shall consist of an OAM remote |oopback command. Table 57—
5 lists the defined OAM remote loopback commands.
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Table 57-5—0AM remote loopback commands

Command Description
0x00 Reserved - shall not be transmitted, should be ignored on reception by OAM client
0x01 Enable OAM Remote L oopback
0x02 Disable OAM Remote L oopback

0x03-0xFF | Reserved - shall not be transmitted, should be ignored on reception by OAM client

For a compl ete description of OAM remote loopback refer to 57.2.11.

57.4.3.6 Organization Specific OAMPDU

The optional Organization Specific OAMPDU, identified with the Code field set to OXFE, is used for
organization specific extensions. The Organization Specific OAMPDU frame structure shall be as depicted
in Figure 57-15.
Octets
6 | Destination Address

6 | Source Address

2 | Length/Type

~

~

1 | Subtype
2 |Fl
ags Octets
1 | Code = OxFE -~ 3| oul
42-1496 Data/Pad | |
4 |FCsS N |

Figure 57-15—O0rganization Specific OAMPDU frame structure

The first three octets of the Organization Specific OAMPDU Data field shall contain the Organizationally
Unique Identifier (OUI).% The format and function of the rest of the Organization Specific OAMPDU Data
field is dependent on OUI value and is beyond the scope of this standard.

57.5 OAM TLVs
57.5.1 Parsing

The OAM client parses OAM TLVs. All OAM TLVs contain a single octet Type field and a single octet
Length field. The Length field encompasses the entire TLV including the Type and Length fields. TLV
processing should follow these recommendations:
a) Detection of a TLV type 0x00 should indicate there are no more TLVs to process (the length and
value of the Type 0x00 TLV can be ignored).
b) TLVs with lengths 0x00 or 0x01 should be considered invalid, and the OAMPDU should be
considered to have no more TLVs.
¢) TLVswith unknown or unexpected types should beignored.
d) If the length of a TLV is not equal to that defined for the Type, it should be ignored, and the
remainder of the frame may be ignored.
e) If aTLV length indicates that the TLV extends beyond the frame (e.g., the length cannot fit into the
frame given itslength and starting point), then the TLV should be ignored.

SInterested applicants should contact the | EEE Standards Department, Institute of Electrical and Electronics Engineers, http:/
standards.ieee.org/regauth/index.html, 445 Hoes L ane, PO. Box 1331, Piscataway, NJ 08855-1331, USA.
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57.5.2 Information TLVs

This subclause contains the definitions for Information TLVs. Information TLV's are found in Information
OAMPDUSs. Table 576 contains the defined Information TLVs.

Table 57—6—Information TLV types

Type Description
0x00 End of TLV marker

0x01 Loca Information

0x02 Remote Information

0x03-0xFD | Reserved - shall not be transmitted, should be ignored on reception by OAM client

OXFE Organization Specific Information

OXFF Reserved - shall not be transmitted, should be ignored on reception by OAM client

The following sub-clauses describe the defined Information TLVs.

57.5.2.1 Local Information TLV

The Local Information TLV shall have thefollowing fields:

a)
b)
<)

d)

€)

f)
9)

h)

216

Information Type = Local Information. This one-octet field indicates the nature of the data carried
in this TLV-tuple. The encoding of thisfield is found in Table 57—6.

Information Length. The one-octet field indicates the length (in octets) of this TLV-tuple. Local
Information TLV uses alength value of 16 (0x10).

OAM Version. This one-octet field indicates the version supported by the DTE. This field shall
contain the value 0x01 to claim compliance with Version 1 of this protocol.

Revision. This two-octet field indicates the current revision of the Information TLV. The value of
this field shall start at zero and be incremented each time something in the Information TLV
changes. Upon reception of an Information TLV from a peer, an OAM client may use this field to
decide if it needs to be processed (an Information TLV that isidentical to the previous Information
TLV doesn't need to be parsed as nothing in it has changed).

State. This one-octet field contains OAM state information and shall be as shown in Table 57-7.
OAM Configuration. This one-octet field contains OAM configuration variables and shall be as
shown in Table 57-8.

OAMPDU Configuration. This two-octet field contains OAMPDU configuration variables and
shall be as shown in Table 57-9 and encoded as specified in 57.4.1 (c).

OUI. This three-octet field contains the 24-bit Organizationaly Unique Identifier and shall be as
shown in Table 57-10.

Vendor Specific Information. This four-octet field contains the Vendor Specific Information field
and shall be as shown in Table 57-11.
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Table 57—7—State field

Bit(s)

Name

Description

7:3

Reserved

In Local Information TLVs, reserved bits shal be set to zero when
sending an OAMPDU, and should be ignored on reception for
compatibility with future use of reserved bits.

Multiplexer Action

0 = Deviceis forwarding non-OAMPDUs to the lower sublayer
(locd_mux_action = FWD).

1 = Deviceisdiscarding non-OAMPDUs
(local_mux_action = DISCARD).

1.0

Parser Action

00 = Device is forwarding non-OAMPDUSs to higher sublayer
(local_par_action = FWD).

01 = Device is looping back non-OAMPDUSs to the lower sublayer
(local_par_action = LB).

10 = Deviceis discarding non-OAMPDUs
(local_par_action = DISCARD).

11 = Reserved. In Local Information TLV's, thisvalue shall not be sent.
If the value 11 isreceived, it should beignored and not change the
last received value.

Table 57-8—OAM Configuration field

Bit(s)

Name

Description

75

Reserved

In Locd Information TLV's, reserved bits shall be set to zero when
sending an OAMPDU, and should be ignored on reception for
compatibility with future use of reserved bits.

Variable Retrieval

1 = DTE supports sending Variable Response OAMPDUSs.
0 = DTE does not support sending Variable Response OAMPDUs.

Link Events

1 =DTE supportsinterpreting Link Events.
0= DTE does not support interpreting Link Events.

OAM Remote Loopback
Support

1=DTE is capable of OAM remote loopback mode.
0=DTE is not capable of OAM remote loopback mode.

Unidirectional Support

1=DTE is capable of sending OAMPDUswhen the receive path is
non-operational.

0=DTE isnot capable of sending OAMPDUs when thereceive path is
non-operational.

OAM Mode

1=DTE configured in Active mode.
0= DTE configured in Passive mode.
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Table 57-9—OAMPDU Configuration field

Bit(s) Name Description

In Locd Information TLVs, reserved bits shall be set to zero when
15:11 | Reserved sending an OAMPDU, and should be ignored on reception for
compatibility with future use of reserved bits.

11-bit field which represents the largest OAMPDU, in octets,
supported by the DTE. Thisvalueis compared to the remote’s
Maximum PDU Size and the smaller of the two is used.

Prior to exchanging and agreeing upon a Maximum OAMPDU Size, a
DTE sends minFrameSize OAMPDUSs. The minimum valueis
minFrameSize/ 8. The maximum vaueis equa to

10:0 Maximum OAMPDU Size | maxUntaggedFrameSize, which is defined in 4.4.2.

The OAMPDUs transmitted by aDTE are limited by both the local
DTE's Maximum OAMPDU size and the remote DTE's Maximum
OAMPDU size asindicated in received Information OAMPDUSs. A
DTE is not required to change the value transmitted in this field after
negotiation to an agreed size as each end will dynamically determine
the correct maximum OAMPDU size to use.

Table 57-10—OU field

Bit(s) Name Description

23.0 oul @ 24-bit Organizationally Unique Identifier of the vendor.

@0rganizations that have previously received OUIs from the IEEE Registration Authority should use one of their allocated
OUls consistently as the company identifier.

Table 57-11—Vendor Specific Information field

Bit(s) Name Description

32-hit identifier that may be used to differentiate a vendor’s product

31.0 Vendor Specific Information models/versions.
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57.5.2.2 Remote Information TLV

The Remote Information TLV shall be a copy of the last received Local Information TLV from the remote
OAM peer, with the exception of the Information Type field. The encoding of this field is found in Table

57-6.

57.5.2.3 Organization Specific Information TLV

The Organization Specific Information TLV shall have the following fields:

a)
b)
©)

d)

Information Type = Organization Specific Information. This one-octet field indicates the nature of
the data carried in this TLV-tuple. The encoding of thisfield is found in Table 57-6.

Information Length. This one-octet field indicates the length (in octets) of this TLV_tuple. The
length of an Organization Specific Information TLV is unspecified.

Organizationally Unique I dentifier. This three-octet field shall contain the 24-bit Organizationally
Unique I dentifier (OUI).

Organization Specific Value. Thisfield indicates the value of the Organization Specific Information
TLV. Thisfield's Iength and contents are unspecified.

57.5.3 Link Event TLVs

This subclause contains the definitions for Link Event TLVs. Link Event TLVs are found in Event
Notification OAMPDUSs, Table 57-12 contains the defined Link Event TLVs.

Table 57-12—Link Event TLV type value

Type Description

0x00 End of TLV marker

0x01 Errored Symbol Period Event

0x02 Errored Frame Event

0x03 Errored Frame Period Event

0x04 Errored Frame Seconds Summary Event

0x05-O0xFD | Reserved - shall not be transmitted, should be ignored on reception by OAM client

OxXFE Organization Specific Event

OXFF Reserved - shall not be transmitted, should be ignored on reception by OAM client

The following subclauses describe the defined Link Event TLVs.
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57.5.3.1 Errored Symbol Period Event TLV

The Errored Symbol Period Event TLV counts the number of symbol errors that occurred during the
specified period. The period is specified by the number of symbols that can be received in atime interval on
the underlying physical layer. Thisevent is generated if the symbol error count is equal to or greater than the
specified threshold for that period.

The Errored Symbol Period Event TLV shall have the following fields:

a)
b)

<)

d)

€)

f)

9)

h)

Event Type = Errored Symbol Period Event. This one-octet field indicates the nature of the
information carried in this TLV tuple. The encoding of thisfield isfound in Table 57-12.

Event Length. This one-octet field indicates the length (in octets) of this TLV_ tuple. Errored
Symbol Period Event uses alength value of 40 (0x28).

Event Time Stamp. This two-octet field indicates the time reference when the event was generated,
in terms of 100 msintervals, encoded as a 16-hit unsigned integer. When this event is generated by
thelocal DTE and if Clause 30 is present, this maps to 30.3.6.1.35. When received from the remote
DTE and if Clause 30 is present, this maps to 30.3.6.1.42.

Errored Symbol Window. This eight-octet field indicates the number of symbols in the period,
encoded as a 64-bit unsigned integer. When this event is generated by the local DTE and if
Clause 30 is present, this maps to 30.3.6.1.35. When this event is received from the remote DTE and
if Clause 30 is present, this mapsto 30.3.6.1.42.

1) Thedefault valueisthe number of symbolsin one second for the underlying physical layer.

2) Thelower bound is the number of symbolsin one second for the underlying physical layer.

3) Theupper bound is the number of symbolsin one minute for the underlying physical layer.

Errored Symbol Threshold. This eight-octet field indicates the number of errored symbols in the
period isrequired to be equal to or greater than in order for the event to be generated, encoded as a
64-bit unsigned integer. When generated by the local DTE and if Clause 30 is present, this maps to
30.3.6.1.35. When received from the remote DTE and if Clause30 is present, this maps to
30.3.6.1.42.

1) Thedefault value is one symbol error.

2) Thelower bound is zero symbol errors.

3) The upper bound is unspecified.

Errored Symbols. This eight-octet field indicates the number of symbol errors in the period,
encoded as a 64-bit unsigned integer. When this event is generated by the local DTE and if
Clause 30 is present, this maps to 30.3.6.1.35. When this event is received from the remote DTE and
if Clause 30 is present, this mapsto 30.3.6.1.42.

Error Running Total. This eight-octet field indicates the sum of symbol errors since the OAM
sublayer was reset. When this event is generated by the local DTE and if Clause 30 is present, this
maps to 30.3.6.1.35. When this event is received from the remote DTE and if Clause 30 is present,
this maps to 30.3.6.1.42.

Event Running Total. This four-octet field indicates the number of Errored Symbol Period Event
TLVs that have been generated since the OAM sublayer was reset, encoded as a 32-bit unsigned
integer. When this event is generated by the local DTE and if Clause 30 is present, this maps to
30.3.6.1.35. When this event is received from the remote DTE and if Clause 30 is present, this maps
t0 30.3.6.1.42.

Thisevent is generated at the end of the event window rather than when the threshold is crossed.
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57.5.3.2 Errored Frame Event TLV

The Errored Frame Event TLV counts the number of errored frames detected during the specified period.
The period is specified by a time interval. This event is generated if the errored frame count is equal to or
greater than the specified threshold for that period. Errored frames are frames that had transmission errors as
detected at the Media Access Control sublayer as communicated via the reception_status parameter of the
MA_DATA.indication service primitive. Refer to 4.2.9 for the definition of detectable transmission errors
during reception.

The Errored Frame Event TLV shall have the following fields:

a) Event Type = Errored Frame Event. This one-octet field indicates the nature of the information
carried in this TLV tuple. The encoding of thisfield isfound in Table 57-12.

b) Event Length. Thisone-octet field indicates the length (in octets) of thisTLV _tuple. Errored Frame
Event uses alength value of 26 (0x1A).

c) Event Time Stamp. This two-octet field indicates the time reference when the event was generated,
in terms of 100 msintervals, encoded as a 16-hit unsigned integer. When this event is generated by
thelocal DTE and if Clause 30 is present, this maps to 30.3.6.1.37. When received from the remote
DTE and if Clause 30 is present, this maps to 30.3.6.1.43.

d) Errored FrameWindow. Thistwo-octet field indicates the duration of the period in terms of 100 ms
intervals, encoded as a 16-bit unsigned integer. When this event is generated by the local DTE and if
Clause 30 is present, this maps to 30.3.6.1.37. When this event is received from the remote DTE and
if Clause 30 is present, this mapsto 30.3.6.1.43.

1) Thedefault valueisone second.
2) Thelower bound is one second.
3) The upper bound is one minute.

e) Errored Frame Threshold. This four-octet field indicates the number of detected errored framesin
the period isrequired to be equal to or greater than in order for the event to be generated, encoded as
a 32-bit unsigned integer. When this event is generated by the local DTE and if Clause 30 is present,
this maps to 30.3.6.1.37. When this event is received from the remote DTE and if Clause 30 is
present, this mapsto 30.3.6.1.43.

1) Thedefault valueisone frame error.
2) Thelower bound is zero frame errors.
3) The upper bound is unspecified.

f)  Errored Frames. Thisfour-octet field indicates the number of detected errored frames in the period,
encoded as a 32-bit unsigned integer. When this event is generated by the local DTE and if
Clause 30 is present, this maps to 30.3.6.1.37. When this event is received from the remote DTE and
if Clause 30 is present, this mapsto 30.3.6.1.43.

g) Error Running Total. This eight-octet field indicates the sum of errored frames that have been
detected since the OAM sublayer was reset. When this event is generated by the local DTE and if
Clause 30 is present, this maps to 30.3.6.1.37. When this event is received from the remote DTE and
if Clause 30 is present, this mapsto 30.3.6.1.43.

h)  Event Running Total. This four-octet field indicates the number of Errored Frame Event TLV s that
have been generated since the OAM sublayer was reset, encoded as a 32-bit unsigned integer. When
this event is generated by thelocal DTE and if Clause 30 is present, this maps to 30.3.6.1.37. When
this event isreceived from the remote DTE and if Clause 30 is present, this mapsto 30.3.6.1.43.

Thisevent is generated at the end of the event window rather than when the threshold is crossed.
57.5.3.3 Errored Frame Period Event TLV

The Errored Frame Period Event TLV counts the number of errored frames detected during the specified
period. The period is specified by a number of received frames. This event is generated if the errored frame
count is greater than or equal to the specified threshold for that period (for example, if the errored frame
count is greater than or equal to 10 for the last 1,000,000 frames received). Errored frames are frames that
had transmission errors as detected at the Media Access Control sublayer as communicated via the
reception_status parameter of the MA_DATA .indication service primitive. Refer to 4.2.9 for the definition
of detectable transmission errors during reception.
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The Errored Frame Period Event TLV shall have the following fields:

a)
b)

0)

d)

€)

f)

9)

h)

Event Type = Errored Frame Period Event. This one-octet field indicates the nature of the

information carried in this TLV tuple. The encoding of thisfield isfound in Table 57-12.

Event Length. This one-octet field indicates the length (in octets) of thisTLV_tuple. Errored Frame

Period Event uses alength value of 28 (0 x 1C).

Event Time Stamp. This two-octet field indicates the time reference when the event was generated,

in terms of 100 msintervals, encoded as a 16-hit unsigned integer. When this event is generated by

thelocal DTE and if Clause 30 is present, this maps to 30.3.6.1.39. When received from the remote

DTE and if Clause 30 is present, this maps to 30.3.6.1.44.

Errored Frame Window. This four-octet field indicates the duration of period in terms of frames,

encoded as a 32-bit unsigned integer. When this event is generated by the local DTE and if

Clause 30 is present, this maps to 30.3.6.1.39. When this event is received from the remote DTE and

if Clause 30 is present, this mapsto 30.3.6.1.44.

1) Thedefault valueisthe number of minFrameSize frames that can be received in one second on
the underlying physical layer.

2) Thelower bound is the number of minFrameSize frames that can be received in 100 ms on the
underlying physical layer.

3) The upper bound is the number of minFrameSize frames that can be received in one minute on
the underlying physical layer.

Errored Frame Threshold. This four-octet field indicates the number of errored frames in the

period isrequired to be equal to or greater than in order for the event to be generated, encoded as a

32-bit unsigned integer. When this event is generated by the local DTE and if Clause 30 is present,

this maps to 30.3.6.1.39. When this event is received from the remote DTE and if Clause 30 is

present, this mapsto 30.3.6.1.44.

1) Thedefault valueisone frame error.

2) Thelower bound is zero frame errors.

3) The upper bound is unspecified.

Errored Frames. This four-octet field indicates the number of frame errorsin the period, encoded as

a 32-bit unsigned integer. When this event is generated by the local DTE and if Clause 30 is present,

this maps to 30.3.6.1.39. When this event is received from the remote DTE and if Clause 30 is

present, this mapsto 30.3.6.1.44.

Error Running Total. This eight-octet field indicates the sum of frame errors that have been

detected since the OAM sublayer was reset. When this event is generated by the local DTE and if

Clause 30 is present, this maps to 330.3.6.1.39. When this event is received from the remote DTE

and if Clause 30 is present, this maps to 30.3.6.1.44.

Event Running Total. This four-octet field indicates the number of Errored Frame Period Event

TLVs that have been generated since the OAM sublayer was reset, encoded as a 32-bit unsigned

integer. When this event is generated by the local DTE and if Clause 30 is present, this maps to

30.3.6.1.39. When this event is received from the remote DTE and if Clause 30 is present, this maps

t0 30.3.6.1.44.

Thisevent is generated at the end of the event window rather than when the threshold is crossed.

57.5.3.4 Errored Frame Seconds Summary Event TLV

The Errored Frame Seconds Summary Event TLV counts the number of errored frame seconds that occurred
during the specified period. The period is specified by atimeinterval. This event is generated if the number
of errored frame seconds is equal to or greater than the specified threshold for that period. An errored frame
second is aone second interval wherein at least one frame error was detected. Errored frames are frames that
had transmission errors as detected at the Media Access Control sublayer and communicated via the
reception_status parameter of the MA_DATA .indication service primitive. Refer to 4.2.9 for the definition
of detectable transmission errors during reception.
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The Errored Frame Seconds Summary Event TLV shall have the following fields:

a) Event Type = Errored Frame Seconds Summary Event. This one-octet field indicates the nature of
the information carried in this TLV tuple. The encoding of thisfield isfound in Table 57-12.

b) Event Length. Thisone-octet field indicates the length (in octets) of thisTLV _tuple. Errored Frame
Seconds Summary Event uses alength value of 18 (0x12).

c) Event Time Stamp. This two-octet field indicates the time reference when the event was generated,
in terms of 100 msintervals, encoded as a 16-bit unsigned integer. When this event is generated by
thelocal DTE and if Clause 30 is present, this maps to 30.3.6.1.41. When received from the remote
DTE and if Clause 30 is present, this maps to 30.3.6.1.45.

d) Errored Frame Seconds Summary Window. This two-octet field indicates the duration of the period
in terms of 100 msintervals, encoded as a 16-bit unsigned integer. When this event is generated by
thelocal DTE and if Clause 30 is present, this mapsto 30.3.6.1.41. When this event isreceived from
theremote DTE and if Clause 30 is present, this mapsto 30.3.6.1.45.

1) Thedefault valueis 60 seconds.
2) Thelower bound is 10 seconds.
3) The upper bound is 900 seconds.

e) Errored Frame Seconds Summary Threshold. This two-octet field indicates the number of errored
frame seconds in the period is required to be equal to or greater than in order for the event to be
generated, encoded as a 16-hit unsigned integer. When this event is generated by thelocal DTE and
if Clause 30 is present, this maps to 30.3.6.1.41. When this event is received from the remote DTE
and if Clause 30 is present, thismapsto 30.3.6.1.45.

1) Thedefault valueisone errored second.
2) Thelower bound is zero errored seconds.
3) The upper bound is unspecified.

f)  Errored Frame Seconds Summary. This two-octet field indicates the number of errored frame
seconds in the period, encoded as a 16-bit unsigned integer. When this event is generated by the
local DTE and if Clause 30 is present, this mapsto 30.3.6.1.41. When this event is received from the
remote DTE and if Clause 30 is present, this maps to 30.3.6.1.45.

g) Error Running Total. This four-octet field indicates the sum of errored frame seconds that have
been detected since the OAM sublayer was reset. When this event is generated by thelocal DTE and
if Clause 30 is present, this maps to 30.3.6.1.41. When this event is received from the remote DTE
and if Clause 30 is present, thismaps to 30.3.6.1.45.

h) Event Running Total. This four-octet field indicates the number of Errored Frame Seconds
Summary Event TLV sthat have been generated since the OAM sublayer was reset, encoded as a 32-
bit unsigned integer.When this event is generated by the local DTE and if Clause 30 is present, this
maps to 30.3.6.1.41. When this event is received from the remote DTE and if Clause 30 is present,
this maps to 30.3.6.1.45.

Thisevent is generated at the end of the event window rather than when the threshold is crossed.
57.5.3.5 Organization Specific Event TLVs

The optiona Organization Specific Event TLV may be used by organizations to define extensions to the
Event mechanisms in this clause. Organization Specific Event TLV s shall have the following fields:

a) Event Type = Organization Specific Event. This one-octet field indicates the nature of the
information carried in this TLV tuple. The encoding of thisfield isfound in Table 57-12.

b) Event Length. This one-octet field indicates the length (in octets) of this TLV_tuple. The length of
the Organization Specific Event is unspecified.

c¢) Organizationally Unique Identifier. This three-octet field shall contain a 24-bit Organizationally
Unique Identifier.

d) Organization Specific Value. Thisfield indicates the value of the Organization Specific Event. This
field's length and contents are unspecified.
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57.6 Variables

MIB variables are queried through the use of Variable Request OAMPDUs and returned through the use of
Variable Response OAMPDUS. Variable Request OAMPDUS, defined in 57.4.3.3, use data structures called
Variable Descriptors (see 57.6.1). An OAM client may request one or more variables in each Variable
Request OAMPDU.

Variable Response OAMPDUS, defined in 57.4.3.4, use data structures caled Variable Containers (see
57.6.2). Each returned Variable Container resides within a single Variable Response OAMPDU. If aVariable
Container does not fit within a Variable Response OAMPDU, an error code is returned. In returning
requested variables, an OAM client generates at least one and perhaps additional Variable Response
OAMPDUs per received Variable Request OAMPDU. The following sections describe the format of
Variable Descriptors and Variable Containers.

See 57.6.3 for a description of the parsing rules for Variable Descriptors and Variable Containers.
57.6.1 Variable Descriptors

A Variable Descriptor is used to request MIB attributes, objects and packages and uses the CMIP protocol
encodings as found in Annex 30A. The Variable Descriptor structure shall be as shown in Table 57-13.

Table 57-13—Variable Descriptor format

Octet(s) Name Description

Derived from the CMIP protocol encodingsin Annex 30A, Variable
Branches may reference attributes, objects or packages. If an object or
1 Variable Branch package is referenced, only the attributes within the object or package
shall be found within the Variable Container. Actions shall not be found
within Variable Containers.

. The Variable Leaf field is derived from the CMIP protocol encodings in
2 Variable Leaf Annex 30A.

57.6.2 Variable Containers

Variable Containers are used to return MIB attributes, objects and packages. One or more Variable
Containers may exist in the Datafield of a Variable Response OAMPDU (see 57.4.3.4).
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57.6.2.1 Format of Variable Containers when returning attributes

The Variable Container structure for an attribute shall be as shown in Table 57-14.
Table 57-14—Variable Container format when returning an attibute

Octet(s)

Name

Description

Variable Branch

Derived from the CMIP protocol encodings in Annex 30A, Variable
Branches may reference attributes, objects or packages. If an object or
package is referenced, only the attributes within the object or package shall
be found within the Variable Container. Actions shall not be found within
Variable Containers.

Variable L eaf

The Variable Leaf field is derived from the CMIP protocol encodingsin
Annex 30A.

Variable Width

When bit 7 = 1, bits 6:0 represent a Variable Indication. Refer to Table 57-17
for the encoding of bits 6:0. Thereis no Variable Vaue field when bit 7 = 1.

When bit 7 = 0, bits 6:0 represent the length of the Variable Valuefield in
octets. An encoding of 0x00 equals 128 octets. All other encodings represent
actual lengths.

varies

Variable Value

The Variable Value field may be 1 to 128 octets in length. Itswidth is
determined by the Variable Width field.

Thefirst field is the one-octet Variable Branch field. The second field is the two-octet Variable Leaf field.
See Table 57-16 for examples of Variable Branch and Variable Leaves. The third field is the dual purpose
one-octet Variable Width field. This field either contains the actual width of the attribute or a Variable
Indication providing information as to the reason this particular attribute could not be returned. See Table
57-17 for the defined Variable Indications. If the Variable Width field contains awidth value, the fourth field
is the Variable Value field, which contains the attribute. Thisfield may be up to 128 octetsin length. Octets
of the attribute are ordered most significant first, followed by each successive octet. If the Variable Width
field contains a Variable Indication, the Variable Value field does not exist.

57.6.2.2 Format of Variable Containers when returning packages and objects

The Variable Container structure for packages and objects shall be as shown in Table 57-15.

Table 57-15—Variable Container format when returning packages and objects

Octet(s)

Name

Description

Variable Branch

Derived from the CMIP protocol encodingsin Annex 30A, Variable
Branches may reference attributes, objects or packages. If an object or
package is referenced, only the attributes within the object or package
shall be found within the Variable Container. Actions shall not be
found within Variable Containers.

Variable L eaf

The Variable Leaf field is derived from the CMIP protocol encodings
in Annex 30A.

Variable Width

When bit 7 = 1, bits 6:0 represent a Variable Indication. Refer to Table
57-17 for the encoding of bits 6:0. Thereis no Variable Value field
when bit 7 = 1.

When bit 7 = 0, bits 6:0 represent the length of the Variable Valuefield
in octets. An encoding of 0 x 00 equals 128 octets. All other encodings
represent actual lengths.

varies

Variable Value

The Variable Value field may be 1 to 128 octetsin length. Itswidth is
determined by the Variable Width field.
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A package is defined as a set of MIB attributes and/or actions. An object is a set of packages, which in turn
are made up of MIB attributes and/or actions. Variable Containers provide an efficient method for returning
packages and objects. Attributes within packages and objects are returned in the order those attributes are
listed in Annex 30A.

The Variable Container structure for packages and objects is similar to the structure for attributes. The first
field is the one-octet Variable Branch field for the specific package or object being returned. The second
field is the two-octet Variable Leaf field for the specific package or object being returned. See Table 57-16
for examples of Variable Branch and Variable Leaves. The third field is the dua purpose one-octet Variable
Width field of the first attribute within the package or object being returned. This field either contains the
actual width of the attribute or a Variable Indication providing information as to the reason this particular
attribute could not be returned. See Table 57-17 for the defined Variable Indications. If the Variable Width
field contains a width value, the fourth field is the Variable Va ue field, which contains the first attribute of
the package or object being returned. This field may be up to 128 octets in length. Octets of the attribute are
ordered most significant first, followed by each successive octet. If the Variable Width field contains a
Variable Indication, the Variable Vaue field does not exist.

For each successive attribute within the package, the third field (Variable Width) and fourth field (Variable
Value), if applicable, are repeated.

For each successive attribute within each successive package of the object, the third field (Variable Width)
and fourth field (Variable Value), if applicable, are repeated.

57.6.3 Parsing

The OAM client parses Variable Descriptors and Variable Containers. All Variable Descriptors/Containers
contain a one-octet Variable Branch field and a two-octet Variable Leaf field. Variable Descriptor/Container
processing should follow these recommendations:

a) Detection of a Variable Branch field equal to 0x00 should indicate there are no more Variable
Descriptors/Containers to process (subsequent fields can be ignored).

b) Variable Branch or Variable Leaf fields with unknown or unexpected values should be ignored.

c) If aVariable Width field indicates Variable Container extends beyond the frame (e.g., the length
cannot fit into the frame given its length and starting point), then the Variable Container should be
ignored.

d) Detection of a Variable Indication value equal to 0x40 should indicate there are no more attributes
within the object to process.

e) Detection of a Variable Indication value equal to 0x60 should indicate there are no more objects
within the package to process.

57.6.4 Variable Branch/Leaf examples

Table 57-16 contains a set of example branch and leaf values for attributes, packages and objects.

Table 57-16—Variable Branch/Leaf Examples

Variable Variable Variable
Type Name Branch L eaf
attribute aFramesTransmittedOK 0x07 0x0002
attribute aFramesReceivedOK 0x07 0x0005
package pMandatory 0x04 0x0001
package pRecommended 0x04 0x0002
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Table 57-16—Variable Branch/Leaf Examples

Variable Variable Variable
Type Name Branch L eaf
object OMACEntity 0x03 0x0001
object oPHY Entity 0x03 0x0002

57.6.5 Variable Indications

If aDTE isunableto retrieve one or more variables, the Variable Container is used to return the appropriate
Variable Indication for the particular variable(s). The Variable Indications are defined in Table 57-17.

Table 57-17—Variable Indications

Coding Indication
0x00 Reserved - shall not be transmitted, should be ignored on reception by OAM client
0x01 Length of requested Variable Container(s) exceeded OAMPDU datafield.

0x02-1F Reserved - shall not be transmitted, should be ignored on reception by OAM client

Attribute I ndications

0x20 Requested attribute was unabl e to be returned due to an undetermined error.

0x21 Requested attribute was unabl e to be returned because it is not supported by the local DTE.
0x22 Requested attribute may have been corrupted due to reset.

0x23 Requested attribute unable to be returned due to a hardware failure.

0x24 Requested attribute experienced an overflow error.

0x25-3F Reserved - shall not be transmitted, should be ignored on reception by OAM client

Object Indications

0x40 End of object indication.

0x41 Requested object was unable to be returned due to an undetermined error.

0x42 Requested object was unable to be returned because it is not supported by the local DTE.
0x43 Requested object may have been corrupted due to reset.

0x44 Requested object unable to be returned due to a hardware failure.

Ox45-5F Reserved - shall not be transmitted, should be ignored on reception by OAM client

Package Indications

0x60 End of package indication.

0x61 Requested package was unable to be returned due to an undetermined error.

0x62 Requested package was unable to be returned because it is not supported by the local DTE.
0x63 Requested package may have been corrupted due to reset.

0x64 Requested package unable to be returned due to a hardware failure.

Ox65-7F Reserved - shall not be transmitted, should be ignored on reception by OAM client
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57.7 Protocol Implementation Conformance Statement (PICS) proforma for Clause 57,
Operations, Administration, and Maintenance (OAM)6

57.7.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 57, Operations,
Administration, and Maintenance (OAM), shall complete the following Protocol Implementation
Conformance Statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

57.7.2 Identification

57.7.2.1 Implementation identification

Supplier

Contact point for enquiries about the PICS
Implementation Name(s) and Version(s)

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Name(s)

NOTES

1—Only the first three items are required for all implementations; other information may be completed as
appropriate in meeting the requirements for the identification.

2—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s terminology
(e.g., Type, Series, Model).

57.7.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3ah-2004, Clause 57, Operations,
Administration, and Maintenance (OAM)

Identification of amendments and corrigenda to this
PICS proformathat have been completed as part of this
PICS

Have any Exception items been required? No[ ] Yes[]
(See Clause 21; the answer Yes means that the implementation does not conform to |EEE Std 802.3ah-2004.)

| Date of Statement ‘ |

57.7.2.3 Major capabilities/options

57.7.3 PICS proforma Tables for Operation, Administration, and Maintenance (OAM)

6Copyright release for PICSproformas: Users of this standard may freely reproduce the PICS proformain this clause so that it can be
used for itsintended purpose and may further publish the completed PICS.
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Item Feature Subclause Valueg/Comment Satus | Support
oM OAM object class 30.3.6 (0] Yes[]
No []
Csl OAM client serviceinterfaces | 57.2.5 M Yes[]
1Sl Internal service interfaces 57.2.8 M Yes[]
*ACTV | Activemode 57.2.9 0.1 Yes[]
No []
*PASS Passive mode 57.2.9 0.1 Yes[]
No []
*LB OAM remote loopback 57.2.11, (0] Yes[]
Table 57-8 No []
UNI Unidirectiona operation 57.2.12, Requires support for (0] Yes[]
Table57-8 | unidirectional operation as No []
defined in Clause 66.
*EVNT Link Events 57.4.3.2, (0] Yes[]
57.5.3 No []
*VAR Variable Retrieval 57.4.3.3, (0] Yes[]
57.4.3.4 No []
*OSP Organi zation Specific 57.4.3.6 o Yes[]
OAMPDU No []
*OSE Organization Specific Events 57.5.3.5 0] Yes[]
No []
(ON Organi zation Specific 57.5.2.3 o Yes[]
Information TLV No []
57.7.3.1 Functional Specifications
Item Feature Subclause Value/Comment Satus Support
OFS1 Passive mode limited 57.29.2 Cannot send Variable Request or PASSM | Yes[]
transmission Loopback Control OAMPDUs No []
N/AT]
OFS2 Discovery state diagram 57321 Implemented as defined in Figure M Yes[]
575
OFS3 Transmit state diagram 57.3.2.2 Implemented as defined in Figure M Yes[]
57-6
OF4 OAMPDU transmissionwhen | 57.3.2.2.6 Only Information OAMPDUswith | M Yes[]
local_pduissetto LF_INFO Link Fault bit of Flags field and
without Information TLVs can be
transmitted
OFS5 OAMPDU transmissionwhen | 57.3.2.2.6 No OAMPDU transmission M Yes[]
local_pdu is set to RX_INFO alowed
OFS6 OAMPDU transmissionwhen | 57.3.2.2.6 Only Information OAM PDUs can M Yes[]
local_pduis set to INFO be transmitted
OAMPDU transmissionwhen
local_pduissetto ANY:
OFS7 OAM_CTL.request service 57.3.2.2.6 Requests transmission of M Yes[]
primitive with one or more Information OAMPDU with
critical link event parameters appropriate bits of Flags field set
OFS8 OAMPDU.request service 57.3.2.2.6 Requests transmission of M Yes[]
primitive OAMPDU
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Item Feature Subclause Value/Comment Satus Support
OAMPDU Flagsfield
reserved encodings
OFSs9 Remote Stable and Remote Table 57-3 Encoding of 0x3 isnot transmitted | M Yes[]
Evaluating bits
Encoding of 0x3 is not transmitted
OFS10 | Loca Stableand Local Eval- | Table57-3 M Yes[]
uating bits
OFS11 | Reserved hits Table 57-3 Reserved bits are zero on M Yes[]
transmission
OFS12 | OAMPDU Codefield 57.4.2.2 Only defined Codefield valuesare | M Yes[]
permitted in transmitted CAMP-
DUs
OFS13 | OAMPDU reception when 57.3.2.3 Only Information OAMPDUs are M Yes|[ ]
local_pduisnot setto ANY sent to OAM client entity
OFS14 | OAMPDU reception when 57.3.23 All OAMPDUs are sent to OAM M Yes[ ]
local_pduissetto ANY client entity
OFS15 | Multiplexer state diagram 57.3.3 Implemented as defined in Figure M Yes[]
577
OFS16 | Multiplexer transparent pass- | 57.3.3.2 Provide transparent pass-through M Yes[]
through of frames from superior sublayer
to subordinate sublayer
OFS17 | Effect of OAMPDU on a 57.3.3.2 Has no effect M Yes|[ ]
frame aready submitted to
subordinate sublayer
OFS18 | Parser state diagram 57.34 Implemented as defined in Figure M Yes[]
57-8
57.7.3.2 Event Notification Generation and Reception
Item Feature Subclause Value/Comment Satus | Support
EV1 Response to Critical Events | 57.2.10.3 Set/clear Flag bits based on M Yes[]
OAM_CTL .request service
primitive
EV2 Critical Event reception 57.2.10.4 Indicated via Flagsfield of M Yes[]
OAMPDU.indication service
primitive
EV3 Link Event reception 57.2.10.4 Indicated via OAMPDU.indication | EVNT: Yes[]
service primitive with all received M N/A T[]
Event Notification OAMPDUs
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Item Feature Subclause Value/Comment Satus Support
PDU1 Tagging 57.4.2 OAMPDUs cannot be tagged M Yes[]
PDU2 OAMPDU structure 57.4.2 As defined in Figure 57-9 and M Yes|[]

field definitions
PDU3 Minimum OAMPDU size 57.4.2 Support OAM PDUs minFrame- M Yes|[ ]
Sizein length
PDU4 Information OAMPDU frame 57.43.1 Shown in Figure 57-10 M Yes|[]
structure
PDU5 Information OAMPDU when 57.43.1 Datafield contains zero M Yes|[]
local_pdu set to LF_INFO Information TLV's
Information OAMPDU when
local _pdu not set to LF_INFO
PDU6 remote_state valid=FALSE 57.43.1 Datafield contains Local M Yes|[]
Information TLV
PDU7 remote_state valid=TRUE 57.43.1 Datafield contains Loca and M Yes|[]
Remote Information TLVs
PDU8 Type values 0x03-0xFD Table 57-6 Not to be sent M Yes|[]
PDU9 Type value OxFF Table 576 | Not to be sent M Yes|[ ]
PDU10 | Event Notification OAMPDU 57.43.2 Shown in Figure 57-11 EVNT: Yes|[]
frame structure M N/AT]
PDU11 | Event Notification OAMPDU 57.43.2 Thefirst two bytes of the Data EVNT: Yes|[]
Sequence Number field contain aSequence Number | M N/A T[]
encoded as an unsigned 16-bit
integer
PDU12 | Event Notification OAMPDU 57.43.2 Datafield containing one or EVNT: Yes|[]
Event(s) more Link Event TLVs M N/AT]
following the Sequence Number
PDU13 | Variable Request OAMPDU 57.43.3 Shown in Figure 57-12 VAR * Yes|[]
frame structure ACTV: No []
M N/AT]
PDU14 | Variable Request OAMPDU 57.4.3.3 Datafield contains one or more | VAR* Yes[]
Datafield Variable Descriptors ACTV: N/AT]
M
PDU15 | Variable Response OAMPDU 57.4.3.4 Shown in Figure 57-13 VAR:M Yes|[ ]
frame structure N/AT]
PDU16 | Variable Response OAMPDU 57.43.4 Datafield contains one or more VAR:M Yes|[]
Datafield Variable Containers N/A T[]
PDU17 | Loopback Control OAMPDU 57435 Shown in Figure 57-14 IPASS* | Yes[]
frame structure LB:M N/A T[]
PDU18 | Loopback Control OAMPDU 57.4.35 Datafield contains asingle IPASS* Yes|[]
Datafield OAM Remote Loopback LB:M N/AT]
command from Table 57-5.
PDU19 | Command value 0x00 Table 57-5 Not to be sent IPASS* Yes|[]
LB:M N/AT]
PDU20 | Command values 0x03-0xFF Table57-5 Not to be sent IPASS * Yes|[ ]
LB:M N/AT]
PDU21 | Organization Specific 57.4.3.6 Shown in Figure 57-15 OSP:M Yes[]
OAMPDU frame structure N/AT]
PDU22 | Organization Specific 57.4.3.6 Contains 24-bit Organizationaly | OSP:M Yes|[]
OAMPDU Organizationally Unique Identifier N/AT]
Unique Identifier field
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57.7.3.4 Local Information TLVs

Item Feature Subclause Value/Comment Status | Support
LIT1 Local Information TLV 57.5.21 Contains the following fields: M Yes[]
Information Type, Information
Length, OAM Version,
Revision, State, OAM
Configuration, OAMPDU
Configuration, OUI, Vendor
Specific Information
LIT2 Local Information TLV OAM 57521 Contains 0x01 to claim M Yes[]
Version field complianceto this
specification
LIT3 Local Information TLV Revi- 57521 Starts at zero and incremented | M Yes[]
sion Fied each time aLocal Information
TLV field changes.
LIT4 Local Information TLV State 57.5.2.1 Asdefined in Table 57-7 M Yes[]
field
LIT5 Local Information TLV State 57521 Is not transmitted M Yes[]
field Parser Action Ox3 value
LIT6 Reserved bits Table57-7 | Reserved hits are zero on M Yes[]
transmission
LIT7 Local Information TLV OAM 575.2.1 Asdefined in Table 57-8 M Yes[]
Configuration field
LIT8 Reserved bits Table 57-8 | Reserved hits are zero on M Yes[]
transmission
LIT9 Local Information TLV 57.5.2.1 Asdefined in Table 57-9 M Yes[]
OAMPDU Configuration field
LIT10 Local Information TLV OUI 57.5.2.1 Asdefined in Table 57-10 M Yes[]
field
LIT11 Reserved bits Table57-9 | Reserved hits are zero on M Yes[]
transmission
LIT12 Local Information TLV Vendor | 57.5.2.1 Asdefined in Table 57-11 M Yes[]
Specific Information field

57.7.3.5 Remote Information TLVs

Item Feature Subclause Value/Comment Satus Support

RIT1 Remote Information TLV 57.5.2.2 Contains the Information Type | M Yes[]
field specifying the Remote
Information TLV Type value
and all remaining fields are
copied from the last received
Local Information TLV from
remote OAM peer
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Item Feature Subclause Value/Comment Status | Support
OIT1l Organization Specific 57.5.2.3 Contains the following fields: M Yes[]
Information TLV Information Type, Information
Length, OUI, Organization
Specific Vaue
OIT2 Organization Specific 57.5.2.3 Contains 24-bit OUI M Yes[]
Information TLV OUI field
57.7.4 Link Event TLVs
Item Feature Subclause Value/Comment Satus Support
ET1 Errored Symbol Period Event | 57.5.3.1 Contains the following fields: EVNT: Yes[]
TLV structure Event Type, Event Length, M N/AT]
Event Time Stamp, Errored
Symbol Window, Errored
Symbol Threshold, Errored
Symboals, Error Running Total,
Event Running Total
ET2 Errored Frame Event TLV 57.5.3.2 Contains the following fields: EVNT: Yes[]
structure Event Type, Event Length, M N/AT]
Event Time Stamp, Errored
Frame Window, Errored Frame
Threshold, Errored Frames,
Error Running Total, Event
Running Total
ET3 Errored Frame Period Event 57.5.3.3 Contains the following fields: EVNT: Yes[]
TLV structure Event Type, Event Length, M N/AT]
Event Time Stamp, Errored
Frame Window, Errored Frame
Threshold, Errored Frames,
Error Running Total, Event
Running Total
ET4 Errored Frame Seconds 57534 Contains the following fields: EVNT: Yes[]
Summary Event TLV Event Type, Event Length, M N/AT]
structure Event Time Stamp, Errored
Frame Seconds Summary
Window, Errored Frame
Seconds Summary Threshold,
Errored Frame Seconds
Summary, Error Running Total,
Event Running Total
ET5 Organization Specific Event 57535 Contains the following fields: EVNT* | Yes[]
TLV structure Event Type, Event Length, OSE:M N/AT]
Organizationally Unique
I dentifier, Organization Specific
Value
ET6 Organization Specific Event | 57.5.3.5 Contains 24-bit EVNT* | Yes[]
Organizationally Unique Organizationally Unique OSE:M N/AT]
Identifier field Identifier
ET7 Type values 0x05-0xFD Table 57-12 | Not to be sent EVNT: Yes[]
M N/AT]
ET8 Type value OxFF Table57-12 | Not to be sent EVNT: Yes[]
M N/AT]
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57.7.5 Variables Descriptors and Containers

Item Feature Subclause Value/Comment Status | Support
VAR1 Variable Descriptor structure 57.6.1 Asdefined in Table 57-13 VAR * Yes[]
ACTV: | N/AT]
M
Variable Descriptor / Variable
Branch
VAR2 references attributes 57.6.1 If an object or package is VAR * Yes[]
referenced, only attributes ACTV: N/AT]
can be found within Variable M
Container
VAR3 does not reference actions 57.6.1 Actions are not found in VAR * Yes[]
Variable Containers ACTV: N/AT]
M
VAR4 Variable Container structure 57.6.2 Asdefined in Table 57-14 VARM Yes[]
for an attribute N/AT]
Variable Container / Variable
Branch
VAR5 references attributes 57.6.2 If an object or package is VAR:M Yes[]
referenced, only attributes N/AT]
can be found within Variable
Container
VARG does not reference actions 57.6.2 Actions are not found in VAR:M Yes[]
Variable Containers N/AT]
VAR7 Type value 0x00 Table57-16 | Not to be sent VAR:M Yes[]
N/AT]
VARS8 Type values 0x02-0x 1F Table57-16 | Not to be sent VAR:M Yes[]
N/AT]
VAR9 Type values 0x25-0x2F Table 57-16 | Not to be sent VAR:M Yes[]
N/AT]
VAR10 | Type values 0x45-0x5F Table57-16 | Not to be sent VAR:M Yes[]
N/AT]
VAR11 | Typevalues 0x65-0x7F Table57-16 | Not to be sent VAR:M Yes[]
N/AT]
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58. Physical Medium Dependent (PMD) sublayer and medium, type
100BASE-LX10 (Long Wavelength) and 100BASE-BX10 (BiDirectional Long
Wavelength)

58.1 Overview

The 100BASE-LX10 and 100BASE-BX10 PMD sublayers provide point-to-point 100 Mb/s Ethernet links
over a pair of single-mode fibers or an individual single-mode fiber, respectively, up to at least 10 km. They
complement 100BASE-TX (twisted-pair cable, see Clause 25) and 100BASE-FX (multimode fiber, see
Clause 26).

This clause specifies the 100BASE-LX10 PMD and the 100BASE-BX10 PMDs for operation over single-
mode fiber. A PMD is connected to the 100BASE-X PMA of 66.1, and to the medium through the MDI. A
PMD is optionally combined with the management functions that may be accessible through the
management interface defined in Clause 22 or by other means.

Table 58-1 shows the primary attributes of each PMD type.

Table 58—1—Classification of 100BASE-LX10 and 100BASE-BX10

Description 100BASE-LX10 | 100BASE-BX10-D | 100BASE-BX10-U | Unit
Fiber type B1.1,B1.3SMF?
Number of fibers 2 1
Typical transmit direction Any Downstream Upstream
Nominal transmit wavelength 1310 1550 1310 nm
Minimum range 0.5mto 10 km
Maximum channel insertion |oss? 6.0 55 6.0 dB

agpecified in IEC 60793-2
bAt the nominal wavelength

A 100BASE-LX10 link uses 100BASE-LX10 PMDs at each end while a 100BASE-BX10 link uses a
100BASE-BX10-D PMD at one end and a 100BASE-BX10-U PMD at the other. Typically the 1550 nm
band is used to transmit away from the center of the network (“ downstream”) and the 1310 nm band towards
the center (“upstream”), although this arrangement, or the notion of hierarchy, is not required. The suffixes
“D” and “U” indicate the PMDs at each end of a link which transmit in these directions and receive in the
opposite directions.

Two optional temperature ranges are defined; see 58.8.4 for further details. Implementations may be
declared as compliant over one or both complete ranges, or not so declared (compliant over parts of these
ranges or another temperature range).

58.1.1 Goals and objectives
The following are the objectives of 100BASE-L X 10 and 100BASE-BX10:
a) Point to point on optical fiber

b) 100BASE-X upto at least 10 km over single-mode fiber (SMF)
c) BER better than or equal to 10712 at the PHY service interface.

Copyright © 2004 IEEE. All rights reserved. 235



|IEEE

Std 802.3ah-2004 AMENDMENT TO IEEE Std 802.3

58.1.2 Positioning of this PMD set within the IEEE 802.3 architecture

Figure 58-1 depicts the relationships of the PMD (shown shaded) with other sublayers and the 1SO/IEC
Open System Interconnection (OSI) reference model.

osl LAN
REFERENCE CSMA/CD
MODEL LAYERS
LAYERS
HIGHER LAYERS
APPLICATION
LLC—LOGICAL LINK CONTROL
PRESENTATION / OR OTHER MAC CLIENT
/
SESSION y OAM (OPTIONAL)
TRANSPORT / MAC CONTROL (OPTIONAL)
NETWORK / MAC—MEDIA ACCESS CONTROL
~ RECONCILIATION |
DATA LINK P
MIl —p
PHYSICAL
PCS
~ PMA PHY
~
~
N MDI—p
MEDIUM
MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
MIl = MEDIUM INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE

PMA = PHYSICAL MEDIUM ATTACHMENT
PMD = PHYSICAL MEDIUM DEPENDENT

Figure 58-1—100BASE-LX10 and 100BASE-BX10 PMDs relationship to the ISO/IEC Open
Systems Interconnection (OSI) reference model and the IEEE 802.3 CSMA/CD LAN model

58.1.3 Terminology and conventions

The following list contains references to terminology and conventions used in this clause:
Basic terminology and conventions, see 1.1 and 1.2.
Normative references, see 1.3.
Definitions, see 1.4.
Abbreviations, see 1.5.
Informative references shown referenced in the format [Bn], see Annex A.
Introduction to 100 M b/s baseband networks, see Clause 21.

Introduction to Ethernet for subscriber access networks, see Clause 56..

58.1.4 Physical Medium Dependent (PMD) sublayer service interface

The following specifies the services provided by the 100BASE-LX10 and 100BASE-BX10 PMDs. These

PMD sublayer service interfaces are described in an abstract manner and do not imply any particular
implementation.
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The PMD service interface supports the exchange of NRZI encoded 4B/5B bit streams between the PMA
and PMD entities. The PMD translates the serialized data of the PMA to and from signals suitable for the
specified medium.
The following primitives are defined:

PMD_UNITDATA .request

PMD_UNITDATA. indicate

PMD_SIGNAL.indicate

58.1.4.1 Delay constraints

Delay requirements which affect the PMD layer are specified in 24.6. Of the budget, up to 12 nsisreserved
for each of the transmit and receive functions of the PMD to account for those cases where the PMD
includes a pigtail.

58.1.4.2 PMD_UNITDATA.request
This primitive defines the transfer of a serial data stream from the PMA to the PMD.

The semantics of the service primitive are PMD_UNITDATA .request(tx_bit). The data conveyed by
PMD_UNITDATA.request is a continuous stream of hits where the tx_bit parameter can take one of two
values. ONE or ZERO. The PMA continuously sends the appropriate stream of bits to the PMD for
transmission on the medium, at a nominal 125 MBd signaling speed. Upon receipt of this primitive, the
PMD converts the specified stream of bitsinto the appropriate signals at the MDI.

58.1.4.3 PMD_UNITDATA.indicate
This primitive defines the transfer of data from the PMD to the PMA.

The semantics of the service primitive are PMD_UNITDATA.indicate(rx_bit). The data conveyed by
PMD_UNITDATA.indicate is a continuous stream of bits where the rx_bit parameter can take one of two
values: ONE or ZERO. The PMD continuously sends a stream of hits to the PMA corresponding to the
signals received from the MDI.

58.1.4.4 PMD_SIGNAL.indicate
This primitive is generated by the PMD to indicate the status of the signal being received from the MDI.

The semantics of the service primitive are PMD_SIGNAL.indicate(SIGNAL_DETECT). The
SIGNAL_DETECT parameter can take on one of two values: OK or FAIL, indicating whether the PMD is
detecting light at the receiver (OK) or not (FAIL). When SIGNAL_DETECT = FAIL,
PMD_UNITDATA . .indicate(rx_hit) is undefined. The PMD generates this primitive to indicate a change in
the value of SIGNAL_DETECT.

NOTE—SIGNAL_DETECT = OK does not guarantee that PMD_UNITDATA .indicate(rx_bit) is known good. It is pos-
sible for a poor quality link to provide sufficient light for a SIGNAL_DETECT = OK indication and still not meet the
specified bit error ratio.

58.2 PMD functional specifications

The 100BASE-X PMDs perform the transmit and receive functions that convey data between the PMD
service interface and the MDI.
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58.2.1 PMD block diagram

The PMD sublayer is defined at the four reference points shown in Figure 58—2. Two points, TP2 and TP3,
are compliance points. TP1 and TP4 are reference points for use by implementers. The optical transmit
signal is defined at the output end of a patch cord (TP2), between 2 and 5 m in length, of single-mode fiber.
Unless specified otherwise, al transmitter measurements and tests defined in 58.7 are made at TP2. The
optical receive signal is defined at the output of the fiber optic cabling (TP3) connected to the receiver.
Unless specified otherwise, al receiver measurements and tests defined in 58.7 are made at TP3.

MDI MDI
I I
| |
| () |

| |

Optical Optical

PMA —— PMD VAN PMD - PMA
Patch
transmitter cord receiver

Fiber optic cabling
(Channel)

Signal_Detect

o

System bulkheads

Figure 58-2—100BASE-X block diagram

The electrica specifications of the PMD service interface (TP1 and TP4) are not system compliance points
(these are not readily testable in a system implementation). It is expected that in many implementations, TP1
and TP4 will be common between 100BASE-LX10, 100BASE-BX10-D, 100BASE-BX10-U, and
100BASE-FX (multimode fiber, see Clause 26).

58.2.2 PMD transmit function

The PMD transmit function shall convey the hits requested by the PMD service interface message
PMD_UNITDATA .request(tx_bit) to the MDI according to the optical specifications in this clause. The
higher optical power level should correspond to tx_bit = ONE.

NOTE—Because the NRZI coding distinguishes between a transition and no transition on the line, as opposed to 0 and
1, aninverted signal is usable.

58.2.3 PMD receive function

The PMD receive function shall convey the bits received from the MDI according to the optical
specifications in  this clause to the PMD savice interface using the message
PMD_UNITDATA.indicate(rx_hit). The higher optical power level should correspond to rx_bit = ONE.

NOTE—Because the NRZI coding distinguishes between a transition and no transition on the line, as opposed to 0 and
1, aninverted signal is usable.
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58.2.4 100BASE-LX10 and 100BASE-BX10 signal detect function

The PMD signal detect function shall report to the PMD service interface, using the message
PMD_SIGNAL.indicate(SIGNAL_DETECT) which is signaled continuously. PMD_SIGNAL.indicate is
intended to be an indicator of optical signal presence.

The vaue of the SIGNAL_DETECT parameter for 100BASE-LX10 and 100BASE-BX10 shall be
generated according to the conditions defined in Table 58-2. The PMD receiver is not required to verify
whether a compliant 100BASE-LX10 signal or 100BASE-BX10 signal is being received. This standard
impaoses no response time requirements on the generation of the SIGNAL_DETECT parameter.

Table 58—-2—100BASE-LX10 and 100BASE-BX10 SIGNAL_DETECT value definition

Receive conditions SIGNAL_DETECT
value
100BASE-L X10 100BASE-BX10
Averageinput optical power < Signal detect | Averageinput optical power < Signal detect | FAIL
threshold (min) in Table 584 threshold (min) in Table 58-6
Average input optical power > Receiver Average input optical power > Receiver
sengitivity (max) in Table 584 with a sensitivity (max) in Table 58-6 with a OK
compliant 100BASE-LX 10 signal input compliant 100BASE-BX10 signal input at
the specified receiver wavelength
All other conditions Unspecified

As an unavoidable consequence of the regquirements for the setting of the SSIGNAL_DETECT parameter,
implementations must provide adequate margin between the input optical power level at which the
SIGNAL_DETECT parameter is set to OK, and the inherent noise level of the PMD due to cross talk, power
supply noise, etc.

Various implementations of the signal detect function are permitted by this standard, including
implementations that generate the SIGNAL_DETECT parameter values in response to the amplitude of the
modulation of the optical signal and implementations that respond to the average optical power of the
modulated optical signal.

58.3 PMD to MDI optical specifications for 100BASE-LX10

The operating range for 100BASE-LX10 is defined in Table 58-1. A 100BASE-L X 10 compliant transceiver
operates over the media types listed in Table 581 according to the specifications described in 58.9. A
transceiver which exceeds the operational range regquirement while meeting all other optical specificationsis
considered compliant.

NOTE—In this subclause and 58.4, the specifications for OMA have been derived from extinction ratio and average
launch power (minimum) or receiver sensitivity (maximum). The calculation is explained in 58.7.6.

58.3.1 Transmitter optical specifications

The 100BASE-LX10 transmitter’s signaling speed, operating wavelength, spectral width, average launch
power, extinction ratio, return loss tolerance, OMA, eye and TDP shall meet the specifications defined in
Table 58-3 per measurement techniques described in 58.7. Its RIN1,OMA should meet the value listed in
Table 58-3 per measurement techniques described in 58.7.7.
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Table 58—-3—100BASE-LX10 transmit characteristics

Description TypeBl.1, B1.3SMF Unit
Transmitter type? Longwave | aser
Signaling speed (range) 125 + 50 ppm MBd
Operating wavelength range” 1260 to 1360 nm
RM S spectral width (max) 7.7 nm
Average launch power (max) -8 dBm
Average launch power (min) -15 dBm
Average launch power of OFF transmitter (max) —45 dBm
Extinction ratio (min) 5 dB
RIN;,OMAC (max) -110 dB/Hz
Optical return loss tolerance (max) 12 dB
Launch OMA (min) -14.8 dBm
(33.1) (HW)
Transmitter eye mask definition {0.18, 0.29, 0.35, 0.35, 0.38, 0.4, 0.55} ul
{X1,X2,X3,Y1,Y2,Y3, Y4}
Transmitter and dispersion penalty (max) 45 dB
Decision timing offsets for transmitter and +1.6 ns
dispersion penalty (min)

8The nominal transmitter type is not intended to be a requirement on the source type, and any transmitter
meeting the transmitter characteristics specified may be substituted for the nominal transmitter type.

bThe great majority of the transmitted spectrum must fall within the operating wavelength range, see 58.7.2.

“The RIN;,OMA recommendation isinformative not mandatory.

58.3.2 Receiver optical specifications

The 100BASE-LX10 receiver's signaing speed, operating wavelength, damage, overload, sensitivity,
reflectivity and signal detect shall meet the specifications defined in Table 584 per measurement techniques
defined in 58.7. Its stressed receive characteristics should meet the values listed in Table 584 per
measurement techniques described in 58.7.11. The receiver sensitivity includes the extinction ratio penalty.

A compliant receiver may be shown to deliver an error ratio lower than that in the table at the received
power shown in the table, or shown to deliver an error ratio lower than 10720 at a received power 1 dB lower
than the value in the table. Sensitivity measurement is described in 58.7.10. Similarly, stressed receiver
conformance may be shown for the error ratio and power shown in the table, or for 10720 and 1 dB lower
power. The 10710 |imits are more demandi ng but can be verified more accurately with reasonable test times.

Table 58-4—100BASE-LX10 receive characteristics

Description TypeB1.1, B1.3SMF Unit
Signaling speed (range) 125 + 50 ppm MBd
Operating wavelength range 1260 to 1360 nm
Bit error ratio (max) 1012
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Table 58-4—100BASE-LX10 receive characteristics (continued)

Description TypeB1.1, B1.3SMF Unit
Average received power? (max) -8 dBm
Receiver sensitivity (max) -25 dBm
Receiver sensitivity as OMA (max) -24.8 dBm
(3.3 (HW)
Receiver reflectance® (max) -12 dB
Stressed receiver sensitivity® —20.1 dBm
Stressed receiver sensitivity as OMA (max) -19.9 dBm
(10.2) (HW)
Vertical eye-closure penaltyd (min) 37 dB
Stressed eye jitter (min) 0.25 Ul pk-pk
Jitter corner frequency 20 kHz
Sinusoidal jitter limits for stressed receiver conformance test (min, max) 0.05,0.15 ul
Signal detect threshold (min) —45 dBm

8Thereceiver shall be able to tolerate, without damage, continuous exposure to an optical input signal having a power
level equd to the average received power (max) plus at least 1 dB.

bSee 1.4 for definition of reflectance.
®The stressed receiver sensitivity is optional.

dyertical eye closure pendty and the jitter specifications are test conditions for measuring stressed receiver
sensitivity. They are not required characteristics of the receiver.

58.4 PMD to MDI optical specifications for 100BASE-BX10

The operating range for 100BASE-BX10 is defined in Table 58-1. A 100BASE-BX10-D or 100BASE-
BX10-U compliant transceiver operates over the media types listed in Table 58-1 according to the
specifications described in 58.9. A transceiver which exceeds the operational range requirement while
meeting all other optical specifications is considered compliant.

NOTE—In this subclause and 58.3, the specifications for OMA have been derived from extinction ratio and average
launch power (minimum) or receiver sensitivity (maximum). The calculation is explained in 58.7.6.

58.4.1 Transmit optical specifications

The 100BASE-BX10 transmitters’ signaling speed, operating wavelength, spectral width, average launch
power, extinction ratio, return loss tolerance, OMA, eye and TDP shall meet the specifications defined in
Table 58-5 per measurement techniques described in 58.7. Its RIN1,OMA should meet the value listed in
Table 58-5 per measurement techniques described in 58.7.7.

Table 58-5—100BASE-BX10 transmit characteristics

Description 100BASE-BX10-D 100BASE-BX10-U Unit
Nominal transmitter type? Longwave laser
Signaling speed (range) 125 + 50 ppm MBd
Operating wavelength rangeb 1480 to 1580 1260 to 1360 nm
RMS spectral width (max) 4.6 7.7 nm
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Table 58-5—100BASE-BX10 transmit characteristics (continued)

Description 100BASE-BX10-D 100BASE-BX10-U Unit
Average launch power (max) -8 dBm
Average launch power (min) -14 dBm
Average launch power of OFF transmitter (max) -45 dBm
Extinction ratio (min) 6.6 dB
RIN;,OMA® (max) -110 dB/Hz
Optical return loss tolerance (max) 12 dB
Launch OMA (min) -12.9 dBm

(51.0) (W)

Transmitter eye mask definition {0.18, 0.29, 0.35, 0.35, 0.38, 0.4, 0.55} ul
{X1,X2,X3,Y1,Y2,Y3, Y4}
Transmitter and dispersion penalty (max) 45 dB
Decision timing offsets for transmitter and +1.6 ns
dispersion penalty (min)

8The nominal transmitter type is not intended to be a requirement on the source type, and any transmitter meeting

the transmitter characteristics specified may be substituted for the nominal transmitter type.
bThe great majority of the transmitted spectrum must fall within the operating wavel ength range, see 58.7.2.
“The RIN;,OMA recommendation is informative not mandatory.

58.4.2 Receiver optical specifications

The 100BASE-BX10 receivers signaling speed, operating wavelength, damage, overload, sensitivity,
reflectivity and signal detect shall meet the specifications defined in Table 58—-6 per measurement techniques
defined in 58.7. Its stressed receive characteristics should meet the values listed in Table 58-6 per

measurement techniques described in 58.7.11. The receiver sensitivity includes the extinction ratio penalty.

Table 58-6—100BASE-BX10 receive characteristics

Description 100BASE-BX10-D 100BASE-BX10-U Unit
Signaling speed (range) 125 + 50 ppm MBd
Operating wavel ength range? 1260 to 1360 1480 to 1600 nm
Bit error ratio (max) 1012
Average received power? (max) -8 dBm
Receiver sensitivity (max) -28.2 dBm
Receiver sensitivity as OMA (max) -27.1 dBm
(1.94) (W)
Receiver reflectance® (max) -12 dB
Stressed receiver sensitivity? —23.3 dBm
Stressed receiver sensitivity as OMA (max) -22.3 dBm
(6.0) (W)
Vertical eye-closure penalty® (min) 3.8 dB
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Table 58-6—100BASE-BX10 receive characteristics (continued)

Description 100BASE-BX10-D 100BASE-BX10-U Unit
Stressed eyejitter (min) 0.25 Ul pk-pk
Jitter corner frequency 20 kHz
Sinusoidal jitter limits for stressed receiver 0.05,0.15 ul
conformance test (min, max)
Signal detect threshold (min) —45 dBm

8The receiver wavelength range of 100BASE-BX10-U is wider than the associated transmitter to allow interoperation
with existing implementations of 100 Mb/s bi-directional transceivers.

bThe receiver shall be able to tolerate, without damage, continuous exposure to an optica input signal having a power
level equal to the average received power (max) plus at least 1 dB.

CSee 1.4 for definition of reflectance.

%The stressed receiver sensitivity is optional.

®Vertical eye closure penalty and jitter specifications are test conditions for measuring stressed receiver sensitivity.
They are not required characteristics of the receiver.

A compliant receiver may be shown to deliver an error ratio lower than that in the table at the received
power shown in the table, or shown to deliver an error ratio lower than 10719 at areceived power 1 dB lower
than the value in the table. Sensitivity measurement is described in 58.7.10. Similarly, stressed receiver
conformance may be shown for the error ratio and power shown in the table, or for 10720 and 1 dB lower
power. The 10710 |imits are more demandi ng but can be verified more accurately with reasonable test times.

58.5 Illustrative 100BASE-LX10 and 100BASE-BX10 channels and penalties
(informative)

[lustrative channels and penalties for 100BA SE-LX10 and 100BASE-BX10 are shown in Table 58—7.
NOTE—The budgets include an alowance for —12 dB reflection &t the receiver.

Table 58—7—Illlustrative 100BASE-LX10 and 100BASE-BX10 channels and penalties

Description 100BASE-L X10 100BASE-BX10-D | 100BASE-BX10-U Unit
Fiber type B1.1, B1.3 SMF
Measurement wavel ength for fiber 1310 1550 1310 nm
Nominal distance 10 km
Available power budget 10 14.2 dB
Maximum channel insertion loss? 6.0 55 6.0 dB
Allocation for penalties® 4.0 8.7 8.2 dB

8The maximum channel insertion loss is based on the cable attenuation at the target distance and nominal
measurement wavelength. The channel insertion loss aso includes the loss for connectors, splices and other
passive components.

bThe allocation for penalties is the difference between the available power budget and the channel insertion loss;
insertion loss difference between nominal and worst-case operating wavelength is considered a penalty. For
100BASE-X, it ispossible for the allocation for penaltiesto belessthan the TDPlimit, as some penaltiesmeasured
by TDP may arise in the receiver and need not be counted twice.
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58.6 Jitter at TP1 and TP4 for 100BASE-LX10 and 100BASE-BX10 (informative)

The entries in Table 58-8 represent high-frequency jitter (above 20 kHz) and do not include low frequency
jitter or wander. The informative Table 58-8 shows jitter specifications which may be of interest to
implementers. High probability jitter at TP2 is constrained by the eye mask. Total jitter at TP3 (and therefore
at TP2 also) is constrained by the error detector timing offsets. High levels of high probability jitter at TP2,
TP3 and TP4 are expected, caused by high probability baseline wander. The jitter difference between TP2
and TP3 is expected to be lower than for higher speed PMDs.

Table 58-8—100BASE-LX10 and 100BASE-BX10 jitter budget (informative)

a Total jitter High probability jitter (W)
Reference point ul ns ul ns
TP1 0.09 0.72 0.05 0.40
TP2 0.40 3.2 0.305 244
TP3 0.43 3.54 0.305 244
TP4 0.51 4.04 0.305 244

4 nformative jitter values are chosen to be compatible with the limits for eye mask and TDP (see 58.7.9). Because of
theway the different components may interact, the differencesin jitter between test points cannot be used to indicate
aperformance level of the intervening sections.

Tota jitter in this table is defined at 102 BER. In acommonly used model,

TJ, = 14.16 + Wat 1012, (45-1)
Thetotal jitter at 10719 BER may be cal cul ated assuming

Tho=1276 +W (45-2)
NOTE—As an example, TJ;gat TP1is0.085 Ul (0.69 ns).
W is similar but not necessarily identical to deterministic jitter (DJ). A jitter measurement procedure is

described in 58.7.12. Jitter at TP2 or TP3 is defined with areceiver of the same bandwidth as specified for
the transmitted eye.

58.7 Optical measurement requirements

The following sections describe definitive patterns and test procedures for certain PMDs of this standard.
Implementers using alternative verification methods must ensure adequate correlation and allow adequate
margin such that specifications are met by reference to the definitive methods.

All optical measurements, except TDP and RIN, shall be made through a short patch cable, between 2 and
5m in length.

NOTE—58.7.5, 58.7.6, 58.7.7, 58.7.9, 58.7.10, 58.7.11, and 58.7.12 apply to Clause 58, Clause 59, and Clause 60.
Clause 59 (1000BASE-LX10) uses multimode fiber, although Clause 58 (100BASE-LX10 and 100BASE-BX10) and
Clause 60 (1000BA SE-PX 10 and 1000BA SE-PX 20) do not.
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58.7.1 Test patterns

Compliance is to be achieved in normal operation. The definitive patterns for testing are shown in Table
58-9.

Table 58—-9—List of test patterns and tests

Test pattern Test Related subclause

Valid 100BASE-X signal Wavelength 58.7.2
Spectral width

Valid balanced NRZI encoded 4B/5B bit stream Optical power 58.7.3

Idle or far-end fault indication (see Clause 24) Extinction ratio 58.7.4
OMA 58.7.5
RIN,OMA 58.7.7

Optical frame based test pattern of 58.7.1.1 Eye mask 58.7.8
TDP 58.7.9
Receiver sensitivity 58.7.10
Stressed receiver sensitivity 58.7.11
Jitter measurements 58.7.12

58.7.1.1 100BASE-X optical frame based test pattern

Transmit eye mask, TDP and sensitivity are to be assured against the test pattern defined below. This
represents an extremely untypical pattern. The BER in service can be expected to be lower than with the test
pattern. In this clause, extinction ratio, OMA and RIN,OMA are referred to the idle pattern (1010... for 4B/
5B NRZI) or the nearly identical far-end fault indication.

The following test pattern is intended for frame based testing of the 100BASE-L X10 and 100BASE-BX10
PMDs. It contains compliant Ethernet frames with adequate user defined fields to allow them to be passed
through a system to the point of the test. Further information on frame based testing is included in Annex
58A. Thetest suite and the recommended patterns are shown in Table 58-9.

NOTE—Users are advised to take care that the system under test is not connected to a network in service.
The test pattern shall be constructed as follows.

A test pattern for base line wander is composed of a sequence of three frames continuously repeated. Each
frame has a 1500 octet length client data field and a zero length pad field. The contents of the destination
address, source address, length/type fields and the first 32 octets of the client data field are at the discretion
of the tester and may be implementation specific. The remaining 1468 octets of the client datafield are filled
with symbols with an even number of onesin the 4B/5B encoded data prior to NRZI transmission as shown
in Table 58-10.

Frames are separated by a near minimum inter-packet gap (IPG) of 14 octets.

Within the limits of the three bit maximum run length of the 4B/5B code this sequence gives a near worst
case ISl pattern and provides aternating periods of high and low transition density to test clock and data
recovery (CDR) performance.

Thefirst 32 octets of the client data field are configured such that, after the frame check sequence (FCS) is
added, there are an even number of ones in the first two packets and an odd number of ones in the third
packet. Thisresults in a six frame sequence on the line (after NRZI) with three frames containing near 40%
ones density and three frames with near 60% ones density. Table 58-11 shows a pattern, nearly identica to
the pattern in Table 58-10, that ends in O rather than 1 and can be used to join a 40% section to a 60%
section. The “flipping” content causes a different frame check sequence which in turn causes the following
idle to be inverted.
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When transmitted with a near minimum inter-packet gap the resulting data stream has baseline wander at
1.35 kHz. In the example shown, IEEE Std 802.2 logica link control headers are used to form TEST
command PDUswith null DSAP and SSAP addresses.

Table 58-10—Example unbalanced pattern

Numbe
ltem r TXD<3:0>2 4B/5B encoded NRZI encoded
of Code- (binary) (binary) (binary)
octets group
nameor
hexa: 1st
degmal | o | ond | code | 20d 40% 60%
value nibble | nibble rou code- mark ratio mark ratio
9reUP | group

Idle 13 | Idle Idle 11111 11111 10101 | 01010 | 01010 | 10101
Start-of-stream 1 1JK/ 11000 | 10001 | 10000 | 11110 | 01111 | 0OOO1
delimiter (SSD)
Remainder of 6 55 0101 0101 01011 | 01011 | 01101 | 10010 | 10010 | 01101
preamble
Start of frame 1 D5 0101 1101 01011 11011 | 01101 | 01101 | 10010 | 10010
delimiter
Destination 6 FF 1111 1111 11101 11101 | 01001 | 01001 10110 10110
address®
Source 6 00 0000 0000 11110 | 11110 | 01011 | 01011 | 10100 | 10100
address
Length/type 2 05 0101 0000 01011 11110 | 10010 | 10100 | 01101 | 01011

DC 1100 1101 11010 | 11011 | 10011 | 01101 | 01100 | 10010
DSAP 1 00 0000 0000 11110 11110 | 01011 | 01011 | 10100 | 10100
SSAP 1 00 0000 0000 11110 | 11110 | 01011 | 01011 | 10100 | 10100
Control 1 F3 0011 1111 10101 11101 | 11001 | 01001 | 00110 | 10110
Implementation 1 06 0110 0000 01110 11110 | 10100 | 10100 | 01011 | 01011

ecific

?gxamm e 28 00 0000 0000 11110 11110 | 10100 | 10100 | 01011 | 01011
Low 968 42 0010 0100 10100 | 01010 | 11000 | 01100 | 00111 | 10011
transition
densi tyd 24 0100 0010 01010 | 10100 | 01100 | 11000 | 10011 | 0O111
Mixed 8 00 0000 0000 11110 11110 10100 | 10100 | 01011 | 01011

D2 0010 1101 10100 11011 11000 10010 | 00111 01101
High 484 07 0111 0000 01111 11110 | 01010 | 10100 | 10101 | 01011
transition
density 70 0000 0111 11110 | 01111 10100 | 01010 | 01011 | 10101
Mixed 8 00 0000 0000 11110 11110 10100 | 10100 | 01011 | 01011

D2 0010 1101 10100 | 11011 | 11000 | 10010 | 00111 | 01101
Frame check 1 FF 1111 1111 11101 11101 10110 10110 | 01001 | 01001
sequence 1°
Frame check 1 13 0011 0001 10101 | 01001 | 00110 | 01110 | 11001 | 10001
sequence 2
Frame check 1 9E 1110 1001 11100 | 10011 | 10111 | 00010 | 01000 | 11101
seguence 3
Frame check 1 59 1001 0101 10011 | 01011 | 11101 | 10010 | 00010 | 01101
sequence 4
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Table 58-10—Example unbalanced pattern (continued)
Numbe
ltem r od TXD<3:0>2 4B/5B encoded NRZI encoded
of Code- (binary) (binary) (binary)
octets group
nameor
hexar 1st
dedirdl | 19 | 2nd | code | 2 40% 60%
ibble | nibble | group code- mark ratio mark ratio
n 8P | group
End-of -stream 1 ITIR/ 01101 | 00111 | 01001 | 11010 | 10110 | 00101
delimiter (ESD)

8See Table 24-1

bThe five bit code-groups are transmitted left most bit first.
®Use of the example broadcast address may cause problemsin a system test; any unicast addressis preferable. Other source

and destination addresses may be chosen.

9The first row precedes the second row and the sub-sequence is repeated 16 times. This pattern can be varied to cause the
disparity to remain the same or flip.
€The frame check sequence for another pattern may be calculated following 3.2.8 and Clause 24.

Table 58-11— Example unbalanced pattern to flip polarity

ltem Number Code TXD<3:0> 4B/5B encoded NRZI encoded
of octets | group (binary) (binary) (binary)
nameor
dgg’% 18 | and | C(Z)gi 40% 60%
value nibble | nibble group | group mark ratio mark ratio
Idle, SSD, 38 Asin Table 58-10
preamble,
SFD, DA,
SA, Length/
type, DSAP,
SSAP, Con-
trol
Flipping 1 05 0101 0000 | 01011 | 11110 | 10010 | 10100 | 01101 | 01011
Implementa- 1496 Asin Table 58-10
tion specific,
and pattern
Frame check 1 0B 1011 0000 10111 | 11110 | 11010 | 10100 | 00101 | 01011
sequence 1
Frame check 1 E2 0010 1110 10100 | 11100 | 11000 | 10111 | 00111 | 01000
sequence 2
Frame check 1 08 1000 0000 | 10010 | 11110 | 00011 | 01011 | 11100 | 10100
seguence 3
Frame check 1 3B 1011 0011 10111 | 10101 | 00101 | 11001 | 11010 | 00110
sequence 4
End-of - 1 ITIR/ 01101 | 00111 | 10110 | 00101 | 01001 | 11010
stream
delimiter
(ESD)

NOTE—While it is expected that these frames will be counted by a DTE under test, the likelihood of additional
behaviour means that the DTE should not be connected to a network in service while being tested.
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58.7.2 Wavelength and spectral width measurements

The wavelength and spectral width (RMS) shall meet specifications according to ANSI/EIA/TIA-455-127,
under modulated conditions using avalid 100BASE-X signal.

NOTE—The great mgjority of the transmitted spectrum must fall within the operating wavelength range. The allowable
range of central wavelengthsis narrower than the operating wavelength range by the actual RM S spectral width at each
extreme,

58.7.3 Optical power measurements

Optical power shall meet specifications according to the methods specified in ANSI/EIA-455-95. A
measurement may be made with the port transmitting any valid balanced NRZI encoded 4B/5B bit stream.

58.7.4 Extinction ratio measurements

Extinction ratio shall meet specifications according to ANSI/TIA/EIA-526-4A with the port transmitting the
NRZI encoded 4B/5B idle pattern (1010...) or far-end fault indication, that may be interspersed with OAM
packets per 43B.2 and with minimal back reflections into the transmitter, lower than —20 dB. The extinction
ratio is expected to be similar for other valid balanced NRZI encoded 4B/5B hit streams. The test receiver
has the frequency response as specified for the transmitter optical waveform measurement.

58.7.5 Optical modulation amplitude (OMA) measurements (informative)

The normative way of measuring transmitter characteristics is extinction ratio and mean power. The
following clause is intended to inform on how the OMA measurement is performed.

In this clause, OMA is the difference in optical power for “1” and “0” levels of the optical signa in anidle
(10101... for 100BASE-LX10 and 100BASE-BX10) segquence or far-end fault indication. It may be found
using waveform averaging or histogram means. The measurement is recommended to be equivalent to that
described below.

The recommended technique for measuring optical modulation amplitude is illustrated in Figure 58-3. A
fourth-order Bessel-Thomson filter as specified for measuring the transmitter concerned is to be used with
the O/E converter. The measurement system consisting of the O/E converter, the filter and the oscilloscopeis
calibrated at the appropriate wavelength for the transmitter under test.

With the device under test transmitting the idle pattern or far-end fault indication, use the following
procedure to measure optical modulation amplitude:

a) Configure the test equipment asillustrated in Figure 58-3.

b) Measure the mean optical power P; of the logic “1” as defined over the center 20% of the time
interval, here 1 Ul long, where the signal isin the high state.

c) Measure the mean optical power Py of the logic “0" as defined over the center 20% of the time
interval, here 1 Ul long, where the signal isin the low state.

d OMA=P;-P,

Device under test - O/E I Filter = Oscilloscope
(DUT) converter

Figure 58—-3—Recommended test equipment for measurement of optical
modulation amplitude
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A method of approximating OMA is shown in Figure 58-9.

Similarly, the optical power measure Ay is to be measured with a square wave pattern consisting of four to
eleven consecutive ones followed by an equal run of zeros. Five ones followed by five zeroes is convenient
(the /H/ code-group in 24, or K28.7 in 1000BASE-X which is the “Low-frequency test pattern” of 36A.2).
The OMA of 52 is Ay, and OMA here may differ.

NOTE—This OMA measurement procedure applies to Clause 58, Clause 59, and Clause 60.

58.7.6 OMA relationship to extinction ratio and power measurements (informative)

The normative way of measuring transmitter characteristics is extinction ratio and mean power. The
following clause is intended to inform on how the three quantities OMA, extinction ratio, and mean power,
are related to each other.

Optical modulation amplitude (OMA) is the difference between light levelsfor “1” and “0”. Extinction ratio
is the ratio between light levels for “1” and “0”. If asignal contains equal density of “1” and “0” hits, and
does not suffer from duty cycle distortion, the mean power is close to the mean of thelight levelsfor “1” and
“0".

OMA = P, -P, (45-3)

OMA may be expressed in Watts or dBm.
ER = — (45-4)

Extinction ratio may be expressed in dB, as 10 x logyq (P; / Py), or directly as aratio. Sometimes extinction
ratio is defined as Py / Py.

P+ P,
Prnean = 2 (45-5)

Mean power may be expressed in Watts or dBm.

P; and Py are usually measured with a standardized instrument bandwidth to reduce the effects of overshoot.
It should be noted that the values of P; and P depend on the measurement technique and pattern to be used,
which vary with PMD type. For some PMD types, e.g. 10GBASE, different patterns leading to different
values of P; and Py are used for OMA on the one hand, and extinction ratio on the other.

Aside from these differences:

ER
Pl =2 X Pmean X m (45'6)
Pmean
~ 2 x —mean 7
Po=2xER+1 (45-7)
ER-1
OMA=2x Pmean X m (45'8)

Receiver sensitivity, which is an optical power, can be expressed in OMA or mean power terms according to
the same relations.

NOTE—The OMA relationship to extinction ratio and power measurements applies to Clauses 52, 53, 58, 59, and 60.
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58.7.7 Relative intensity noise optical modulation amplitude (RINJOMA) measuring
procedure

This procedure describes a component test that may not be appropriate for a system level test depending on
the implementation. If used, the procedure is performed as described in 58.7.7.1, 58.7.7.2, and 58.7.7.3.

NOTE—This RIN,OMA measurement procedure applies to Clause 58, Clause 59, and Clause 60.

58.7.7.1 General test description

The test arrangement is shown in Figure 58—4. The optical path between the Device Under Test (DUT) and
the detector has a single discrete reflection with the specified optical return loss as seen by the DUT.

Polarization rotator

Device Optical e ]
under Splitter || electrical 4' é)mt?cl)lr?aelr) Lomtg?ss ;0‘;’;’::
test Single-mode converter P — —
fiber
Variable
reflector

Figure 58—4—RIN,OMA measurement setup

Both the OMA power and noise power are measured by AC coupling the O/E converter into the electrical
power meter. If needed, an amplifier may be used to boost the signal to the power meter. A low passfilter is
used between the photo detector and the power meter to limit the noise measured to the passband appropriate
to the datarate of interest. In order to measure the noise, the modulation to the DUT isturned off.

58.7.7.2 Component descriptions

The optical path and detector combination must be configured for a single dominant reflection with an
optical return loss as specified in the appropriate transmitter table, e.g. Table 58-3 (The optical return loss
may be determined by the method of FOTP-107). The length of the fiber is not critical but should be in
excess of 2 m.

The polarization rotator is capable of transforming an arbitrary orientation elliptically polarized wave into a
fixed orientation linearly polarized wave.

If necessary, the noise may be amplified to alevel consistent with accurate measurement by the power meter.

The upper —3 dB limit of the measurement apparatus is as specified for the transmitter optical waveform test.
The bandwidth used in the RIN calculation takes the low-frequency cutoff of the DC blocking capacitor into
consideration. The low-frequency cutoff is recommended to be less than 1 MHz. The filter should be placed
in the circuit as the last component before the power meter so that any high-frequency noise components
generated by the detector/amplifier are eliminated. If the power meter used has a very wide bandwidth, care
should be taken to ensure that the filter does not lose its rejection at extremely high frequencies.

The RMS electrical power meter should be capable of being zeroed in the absence of input optical power to
remove any residual noise.
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58.7.7.3 Test procedure

Use the following procedure to test relative intensity noise optical modulation amplitude:

a) Withthe DUT disconnected, zero the power meter;

b)  Connect the DUT, turn on the laser, and ensure that the laser is not modulated,;

c) Operate the polarization rotator while observing the power meter output to maximize the noise read
by the power meter. Note the maximum power, Py;

d) Turn on the modulation to the laser using the pattern specified for the PMD type (e.g. in 58.7.1 and
59.9.1) and note the power measurement, Py,. It may be necessary to change or remove the effective
reflection to obtain an accurate reading;

e) Caculate RIN from the observed electrical signal power and noise power by use of the equation:

P
RIN,OMA = 10x IongXNPM [dB/HZ] (45-9)
Where:
RIN,OMA = Relative Intensity Noise referred to optical modul ation amplitude measured with x dB
reflection,
PN = Electrical noise power in Watts with modulation off,
Pwm = Electrical power in Watts with modulation on,
BW = Low pass bandwidth of apparatus - high pass bandwidth of apparatus due to DC blocking

capacitor [noise bandwidth of the measuring system (Hz)].

For testing multimode components or systems, the polarization rotator is removed from the setup and the
single-mode fiber replaced with a multimode fiber. Step ¢) of the test procedure is eliminated.

58.7.8 Transmitter optical waveform (transmit eye)
The required transmitter pul se shape characteristics are specified in the form of amask of the transmitter eye
diagram as shown in Figure 58-5 for 100BASE-LX10 and 100BASE-BX10. Compliance is to be assured

during system operation. The transmitter optical waveform of a port transmitting the test pattern specified
for the PMD type, e.g. in 58.7.1, shall meet specifications according to the methods specified below.
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1-Y1
1-Y2
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Normalized amplitude

X1 X2 X3 1-X3 1-X2 1-X1
Normalized time (unit interval)

Figure 58-5—Transmitter eye mask definition

NOTE—This transmitter optical waveform measurement procedure applies to Clause 58, Clause 59, and Clause 60.

Normalized amplitudes of 0 and 1 represent the amplitudes of logic ZERO and ONE respectively. These are
defined by the means of the lower and upper halves of the central 0.2 Ul of the eye. 0 and 1 on the unit
interval scale are to be determined by the eye crossing means. A clock recovery unit (CRU) may be used to
trigger the scope for mask measurements as shown in Figure 58-6. It should have a high frequency corner
bandwidth of less than or equal to the jitter corner frequency in the appropriate table for the transmitter’s
peer receiver, e.g. Table 584 or Table 58-6, and a slope of —20 dB/decade. The CRU tracks acceptable
levels of low frequency jitter and wander. The frequency response of the measurement instrument (e.g.
oscilloscope) extends substantially lower than the test pattern repetition frequency. A DC coupled

instrument is convenient.

System under test

Oscilloscope

v

PCS (Tx) CRU
PMA (Tx) T
PMD (Tx) ref Rx

‘ T TP2

v

Trigger

Input

Figure 58—-6—Transmitter optical waveform test block diagram
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For 100BASE-LX10 and 100BASE-BX 10, the eye is measured with respect to the mask of the eye using a
receiver with a fourth-order Bessel-Thomson response with nominal fr of 116.64 MHz as specified for
STM-1 in ITU-T G957, with the tolerances there specified. Receiver responses for other PMD types are
specified in the appropriate clause. The Bessel-Thomson receiver is not intended to represent the noise filter
used within a compliant optical receiver, but is intended to provide uniform measurement conditions at the
transmitter.

The transmitter shall achieve a hit ratio lower than 5x10~ hits per sample, where “hits’ are the number of
samples within the grey areas of Figure 58-5, and the sample count is the total number of samples from O to
1UI.

NOTE—As an example, if an oscilloscope records 1350 samples/screen, and the timebase is set to 0.2 Ul/div with 10
divisions across the screen, and the measurement is continued for 200 waveforms, then a transmitter with an expectation
of less than 6.75 hitsis compliant:

130 _ _ 675 (45-10)

-5
5x10 XZOOXm—

Likewise, if a measurement is continued for 1000 waveforms, then an expectation of less than 33.75 hits is compliant.
An extended measurement is expected to give a more accurate result, and a single reading of 6 hits in 200 waveforms
would not give astatistically significant pass or fail. Measurements to “zero hits”, which involve finding the position of
the worst single sample in the measurement, have degraded reproducibility because random processes cause the position
of such asingle low-probability event to vary.

The hit ratio limit has been chosen to avoid misleading results due to transmitter and oscill oscope noise, and to give the
best correlation to transmitter penalty; see 58.7.9.5.

Further information on optical eye pattern measurement procedures may be found in IEC 61280-2-2.
58.7.9 Transmitter and dispersion penalty (TDP) measurement

The TDP of a port transmitting the appropriate test pattern test shall meet specifications according to the
methods specified below. The transmitter and dispersion penalty (TDP) measurement tests for transmitter
impai rments with chromatic effects for a transmitter to be used with single-mode fiber, and for transmitter
impai rments with modal (not chromatic) dispersion effects for atransmitter to be used with multimode fiber.
Possible causes of impairment include intersymbol interference, jitter, RIN and mode partition noise.
Meeting the separate requirements (e.g. eye mask, spectral characteristics) does not in itself guarantee the
TDP. The procedure tests for pattern dependent effects, for 100BASE-LX10 and 100BASE-BX10, a
standardized element of pattern dependent baseline wander is included in the reference channel.

Transmitter and dispersion penalty may be measured with apparatus shown in Figure 58—7, consisting of a
reference transmitter, the transmitter under test, a controlled optical reflection, an optical attenuator, a test
fiber, and a reference receiver system containing a reference receiver front end (optical to electrical
converter), atransversal filter to emulate multimode fiber, if appropriate, and a bit error ratio tester. All BER
and sensitivity measurements are made with the test patterns specified for the PMD type, e.g. in 58.7.1.
NOTES

1—This TDP measurement procedure applies to Clause 58, Clause 59, and Clause 60.

2—Multimode fiber is not used with 100BA SE-L X10 or 100BASE-BX10.
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Figure 58-7—Test setup for measurement of transmitter and dispersion penalty

58.7.9.1 Reference transmitter requirements

The reference transmitter is a high-quality instrument-grade device, which can be implemented by a CW
laser modulated by a high-performance modulator. It should meet the following basic requirements:

a)
b)

©)

d)
€)

The riseffal times should be less than 0.15 Ul at 20% to 80%.

The output optical eye is symmetric and with good margin to the eye mask test for the transmitter
(PMD) type under test.

In the center 20% region of the eye, the worst-case vertical eye closure penalty, as defined in
58.7.11.2, isless than 0.5 dB.

Jitter less than 0.20 Ul peak-peak.

RIN{oOMA should be minimized to less than —120 dB/Hz for 100BASE-X and —125 dB/Hz for
1000BASE-X.

58.7.9.2 Channel requirements

The transmitter is tested using an optical and electrical channel that meets the requirements specified for the
PMD type listed in Table 58-12.

Table 58-12—Transmitter compliance channel specifications

. Electrical
BMD Optical channel channd
transmitter
wavelength, Dispersion? (ps/nm) Optical . .
- Differential
fiber type return loss? delay (ps)

Minimum M aximum (max)

1310 nm band 0.02325LSA[1-(1324/0)% 0.02325LA[1~(1300/2)4] See ORLT N/A

for SMF in

Transmitter
1550 nm band 0 0.02325'L A [1~(1300/A)%] spec N/A
for SMF

8The dispersion is specified for the actual wavelength of the device under test.
bThe optical return loss is applied with respect to TP2.
L isthe upper operating range limit (reach) as defined e.g. in Table 58-1.
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A transmitter isto be compliant with atotal dispersion at least as negative as the “minimum dispersion” and
at least as positive as the “maximum dispersion” columns specified for the wavelength of the device under
test. This may be achieved with a channel or channels consisting of fibers with lengths chosen to meet the
dispersion requirements.

To verify that the fiber has the correct amount of dispersion, the measurement method defined in ANSI/TIA/
ElIA-455-175A-92 may be used. The measurement is made in the linear power regime of the fiber.

When emulating a multimode fiber link, the optical channel isa 2 to 5 m patch cord meeting the appropriate
specifications. In this case, the link bandwidth is emulated in the electrical domain.

The channel provides a maximum optical return loss specified as“Optica return loss tolerance (maximum)”
in the specification of the transmitter under test. For a single-mode fiber channel, the state of polarization of
the back reflection is adjusted to create the greatest RIN. The methods of 58.7.7.2 and 58.7.7.3 may be used.

The BERT's receiver sensitivity must be adequate to meet the BER with the worst-case test signal and
minimum attenuation.

58.7.9.3 Reference receiver requirements

The reference receiver system should have the bandwidth specified for the transmitter optical waveform
measurement for the transmitter under test. The sensitivity of the reference receiver system should be
limited by Gaussian noise. The receiver system should have minimal threshold offset, deadband, hysteresis,
deterministic jitter or other distortions. Decision sampling should be instantaneous with minimal uncertainty
and setup/hold properties. When testing 100BASE-X optical transmitters, the receiver should have a
passband not extending below 10 kHz at the —3 dBe (electrical) point, so as to emulate the pattern-induced
baseline wander expected in a compliant receiver.

For all transmitter and dispersion penalty measurements, determination of the center of the eye is required.
The center of the eyeisdefined as the time halfway between the left and right sampling points within the eye
where the measured BERS are equal to each other, and greater than or equal to 1072 (the BER at the eye
center is much lower). The decision threshold is to occur at the average signal level.

For a transmitter to be used with multimode fiber the reference receiver is followed by atransversa filter
with two equal amplitude paths with a differential delay as specified for the transmitter. In this case, the
receiver front end should be operating in its linear regime (not clipping). For a transmitter to be used with
single-mode fiber, the transversal filter is not used.

The clock recovery unit (CRU) used in the TDP measurement has a corner frequency of less than or equal to
the jitter tolerance frequency specified for the appropriate receiver (the peer PMD to the transmitter under
test), and a slope of 20 dB/decade. When using a clock recovery unit as a clock for BER measurements,
passing of low-frequency jitter from the data to the clock removes this low-frequency jitter from the
measurement.

The nominal sensitivity of the reference receiver system, S, is measured in OMA using the apparatus
described above but with a short patchcord in place of the test fiber and without any transversal filter. The
sensitivity S must be corrected for any significant reference transmitter impairments including any vertical
eye closure. It should be measured while sampling at the eye center or corrected for off-center sampling. Itis
calibrated at the wavelength of the transmitter under test. For 100BASE-L X10 and 100BASE-BX10, TDP
includes a pattern dependent penalty. It may be inconvenient or impossible to obtain reference transmitters
and receivers which are immune to this penalty. For these cases S may be measured with a benign pattern
e.g. PRBSY.
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58.7.9.4 Test procedure

To measure the transmitter and dispersion penalty (TDP) the following procedure is used. The sampling
instant is displaced from the eye center by the amount specified for decision timing offsetsin e.g. Table 58—
3 or Table 58-5. The following procedure is repeated for early and |ate decision and the larger TDP valueis
used:

a) Configure the test equipment as described above and illustrated in Figure 58—7.

b) Adjust the attenuation of the optical attenuator to obtain a BER of 10712 Extrapolation techniques
may be used with care.

¢) Record the optical power in OMA at the input to the reference receiver, P_DUT, in dBm.

d) If P_DUT islarger than S, the transmitter and dispersion penalty (TDP) for the transmitter under test
is the difference between P_DUT and S, TDP = P_DUT - S. Otherwise the transmitter and
dispersion penalty is zero, TDP = 0.

It isto be ensured that the measurements are made in the linear power regime of the fiber.

58.7.9.5 Approximate measures of TDP (informative)

Transmitter and dispersion penalty may be considered as atransmitter penalty (TP) followed by a dispersion
penalty, which is also attributable to the transmitter. Measurements at TP2 can reveal the transmitter penalty.

TP can be related to eye mask margin (MM) as follows.

In the absence of any noise or significant jitter,

TP = 10x Ioglo(%) (45-11)
H-M

M=_—2 45-12

M T (45-12)

where H is height of inner eye and M is the height of the central polygon of the mask.

Transmitter noise or noise-like impairments degrade both apparent MM and actual TP. To obtain a useful
correlation between the two, MM s defined to an appropriate percentile of measured samples, to give the
right weight to this noise; see 58.7.8. Oscilloscope noise degrades apparent MM only. Thiswould distort the
correlation, but in many measurement circumstances the error is reduced at the appropriate percentile. The
one-dimensional statistics of MM measurement and the hit ratio are related by the frequency of relevant bit
patterns in a stream (typically 1/4 of bits are flanked by two opposite bits) and by a factor related to mask
dimensions.

This approach could be applied to a situation with combinations of noise of jitter.

It may be feasible to correlate TDP to eye measurements at TP3. However, the signal at TP3 is weaker, so
oscilloscope noise is more of a concern.

The following suggestions apply to 100 Mb/s optical PMDs.

In practice it may be necessary to do without the clock recovery unit at 100 Mb/s. Experimentally, timing
stability at this rate may be acceptable, and the jitter due to the CRU could be accounted for by adjusting the
eye mask length and the TDP decision timing offsets.

A significant component of TDP is baseline wander. A wander of £ OMA/10 will be created by many
receiversif it isnot already present in the transmitted signal. Higher levels of pattern dependent penalty can
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in some cases be estimated from the mask margin (if necessary, by ignoring the upper and lower mask
regions). The mask margin may also be measured with an AC coupled measurement instrument with a high
passfilter of 10 kHz. Itislikely that compliant implementations will pass the transmitter mask with both DC
and AC coupling. Certain implementations may be characterized by comparing the transmitted signal with
the STM-1 mask, using a benign pattern such as PRBS7.

The accuracy of these approaches have not been established by the committee. Oscilloscope measurements
at TP3 may be degraded by instrument noise.

58.7.10 Receiver sensitivity measurements

Recelver sensitivity is defined for an ideal input signal. The test signal should have negligible impairments
such as intersymbol interference (1Sl), jitter and RIN (but see the end of this subclause). The test pattern
shall be asspecified in 58.7.1, 59.7.1 or 60.7.1 as appropriate. Sensitivity is defined by the specified bit error
ratio, which may be determined by counting bit or byte errors or errored frames. Extrapolation techniques
may be used with care. Sensitivity is measured at a low but compliant extinction ratio, and correction made
for any difference between the measurement extinction ratio and the specified minimum extinction ratio.
This assurance should be met with asynchronous data flowing out of the optical transmitter of the system
under test. The output data pattern from the transmitter of the system under test is the same pattern as
defined for this measurement.

The sampling point is set by the system under test. While this standard applies to complete data terminal
equipment (DTE), the test may be used as a diagnostic for testing components with appropriate margin, in
which case the sampling point should be set at the average optical power level and at the specified timing
offsets from the eye center, which may be found as the mid-point between the 102 BER points.

Animplementer may use a combination of extrapolation and margin to assure compliance. This can entail a
statistical analysiswhich could be implementation specific. As an example, with asmall margin, it might not
be advisable to extrapolate beyond a limited optical power difference; this represents an extrapolation in
BER terms which varies according to circumstance.

In the case of 100BASE-X, systematic baseline wander of the input signal is to be expected. This may be
generated with AC coupling above 10 kHz within the transmitter, and/or with the interfering signa
technique as described in 58.7.11.2. A standardized baseline wander of + OMA/10 is defined for these PMD
types. This causes some jitter in the test signal, which is acceptable.

For 100BASE-LX 10 and 100BASE-BX 10 only, sensitivities are defined for 10722 and 1071° bit error rates.
It is sufficient to show compliance to either of these. The 10720 limit is the more demandi ng but can be
verified more accurately with reasonable test times.

NOTE—This receiver sensitivity measurement applies to Clause 58, Clause 59 and Clause 60.

58.7.11 Stressed receiver conformance test

The stressed receiver conformance test is intended to screen against receivers with poor frequency response
or timing characteristics which could cause errors when combined with a distorted but compliant signal at
TP3. Moda (MMF) or chromatic (SMF) dispersion can cause distortion. Stressed receiver tolerance testing
may be performed in accordance with the requirements of 58.7.11.1, 58.7.11.2, and 58.7.11.3. If thistest is
applied the receiver shall be compliant to for example Table 58—4.

A receiver should receive a conditioned input signal that combines vertical eye closure and jitter according
to this clause with BER specified in the receiver tables. This assurance should be met with asynchronous
data flowing out of the optical transmitter of the system under test. The output data pattern from the
transmitter of the system under test is to be the same pattern as defined for this measurement.
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NOTES—

1—Thelength of the test pattern, low signaling rate and narrow rate tolerance of 100BA SE-X means that the
input and output patterns beat very slowly. Long test times or a slight modification to the length of one
pattern may be appropriate.

2—This stressed receiver conformance test appliesto Clause 58, Clause 59 and Clause 60.

58.7.11.1 Stressed receiver conformance test block diagram

A block diagram for the receiver conformance test is shown in Figure 58-8. A pattern generator
continuously generates a signal or test pattern as specified for the receiver under test, e.g. in 58.7.1. The
optical test signal is conditioned (stressed) using the methodology, as defined in 58.7.11.2, while applying
sinusoida jitter, as specified e.g. in 58.7.11.4. The receiver of the system under test is tested for
conformance by counting bit or byte errors or errored frames. The optical power penalty for the stressed eye
is intended to be similar to its vertical eye closure penalty. This is not necessarily the same as the highest
TDP anticipated in service, but represents a standardized test condition for the receiver.

Frequency
synthesizer

i FM input System under test

Clock PCS or (WIS)
source (RX)

i Sinusoidally jittered clock PMA (Rx)

Test pattern Optical
generator attenuator

.

Stress
conditioning

.

E/O ' .| Signal characterization
converter s measurement

PMD (Rx)

v
v

Stress conditioning

Fourth-order
Bessel-Thomson — |
filter

— \ P Clock in
% +——m refRx —@@)—P Datain

Sinusoidal amplitude interferer

Oscilloscope

BERT

Figure 58-8—Stressed receiver conformance test block diagram

A suitable test set is needed to characterize and verify that the signal used to test the receiver has the
appropriate characteristics. The test fiber called out for single-mode fiber based PMD layers and the
transversal filter called out to emulate multimode fiber are not needed to characterize the receiver input
signal; nor arethey used during testing.
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The fourth-order Bessel-Thomson filter is used to create 1SI-induced vertical eye closure. The sinusoidal
amplitude interferer causes additional eye closure, but in conjunction with the slowed edge rates from the
filter, also causes jitter. The nature of the jitter is intended to emulate instantaneous bit shrinkage that can
occur with DDJ. This type of jitter cannot be created by simple phase modulation. The sinusoidal phase
modulation represents other forms of jitter and also verifies that the receiver under test can track low-
frequency jitter.

For improved visibility for calibration, it isimperative that the Bessel-Thomson filter and all other elements
in the signa path (cables, DC blocks, E/O converter, etc.) have wide and smooth frequency response and
linear phase response throughout the spectrum of interest. Overshoot and undershoot should be minimized.
If thisis achieved, then data dependent effects should be minimal, and short data patterns can be used for
calibration with the benefit of providing much improved trace visibility on sampling oscilloscopes. Actua
patterns for testing the receiver are specified in the appropriate clause.

To further improve visibility for calibration, random noise effects, such as RIN and random clock jitter,
should also be minimized. A small amount of residual noise and jitter from all sources is unavoidable, but
should be less than 0.25 Ul peak-peak of jitter.

Thetest pattern generator, filter and E/O converter should together have a frequency response to result in the
appropriate level of initial 1SI eye closure before the sinusoidal terms are added. The E/O converter should
have alinear response if electrical summing is used, linearity of all elements including the E/O modulator is
critical. Summing with an optical coupler after the modulator is an option that eases linearity requirements,
but requires a second source for the interfering signal, will complicate settings of extinction ratio, and will
add more RIN. In either case, atypical optical transmitter with built-in driver is not linear and not suitable.

The vertical and horizontal eye closures to be used for receiver conformance testing are verified using an
optical reference receiver with the response specified for the appropriate transmitter (the peer PMD to the
receiver under test) e.g. in 58.7.8. Use of standard tolerance filters may significantly degrade this calibration.
Care should be taken to ensure that all the light from the fiber is collected by the fast photo detector and (if
using multimode fiber) that there is negligible mode selective loss, especialy in the optical attenuator and
the optical coupler, if used. The reference receiver and oscill oscope should achieve adequately low noise and
jitter.

The clock output from the clock sourcein Figure 58-8 will be modulated with the sinusoidal jitter. To use an
oscilloscope to calibrate the final stressed eye jitter that includes the sinusoidal jitter component, a separate
clock source (clean clock of Figure58-8) is required that is synchronized to the source clock, but not
modulated with the jitter source.

58.7.11.2 Stressed receiver conformance test signal characteristics and calibration

The conformance test signal is used to validate that the PMD receiver meets BER requirements with near
worst case waveforms at TP3 including pulse width shrinkage, power, simulated channel pendlties, and a
swept frequency sinusoidal jitter contribution.

Signal characteristics are described below along with a suggested approach for calibration.

The test signal includes vertical eye closure and high-probability jitter components. Vertical eye closure is
measured at the time center of the eye (halfway between 0 and 1 on the unit interval scale as determined by
the eye crossing means) and is the vertical eye closure penalty (VECP) when calculated relative to the
measured Ay value. Jis measured at the average optical power, which can be obtained with AC coupling.
The values of these components are defined as below by their histogram results. The vertical eye closure
penalty is given in Equation 58-13:
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A
Vertical eye closure penalty [dB, optical] = 10 x IogloA—N (45-13)
O

where, Ag is the amplitude of the eye opening and Ay is the normal amplitude without 1SI, as shown in
Figure 58-9. Ay can be approximated with histograms as suggested in Figure 58-9. However, the definition
for Ay isgivenin 58.7.5.

For this test, VECP is defined by the 99.95th percentile of the histogram of the lower half of the signal and
the 0.05th percentile of the histogram of the upper half of the signal, and jitter is defined by the 0.5th and
99.5th percentiles of thejitter histogram. Histograms should include at least 10 000 hits, and should be about
1%-width in the direction not being measured. Residua low-probability noise and jitter should be
minimized —that is, the outer slopes of the final histograms should be as steep as possible down to very low
probabilities.

The following steps describe a suggested method for calibrating a stressed eye generator:

a) Set the signalling speed of the test-pattern generator as specified for the appropriate transmitter.
Sinusoidal interference and jitter signals should be turned off at this point.

b) Turn on the calibration pattern. A repetitive pattern may be used for calibration if the conditions
described in 58.7.11.1 are met, but thisincreases the risk that the longer test pattern used during test-
ing will overstress the device under test.

c) Set the extinction ratio to approximately the extinction ratio (minimum) value as specified for the
appropriate transmitter. If optical summing is used, the extinction ratio may need to be adjusted after
the sinusoidal interference signal is added bel ow.

d) Measure the settled signal amplitude Ay of the test signal (without attenuation). Ay may be mea-
sured according to 58.7.5 using a square wave pattern, although for the purposes of this clause,
OMA is to be measured with a different pattern; Ay and OMA are not likely to be equal.

€) The requirements for vertical eye closure and jitter of the stressed eye test signal are given by the
vertical eye closure penalty (VECP) and stressed eye jitter (J) values given in the appropriate
receiver specification table.

There are three components involved in calibration for vertical closure and J. These are a linear
phase filter, sinusoidal interference, and sinusoidal jitter.

In genera, the majority of the vertical eye closure penalty value should be created by use of alinear
phase, low jitter filter (such as Bessel-Thomson). In the case of 100BA SE-X, the majority of the ver-
tical eye closure penalty value should be created by baseline wander or sinusoidal interference. The
filter should be tested with the prescribed test patterns to verify that residua jitter is small, less than
0.25 Ul peak-peak. If not, the stress may be more than desired, leading to conservative results. How-
ever, compensation is not allowed. Once done, revert to the calibration pattern, if different than the
specified test pattern.

Any remaining vertical eye closure required must be created with sinusoidal interference or sinusoi-
dal jitter.

To emulate the effects of DCD or data-dependent jitter, at least 0.05 but no more than 0.15 Ul peak-
peak of pulse shrinkage jitter should have been achieved. Thisimposes a limit of less than 1.2 dB of
vertical closure from sinusoidal interference, applied after vertical closure created by filtering.

The frequency of the sinusoidal interference may be set at any frequency between B/100and B /5
where B is the signalling speed, although care should be taken to avoid a harmonic relationship
between the sinusoidal interference, the sinusoidd jitter, the signalling speed and the pattern repeti-
tion rate.

Sinusoidd jitter (phase modulation) must be added according to the appropriate jitter specification.
For calibration purposes, sinusoidal jitter frequencies must be well within the flat portion of the tem-
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plate above the corner frequency.

Iterate the filter bandwidth and the settings for sinusoidal interference and/or jitter until all con-
straints are met, including jitter (J), vertical eye closure penalty (VECP), and that sinusoidal jitter
above the corner frequency is as specified.

Verify that the optical power penalty for the stressed eye (relative to the reference transmitter per
58.7.9.1) is greater than or equal to VECP.

f)  Decrease the amplitude with the optical attenuator until the OMA complies with the OMA values
specified for the receiver under test.

g) For testing, turn on the actual required test pattern(s).

Vertical eye closure histograms Approximate Ay
(at time-center of eye) (difference of means of histograms)

Ao |OMAZ [OMA? | AP

l@—p| Jitter histograms P
(at waveform average may
not be at waist)

&Thismeasure of OMA on the eye of the conformancetest signal differs between 100BASE-X, 1000BASE-X and ~ 10GBASE-R/W.
bThisisalso OMA for 10GBASE-R/W.

Figure 58-9—Required characteristics of the conformance test signal at TP3

Care should be taken when characterizing the signal used to make receiver tolerance measurements. In the
case of atransmit jitter measurement, excessive and/or uncalibrated noise/jitter in the test system makes it
more difficult to meet the specification and may have a negative impact on yield but will not effect
interoperability. Running the receiver tolerance test with a signal that is under-stressed may result in the
deployment of non-compliant receivers. Care should be taken to minimize and/or correct for the noise/jitter
introduced by the reference receiver, filters, oscilloscope, and BERT. While the detail s of measurement and
test equipment are beyond the scope of this standard it is recommended that the implementers fully
characterize their test equipment and apply appropriate guard bands to ensure that the receive input signal
meets the specified regquirements.

58.7.11.3 Stressed receiver conformance test procedure

The test apparatus is set up as described in 58.7.11.1 and 58.7.11.2. The sinusoida jitter is then stepped
across the specified frequency and amplitude range while monitoring errors at the receiver. The BER isto be
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compliant at all jitter frequencies in the specified frequency range. This method does not result in values for
jitter contributed by the receiver. It does, however, ensure that a receiver meeting the requirements of this
test will operate with the worst-case optical input.

58.7.11.4 Sinusoidal jitter for receiver conformance test

The sinusoidal jitter is used to test receiver jitter tolerance. Sinusoida jitter may vary over a magnitude
range as required to accurately calibrate a stressed eye per 58.7.11.2. The range is limited by the constraints
of Table 5813 asillustrated in Figure 5810, where f2, SJ1 and SJ2 are specified in the appropriate receiver
table: Table 584, Table 58-6, Table 59-6, Table 59-8, Table 60-5, Table 606 or Table 60-9. The
frequency 2 is specified as “Jitter corner frequency” in the receiver tables. SJ1 and SJ2 are defined as
“sinusoidal jitter limits for stressed receiver conformance test (min, max)” in e.g. Table 58—4.

Applied sinusoidal jitter
peak-to-peak amplitude
(Ul) (log scale)

SJ2
SJ1

¢3x range

| |
f2/100 f2 10LB

Jitter frequency

Figure 58-10—Mask of the sinusoidal component of jitter tolerance (informative)

Table 58-13—Applied sinusoidal jitter

Frequency range Sinusoidal jitter (Ul pk-pk)
f<f2/100 N/A
f2/100<f<f2 0.05 x f2/ f+ S—0.052
f2<f<10x LB SJ1<S< S

8sis the magnitude of sinejitter actually used in the calibration of the stressed eye per the methods of 58.7.11.2.
bLB= Loop Bandwidth; Upper frequency bound for added sine jitter should be at least 10 times the loop bandwidth
of the receiver being tested.

58.7.12 Jitter measurements (informative)

A jitter measurement method for use at 100 or 1000 Mb/s is described in this subclause. The measurement is
performed after any relevant fiber dispersion (at virtual TP3). The test pattern is specified in 58.7.1 or 59.7.1
as appropriate.

The transmit jitter is tested using a bit error ratio tester (BERT), where the tester scans the eye opening

horizontally (varying the decision time) at the average optical power, at avirtual TP3 (hereafter referred to
as simply TP3) and measures the bit error ratio at each point in time. The plot of BER as a function of
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sampling time is called the “bathtub curve.” The channel and receiver are as specified in e.g. 58.7.9.2 and
58.7.9.3. The receiver includes a defined filter function. The test pattern is the same as for receiver
sensitivity measurements.

NOTE—The parameter W may also be estimated from jitter histograms using an oscilloscope. Jitter of an optical signal
is measured with a test optical receiver with the receiver bandwidth specified (e.g. for eye mask conformance) for the
transmitter under test concerned.

The experimental curve is compared with a mask defined by the following equations and illustrated in
Figure 58-11:

2
log10(BER) SA—B(t_%F’W) (45-14)
_ 2
l0g:0o(BER) < A~ (1= =05W) (45-15)
where:

A=-175B = 'OQ’T“’(E) ~0217

and t is the decision time specified in unit intervals (Ul). t = O at the mean crossing time which may be
estimated as the mid-point between the 1073 BER points.

The BER mask is defined for 1072 < BER < 1078, Alll points on the BER “bathtub curve” must fall within
the white area or below. It can be seen that in the case of an asymmetric measured bathtub curve, the worse
side determines W and c.

W (*high probability jitter”) and deterministic jitter (DJ) are not necessarily the same, but may be similar.
The quantity ¢ can be similar to random jitter (RJ) although it is determined by low probability pattern
dependent jitter also. “ Totad jitter” (TJ) istaken to be W + 146

100
X Any points in the “open eye” X
region fail transmit BERT mask

ke 8] X
§ 10 %
S X .
o g9 Eye opening
= at 10712 BER X
m X

10_12_

0 X! 0.5 1

Decision time (Ul)
Figure 58-11—Example transmit BER mask at TP3
NOTE—Thisjitter measurement method applies to Clause 58, Clause 59, and Clause 60.
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58.8 Environmental, safety and labeling

58.8.1 General safety

All equipment meeting this standard shall conform to IEC 60950.

58.8.2 Laser safety

100BASE-LX10 and 100BASE-BX10 optical transceivers shall conform to Class 1 laser requirements as
defined in |EC 60825-1, under any condition of operation. Thisincludes single fault conditions whether cou-
pled into afiber or out of an open bore. Conformance to additional |aser safety standards may be required for
operation within specific geographical regions.

Laser safety standards and regulations require that the manufacturer of a laser product provide information
about the product’s laser, safety features, labeling, use, maintenance and service. This documentation shall
explicitly define requirements and usage restrictions on the host system necessary to meet these safety
certifications.

58.8.3 Installation

It is recommended that proper installation practices, as defined by applicable local codes and regulation, be
followed in every instance in which such practices are applicable.

58.8.4 Environment
Two optional temperature ranges are defined in Table 58-14. Implementations shall be declared as

compliant over one or both complete ranges, or not so declared (compliant over parts of these ranges or
another temperature range).

Table 58-14—Component case temperature classes

Class L ow temperature (°C) High temperature (°C)
Warm extended -5 +85
Cool extended —40 +60
Universal extended —40 +85

Reference Annex 67A for additional environmental information.

58.8.5 PMD labeling requirements

It is recommended that each PHY (and supporting documentation) be labeled in a manner visible to the
user, with at least the applicable safety warnings and the applicable port type designation (e.g., 100BA SE-
BX10-U).

Labeling requirements for Class 1 lasers are given in the laser safety standards referenced in 58.8.2.

Compliant systems and field pluggable components shall be clearly labeled with the operating temperature
range over which their complianceis ensured.
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58.9 Characteristics of the fiber optic cabling

The 100BASE-LX10 and 100BASE-BX10 fiber optic cabling shall meet the dispersion specifications of
IEC 60793-2 and ITU-T G.652, as shown in Table 58-15. The fiber cable attenuation isfor information only;
the end-to-end channel loss shall meet the requirements of Table 58-1. The fiber optic cabling consists of
one or more sections of fiber optic cable and any intermediate connections required to connect sections
together. The fiber optic cabling spans from one MDI to another MDI, as shown in Figure 58-12.

58.9.1 Fiber optic cabling model

The fiber optic cabling model is shown in Figure 58-12.

PMD Jumper ] SMF i Jumper PMD
Tx [ caple —®| Connection <& .\~ Connection &=, "~ Rx

g Fiber optic cabling |
| 100BASE-LX10 or 100BASE-BX10 SMF channel

Figure 58-12—Fiber optic cabling model

The maximum channel insertion losses shall meet the requirements specified in Table 58-1. The minimum
loss for 100BASE-LX10 and 100BASE-BX10iszero. A channel may contain additional connectors or other
optical elements as long as the optica characteristics of the channel, such as attenuation, dispersion and
reflections, meet the specifications. Insertion loss measurements of installed fiber cables are made in
accordance with ANSI/TIA/EIA-526-7 [B15], method A-1. The fiber optic cabling model (channel) defined
here is the same as a simplex fiber optic link segment. The term channel is used here for consistency with
generic cabling standards.

NOTE—In extreme cases with minimum length links (less than 2 m), care may be taken to avoid excess optica power
delivered through cladding modes to the receiver.

58.9.2 Optical fiber and cable

The fiber optic cable requirements are satisfied by the fibers specified in IEC 60793-2, Types B1.1
(dispersion un-shifted single-mode) and B1.3 (low water peak single-mode) and ITU-T G652 as noted in
Table 58-15.

Table 58-15—Optical fiber and cable characteristics

Description® B11,B13SMF Unit
Nominal fiber specification wavelength® 1310 1550 nm
Fiber cable attenuation (max)°© 0.4 0.35 dB/km
Zero dispersion wavelength (A)9 1300 < Ao < 1324 nm
Dispersion slope (max) (Sp) 0.093 ps/nm?km

8The fiber dispersion values are normative, all other values in the table are informative.

b\Nalvelength specified is the nominal fiber specification wavelength which is the typical measurement wavel ength.
Power pendties at other wavelengths are accounted for.

CAttenuation values are informative not normative. Attenuation for single-mode optical fiber cablesis defined in ITU-
T G.652.

dsee |EC 60793 or G.652 for correct use of zero dispersion wavelength and dispersion slope.
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58.9.3 Optical fiber connection

The maximum link distances for single-mode fiber are calculated based on an alocation of 2 dB total
connection and splice loss. Connections with different loss characteristics may be used provided the
requirements of Table 58-1 are met.

The maximum discrete reflectance of e.g. a connection or splice shall be less than —26 dB.
58.9.4 Medium Dependent Interface (MDI)

The 100BASE-L X 10, 100BASE-BX10-D or 100BASE-BX10-U PMD is coupled to the fiber optic cabling
a the MDI. The MDI is the interface between the PMD and the “fiber optic cabling” (as shown in
Figure 58-12). Examples of an MDI include;

a) Connectorized fiber pigtail;
b) PMD receptacle.

The MDI carries the signal in both directions. For 100BASE-BX10 it couples a single fiber and for
100BASE-LX10 it couples dual fibers.

When the MDI is a remateable connection it shall meet the interface performance specifications of
IEC 61753-1.

NOTE—Compliance testing is performed at TP2 and TP3 as defined in 58.2.1, not at the MDI.
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58.10 Protocol Implementation Conformance Statement (PICS) proforma for
Clause 58, Physical Medium Dependent (PMD) sublayer and medium, type
100BASE-LX10 (Long Wavelength) and 100BASE-BX10 (BiDirectional Long Wave-
length)’

58.10.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 58, Physical Medium
Dependent (PMD) sublayer and medium, type 100BASE-LX10 and 100BASE-BX10, shall complete the
following Protocol Implementation Conformance Statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

58.10.2 Identification

58.10.2.1 Implementation identification

Supplier!

Contact point for enquiries about the PICS!

Implementation Name(s) and Version(s) 13

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Name(s)

NOTES
1—Required for dl implementations.

2—May be completed as appropriate in meeting the requirements for the identification.

3—Theterms Name and Version should be interpreted appropriately to correspond with a supplier’s terminology (e.g.,
Type, Series, Model).

58.10.2.2 Protocol summary

Identification of protocol standard IEEE Std 802.3ah-2004, Clause 58, Physical Medium
Dependent (PMD) sublayer and medium, type
100BASE-LX10 and 100BASE-BX 10

Identification of amendments and corrigenda to this
PICS proformathat have been completed as part of this
PICS

Have any Exception items been required? No[] Yes[]
(See Clause 21; the answer Yes means that the implementation does not conform to |EEE Std 802.3ah-2004.)

| Date of Statement ‘ |

“Copyright release for PICSproformas: Users of this standard may freely reproduce the PICS proformain this clause so that it can be
used for itsintended purpose and may further publish the completed PICS.
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58.10.2.3 Major capabilities/options

AMENDMENT TO IEEE Std 802.3

Item Feature Subclause Value/Comment Status | Support

HT High temperature operation 58.8.4 -5t085°C (0] Yes[]

No[]

LT Low temperature operation 58.8.4 —40to 60 °C 0] Yes[]

No[]

*LX 100BASE-LX10 PMD 58.3 Device supports long o/1 Yes[]
wavelength (1310 nm) over No[]
dua single-mode fiber
operation

*BD 100BASE-BX10-D 58.4 Deviceoperateswithonesingle | O/1 Yes|[]
single-mode fiber and transmits No[]
at downstream wavelength
(1550 nm)

*BU 100BASE-BX10-U 58.4 Deviceoperateswithonesingle | O/1 Yes[]
single-mode fiber and transmits No[]
at upstream wavel ength (1310
nm)

*INS Installation / Cable 58.9 Items marked with INSinclude | O Yes|[]
installation practices and cable No[]
specifications not applicable to
aPHY manufacturer

58.10.3 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and medium,
type 100BASE-LX10 and 100BASE-BX10

58.10.3.1 PMD functional specifications

Item Feature Subclause Value/Comment Satus Support

FN1 Transmit function 58.2.2 Conveys bits from PMD M Yes[]
serviceinterface to MDI

FN2 Transmitter optical signal 58.2.2 Higher optical power (0] Yes[]
transmitted isalogic 1 No[]

FN3 Receive function 58.2.3 Conveys bits from MDI to M Yes[]
PMD service interface

FN4 Receiver optical signal 58.2.3 Higher optical power received | O Yes[]
isalogic 1 No[]

FN5 Signal detect function 58.2.4 Mapping to PMD service M Yes[]
interface

FN6 Signal detect behaviour 58.2.4 Generated according to Table M Yes[]
58-2
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Item Feature Subclause Value/Comment Satus Support
LX1 100BA SE-L X10 transmitter 58.3.1 Meets specificationsin Table LX:M Yes[]
58-3 N/AT]
LX2 100BA SE-L X 10 receiver 58.3.2 Meets specificationsin Table LX:M Yes[]
58-4 N/A T[]
LX3 100BA SE-L X 10 stressed 58.3.2 Meets specification in Table LX:0 Yes[]
receiver sensitivity 58-4 No[]
N/A T[]
58.10.3.3 PMD to MDI optical specifications for 100BASE-BX10-D
Item Feature Subclause Value/Comment Satus Support
BD1 100BASE-BX10 transmitter 58.4.1 Meets specificationsin Table BD:M Yes[]
58-5 N/AT]
BD2 100BASE-BX10 receiver 58.4.2 Meets specificationsin Table BD:M Yes[]
58-6 N/AT]
BD3 100BASE-BX10 stressed 58.4.2 Meets specification in Table BD:O Yes[]
receiver sensitivity 58-6 No[]
N/A T[]
58.10.3.4 PMD to MDI optical specifications for 100BASE-BX10-U
Item Feature Subclause Value/Comment Satus Support
BU1 100BASE-BX10 transmitter 58.4.1 Meets specificationsin Table BU:M Yes[]
58-5 N/AT]
BU2 100BASE-BX10 receiver 58.4.2 Meets specificationsin Table BU:M Yes[]
58-6 N/AT]
BU3 100BASE-BX10 stressed 58.4.2 Meets specification in Table BU:O Yes[]
receiver sensitivity 58-6 No[]
N/A[]
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58.10.3.5 Optical measurement requirements

AMENDMENT TO IEEE Std 802.3

Item Feature Subclause Value/Comment Satus Support
oM1 Measurement cable 58.7 2to 5 metersin length M Yes[]
omM2 Test pattern 58.7.1, For eye, sensitivity, TDP, M Yes[]

58.7.8, stressed sensitivity, jitter
58.7.10
OoM3 Wavel ength and spectral width | 58.7.2 Per TIA/EIA-455-127 under M Yes[]
modulated conditions
omM4 Average optical power 58.7.3 Per TIA/EIA-455-95 M Yes[]
OM5 Extinction ratio 58.7.4 Per ANSI/TIA/EIA-526-4A M Yes[]
OM6 Transmit eye 58.7.8 Per ANSI/TIA/EIA-526-4A M Yes[]
with test pattern and fourth-
order Bessel-Thomson receiver
OoM7 Receiver sensitivity 58.7.10 With specified pattern M Yes[]
omM8 Transmitter and dispersion 58.7.9 With dispersion, reflectionand | M Yes[]
penalty decision timing offsets
OoM9 Stressed receiver conformance | 58.7.11 According to 58.7.11.1, (0] Yes[]
test 58.7.11.2, and 58.7.11.3 No[]
58.10.3.6 Environmental specifications

Item Feature Subclause Value/Comment Satus Support
ES1 General safety 58.8.1 Conforms to |EC-60950 M Yes[]
ES2 Laser safety —IEC Class 1 58.8.2 Conform to Class 1 laser M Yes[]

requirements defined in IEC
60825-1
ES3 Documentation 58.8.2 Explicitly definesrequirements | M Yes[]
and usage restrictions to meet
safety certifications
EA Operating temperature range 58.8.5 If required M Yes[]
labelling N/A[]
58.10.3.7 Characteristics of the fiber optic cabling and MDI

Item Feature Subclause Value/Comment Satus Support

FO1 Fiber optic cabling 58.9 Dispersion specifications of INS:M Yes[]

Table 58-15 N/A T[]

FO2 End-to-end channel loss 58.1, 58.9 Meet therequirementsof Table | INS:M Yes[]

58-1 N/A[]

FO3 Maximum discrete reflectance | 58.9.3 Lessthan —26 dB INS:M Yes[]

N/A[]

FO4 MDI requirements 58.9.4 IEC 61753-1 if rematable INS:O Yes[]
No[]

N/A[]

270 Copyright © 2004 IEEE. All rights reserved.




IEEE

CSMA/CD Std 802.3ah-2004

59. Physical Medium Dependent (PMD) sublayer and medium, type
1000BASE-LX10 (Long Wavelength) and 1000BASE-BX10 (BiDirectional
Long Wavelength)

59.1 Overview

The 1000BASE-LX10 and 1000BASE-BX10 PMD sublayers provide point-to-point (P2P) 1000BASE-X
links over apair of fibers or asingle fiber, respectively, up to 10 km.

This clause specifies the 1000BASE-LX10 PMD for both single-mode and multimode fiber, and the
1000BASE-BX10 PMD for single-mode fiber. A PMD is connected to the 1000BASE-X PMA of 66.2, and
to the medium through the MDI. A PMD is optionally combined with the management functionsthat may be
accessi ble through the management interface defined in Clause 22 or by other means.

Table 59-1 shows the primary attributes of each PMD type.

Table 59—-1—Classification of 1000BASE-LX10 and 1000BASE-BX10 PMDs

Description 1000BASE-L X10 10@2%_ * 10@2%_ 3'5 Unit

Fiber type? B1.1,B13 50, 62.5 pm B1.1, B1.3SMF
SMF MMF

Number of fibers 2 2
Typical transmit direction N/A Downstream Upstream
Nominal transmit wavelength 1310 1310 1490 1310 nm
Minimum range 05mto10km | 0.5m to550 m° 0.5mto 10 km
Maximum channel insertion 6.0 24 55 6.0 dB
loss®

per IEC 60793-2
bsee Table 59-16 for fiber and cable characteristics
Cat the nominal operating wavelength

A 1000BASE-L X10 link uses 1000BASE-LX10 PMDs at each end while a 1000BASE-BX10 link uses a
1000BASE-BX10-D PMD at one end and a 1000BASE-BX10-U PMD at the other. Typically the 1490 nm
band is used to transmit away from the center of the network (“downstream”) and the 1310 nm band
towards the center (“upstream”), although this arrangement, or the notion of hierarchy, is not required. The
suffixes“D” and “U” indicate the PMDs at each end of alink which transmit in these directions and receive
in the opposite directions.

1000BASE-LX10 is interoperable with 1000BASE-LX (see Clause 38). If used on single mode fiber,
operation is not ensured by this standard beyond the reach given in Table 38-6.

Two optional temperature ranges are defined; see 59.8.4 for further details. Implementations may be

declared as compliant over one or both complete ranges, or not so declared (compliant over parts of these
ranges or another temperature range).
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59.1.1 Goals and objectives

The following are the objectives of 1000BASE-LX 10 and 1000BASE-BX10:
a) Point to point on optical fiber

b) 1000BA SE-L X extended temperature range optics

c) 1000BASE-X up to 10km over SM fiber

d) BER better than or equal to 10712 at the PHY serviceinterface

59.1.2 Positioning of 1000BASE-LX10 and 1000BASE-BX10 PMDs within the IEEE 802.3
architecture

Figure 59-1 depicts the relationships of the PMD (shown shaded) with other sublayers and the 1SO/IEC
Open System Interconnection (OSI) reference model.

REFERENCE CSMA/CD
MODEL LAYERS
LAYERS
HIGHER LAYERS
APPLICATION
LLC-LOGICAL LINK CONTROL OR
PRESENTATION OTHER MAC CLIENT
SESSION / OAM (OPTIONAL)
/
TRANSPORT / MAC CONTROL (OPTIONAL)
NETWORK / MAC—MEDIA ACCESS CONTROL
-7 RECONCILIATION |
DATA LINK -
GMI—p
PHYSICAL
PCS
~ PMA PHY
~
~
N MDI —p
MEDIUM
1000BASE-LX10
1000BASE-BX10
MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
GMII = GIGABIT MEDIUM INDEPENDENT PHY = PHYSICAL LAYER DEVICE
INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT

PMD = PHYSICAL MEDIUM DEPENDENT

Figure 59—-1—1000BASE-LX10 and 1000BASE-BX10 PMDs relationship to the ISO/IEC Open
Systems Interconnection (OSI) reference model and the IEEE 802.3 CSMA/CD LAN model

59.1.3 Terminology and conventions

The following list contains references to terminology and conventions used in this clause:
Basic terminology and conventions, see 1.1 and 1.2.
Normative references, see 1.3.
Definitions, see 1.4.

Abbreviations, see 1.5.
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Informative references, see Annex A.
Introduction to 1000 M b/s baseband networks, see Clause 34.
Introduction to Ethernet for subscriber access networks, see Clause 56.

59.1.4 Physical Medium Dependent (PMD) sublayer service interface

The following specifies the services provided by the 1000BA SE-LX 10 and 1000BASE-BX 10 PMDs. These
PMD sublayers are described in an abstract manner and do not imply any particular implementation. The
PMD service interface supports the exchange of encoded 8B/10B code-groups between the PMA and PMD
entities. The PMD translates the serialized data of the PMA to and from signals suitable for the specified
medium.

The following primitives are defined

PMD_UNITDATA.request
PMD_UNITDATA.indicate
PMD_SIGNAL.indicate

59.1.5 Delay constraints

Delay requirements from the MDI to the GMII which include the PMD layer are specified in clause 36. Of
the budget, up to 20 nsis reserved for each of the transmit and receive functions of the PMD to account for
those cases where the PMD includes a pigtail.

59.1.5.1 PMD_UNITDATA.request

This primitive defines the transfer of a serial data stream from the PMA to the PMD.

The semantics of the service primitive are PMD_UNITDATA .request(tx_bit). The data conveyed by
PMD_UNITDATA.request is a continuous stream of hits where the tx_bit parameter can take one of two
values. ONE or ZERO. The PMA continuously sends the appropriate stream of bits to the PMD for
transmission on the medium, at a nominal 1.25 GBd signaling speed. Upon receipt of this primitive, the
PMD converts the specified stream of bitsinto the appropriate signals at the MDI.

59.1.5.2 PMD_UNITDATA.indicate

This primitive defines the transfer of data from the PMD to the PMA.

The semantics of the service primitive are PMD_UNITDATA.indicate(rx_bit). The data conveyed by
PMD_UNITDATA.indicate is a continuous stream of bits where the rx_bit parameter can take one of two
values: ONE or ZERO. The PMD continuously sends a stream of hits to the PMA corresponding to the
signals received from the MDI.

59.1.5.3 PMD_SIGNAL.indicate

This primitive is generated by the PMD to indicate the status of the signal being received from the MDI.

The semantics of the service primitive are PMD_SIGNAL.indicate(SIGNAL_DETECT). The
SIGNAL_DETECT parameter can take on one of two values: OK or FAIL, indicating whether the PMD is
detecting light at the receiver (OK) or not (FAIL). When SIGNAL_DETECT = FAIL,
PMD_UNITDATA . .indicate(rx_hit) is undefined. The PMD generates this primitive to indicate a change in
the value of SIGNAL_DETECT.

SIGNAL_DETECT = OK does not guarantee that PMD_UNITDATA.indicate(rx_bit) is known good. It is

possible for a poor quality link to provide sufficient light for a SIGNAL_DETECT = OK indication and still
not meet the specified bit error ratio.
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59.2 PMD functional specifications

The 1000BASE-X PMDs perform the transmit and receive functions that convey data between the PMD
service interface and the MDI.

59.2.1 PMD block diagram

The PMD sublayer is defined at the four reference points shown in Figure 59-2. Two points, TP2 and TP3,
are compliance points. TP1 and TP4 are reference points for use by implementers. The optical transmit sig-
na is defined at the output end of a patch cord (TP2), between 2 and 5 m in length, of afiber type consistent
with the link type connected to the transmitter. If a single-mode fiber offset-launch mode-conditioning patch
cord is used, the optical transmit signal is defined at the end of this single-mode fiber offset-launch mode-
conditioning patch cord at TP2. Unless specified otherwise, all transmitter measurements and tests defined
in 59.7 are made at TP2. The optical receive signal is defined at the output of the fiber optic cabling (TP3)
connected to the receiver. Unless specified otherwise, all receiver measurements and tests defined in 59.7
aremade at TP3.

The electrica specifications of the PMD service interface (TP1 and TP4) are not system compliance points
(these are not readily testable in a system implementation). It is expected that in many implementations, TP1
and TP4 will be common between 1000BA SE-X PMD types.

MDI MDI

Optical Optical

PMD ——®  PMA

PMA —— PMD X
transmitter cord

Fiber optic cabling

receiver

(Channel)

Signal_Detect

A

Figure 59—2—1000BASE-X block diagram

System bulkheads
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59.2.2 PMD transmit function

The PMD Transmit function shall convey the bits requested by the PMD service interface message
PMD_UNITDATA .request(tx_bit) to the MDI according to the optical specifications in this clause. The
higher optical power level shall correspond to tx_bit =ONE.

59.2.3 PMD receive function

The PMD receive function shall convey the bits received from the MDI according to the optical
specifications in  this clause to the PMD sevice interface using the message
PMD_UNITDATA.indicate(rx_hit). The higher optical power level shall correspond to rx_hit =ONE.

59.2.4 PMD signal detect function

The PMD signal detect function shal report to the PMD service interface using the message
PMD_SIGNAL.indicate(SIGNAL DETECT) which is signaled continuously. PMD_SIGNAL.indicate is
intended to be an indicator of optical signal presence.

The value of the SIGNAL_DETECT parameter shall be generated according to the conditions defined in
Table 59-2. The PMD receiver is not required to verify whether a compliant 1000BASE-X signal is being
received. This standard imposes no response time requirements on the generation of the SIGNAL_DETECT
parameter.

As an unavoidable consequence of the regquirements for the setting of the SSIGNAL_DETECT parameter,
implementations must provide adequate margin between the input optical power level at which the
SIGNAL_DETECT parameter is set to OK, and the inherent noise level of the PMD due to cross talk, power
supply noise, etc.

Various implementations of the Signal Detect function are permitted by this standard, including
implementations which generate the SSIGNAL_DETECT parameter values in response to the amplitude of
the 8B/10B modulation of the optical signal and implementations which respond to the average optical
power of the 8B/10B modulated optical signal.

Table 59—-2—1000BASE-LX10 and 1000BASE-BX10 SIGNAL_DETECT value definition

Receive conditions Signal_detect
value
1000BASE-L X10 1000BASE-BX10
Average input optical power < signal detect Average input optical power < signa detect FAIL
threshold (min) in Table 59-5 threshold (min) in Table 597
Average input optical power > receiver Average input optical power > receiver
sengitivity (max) in Table 59-5 with acompliant | sensitivity (max) in Table 59-7 with a OK
1000BASE-L X or 1000BASE-L X 10 signal compliant 1000BASE-BX 10 signal input at
input the specified receiver wavelength
All other conditions Unspecified

59.3 PMD to MDI optical specifications for 1000BASE-LX10

The operating range for 1000BASE-LX10 is defined in Table 59-1. A 1000BASE-LX10 compliant
transceiver operates over the media types listed in Table 591 according to the specifications described in
59.9. A transceiver which exceeds the operational range requirement while meeting all other optical
specificationsis considered compliant

NOTE—In this subclause and Table 59-5, the specifications for OMA have been derived from extinction ratio and
average launch power (minimum) or receiver sensitivity (maximum). The calculation is explained in 58.7.6.
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59.3.1 Transmitter optical specifications

AMENDMENT TO IEEE Std 802.3

The 1000BASE-L X 10 transmitter’s signaling speed, operating wavelength, spectral width, average launch
power, extinction ratio, return loss tolerance, OMA, eye and TDP shall meet the specifications defined in
Table 59-3 per measurement techniques described in 59.7. Its RIN;,OMA should meet the value listed in
Table 59-3 per measurement techniques described in 58.7.7. To ensure that the specifications of Table 59-3
are met with MMF links, the 1000BA SE-L X 10 transmitter output shall be coupled through a single-mode
fiber offset-launch mode-conditioning patch cord, as defined in 59.9.5.The maximum RMS spectra width
vs. center wavelength for 1000BASE-LX10 is shown in Table 59—4 and Figure 59-3. The equation used to
generate these valuesisincluded in 59.7.2. The values in bold are normative, the others informative.

4
N

3 2
=] // N .
[ // / Maximum allowed
=
~ / N .
£ 2 v4 7 < RMS spectral width
=]
s /| ~N
E i
*G -
qwo’_ _ — _ RMS spectral width
g 1 to achieve ¢ = 0.115
2

0

1260 1280 1300 1320 1340 1360

Wavelength (nm)

Figure 59—3—1000BASE-LX-10 Transmitter spectral limits

Table 59—-3—1000BASE-LX10 transmit characteristics

Description SMF | 50um MMF | 625 um MMF Unit
Nominal transmitter type? Longwave Laser
Signaling speed (range) 1.25+ 100 ppm GBd
Operating wavel ength rzangeb 1260 to 1360 nm
T rise /T fal (max, 20-80% response time) 0.30 ns
RMS spectral width (max) See Table 594 nm
Average launch power (max) -3 dBm
Average launch power (min) -9 -11.0 -11.0 dBm
Average launch power of OFF transmitter (max) 45 dBm
Extinction ratio (min) 6 dB
RIN;,OMA (max) -113 dB/Hz
Optical return loss tolerance (max) 12 dB
Launch OMA (min) 8.7 -10.2 -10.2 dBm

(130) | (200) (100) W)

Transmitter eye mask definition { X1, X2, Y1,Y2,Y3} 0.22, 0.375, 0.20, 0.20, 0.30 ul
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Table 59-3—1000BASE-LX10 transmit characteristics (continued)

Description SMF | 50um MMF | 625 um MMF Unit
Decision timing offsets for transmitter and dispersion pen-
. +80 ps
alty (min)
Transmitter reflectance (max) -6 dB
Transmitter and dispersion penalty, TDP (max) 3.3 35 dB
Differential delay, reference receiver for TDP (min)© NA 367 ps

aThenominal devicetypeis not intended to be a requirement on the source type, and any device meeting the transmitter
characteristics specified may be substituted for the nominal device type.
bThe great mgjority of the transmitted spectrum must fall within the operating wavelength range. The allowable range
of centra wavelengths is narrower than the operating wavelength range by the actual RMS spectral width at each

extreme.

’Delay is calculated as Td=L/(3.BWf) where BWf is defined to -3 dB (optical). 1000BASE-LX israted for 550 m of
500 MHz.km fiber while 1000BASE-LX aso covered 550 m of 400 MHz.km fiber, but this is now seen as a

historical bandwidth requirement.

Table 59-4—1000BASE-LX10 and 1000BASE-BX10 transmitter
spectral limits

Center wavelength RMSSES:;;;I width RMSspectral(ivl;/fig:ir;g?isg?ievee <0.115

nm nm nm
1260 2.09 143
1270 252 172
1280 3.13 214
1286 249
1290 2.80
1297
1329 3.50 3.50
1340 2.59
1343 241
1350 3.06 2.09
1360 2.58 1.76

1480 to 1500 0.88 0.60

8These limits for the 1000BASE-LX10 transmitter are illustrated in Figure 59-3. Limits at intermediate
wavelengths may be found by interpolation.
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59.3.2 Receiver optical specifications

The 1000BASE-LX10 receiver’s signaling speed, operating wavelength, damage, overload, sensitivity,
stressed receive characteristics, reflectivity and signal detect shall meet the specifications defined in Table
59-5 per measurement techniques defined in 59.7.

Table 59-5—1000BASE-LX10 receive characteristics

Description Value Unit
Signaling speed (range) 1.25+ 100 ppm GBd
Wavelength (range) 1260 to 1360 nm
Average receive power (max) -3 dBm
Receive sensitivity (max) -19.5 dBm
Receiver sensitivity as OMA (max) -18.7 dBm
(13.4) (HW)
Bit error ratio (max) 10712
Receiver reflectance (max)2 12 dB
Stressed receive sensitivity (max) -15.4 dBm
Stressed receiver sensitivity as OMA (max) -14.6 dBm
(35 (HW)
Vertical eye-closure penalty (min) 3.6 dB
Receive electrical 3 dB upper cutoff frequency 1500 MHz
(max)
Signa detect threshold (min) 45 dBm
Stressed eyejitter (min)° 0.3 Ul pk-pk
Jitter corner frequency 637 kHz
Sinusoidal jitter limits for stressed receiver con- 0.05,0.15 ul
formance test (min, max)

8See 1.4 for definition of reflectance.
by/ertical eye closure penalty and jitter specifications are test conditions for measuring stressed receiver
sensitivity. They are not required characteristics of the receiver.

59.4 PMD to MDl optical specifications for L0OOOBASE-B X10-D and 1000BASE-BX10-U

The operating range for 1000BASE-BX10-D and 1000BASE-BX10-U is defined in Table 59-1. A
1000BASE-BX10 compliant transceiver operates over al singleemode fibers listed in Table 59-1. A
transceiver which exceeds the operational range requirement while meeting all other optical specificationsis
considered compliant.

NOTE—In this subclause and 59.3, the specifications for OMA have been derived from extinction ratio and average
launch power (minimum) or receiver sensitivity (maximum). The calculation is explained in 58.7.6.

59.4.1 Transmit optical specifications

The 1000BASE-BX10-D and 1000BASE-BX10-U transmitter’s signaling speed, operating wavelength,
spectral width, average launch power, extinction ratio, return loss tolerance, OMA, eye and TDP shall meet
the specifications defined in Table 59-6 per measurement techniques described in 59.7. Its RIN{,OMA
should meet the value listed in Table 59-6 per measurement techniques described in 59.7.7.
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Table 59—-6—1000BASE-BX10-D and 1000BASE-BX10-U transmit characteristics

Description 10&?3_5135 10;2?@% Unit
Nominal transmitter type? Longwave L aser
Signaing speed (range) 1.25+ 100 ppm GBd
Operating wavel ength rzangeb 1480 to 1500 1260 to 1360 nm
RMS spectral width (max) See Table 594 nm
Average launch power (max) -3 dBm
Average launch power (min) -9 dBm
Average launch power of OFF transmitter (max) —45 dBm
Extinction ratio (min) 6 dB
RIN;5OMA (max) -113 dB/Hz
Optical return loss tolerance (max) 12 dB
Launch OMA -8.2 dBm

(151) (uwW)

Transmitter eye mask definition { X1, X2, Y1, Y2, Y3}

0.22, 0.375, 0.20, 0.20, 0.30 ul

Transmitter refl ectance (max) -10 dB
Transmitter and dispersion penalty, TDP (max) 3.3 dB
Decision timing offsets for transmitter and dispersion penalty (min) +80 ps

8The nominal device type is not intended to be a requirement on the source type, and any device meseting the
transmitter characteristics specified may be substituted for the nominal device type.
bThe great majority of the transmitted spectrum must fall within the operating wavel ength range. The allowable range
of centra wavelengthsis narrower than the operating wavel ength range by the actual RMS spectral width at each

extreme.

59.4.2 Receiver optical specifications

The 1000BASE-BX10-D and 1000BASE-BX10-U receiver's signaling speed, operating wavelength,
damage, overload, sensitivity, reflectivity and signal detect shall meet the specifications defined in Table
59-7 per measurement techniques defined in 59.7. Its stressed receive characteristics should meet the
values listed in Table 59—7 per measurement techniques described in 59.7.11.

Table 59—7—1000BASE-BX10-D and 1000BASE-BX10-U receive

characteristics

Description 1000BASE-BX10-D | 1000BASE-BX10-U Unit
Signaling speed (range) 1.25 + 100 ppm GBd
Wavelength (range) 1260 to 1360 1480 to 1500 nm
Bit error ratio (max) 10712
Average receive power (max) -3 dBm
Receive sensitivity (max) -195 dBm
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Table 59—7—1000BASE-BX10-D and 1000BASE-BX10-U receive
characteristics (continued)

Description 1000BASE-BX10-D | 1000BASE-BX10-U Unit

Receiver sensitivity as OMA (max) -18.7 dBm

(13.4) (HW)
Receiver reflectance (max) -12 dB
Stressed receive sensitivity (max)? -15.4 dBm
Stressed receiver sensitivity as OMA (max) -14.6 dBm

(35 (uW)
Vertical eye-closure penalty (min)b 2.6 dB
Receive electrical 3 dB upper cutoff frequency (max) 1500 MHz
Signal detect threshold (min) -45 dBm
Stressed eyejitter (min) 0.3 Ul pk-pk
Jitter corner frequency 637 kHz
Sinusoidal jitter limits for stressed receiver conform- 0.05,0.15 ul
ance test (min, max)

8The stressed receiver sensitivity is optional

by ertical eye closure penalty and jitter specifications are test conditions for measuring stressed receiver sensitivity.
They are not required characteristics of the receiver.

59.5 lllustrative 1000BASE-LX10 and 1000BASE-BX10 channels and penalties (informative)

The illustrative channel and penalties for 1000BASE-LX10 and 1000BASE-BX10 PMDs are shown in
Table 59-8.

Table 59-8—Illustrative 1000BASE-LX10 and 1000BASE-BX10 channel and penalties

PMD type 1000BASE-L X10 1000BASE- 1000BASE- Unit
BX10-D BX10-U
Fiber type B1.1,B1.3 50um, B1.1, B1.3 SMF
SMF 62.5um MMF

Measurement wavelength for fiber 1310 1300 1550 1310 nm
Nominal distance 10 0.55 10 km
Available power budget 10.5 85 10.5 dB
Maximum channel insertion loss? 6.0 2.4 55 6.0 dB
Allocation for penalties® 45 6.1 5.0 45 dB

8The maximum channel insertion loss is based on the cable attenuation at the target distance and nominal
measurement wavelength. The channel insertion loss also includes the loss for connectors, splices and other
passive components.

bThe allocation for pendlties is the difference between the available power budget and the channel insertion loss;
insertion loss difference between nominal and worse case operating wavelength is considered a penalty.

NOTE—The budgets include an alowance for —12 dB reflection &t the receiver.
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59.6 Jitter specifications

The entries for the 1000BASE-LX10 jitter budget on MMF in Table 59-9 and the 1000BA SE-L X10 and
1000BASE-BX 10 jitter budget on SMF in Table 59-10 represent high-frequency jitter (above 637 kHz) and
do not include low frequency jitter or wander. All values are informative.

Table 59—9—1000BASE-LX10 jitter budget on MMF (informative)

Total jitter W

Refer ence Point ul ps ul ps
TP1 0.240 192 0.100 80
TP1to TP2 0.284 227 0.100 80
TP2 0.431 345 0.200 160
TP2to TP3 0.170 136 0.050 40
TP3 0.510 408 0.250 200
TP3to TP4 0.332 266 0.212 170
TP4 0.749 599 0.462 370

W is similar but not necessarily identical to deterministic jitter (DJ). A jitter measurement procedure is
described in 58.7.12. Other jitter measurements are described in 59.7.12 and 59.7.13. Jitter at TP2 or TP3 is
defined with areceiver of the same bandwidth as specified for the transmitted eye.

Table 59—10—1000BASE-LX10 and 1000BASE-B X10 jitter budget on SMF (informative)

Total jitter W

Reference point ul ps ul ps
TP1 0.240 192 0.100 80
TP1to TP2 0.334 267 0.150 120
TP2 0.481 385 0.250 200
TP2to TP3 0.119 95 0 0
TP3 0.510 408 0.250 200
TP3to TP4 0.332 266 0.212 170
TP4 0.749 599 0.462 370

NOTE—Informative jitter values are chosen to be compatible with the limits for eye mask and TDP (see 58.7.9). A
margin between the total jitter at TP4 and the eye opening imposed by the decision point offsets for TDP isintended to
allow for the performance of test equipment used for TDP measurement, to avoid very involved jitter calibrations.

Totd jitter in this tableis defined at 102 BER. In acommonly used model,

TJ = 14.1c + DJat 10" (45-1)

59.7 Optical measurement requirements

All optical measurements, except TDP and RIN, shall be made through a short patch cable, between 2 and
5min length.

The following sections describe definitive patterns and test procedures for certain PMDs of this standard.

Implementers using alternative verification methods must ensure adequate correlation and allow adequate
margin such that specifications are met by reference to the definitive methods.
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59.7.1 Test patterns

AMENDMENT TO IEEE Std 802.3

The frame based test patterns defined here are suitable for testing all Clause59 and Clause 60 PMDs.
Further information on frame based testing in included in Annex 58A. The test suite and the patterns are

shown in Table 59-11.

Table 59-11—List of test patterns and tests

Test pattern Tests Related subclauses

Any valid 8B/10B encoded signal | Eye mask 59.7.8
Optical power 59.7.3
Central wavelength 59.7.2
Spectral width 59.7.2

Idles Extinction ratio 59.7.4
RIN;,0OMA 59.7.7
OMA

Random pattern test frame Receiver sensitivity 59.7.11
Stressed receiver sensitivity 59.7.14
Receiver 3dB upper cutoff frequency 59.7.15
TDP 59.7.10

Jitter pattern test frame All jitter tests 59.7.12

Thefollowing test patterns areintended for frame based testing of the 1000BA SE-X PMDs of Clause 59 and
Clause 60. They are compliant Ethernet packets with adequate user defined fields to allow them to be routed
through a system to the point of the test. The common portions of the frames are given in Table 59-12.

Table 59-12—Common portion of frame based test pattern

8B10B Encoded binary?
Field Nf%m?g Hexadecimal
orOctets Sarting Disparity + | Starting Disparity—
SPD (/9) 1 N/AP N/AT 110110 1000
Remainder of preamble 6 55 N/AC 101010 0101
SFD 1 D5 N/AC 101010 0110
Destination address 6 User defined User defined User defined
Source address 6 User defined User defined User defined
Length/ type 2 User defined User defined User defined
First portion of MAC client | 32 User defined User defined User defined
data
Second portion of MAC 456 See Table 59-13 or | See Table 59-13 or See Table 59-13 or
client data Table 59-14 Table 59-14 Table 59-14
Frame check sequence® 4 Asrequired by Asrequired by frame | Asrequired by frame
frame
EPD (/T/R/)® 2 N/AP 010001 0111 101110 1000
000101 0111 111010 1000
Idle (/11/ or /12/)® 2 N/AP 110000 0101 001111 1010
101001 0110 100100 0101
Idle (/12/)® 10 N/AP N/AT 001111 1010
100100 0101

8The binary bits are transmitted left most bit first.
bThe SPD, EPD, and Idle code-groups are generated by the PCS and their hexadecimal octet values have no meaning
without relation to the signals transmitted across the GMI 1.
CExcept when operating in a half-duplex mode, it is not possible to transmit an SPD with a positive starting disparity.
Thefirst code-group that could begin with apositive running disparity would be the second octet of the destination

address.

4The frame check sequence may be calculated using the method described in 3.2.8.
®The first row precedes the second row.
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The first idle code-group following the frame will be an /I1/ if the running disparity is positive and an /12/ if the
running disparity is negative. All subsequent idle code-groups will be /12/.

NOTE—Users are advised to take care that the system under test is not connected to a network in service.

Two payloads are defined. The first, which emulates a random pattern with broad spectral content and
minimal peaking, is shown in Table 59-13.T

Table 59-13—Payload for Random Pattern Test Frame

8B10B Encoded Binary

Number of Octets Hexadecimal
Sarting Disparity + Sarting Disparity —
BE 100001 1010 011110 1010
D7 111010 0110 000101 0110
23 110001 1001 110001 1001
47 000111 0101 111000 0101
6B 110100 0011 110100 1100
Repeat 19 times for 228 8F 101000 1101 010111 0010
bytes B3 110010 1010 110010 1010
14 001011 0100 001011 1011
5E 011110 0101 100001 0101
FB 001001 1110 110110 0001
35 101010 1001 101010 1001
59 100110 0101 100110 0101
BC 001110 1010 001110 1010
D7 000101 0110 111010 0110
23 110001 1001 110001 1001
47 111000 0101 000111 0101
6B 110100 1100 110100 0011
Transmit once for 12 bytes 8F 010111 0010 101000 1101
B3 110010 1010 110010 1010
14 001011 1011 001011 0100
5E 100001 0101 011110 0101
FB 110110 0001 001001 1110
35 101010 1001 101010 1001
59 100110 0101 100110 0101
BE 011110 1010 100001 1010
D7 000101 0110 111010 0110
23 110001 1001 110001 1001
47 111000 0101 000111 0101
6B 110100 1100 110100 0011
Repeat 18 times for 216 8F 010111 0010 101000 1101
bytes B3 110010 1010 110010 1010
14 001011 1011 001011 0100
5E 100001 0101 011110 0101
FB 110110 0001 001001 1110
35 101010 1001 101010 1001
59 100110 0101 100110 0101
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The payload for the second pattern is shown in Table 59-14.

AMENDMENT TO IEEE Std 802.3

Table 59-14—Payload for jitter test frame

8B10B Encoded Binary

Field Hexadecimal
Starting Disparity + Starting Disparity —
Low Transition Density, Repeat | 7E 100001 1100 011110 0011
96 times for 192 bytes 7E 011110 0011 100001 1100
F4 001011 0001 001011 0111
EB 110100 1110 110100 1000
F4 001011 0001 001011 0111
Phase Jump, Repeat onetimefor EB 110100 1110 110100 1000
8 bytes F4 001011 0001 001011 0111
EB 110100 1110 110100 1000
F4 001011 0001 001011 0111
AB 110100 1010 110100 1010
High Transition Density, Repeat | B5 101010 1010 101010 1010
20 times for 20 bytes
Phase Jump, Repeat 4 timesfor | EB 110100 1110 110100 1000
8 bytes F4 001011 0001 001011 0111
Low Transition Density, Repeat | 7E 011110 0011 100001 1100
96 times for 192 bytes 7E 100001 1100 011110 0011
F4 001011 0111 001011 0001
EB 110100 1000 110100 1110
F4 001011 0111 001011 0001
Phase Jump, Repeat onetimefor EB 110100 1000 110100 1110
9 bytes F4 001011 0111 001011 0001
EB 110100 1000 110100 1110
F4 001011 0111 001011 0001
AB 110100 1010 110100 1010
High Transition Density, Repeat | B5 101010 1010 101010 1010
20 times for 20 bytes
Phase Jump, Repeat 4 timesfor | EB 110100 1000 110100 1110
8 bytes. F4 001011 0111 001011 0001

This pattern has areas of high and low transition density to aggravate jitter susceptibility.

Frames are separated by a near minimum inter-packet gap (IPG) of 14 octets.
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59.7.2 Wavelength and spectral width measurements

Thewavel ength and spectral width (RMS) shall meet the specificationsaccording to ANSI/EIA/TIA-455-127,
under modulated conditions using avalid 1000BASE-X signal.

NOTES

1—The great magjority of the transmitted spectrum must fall within the operating range. The allowable range of central
wavelengths is narrower than the operating wavelength range by the actual RM S spectral width at each extreme.

2—The 20 dB width for SLM lasersistaken as 6.07 times the RMS width.
The interaction between the transmitter and the chromatic dispersion of the fiber is accounted for by a

parameter e (epsilon), which is defined as the product of 10~ times the signaling speed (in GBd) times the
path dispersion (in ps/nm) times the RM S spectral width (in nm).

e= dispersion x length x RM'S spectral width x signaling speed x 10 (45-2)
A maximum ¢ close to 0.168 isimposed by column 2 of Table 59-5. If the spectra width is kept below the
limits of column 3, € will not exceed 0.115, and the chromatic dispersion penalty is expected to be below
2 dB. The chromatic dispersion penalty is a component of transmitter and dispersion penalty (TDP) whichis
specified in Table 59-3, Table 596 and described in 58.7.9.
59.7.3 Optical power measurements

Optical power shall meet specifications according to the methods specified in ANSI/EIA-455-95. A
measurement may be made with the port transmitting any valid encoded 8B/10B data stream.

59.7.4 Extinction ratio measurements

Extinction ratio shall meet specifications according to ANSI/TIA/EIA-526-4A with the port transmitting a
repeating idle pattern /12/ ordered_set (see 36.2.4.12) that may be interspersed with OAM packets per 43B.2,
and with minimal back reflectionsinto the transmitter, lower than —20 dB. The /I2/ ordered_set is defined in
Clause 36, and is coded as /K28.5/D16.2/ which is binary 001111 1010 100100 0101 within idles. The
extinction ratio is expected to be similar for other valid 8B/10B bit streams. The test receiver has the
frequency response as specified for the transmitter optical waveform measurement.

59.7.5 OMA measurements (informative)

58.7.5 provides a reference technique for performing OMA measurements.

59.7.6 OMA relationship to extinction ratio and power measurements (informative)

The normative way of measuring transmitter characteristics is extinction ratio and mean power. Clause 58
provides information on how OMA, extinction ratio, and mean power, are related to each other (see 58.7.6).

59.7.7 Relative intensity noise optical modulation amplitude (RIN;,OMA)

RIN;,OMA is the ratio of noise to modulated optical signal in the presence of a back reflection. The
measurement procedure is described in 58.7.7.

59.7.8 Transmitter optical waveform (transmit eye)

The required transmitter pul se shape characteristics are specified in the form of amask of the transmitter eye
diagram as shown in Figure 59-4.

The measurement procedure is described in 58.7.8 and references therein.
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Figure 59—-4—Transmitter eye mask definition

The eye shall comply to the mask of the eye using a fourth-order Bessel-Thomson receiver response with
fr = 0.9375 GHz, and where the relative response vs. relative frequency is defined in ITU-T G957, Table
B.2 (STM-16 values), aong with the allowed tolerances for its physical implementation.

NOTES

1—This Bessel-Thomson filter is not intended to represent the noise filter used within an optical receiver, but isintended
to provide uniform measurement conditions on the transmitter.

2—The fourth order Bessel-Thomson filter is reactive. In order to suppress reflections, a 6 dB attenuator may be
required at the filter input and/or output.

59.7.9 Transmit rise/fall characteristics

Optical response time specifications are based on unfiltered waveforms. Some lasers have overshoot and
ringing on the optical waveforms, which, if unfiltered, reduce the accuracy of the 20-80% response times.
For the purpose of standardizing the measurement method, measured waveforms shall conform to the mask
defined in 59.7.8. If afilter is needed to conform to the mask, the filter response should be removed using
the equation:

Trise, fall = A/(Trise fall, measured)2 - (Trise, fall, filter)2 (45'3)

where the filter may be different for rise and fall. Any filter should have an impulse response equivalent to a
fourth order Bessel-Thomson filter. The fourth order Bessel-Thomson filter describe in 59.7.8 may be a
convenient filter for this measurement, however its low bandwidth adversely impacts the accuracy of the
rise and fall time measurements.

59.7.10 Transmitter and dispersion penalty (TDP)

This measurement tests for transmitter impairments with modal (not chromatic) dispersion effects for a
transmitter to be used with multimode fiber, and for transmitter impairments with chromatic effects for a
transmitter to be used with single mode fiber. Possible causes of impairment include intersymbol
interference, jitter, RIN and mode partition noise. Meeting the separate requirements (e.g. eye mask, spectral
characteristics) does not in itself guarantee the transmitter and dispersion penalty (TDP). The TDP limit
shall be met. See 59.7.9 for details of the measurement.
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59.7.11 Receive sensitivity measurements

Recelver sensitivity is defined for the random pattern test frame (see 59.7.1) and anideal input signal quality
with the specified extinction ratio. The measurement procedure is described in 58.7.10. The sensitivity shall
be met for the bit error ratio defined in Table 59-5 or Table 59-7 as appropriate. Stressed sensitivity is
described in 59.7.14 and 58.7.11.

59.7.12 Total jitter measurements (informative)

Totd jitter measurements may be made according to the method in ANSI X3.230 [B20](FC-PH), Annex A,
A.4.2, or according to 58.7.12. Total jitter at TP2 should be measured utilizing a BERT (Bit Error Ratio
Tester). References to use of the Bessel-Thomson filter should substitute use of the Bessel-Thomson filter
defined in this clause (see 59.7.8). The test should utilize the mixed frequency test pattern specified in
59.7.1.

Total jitter at TP4 should be measured using the conformance test signal at TP3, as specified in 59.7.14. The
optical power should be at the stressed receive sensitivity level in Table for 1000BASE-LX10 and in Table
59-7 for 1000BASE-BX10. This power level should be corrected if the extinction ratio differs from the
specified extinction ratio (minimum). Measurements at TP4 should be taken directly without additional
Bessel-Thomson filters.

Jitter measurement may use a clock recovery unit (commonly referred to in the industry as a“golden PLL")
to remove low-frequency jitter from the measurement as shown in Figure 59-5. The clock recovery unit has
a low pass filter with 20 dB/decade rolloff with —3 dB point of 637 kHz. For this measurement, the
recovered clock will run at the signaling speed. The golden PLL is used to approximate the PLL in the
deserializer function of the PMA. The PMA deserializer is able to track a large amount of low-frequency
jitter (such as drift or wander) below its bandwidth. This low-frequency jitter would create a large
measurement penalty, but does not affect operation of the link.

Serial Data Stream Jitter
| Measurement In-
strument
Recovered clock for use as trigger
> Clock Recovery & 99

Programmable Counter

Figure 59-5—Utilization of clock recovery unit during measurement

59.7.13 Deterministic or high probability jitter measurement (informative)

Deterministic jitter may be measured according to ANSI X3.230-1994 [B20] (FC-PH), Annex A, A.4.3, DJ
Measurement or high probability jitter may be measured according to 58.7.12. The test utilizes the mixed
frequency test pattern specified in 36A.3. Thismethod utilizes adigital sampling scope to measure actua vs.
predicted arrival of bit transitions of the 36A.3 data pattern (alternating K28.5 code-groups).

It is convenient to use the clock recovery unit described in 59.7.12 for purposes of generating a trigger for
the test equipment. This recovered clock should have a frequency equivalent to 1/20th of the signaling
speed.

Measurements at TP2 and TP3 use the filter specified in 59.7.8, measurements at TP1 and TP4 do not use
thisfilter.
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59.7.14 Stressed receiver conformance test

The stressed receiver conformance test is intended to screen against receivers with poor frequency response
or timing characteristics which could cause errors when combined with a distorted but compliant signal at
TP3. Modal (MMF) or chromatic (SMF) dispersion can cause distortion. The conformance test signal uses
the random pattern test frame and is conditioned by applying deterministic jitter and intersymbol
interference. If the option for stressed receiver compliance is chosen, the receiver shall meet the specified bit
error ratio at the power level and signal quality defined in Table 59-5 and Table 597 as appropriate,
according to the measurement procedures of 58.7.11.

59.7.15 Measurement of the receiver 3 dB electrical upper cutoff frequency

The receiver 3 dB electrica upper cutoff frequency shall meet specifications according to the methods
specified below. Thetest setup is shown in Figure 59-6. The test is performed with alaser that is suitable for
analog signa transmission. The laser is modulated by a digital data signal. In addition to the digita
modulation, the laser is modulated with an analog signal. The analog and digital signals should be
asynchronous. The data pattern to be used for thistest isthe random pattern test frame defined in 59.7.1. The
frequency response of the laser must be sufficient to allow it to respond to both the digital modulation and
the analog modulation. The laser should be biased so that it remains linear when driven by the combined
signals. Alternatively the two signals may be combined in the optical domain.

. SMF :
RF signal RF power Optical
generator > combiner > Laser > attenuator > puT
Pattern J
generator - BERT
Clock

Figure 59—6—Test setup for receiver bandwidth measurement

The 3 dB upper cutoff frequency is measured using the following steps a) through €):

a) Cadlibrate the frequency response characteristics of the test equipment including the analog radio
frequency (RF) signal generator, RF power combiner, and laser source. Measure the laser’'s
extinction ratio according to 59.7.4. With the exception of extinction ratio, the optical source shall
meet the requirements of Clause 59.

b) Configure the test equipment as shown in Figure 59-6. Take care to minimize changes to the signal
path that could affect the system frequency response after the calibration in step a. Connect the laser
output with no RF modulation applied to the receiver under test through an optical attenuator and
taking into account the extinction ratio of the source, set the optical power to a leve that
approximates the stressed receive sensitivity level in Table for 1000BASE-LX10 and in Table 59—7
for 1000BASE-BX10.

c) Locate the center of the eye with the BERT. Turn on the RF modulation while maintaining the same
average optical power established in step (b).

d) Measure the necessary RF modulation amplitude (in dBm) required to achieve a constant BER (e.g.,
107®) for anumber of frequencies.

€) The receiver 3dB electrical upper cutoff frequency is that frequency where the corrected RF
modulation amplitude (the measured amplitude in step (d) corrected with the calibration datain step
(a) increases by 3 dB (electrica). If necessary, interpolate between the measured response values.
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59.8 Environmental, safety and labeling specifications

59.8.1 General Safety

All equipment meeting this standard shall conform to IEC 60950.

59.8.2 Laser safety

1000BASE-BX10 and 1000BA SE-L X 10 optical transceivers shall conform to Class 1 laser requirements as
defined in IEC 60825-1, under any condition of operation. This includes single fault conditions whether
coupled into a fiber or out of an open bore. Conformance to additional laser safety standards may be
required for operation within specific geographical regions.

Laser safety standards and regulations require that the manufacturer of a laser product provide information
about the product’s laser, safety features, labeling, use, maintenance and service. This documentation shall
explicitly define requirements and usage restrictions on the host system necessary to meet these safety
certifications.

59.8.3 Installation

It isrecommended that proper installation practices, as defined by applicablelocal codes and regulations, be
followed in every instance in which such practices are applicable.

59.8.4 Environment
Reference Annex 67A for additional environmental information.
Two optional temperature ranges are defined in Table 59-15. Implementations shall be declared as

compliant over one or both complete ranges, or not so declared (compliant over parts of these ranges or
another temperature range).

Table 59-15—Component case temperature classes

Class L ow temperature (°C) High temperature (°C)
Warm extended -5 +85
Cool extended -40 +60
Universal extended —40 +85

59.8.5 PMD labelling requirements

It isrecommended that each PHY (and supporting documentation) be labeled in amanner visible to the user,
with at least the applicable safety warnings and the applicable port type designation (e.g., 1000BASE-
BX10-U).

Labeling requirements for Class 1 lasers are given in the laser safety standards referenced in 59.8.2.

Compliant systems and field pluggable components shall be clearly labeled with the operating temperature
range over which their complianceis ensured.
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59.9 Characteristics of the fiber optic cabling

The 1000BASE-BX10 and 1000BASE-LX10 fiber optic cabling shall meet the dispersion and moda
bandwidth specifications defined in IEC 60793-2 and ITU-T G652, as shown in Table 59-16. The fiber
cable attenuation is shown for information only; the end-to-end channel 1oss shall meet the requirements of
Table 59-1. The fiber optic cabling consists of one or more sections of fiber optic cable and any intermediate
connections required to connect sections together. The fiber optic cabling spans from one MDI to another
MDI, as shown in Figure 59-7.

59.9.1 Fiber optic cabling model

The fiber optic cabling model is shown in Figure 59—7.

PMD Offset . _ Jumper PMD
Tx <_palchcord = CONNection |-g— |(\:/|ak|\)/||g—> connection -— cable — RX
| |
| |
| |
gt Fiber optic cabling |
MDI 1000BASE-LX 10 MMF channel MDI
PMD Jumper SMF Jumper PMD

Tx <—Cab|e_> connection |«g— cable_> connection < cable P Rx

- Fiber optic cabling
MDI 1000BASE-BX10 or 1000BA SE-LX10 SMF channel

DI
Figure 59—-7—Fiber optic cable model

The maximum channel insertion loss shall meet the requirements specified in Table 59—1. The minimum
loss for 1000BASE-BX10 and 100BASE-LX10 is zero. A channel may contain additional connectors or
other optical elements as long as the optical characteristics of the channel, such as attenuation, dispersion
and reflections, meet the specifications. Insertion loss measurements of installed fiber cables are made in
accordance with ANSI/TIA/EIA-526-14A [B14], method B for multimode cabling and ANSI/TIA/EIA-
526-7 [B15], method A-1 for single-mode cabling. The fiber optic cabling model (channel) defined here
is the same as a simplex fiber optic link segment. The term channel is used here for consistency with
generic cabling standards.
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59.9.2 Optical fiber and cable

Thefiber optic cable requirements are satisfied by the fibers specified in IEC 60793-2 Type B1.1 (dispersion
un-shifted single-mode fiber) and Type B1.3 (low water peak single-mode fiber) and ITU-T G652 as noted
in Table 59-16.

Table 59-16—Optical fiber and cable characteristics

Description? B1.1, BL3SMF 50 ym MMF 62.5um MMF Unit
Nominal fiber 1310 1550 1300 nm
specification
wavelength?

Fiber cable 0.4 0.35 15 dB/km
attenuation
(max)©
Modal Bandwidth N/A 5004 MHz- km
(min; overfilled
launch)
Zero dispersion 1300< A <1324 1295<17<1320 | 1320<X(<1365 nm
wavelength®
Dispersion slope 0.093 0.11 for 0.11 for ps/nm? - km
(max) 1300< A9 <1320 1320<1g< 1348
and and
0.001(A4-1190) 0.001(1458-A)
for for
1295 <\ <1300 1348 <o <1365

aThe fiber dispersion values are normative, al other valuesin the table are informative.
The wavelength specified isthe nominal fiber specification wavelength which is the typical measurement wavelength. Power

penalties at other wavelengths are accounted for.

CAttenuation values are informative. Attenuation for single-mode optical fiber cablesis defined in ITU-T G.652 and for mul-
timode fiber cablesis defined in ISO/IEC 11801.

d1000BASE-LX 10 is rated for 550 m of 500 MHz-km fiber, while 1000BASE-LX also covered 550 m of 400 MHz-km, but
this now seen as a historical bandwidth requirement.

€See |EC 60793 or G.652 for correct use of zero dispersion wavelength and dispersion slope.

59.9.3 Optical fiber connection

The maximum link distances for multimode fiber are calculated based on the allocation of 1.5 dB total
connection and splice loss. Connections with different loss characteristics may be used provided the
requirements of Table 59-1 are met.

The maximum link distances for single mode fiber are calculated based on the allocation of 2 dB total
connection and splice loss for 1000BASE-LX10 and 1000BASE-BX10. Connections with different loss
characteristics may be used provided the requirements of Table 59-1 are met.

The maximum discrete reflectance for multi-mode connections shall be less than —20 dB.
The maximum discrete reflectance for single mode connections shall be less than —26 dB.
59.9.4 Medium Dependent Interface (MDI)

The 1000BA SE-LX10 or 1000BASE-BX10 PMD is coupled to the fiber cabling a the MDI. The MDI isthe
interface between the PMD and the “fiber optic cabling” as shown in Figure 59—7. Examples of an MDI
include:

a)  Connectorized fiber pigtail

b) PMD receptacle
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When the MDI is a remateable connection, it shall meet the interface performance specifications of 1EC
61753-1. The MDI carries the signa in both directions. For 1000BASE-BX 10 it couples a single fiber and
for 1000BASE-LX10 it couples dual fibers.

NOTE—Compliance testing is performed at TP2 and TP3 as defined in 59.2.1, not at the MDI.

59.9.5 Single-mode fiber offset-launch mode-conditioning patch cord for MMF operation of
1000BASE-LX10

This subclause specifies an example embodiment of a mode conditioner for 1000BASE-LX10 operation
with MMF cabling. The mode conditioner consists of asingle-mode fiber permanently coupled off-center to
a graded index fiber. This example embodiment of a patch cord is not intended to exclude other physical
implementations of offset-launch mode conditioners. However, any implementation of an offset-launch
mode conditioner used for 1000BA SE-L X 10 shall meet the specifications of Table 59-17. The offset launch
shall be contained within the patch cord assembly and is not adjustable by the user.

NOTE—The single-mode fiber offset-launch mode-conditioning patch cord described in Clause 38 may be used,
athough its labeling and coloring requirements are not mandatory here. See 38.11.4.

Table 59-17—Single-mode fiber offset-launch mode conditioner specifications

Description 62.5 um MMF 50 pym MMF Unit
Maximum insertion loss 0.5 0.5 dB
Coupled Power Ratio (CPR) 28<CPR <40 12<CPR<20 dB

Optical center offset between SMFand MMF | 17 < Offset <23 | 10 < Offset < 16 um

Maximum angular offset 1 1 degree

Patch cord connectors and ferrules for the single-mode-to-multimode offset launch shall have single-mode
tolerances, float and other mechanical requirements according to |EC 61754-1.

The single-mode fiber used in the construction of the single-mode fiber offset-launch mode conditioner shall
meet the requirements of 59.9.2. The multimode fiber used in the construction of the single-mode fiber
offset-launch mode conditioner shall be of the same type as the cabling over which the 1000BASE-LX10
link isto be operated. If the cabling is 62.5 um MMF then the MMF used in the construction of the mode
conditioner is of type 62.5 um MMF. If the cabling is 50 um MMF, then the MMF used in the construction
of the mode conditioner is of type 50 um MMF

Figure 59-8 shows an example of an embodiment of the single-mode fiber off set-launch mode-conditioning
patch cord. This patch cord consists of duplex fibers including a single-mode-to-multimode offset launch
fiber connected to the transmitter MDI and a second conventional graded index MMF connected to the
receiver MDI. The preferred configuration is a plug-to-plug patch cord since it maximizes the power budget
margin of the 1000BA SE-L X 10 link. The single-mode end of the patch cord is labeled “ To Equipment”. The
multimode end of the patch cord is labeled “To Cable.” The recommended color identifier of the single-
mode fiber connector is blue. The recommended color identifier of all multimode fiber connector plugsis
beige. The patch cord assembly is labeled “Offset-launch mode-conditioning patch cord assembly.”
Labelling identifies which size multimode fiber is used in the construction of the patch cord. The keying of
this duplex optical plug ensures that the single-mode fiber end is automatically aligned to the transmitter
MDI.
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Figure 59—8—1000BASE-LX10 single-mode fiber offset-launch mode-conditioning
patch cord assembly
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59.10 Protocol Implementation Conformance Statement (PICS) proforma for Clause
59, Physical Medium Dependent (PMD) sublayer and medium, type 1000BASE-LX10
(Long Wavelength) and 1000BASE-BX10 (BiDirectional Long Wavelength)8

59.10.1 Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 59, Physical Medium
Dependent (PMD) sublayer and medium, type 1000BA SE-L X 10 and type 1000BA SE-L X 10, shall complete

the following Protocol Implementation Conformance Statement (PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

59.10.2 Identification

59.10.2.1 Implementation identification

Supplier!

Contact point for enquiries about the PICS!

Implementation Name(s) and Version(s)®

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Name(s)?

NOTES
1—Required for dl implementations.
2—May be completed as appropriate in meeting the requirements for the identification.

3—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s terminology
(e.g., Type, Series, Modédl).

8Copyright release for PICSproformas: Users of this standard may freely reproduce the PICS proformain this clause so that it can be
used for itsintended purpose and may further publish the completed PICS.
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59.10.2.2 Protocol summary

IEEE

Std 802.3ah-2004

Identification of protocol standard

IEEE Std 802.3ah-2004, Clause 59, Physical Medium

Dependent (PMD) sublayer and medium, type

1000BA SE-L X10 and 1000BASE-BX10

PICS

Identification of amendments and corrigenda to this
PICS proformathat have been completed as part of this

Have any Exception items been required?
(See Clause 21; the answer Yes means that the implementation does not conform to |EEE Std 802.3ah-2004.)

No[] Yes[]

Date of Statement

59.10.3 Major capabilities/options

Item Feature Subclause Value/Comment Satus | Support

HT High temperature operation 59.84 -5t085°C (0] Yes[]

No[]

LT L ow temperature operation 59.8.4 —401to0 60°C 0] Yes[]

No[]

*LX 1000BASE-LX10 PMD 59.3 Device supportslongwavelength | O/1 Yes[]
(1310 nm) over dual multimode No []
and single-mode fibers.

*BXD | 1000BASE-BX10-D PMD Table Device operates with one single o/l es[]
single-mode fiber and transmits No []
at downstream wavelength (1490
nm).

*BXU | 1000BASE-BX10-U PMD Table Device operates with onesingle | O/1 es[]
single-mode fiber and transmits No []
upstream wavelength (1310 nm).

*INS Installation / cable 59.9 Items marked with INS include (0] es[]
installation practices and cable No []
specifications not applicableto a
PHY manufacturer.

*OFP Single-mode offset-launch 59.9.5 Items marked with OFP include (0] es[]

mode-conditioning patch cord installation practices and cable No []
specifications not applicableto a
PHY manufacturer.
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Item Feature Subclause Value/Comment Satus | Support
FN1 | Transmit function 59.2.2 Convey hits requested by M Yes[]
PMD_UNITDATA.request() to the MDI.
FN2 | Transmitter optical signa | 59.2.2 Higher optical power isalogical 1. Yes[]
FN3 | Receive function 59.2.3 Convey hits received from the MDI to Yes[]
PMD_UNITDATA.indicate().
FN4 | Receiver optical signal 59.2.3 Higher optical power isalogical 1. Yes[]
FN5 | Signa detect function 59.2.4 Mapping to PMD interface. Yes[]
FN6 | Signa detect behaviour 59.2.4 Generated according to Table 59-2. Yes[]
59.10.3.2 PMD to MDI optical specifications for 1000BASE-LX10
Item Feature Subclause Value/Comment Status | Support
LX1 1000BA SE-L X 10 transmitter 59.3.1 Transmitter meets LX:M Yes[]
specifications in Table 59-3. N/A T[]
LX2 Offset-launch mode-conditioning | 59.3.1 Required for LX10 multi- OFP:M Yes[]
patch cord mode operation. N/A T[]
LX3 1000BA SE-L X 10 receiver 59.3.2 Receiver meets mandatory LX:M Yes[]
specifications in Table 59-5. N/A T[]
LX4 1000BA SE-L X 10 stressed 59.3.2 Receiver meets mandatory LX:M Yes[]
receiver sensitivity specifications in Table 59-5 N/A T[]
59.10.3.3 PMD to MDI optical specifications for 1000BASE-BX10-D
Item Feature Subclause Value/Comment Satus Support
BXD1 1000BASE-BX10-D 59.4.1 Transmitter meets BXD:M Yes[]
transmitter specifications in Table 59-6. N/AT]
BXD2 | 1000BASE-BX10-D receiver 59.4.2 Receiver meets mandatory BXD:M | Yes[]
specificationsin Table 59-7. N/AT]
BXD3 1000BASE-BX10-D stressed 59.4.2 Receiver meets specifications BXD:O Yes[]
receiver sensitivity in Table 59-7. No[]
N/A[]
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Item Feature Subclause Value/Comment Satus Support
BXU1l | 1000BASE-BX10-U 59.4.1 Transmitter meets BXU:M | Yes[]
transmitter specifications in Table 59-6. N/AT]
BXU2 | 1000BASE-BX10-U receiver 59.4.2 Receiver meets mandatory BXU:M | Yes[]
specificationsin Table 59-7. N/AT]
BXU3 | 1000BASE-BX10-U stressed 59.4.2 Receiver meets specifications BXU:O | Yes[]
receiver sensitivity in Table 59-7. No[]
N/AT]
59.10.3.5 Optical Measurement Requirements
Item Feature Subclause Value/Comment Satus Support
oM1 M easurement cable 2to5minlength Yes[]
omM2 Test patterns 59.7.1 See Table 59-11 Yes[]
oM3 Wavelength and spectral width | 59.7.2 Per TIA/EIA-455-127 under Yes[]
modulated conditions.
omM4 Average optica power 59.7.3 Per TIA/EIA-455-95 Yes[]
OM5 Extinction ratio 50.7.4 Per ANSI/TIA/EIA-526-4A Yes[]
with minimal back reflections
and fourth-order Bessel-
Thomson receiver.
OM6 RIN;,OMA 58.7.7 Asdescribed in 58.7.7 Yes[]
OoM7 Transmit optica waveform 59.7.8 Per ANSI/TIA/EIA-526-4A Yes[]
(transmit eye) with test pattern and fourth-
order Bessel-Thomson
receiver.
omM8 Transmit rise/fall 59.7.9 Waveforms conform to mask LX:M Yes[]
characteristics in Figure 594, measure from
20% to 80%, using patch cable
per 59.7.
OoM9 Transmitter and dispersion 59.7.10 Asdescribed in 58.7.9 M Yes[]
penalty
OM10 Receive sensitivity 59.7.11 With specified pattern Yes[]
*OM11 | Stressed receiver conformance | 59.7.14 Asdescribed in 59.7.14 (0] Yes[]
N/A[ ]
omM12 Receiver 3dB electrical upper 59.7.15 Asdescribed in 59.7.15 M Yes[]
cutoff frequency
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59.10.3.6 Environmental, safety and labeling specifications

Item Feature Subclause Value/Comment Satus Support
ES1 Genera safety 59.8.1 Conforms to IEC 60950. M Yes[]
ES2 Laser safety - IEC Class 1 59.8.2 Conformsto Class 1 laser M Yes[]

requirements defined in IEC
60825-1.
ES3 Documentation 59.8.2 Explicitly define requirements | M Yes[]

and usage restrictions to meet
safety certifications.

EA Operating temperature range 59.8.5 If required, label range over M Yes[]
labeling which compliance is ensured. N/A[]

59.10.3.7 Characteristics of the fiber optic cabling

Item Feature Subclause Value/Comment Satus Support

FO1 Fiber optic cabling 59.9 Meets specificationsin Table INS:M Yes[]

59-16. N/A[]

FO2 End-to-end channel loss 59.9.1 Meet the requirements INS:M Yes[]

specified in Table 59-1. N/A[]

FO3 Maximum discrete reflectance | 59.9.3 Less than —20 dB INS:M Yes[]

for multimode connections N/A T[]

FO4 Maximum discrete reflectance | 59.9.3 Less than —26 dB INS:M Yes[]

for single-mode connections N/A T[]

FO5 MDI Requirements 59.9.4 Meet theinterfaceperformance | INS:O Yes[]
specifications of IEC 61753-1, No[ ]

if remateable. N/A T[]

59.10.3.8 Offset-launch mode-conditioning patch cord

Item Feature Subclause Value/Comment Satus Support

LPC1 Offset-launch mode- 59.9.5 Meet conditions of 59.9.5 OFP:M Yes[]
conditioning patch cord N/A T[]

LPC2 Single-mode mechanicsin 59.9.5 IEC 61754-1: 1997 [B25] OFP:M Yes[]
offset-launch mode- grade 1 ferrule N/AT]
conditioning patch cords

LPC3 Single-mode fiber in offset- 59.9.5 Per 59.9.5 OFP:M Yes[]
launch mode-conditioning N/A T[]
patch cords

LPC4 Multimode fiber in offset- 59.9.5 Sametype asused in cable OFP:M Yes[]
launch mode-conditioning plant N/A T[]
patch cords
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60. Physical Medium Dependent (PMD) sublayer and medium, type
1000BASE-PX10 and 1000BASE-PX20 (long wavelength passive optical
networks)

60.1 Overview

The 1000BASE-PX10 and 1000BASE-PX20 PMD sublayers provide point-to-multipoint (P2MP)
1000BASE-X connections over passive optical networks (PONs) up to at least 10 km and 20 km,
respectively and with a typical split ratio of 1:16. In an Ethernet PON, a single downstream (D) PMD
broadcasts to multiple upstream (U) PMDs and receives bursts from each “U” PMD over a single branched
topology, single-mode fiber network. The same fibers are used simultaneously in both directions. This
clause specifies the 1000BASE-PX10-D PMD, 1000BA SE-PX10-U PMD, 1000BASE-PX20-D PMD and
the 1000BA SE-PX20-U PMD (including MDI) and the medium, single-mode fiber. A 1000BA SE-PX-U
PMD or a 1000BASE-PX-D PMD is connected to the appropriate 1000BASE-X PMA of Clause 65, and to
the medium through the MDI. A PMD is optionally combined with the management functions that may be
accessi ble through the management interface defined in Clause 22 or by other means.

A 1000BASE-PX 10 link uses a 1000BA SE-PX10-U PMD at one end and a 1000BASE-PX10-D PMD at the
other. A 1000BASE-PX20 link uses a 1000BASE-PX20-U PMD at one end and a 1000BA SE-PX20-D
PMD at the other. A 1000BASE-PX20-D PMD is interoperable with a 1000BASE-PX10-U PMD. This
allows certain upgrade possibilities from 10 km to 20 km PONs. Typicaly, the 1490 nm band is used to
transmit away from the center of the network D and the 1310 nm band towards the center U. The suffixes D
and U indicate the PMDs at each end of alink which transmit in these directions and receive in the opposite
directions. The splitting ratio or reach length may be increased in an FEC enabled link. FEC refers to
Forward Error Correction for P2MP optical links and is described in 65.2. The maximum reach length is not
limited by the protocol, see 64.3.3.

Two optional temperature ranges are defined; see 60.8.4 for further details. Implementations may be
declared as compliant over one or both complete ranges, or not so declared (compliant over parts of these
ranges or another temperature range).

Table 60-1 shows the primary attributes of each PMD type.

Table 60—1—PMD types specified in this Clause

S— iooese | iocsense [ aocoonse: [ imoBnsE [
Fiber type B1.1,B1.3 SMF
Number of fibres 1
Nominal transmit wavelength 1310 1490 1310 1490 nm
Transmit direction Upstream Downstream Upstream Downstream
Minimum range? 0.5m-10 km 0.5m—-20 km
Maximum channel insertion |oss? 20 195 24 235 dB
Minimum channel insertion loss® 5 10 dB

8n an FEC enabled link, the minimum range may be increased, or, links with a higher channel insertion loss may be
used.

bat nominal transmit wavelength

Cthe differential insertion loss for alink is the difference between the maximum and minimum channel insertion |oss
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60.1.1 Goals and objectives

The following are the objectives of 1000BA SE-PX10 and 1000BA SE-PX 20:

a)  Point to multipoint on optical fiber.

b) 1000 Mbps up to 10 km on one single-mode fiber supporting a fiber split ratio of 1:16.
c) 1000 Mbps up to 20 km on one single-mode fiber supporting a fiber split ratio of 1:16.
d) BER better than or equal to 1012 at the PHY service interface.

60.1.2 Positioning of this PMD set within the IEEE 802.3 architecture

Figure 60-1 depicts the relationships of the PMD (shown shaded) with other sublayers and the 1SO/IEC
Open System Interconnection (OSI) reference model.

oSl LAN LAN
REFERENCE CSMA/CD CSMA/CD
MODEL LAYERS LAYERS
LAYERS HIGHER LAYERS HIGHER LAYERS
| LLC-LOGICAL LINK CONTROL OR LLC-LOGICAL LINK CONTROL OR
APPLICATION : OTHER MAC CLIENT OTHER MAC CLIENT
PRESENTATION | OAM (Optional) OAM (Optional)
SESSION ! MULTI-POINT MAC CONTROL (MPMC), MULTI-POINT MAC CONTROL (MPMC),
TRANSPORT “ MAC—MEDIA ACCESS CONTROL OoLT MAC—MEDIA ACCESS CONTROL ONU(s)
RECONCILIATION| RECONCILIATION|
NETWORK
GMIl —p GMIl —p
DATA LINK
PHYSICAL PHY
MDI —»] |
Optical Fiber
- PON
distributer Medium
combiner(s) Fiber §
GMIl = GIGABIT MEDIA INDEPENDENT INTERFACE ONU = OPTICAL NETWORK UNIT
MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
OAM = OPERATIONS, ADMINISTRATION & MAINTENANCE PHY = PHYSICAL LAYER DEVICE
OLT = OPTICAL LINE TERMINAL PMA = PHYSICAL MEDIUM ATTACHMENT

PMD = PHYSICAL MEDIUM DEPENDENT

Figure 60—1—P2MP PMDs relationship to the ISO/IEC Open Systems Interconnection
(OSI) reference model and the IEEE 802.3 CSMA/CD LAN model

60.1.3 Terminology and conventions

The following list contains references to terminology and conventions used in this clause:
Basic terminology and conventions, see 1.1 and 1.2.

Normative references, see 1.3.

Definitions, see 1.4.

Abbreviations, see 1.5.

Informative references, see Annex A.

Introduction to 1000 Mb/s baseband networks, see Clause 34.

Introduction to Ethernet for subscriber access networks, see Clause 56.
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60.1.4 Physical Medium Dependent (PMD) sublayer service interface

The following specifies the services provided by the 1000BA SE-PX10 and 1000BA SE-PX20 PMDs. These
PMD sublayer service interfaces are described in an abstract manner and do not imply any particular
implementation. The PMD Service Interface supports the exchange of 8B/10B code-groups between the
PMA and PMD entities. The PMD translates the serialized data of the PMA to and from signals suitable for
the specified medium. The following primitives are defined:

PMD_UNITDATA.request
PMD_UNITDATA.indicate
PMD_SIGNAL .request
PMD_SIGNAL.indicate

60.1.5 Delay constraints

Delay requirements from the MDI to the GMII which include the PMD layer are specified in Clause 36. Of
the budget, up to 20 nsis reserved for each of the transmit and receive functions of the PMD to account for
those cases where the PMD includes a pigtail.

60.1.5.1 PMD_UNITDATA.request

This primitive defines the transfer of a serial data stream from the PMA to the PMD.

The semantics of the service primitive are PMD_UNITDATA .request(tx_bit). The data conveyed by
PMD_UNITDATA .request is a continuous stream of bits. The tx_bit parameter can take one of two values:
ONE or ZERO. The PMA continuously sends the appropriate stream of bits to the PMD for transmission on
the medium, at a nominal 1.25 GBd signaling speed. Upon receipt of this primitive, the PMD converts the
specified stream of bits into the appropriate signals at the MDI.

60.1.5.2 PMD_UNITDATA.indicate
This primitive defines the transfer of data from the PMD to the PMA.

The semantics of the service primitive are PMD_UNITDATA.indicate(rx_bit). The data conveyed by
PMD_UNITDATA.indicate is a continuous stream of bits. The rx_bit parameter can take one of two values:
ONE or ZERO. The PMD continuously sends a stream of bits to the PMA corresponding to the signas
received from the MDI.

60.1.5.3 PMD_SIGNAL .request

In the upstream direction, this primitive is generated by the PCS to turn on and off the transmitter according
to the granted time. A signal for laser control is generated in 65.3.1.1.

The semantics of the service primitive are PMD_SIGNAL .request(tx_enable). The tx_enable parameter can
take on one of two values: ENABLE or DISABLE, determining whether the PMD transmitter is on
(enabled) or off (disabled). The PCS generates this primitive to indicate a change in the value of tx_enable.
Upon receipt of this primitive, the PMD turns the transmitter on or off as appropriate.

60.1.5.4 PMD_SIGNAL.indicate
This primitive is generated by the PMD to indicate the status of the signal being received from the MDI.

The semantics of the service primitive are PMD_SIGNAL.indicate(SIGNAL_DETECT). The
SIGNAL_DETECT parameter can take on one of two values: OK or FAIL, indicating whether the PMD is
detecting light at the receiver (OK) or not (FAIL). When SIGNAL_DETECT = FAIL,
PMD_UNITDATA . .indicate(rx_hit) is undefined. The PMD generates this primitive to indicate a change in
the value of SIGNAL_DETECT. If the MDIO interface is implemented, then PMD_global_signal _detect
shall be continuously set to the value of SIGNAL_DETECT.
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NOTE—SIGNAL_DETECT = OK does not guarantee that PMD_UNITDATA .indicate(rx_bit) is known good. It is
possible for a poor quallty link to provide sufficient light for aSIGNAL_DETECT = OK indication and still not meet the
specified bit error ratio. PMD_SIGNAL.indicate(SIGNAL_DETECT) has different characteristics for upstream and
downstream links, see 60.2.4.

60.2 PMD functional specifications

The 1000BASE-PX PMDs perform the transmit and receive functions that convey data between the PMD
service interface and the MDI.

60.2.1 PMD block diagram

The PMD sublayer is defined at the four reference points shown in Figure 60—2 where the first digit
represents the downstream direction and the second the upstream. Two points, TP2 and TP3, are compliance
points. TP1 and TP4 are reference points for use by implementers. The optical transmit signal is defined at
the output end of a patch cord (TP2), between 2 and 5 m in length, of afibre type consistent with the link
type connected to the transmitter. Unless specified otherwise, al transmitter measurements and tests defined
in Figure 60-2 are made at TP2. The optical receive signa is defined at the output of the fiber optic cabling
(TP3) connected to the receiver. Unless specified otherwise, al receiver measurements and tests defined in
Figure 60-2 are made at TP3.

The electrica specifications of the PMD service interface (TP1 and TP4) are not system compliance points

(these are not readily testable in a system implementation). It is expected that in many implementations, TP1
and TP4 will be common between 1000BA SE-PX PMDs.

MDI MDI
| \ \l i
@ : —X——— o sl +‘ PMA

Patch <
Cord |
o 116 ‘ng@
PMA OoLT

PMD |4———X—gry—»| Optica “agp X i

v

L splitter
Cord D ONU >
PMA
| PMD #2 |«
Signal_Detect | |
! >
| | (S (o
| | Tx_Enable
: -
ONU >
X > PMA
| 7 "l PMD #16|¢
| Fiber optic cabling | ‘— _ >
and passive optical splitter Signal_Detect

System Bulkheads /

Figure 60—2—1000BASE-PX block diagram
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60.2.2 PMD transmit function

The PMD Transmit function shall convey the bits requested by the PMD service interface message
PMD_UNITDATA .request(tx_bit) to the MDI according to the optical specifications in this clause. The
higher optical power level shall correspond to tx_bit =ONE.

In the upstream direction, the flow of bits is interrupted according to PMD_SIGNAL .request(tx_enable).
Thisimplies three optical levels, 1, 0, and dark, the latter corresponding to the transmitter being in the OFF
state.

60.2.3 PMD receive function

The PMD Receive function shall convey the hits received from the MDI according to the optical
specifications in  this clause to the PMD sevice interface using the message
PMD_UNITDATA.indicate(rx_hit). The higher optical power level shall correspond to rx_bit = ONE.

60.2.4 PMD signal detect function
60.2.4.1 ONU PMD signal detect (downstream)

The PMD Signal Detect function for the continuous mode downstream signal shall report to the PMD
service interface, using the message PMD_SIGNAL.indicate(SIGNAL_DETECT) which is signaled
continuously. PMD_SIGNAL .indicate is intended to be an indicator of optical signal presence.

Thevaueof the SIGNAL_DETECT parameter shall begenerated according to the conditions defined in Table
60-2 for 1000BASE-PX. The PMD receiver is not required to verify whether a compliant 1000BA SE-PX
signal is being received.

60.2.4.2 OLT PMD signal detect (upstream)

The response time for the PMD Signal Detect function for the burst mode upstream signal may be longer or
shorter than a burst length, thus, it may not fulfill the traditional requirements placed on Signa Detect.
PMD_SIGNAL .indicate is intended to be an indicator of optical signal presence. The signal detect function
in the OLT may be realized in the PMD or PMA layer.

Thevaueof the SIGNAL_DETECT parameter shall begenerated according to the conditions defined in Table
60-2 for 1000BASE-PX. The PMD receiver is not required to verify whether a compliant 1000BA SE-PX
signal is being received.

60.2.4.3 1000BASE-PX Signal detect functions

The Signal Detect value definitions for the 1000BASE-PX PMDs are shown in Table 602
Table 60—2—1000BASE-PX SIGNAL_DETECT value definition

: . Signal_detect
Receive conditions value
1000BASE-PX10 1000BASE-PX20
Average input optical power < Signa Average input optical power < Signal Detect FAIL
Detect Threshold (min) in Table 60-5 Threshold (min) in Table 60-8 at the specified
at the specified receiver wavel ength receiver wavelength
Average input optical power > Receive Average input optical power > Receive sensitivity OK
sensitivity (max) in Table 60-5 with a (max) in Table 60-8 with acompliant 1000BASE-X
compliant 1000BASE-X signal input at signal input at the specified receiver wavelength
the specified receiver wavelength
All other conditions All other conditions Unspecified
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60.2.5 PMD transmit enable function for ONU

PMD_SIGNAL.request(tx_enable) is defined for the two ONU PMDs. PMD_SIGNAL .request(tx_enable)
is asserted prior to datatransmission by the ONU PMDs.

60.3 PMD to MDI optical specifications for 1000BASE-PX10-D and
1000BASE-PX10-U

The operating range for 1000BASE-PX10 is defined in Table 60-1. A 1000BASE-PX10 compliant
transceiver supports all media types listed in Table 60—14 according to the specifications described in 60.9.
A transceiver which exceeds the operational range requirement while meeting all other optical specifications
is considered compliant (e.g., a single-mode solution operating a 10.5 km meets the minimum range
requirement of 0.5 m to 10 km for 1000BA SE-PX10).

NOTE—The specifications for OMA have been derived from extinction ratio and average launch power (minimum) or
receiver sensitivity (maximum). The calculation is defined in 58.7.6.

60.3.1 Transmitter optical specifications

The 1000BASE-PX10-D and 1000BASE-PX10-U transmitter's signaling speed, operating wavelength,
spectral width, average launch power, extinction ratio, return loss tolerance, OMA, eye and TDP shall meet
the specifications defined in Table 60-3 per measurement techniques described in 60.7. Its RIN;sOMA

should meet the value listed in Table 60—3 per measurement techniques described in 60.7.7.

Table 60—-3—1000BASE-PX10-D and 1000BASE-PX10-U transmit characteristics

Description 1000BASE-PX10-D 1000BASE-PX10-U Unit
Nominal transmitter type® Longwave Laser Longwave Laser
Signaling speed (range) 1.25 + 100 ppm 1.25 + 100 ppm GBd
Wavelength® (range) 1480 to 1500 1260 to 1360 nm
RMS spectra width (max) see Table 604 nm
Average launch power (max) +2 +4 dBm
Average launch power (min) -3 -1 dBm
Average launch power of OFF transmitter (max) -39 —-45 dBm
Extinction ratio (min) 6 6 dB
RIN;50MA (max) -118 -113 dB/Hz
Launch OMA (min) 2.2 -0.22 dBm

(0.6) (0.95) (mw)

Transmitter eye mask definition { X1, X2,Y1, Y2, {0.22, 0.375, 0.20, {0.22, 0.375, 0.20, ul
Y3} 0.20, 0.30} 0.20, 0.30}
Ton (max) N/A 512 ns
Toff (max) N/A 512 ns
Optical return loss tolerance (max) 15 15 dB
Optical return loss of ODN (min) 20 20 dB
Transmitter reflectance (max) -10 -6 dB
Transmitter and dispersion penalty (max) 13 2.8 dB
Decision timing offset for transmitter and dispersion | £0.1 +0.125 ul
penalty (min)

8Thenominal devicetypeisnot intended to be a requirement on the source type, and any device meeting the transmitter
characteristics specified may be substituted for the nominal device type.

his represents the range of centre wavelength +1c of the rms spectra width.
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The maximum The maximum RMS spectral width vs. wavelength for 1000BASE-PX10 is shown in Table
604 and for 1000BASE-PX10-U in Figure 60-3. The equation used to generate these valuesisincluded in
60.7.2. The central column values are normative, the right hand column is informative.

4
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o
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1260 1280 1300 1320 1340 1360

Wavelength (nm)

Figure 60-3—1000BASE-PX10-U transmitter spectral limits

Table 60-4—1000BASE-PX10-D and 1000BASE-PX10-U transmitter spectral limits

Center Waveength RM S spectral width (max)2 RM SSpSeS:rgflvlvif,d(tith;erﬁgtiiivs epslon
nm nm nm

1260 2.09 143
1270 2.52 172
1280 3.13 214
1286 249
1290 2.80
1297

1309 3.50 3.50
1340 2.59
1343 241
1350 3.06 2.09
1360 2.58 1.76
1480 to 1500 0.88 0.60

8These limits for the 1000BASE-PX10-U transmitter are illustrated in Figure 60-3. The equation used to calculate
these valuesis detailed in 60.7.2. Limits at intermediate wavel engths may be found by interpolation.
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60.3.2 Receiver optical specifications

The 1000BASE-PX10-D and 1000BASE-PX10-U receiver’'s signaling speed, operating wavelength,
overload, sensitivity, reflectivity and signa detect shall meet the specifications defined in Table 60-5 per
measurement techniques defined in 60.7.10. Its stressed receive characteristics should meet the values listed
in Table 60-5 per measurement techniques described in 60.7.11 Either the damage threshold included in
Table 60-5 shall be met, or, the receiver shall be labelled to indicate the maximum optical input power level
to which it can be continuously exposed without damage..

Table 60—-5—1000BASE-PX10-D and 1000BASE-PX10-U receive characteristics

Description 1000BASE-PX10-D 1000BASE-PX10-U Unit
Signaling speed (range) 1.25 + 100 ppm 1.25 + 100 ppm GBd
Wavelength (range) 1260 to 1360 1480 to 1500 nm
Bit error ratio (max) 10712
Average receive power (max) -1 -3 dBm
Damage threshold (max) +4 +2 dBm
Receiver sensitivity (max) —24 —24 dBm
Receiver sensitivity OMA (max) | —23.2 -23.2 dBm
(5.0 (5.0 (HW)
Signal detect threshold (min) —45 —44 dBm
Receiver reflectance (max) -12 -12 dB
Stressed receive -22.3 214 dBm
sensitivity (max)?
Stressed receive -215 -20.7 dBm
sensitivity OMA (max) (7.0) (8.6) (W)
Vertical eye-closure 12 2.2 dB
penalty (min)®
Treceiver_settling® (max) 400 N/A ns
Stressed eyejitter (min) 0.25 0.25 Ul pk to pk
Jitter corner frequency 637 637 kHz
Sinusoidal jitter limits for 0.05,0.15 0.05,0.15 ul

stressed receiver conformance
test (min, max)

8The stressed receiver sensitivity is optional.

by/ertical eyeclosure penalty and the jitter specifications are test conditions for measuring stressed receiver sensitivity.
They are not required characteristics of the receiver.

“Treceiver_settling is informative. The combined Treceiver_settling and CDR lock time is normative. See 65.3 for
CDR lock times.

60.4 PMD to MDI optical specifications for 1000BASE-PX20-D and
1000BASE-PX20-U

The operating range for 1000BASE-PX20 is defined in Table 60-1. A 1000BASE-PX20 compliant

transceiver supports all mediatypes listed in Table 60—14 according to the specifications described in 60.9.2.
A transceiver which exceeds the operational range requirement while meeting all other optical specifications
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is considered compliant (e.g., a single-mode solution operating at 20.5 km meets the minimum range
requirement of 0.5 m —20 km for 1000BA SE-PX20).

NOTE—The specifications for OMA have been derived from extinction ratio and average launch power (minimum) or
receiver sensitivity (maximum). The calculation is explained in 58.7.6.

60.4.1 Transmit optical specifications

The 1000BASE-PX20-D and 1000BASE-PX20-U transmitter's signaling speed, operating wavelength,
spectral width, average launch power, extinction ratio, return loss tolerance, OMA, eye and TDP shall meet
the specifications defined in Table 606 per measurement techniques described in 60.7. I1ts RIN{sOMA
should meet the value listed in Table 60—6 per measurement techniques described in 60.7.7.

Table 60—-6—1000BASE-PX20-D and 1000BASE-PX20-U transmit characteristics

Description 1000BASE-PX20-D 1000BASE-PX20-U Unit
Nominal transmitter type? Longwave Laser Longwave Laser
Signaling speed (range) 1.25+ 100 ppm 1.25+ 100 ppm GBd
Wavelength® (range) 1480 to 1500 1260 to 1360 nm
RMS spectral width (max) see Table 60-7 nm
Average launch power (max) +7 +4 dBm
Average launch power (min) +2 -1 dBm
Average launch power of OFF transmitter (max) -39 —45 dBm
Extinction ratio (min) 6 6 dB
RIN,sOMA (max) -115 -115 dB/Hz
Launch OMA (min) 2.8 -0.22 dBm

(1.9 (0.95) (mw)
Transmitter eye mask definition { X1, X2,Y1,Y2, Y3} | {0.22, 0.375, 0.20, {0.22, 0.375, 0.20, ul
0.20, 0.30} 0.20, 0.30}

Ton (max) N.A. 512 ns
Toff (max) N.A. 512 ns
Optical return loss tolerance (max) 15 15 dB
Optical return loss of ODN (min) 20 20 dB
Transmitter reflectance (max) -10 -10 dB
Transmitter and dispersion penalty (max) 23 18 dB
Decision timing offset for transmitter and dispersion +0.1 +0.125 ul
penalty (min)

8Thenominal devicetypeisnot intended to be a requirement on the source type, and any device meeting the transmitter
characteristics specified may be substituted for the nominal device type.
bThis represents the range of centre wavelength +1c of the rms spectral width.
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The maximum RMS spectral width vs. wavelength for 1000BASE-PX20 is shown in Table 60—7 and for
1000BASE-PX20-U in Figure 60—4. The equation used to generate these values is included in 60.7.2. The
central column values are normative, the right hand column is informative.

Table 60—7—1000BASE-PX20-D and 1000BASE-PX20-U transmitter spectral limits

Center Wavelength RM S spectral width (max) & RM SSpSCir:%l_‘l"(')i%t:fg?ri%Tii\%;a epsilon
nm nm nm

1260 0.72 0.62
1270 0.86 0.75
1280 1.07 0.93
1290 1.40 1.22
1300 2.00 1.74
1304 25 242
1305 2.55
1308 25

3.00
1317
1320 253

2.2

1321 241
1330 171 148
1340 129 112
1350 1.05 0.91
1360 0.88 0.77
1480 to 1500 0.44 0.30

8These limits for the 1000BASE-PX 20-U are illustrated in Figure 60—4. The equation used to calcul ate these values is
detailed in 60.7.2. Limits at intermediate wavelengths may be found by interpolation.

60.4.2 Receiver optical specifications

The 1000BASE-PX20-D and 1000BASE-PX20-U receiver’'s signaling speed, operating wavelength,
overload, sensitivity, reflectivity and signa detect shall meet the specifications defined in Table 60—8 per
measurement techniques defined in 60.7.10. Its stressed receive characteristics should meet the values listed
in Table 60-8 per measurement techniques described in 60.7.11. Either the damage threshold included in
Table 60-8 shall be met, or, the receiver shall be labelled to indicate the maximum optical input power level
to which it can be continuously exposed without damage.

60.5 lllustrative 1000BASE-PX10 and 1000BASE-PX20 channels and penalties
(informative)

[lustrative power budget for 1000BA SE-PX 10 and 1000BA SE-PX20 channels are shown in Table 60-9.
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Figure 60—4—1000BASE-PX20-U transmitter spectral limits

Table 60—-8—1000BASE-PX20-D and 1000BASE-PX20-U receive characteristics

Description 1000BASE-PX20-D 1000BASE-PX20-U Unit
Signaling speed (range) 1.25+ 100 ppm 1.25+ 100 ppm GBd
Wavelength (range) 1260 to 1360 1480 to 1500 nm
Bit error ratio (max) 10712
Average receive power (max) -6 -3 dBm
Damage threshold (max) +4 +7 dBm
Receive sensitivity (max) 27 —24 dBm
Receiver sensitivity OMA (max) —26.2 -23.2 dBm
(24 ©) (HW)
Signal detect threshold (min) —45 —44 dBm
Receiver reflectance (max) -12 -12 dB
Stressed receive sengitivity (max)@ —24.4 -22.1 dBm
Stressed receive sensitivity OMA -23.6 -21.3 dBm
(max) (4.3 (7.4 (UW)
Vertical eye-closure penalty (min)® 2.2 15 dB
Treceiver_settling® (max) 400 N.A. ns
Stressed eyejitter (min) 0.28 0.25 Ul pk to pk
Jitter corner frequency 637 637 kHz
Sinusoidal jitter limits for stressed 0.05,0.15 0.05,0.15 ul
receiver conformance test (min, max)

8The stressed receiver sensitivity recommendation is optional.
by/ertical eyeclosure penalty and the jitter specifications are test conditions for measuring stressed receiver sensitivity.
They are not required characteristics of the receiver.
“Treceiver_settling is informative. The combined Treceiver_settling and CDR lock time is normative. See 65.3 for

CDR lock times.
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Table 60-9—Illlustrative 1000BASE-PX10 and 1000BASE-PX20 channel insertion loss and

penalties
1000BASE-PX10 1000BASE-PX20 Units
Description
Upstream | Downstream | Upstream | Downstream

Fiber Type B1.1,B1.3 SMF

M easurement wavelength for fibre 1310 15502 1310 15502 nm
Nominal distance 10 20 km
Available power budget? 230 21.0 26.0 26.0 dB
Channel insertion loss (max)°® 20 19.5 24 235 dB
Channel insertion loss (min)d 5 10 dB
Allocation for penalties 3 15 2 25 dB
Optica return loss of ODN (min) 20 dB

8The nominal transmit wavelength is 1490 nm.

b1 an FEC enabled link, when not operating at the dispersion limit, the available power budget isincreased by 2.5 dB.

®The channel insertion loss is based on the cable attenuation at the target distance and nominal measurement
wavelength. The channel insertion loss also includes the loss for connectors, splices and other passive components
such as splitters.

4The power budgets for PX10 and PX 20 links are such that a minimum insertion loss is assumed between transmitter
and receiver. This minimum attenuation is required for PMD testing.

®The alocation for pendlties is the difference between the available power budget and the channel insertion loss;
insertion loss difference between nominal and worst case operating wavelength is considered a penalty. This
allocation may be used to compensate for transmission related penalties. Further details are givenin 60.7.2.

NOTE—The budgets include an alowance for —12 dB reflection &t the receiver.

60.6 Jitter at TP1-4 for 1000BASE-PX10 and 1000BASE-PX20 (informative)

The entries in Table 60-10 and Table 60—11 represent high-frequency jitter (above 637 kHz) and do not
include low frequency jitter or wander. They are two sided (peak-to-peak) measures. Table 60-10 appliesto
the downstream direction (D to U) while Table 6011 applies to the upstream direction (U to D). All values
are informative. For the 1000BASE-PX upstream jitter budget, the jitter transfer function is defined by
Equation (60-2) where the value is given in Figure 60-5 when input sinusoidal jitter according to the mask
defined in 58.7.11.4 and values in Table 60-5 and Table 60-8 are applied to the receiver input of the ONU.
Two sets of upstream jitter values are defined in Table 60-11, one set corresponds to testing the upstream
link with no jitter on the downstream (jitter generation) and the other set with maximum jitter on the
downstream (generated and transfered jitter).

NOTE—Informative jitter values are chosen to be compatible with the limits for eye mask and TDP (see 58.7.9).

Totd jitter in this tableis defined at 10 BER. In acommonly used model,

TJ = 1416 + DJat 10™ (60-1)
W is similar but not necessarily identical to deterministic jitter (DJ). A jitter measurement procedure is
described in 58.7.12. Other jitter measurements are described in 59.7.12 and 59.7.13. Jitter at TP2 or TP3 is
defined with areceiver of the same bandwidth as specified for the transmitted eye.
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Table 60—10—1000BASE-PX10 and 1000BASE-PX20 downstream jitter budget (informative)

Total jitter Deterministic jitter
Reference point ul ps ul ps
TP1 0.24 192 0.10 80
TP1to TP2 0.191 153 0.15 120
TP2 0.431 345 0.25 200

TP2to TP3 0.009 7 0 0
TP3 0.44 352 0.25 200
TP3to TP4 0.309 247 0.212 170
TP4 0.749 599 0.462 370

Table 60—11—1000BASE-PX10 and 1000BASE-PX20 upstream jitter budget (informative)

No Jitter input to ONU Jitter input to ONU
Total jitter w Total jitter w
Reference point ul ps ul ps ul ps ul ps
TP1 0.19 152 0.06 48 0.24 192 0.11 88
TP1to TP2 0.16 128 0.14 112 0.16 128 0.14 112
TP2 0.35 280 0.20 160 0.40 320 0.25 200
TP2to TP3 0.09 72 0.05 40 0.09 72 0.05 40
TP3 0.44 352 0.25 200 0.49 392 0.30 24
TP3to TP4 0.18 144 0.15 120 0.18 144 0.15 120
TP4 0.62 496 0.40 320 0.67 536 0.45 360
i Jitter on upstream signal (Ul)
Jitter Transfer = 20lo [ . .
910| Ftter on downstream signal (Ul)
Jitter gain [dB] A
P

I

| Slope = -20 dB/dec

I

1 [

L
fc Frequency

(60-2)

Figure 60-5—1Jitter gain curve values for 1000BASE-PX10-U and 1000BASE-PX20-U
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Table 60-12—Jitter gain curve values for 1000BASE-PX10-U and 1000BASE-PX20-U

Value Unit
P 0.3 dB
fc 1274 kHz

60.7 Optical measurement requirements

The following sections describe definitive patterns and test procedures for certain PMDs of this standard.
Implementers using alternative verification methods must ensure adequate correlation and allow adequate
margin such that specifications are met by reference to the definitive methods. All optical measurements,
except TDP and RIN,;50MA, shall be made through a short patch cable between 2 and 5 m in length.

60.7.1 Frame based test patterns

59.7.1 provides suitable patterns for frame based testing.
NOTE—Users are advised to take care that the system under test is not connected to a network in service.

60.7.2 Wavelength and spectral width measurements

The wavelength and spectral width (RMS) shall meet specifications according to ANSI/EIA/TIA-455-127,
under modulated conditions using avalid 1000BASE-X signal.

NOTES

1—The alowable range of central wavelengths is narrower than the operating wavel ength range by the actual RMS
spectral width at each extreme.

2—The 20 dB width for SLM lasers istaken as 6.07 times the RM S width.

The interaction between the transmitter and the chromatic dispersion of the fiber is accounted for by a
parameter e (epsilon), which is defined as the product of 10~ times the signaling speed (in GBd) times the
path dispersion (in ps/nm) times the RM S spectral width (in nm).

¢ = dispersion x length x RMS spectral width x 10~ (60-3)

For the 1000BASE-PX10-D and 1000BA SE-PX10-U links, a maximum ¢ close to 0.168 is imposed by the
middle column of Table 60—4. If the spectra width is kept below the limits of the right hand column, € will
not exceed 0.115, and the chromatic dispersion penalty is expected to be below 2 dB when all link
parameters are simultaneously at worst case values. For the 1000BASE-PX20-D and 1000BA SE-PX20-U
links, a maximum ¢ close to 0.115 is imposed by the middle column of Table 60—7. If the spectral width is
kept below the limits of the right hand column, € will not exceed 0.10, and the chromatic dispersion penalty
is expected to be below 1.5 dB when all link parameters are simultaneously at worst case values.

The chromatic dispersion penalty is a component of transmitter and dispersion penalty (TDP) which is
specified in Table 60-3, Table 60—6 and described in 58.7.9.

60.7.3 Optical power measurements

Optical power shall meet specifications according to the methods specified in ANSI/EIA-455-95. A
measurement may be made with the port transmitting any valid encoded 8B/10B data stream.
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60.7.4 Extinction ratio measurements

Extinction ratio shall meet specifications according to ANSI/TIA/EIA-526-4A with the port transmitting a
repeating idle pattern /12/ ordered_set (see 36.2.4.12) that may be interspersed with OAM packets per 43B.2,
and with minimal back reflections into the transmitter, lower than —20 dB. The /I2/ ordered_set is defined in
Clause 36, and is coded as /K28.5/D16.2/ which is binary 001111 1010 100100 0101 within idles. The
extinction ratio is expected to be similar for other valid 8B/10B bit streams. The test receiver has the
frequency response as specified for the transmitter optical waveform measurement.

60.7.5 OMA measurements (informative)

58.7.5 provides areference technique for performing OMA measurements.

60.7.6 OMA relationship to extinction ratio and power measurements (informative)

The normative way of measuring transmitter characteristics is extinction ratio and mean power. Clause 58
provides information on how OMA, extinction ratio and mean power are related to each other (see 58.7.6).

60.7.7 Relative intensity noise optical modulation amplitude (RIN;5sOMA)

RIN{sOMA s the ratio of noise to modulated optical signal in the presence of a back reflection. The
measurement procedure is described in 58.7.7.

60.7.8 Transmitter optical waveform (transmit eye)

The required transmitter pul se shape characteristics are specified in the form of amask of the transmitter eye
diagram as shown in Figure 60-6.

1+Y3

1-Y1

50

Y1

Normalized Amplitude

-Y2

!
0 X1 X2 1-X2 1-X1 1
Normalized Time

Figure 60—6—Transmitter eye mask definition

The measurement procedure is described in 58.7.8 and references therein.
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The eye shall comply to the mask of the eye using a fourth-order Bessel-Thomson receiver response with
fr = 0.9375 GHz, and where the relative response vs. relative frequency is defined in ITU-T G957, Table
B.2 (STM-16 values), along with the allowed tolerances for its physical implementation.

NOTES

1—This Bessel-Thomson filter is not intended to represent the noise filter used within an optical receiver, but isintended
to provide uniform measurement conditions on the transmitter.

2—The fourth order Bessel-Thomson filter is reactive. In order to suppress reflections, a 6 dB attenuator may be
required at the filter input and/or output.

59.7.9 Transmitter and dispersion penalty (TDP)

TDP measurement tests for transmitter impairments with chromatic effects for a transmitter to be used with
single mode fiber. Possible causes of impairment include intersymbol interference, jitter, RIN and mode
partition noise. Meeting the separate requirements (e.g. eye mask, spectral characteristics) does not in itself
guarantee the transmitter and dispersion penalty (TDP). The TDP limit shall be met. See 58.7.9 for details of
the measurement.

60.7.10 Receive sensitivity measurement

Recelver sensitivity is defined for the random pattern test frame and an ideal input signal quality with the
specified extinction ratio. The measurement procedure is described in 58.7.10. The sengitivity shall be met
for the bit error ratio defined in Table 60-5 or Table 608 as appropriate.

60.7.11 Stressed receive conformance test

The stressed receiver conformance test is intended to screen against receivers with poor frequency response
or timing characteristics which could cause errors when combined with a distorted but compliant signal at
TP3. Modal (MMF) or chromatic (SMF) dispersion can cause distortion. The conformance test signal uses
the random pattern test frame and is conditioned by applying deterministic jitter and intersymbol
interference. If the option for stressed receiver compliance is chosen, the receiver shall meet the specified bit
error ratio at the power level and signal quality defined in Table 60-5 and Table 60-8 as appropriate,
according to the measurement procedures of 58.7.11.

60.7.12 Jitter measurements (informative)

Jitter measurements for 1000 Mb/s are described in 58.7.12.

60.7.13 Other measurements

60.7.13.1 Laser On/Off timing measurement

Ton is defined in section 60.7.13.1.1, value is less than 512 ns (defined in Table 60-3 and Table 60-6).

Treceiver_settling is defined in section 60.7.13.2.1 (informative), value is less than 400 ns (defined in Table
60-5 and Table 60-8).

Tcedr is defined in section 65.3.2.1 value isless than 400 ns (defined in 60.2.2).
Tcode_group_align is defined in section 36.3.2.4 value is less than 4 octets.

Toff is defined in section 60.7.13.1.1, value is less than 512 ns (defined in Table 60-3 and Table 60-6).
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60.7.13.1.1 Definitions

Denote Ton as the time beginning from the falling edge of the Tx_Enable line to the ONU PMD and ending
at the time that the optical signal at TP2 of the ONU PMD is within 15% of its steady state parameters
(average launched power, wavelength, RM S spectral width, transmitter and dispersion penalty, optical return
loss tolerance, jitter, RIN;sOMA, extinction ratio and eye mask opening) as defined in Table 60-3 for
1000BASE-PX10-U and Table 606 for 1000BASE-PX20-U. Ton is presented in Figure 60—7. The data
transmitted may be any valid 8B/10B symbols.

Denote Toff as the time beginning from the rising edge of the Tx_Enable line to the ONU PMD and ending
at the time that the optical signal at TP2 of the ONU PMD reaches the specified average launch power of off
transmitter as defined in Table 60-3 for 1000BA SE-PX10-U and Table 60-6 for 1000BA SE-PX20-U. Toff
is presented in Figure 60—7. The data transmitted may be any valid 8B/10B symbols.
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Figure 60—7—P2MP timing parameter definition

60.7.13.1.2 Test specification

The test setup for measuring Ton and Toff is described in Figure 60—8. An O/E converter is used to convert
the optical signal at TP3 to an electrical signal at TP4 where it is assumed that the response time of the
converter is considerably shorter that the Ton value under measurement. A scope, with avariable delay, can
measure the time from the Tx_Enable trigger to the time the optical signal reaches al its specified
conditions. The delay to the scope trigger is adjusted until the point that the received signal meets all its
specified conditions. Thisis the Ton in question.
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Figure 60—-8—ONU PMD Laser on/off time measurement setup

A non-rigorous way to describe this test setup would be: for a PMD with a declared Ton and Toff, measure
al PMD optical parameter after Ton and Toff from the Tx_Enable trigger, reassuring conformance 15% of
the steady state values. Notice that only the steady state optical OFF power must be conformed when
measuring Toff time, since that isthe only relevant parameter.

60.7.13.2 Receiver settling timing measurement (informative)
60.7.13.2.1 Definitions

Denote Treceiver_settling as the time beginning from the time that the optical power in the receiver at TP3
reaches the conditions specified in 38.6.11, 58.7.11.2 and ending at the time that the electrical signal after
the PMD at TP4, reaches within 15% of its steady state parameter, (average power, jitter), see Table 60-5
and Table 60-8. Treceiver_settling is presented in Figure 60-7. The data transmitted may be any valid 8B/
10B symbols (or a specific power synchronization sequence). The optical signa at TP3, at the beginning of
the locking, may have any valid 8B/10B pattern, optical power level, jitter, or frequency shift matching the
standard specifications.
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60.7.13.2.2 Test specification
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Figure 60—9—Receiver settling time measurement setup

(Channl)

Figure 60-9 illustrates the tests setup for the OLT PMD receiver (upstream) Treceiver_settling time. The
optical PMD transmitter has well known parameters, with a fixed known Ton time. After Ton time the
parameters of the reference transmitter, at TP2 and therefore at TP3, reach within 15% of its steady state
values as specified in Table 60—3 for 1000BA SE-PX10-U and Table 60-6 for 1000BA SE-PX20-U.

Define Treceiver_settling time as the time from the Tx_Enable assertion, minus the known Ton time, to the
time the electrical signal at TP4 reaches within 15% of its steady state conditions.

Conformance should be assured for an optical signal at TP3 with any level of its specified parameters before
the Tx_Enable assertion. Especially the Treceiver_settling time must be met in the following scenarios:
— Switching from a ‘weak’ (minimal received power a TP3) ONU to a ‘strong’ (maximal received
power at TP3) ONU, with minimal guard band between.
— Switching from a‘strong’ ONU to a‘weak’ ONU, with minimal guard band between.
— Switching from noise level, with maximal duration interval, to ‘strong’ ONU power level.

A non-rigorous way to describe this test setup would be (using atransmitter with a known Ton).
For a tested PMD receiver with a declared Treceiver_settling time, measure all PMD receiver electrica

parameters at TP4 after Treceiver_settling from the TX_ENABLE trigger minus the reference transmitter
Ton, reassuring conformance to within 15% of its specified steady state values.
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60.8 Environmental, safety, and labeling

60.8.1 General safety

All equipment meeting this standard shall conform to IEC 60950.

60.8.2 Laser safety

1000BA SE-PX 10 and 1000BA SE-PX 20 optical transceivers shall conform to Class 1 laser requirements as
defined in IEC 60825-1, under any condition of operation. This includes single fault conditions whether
coupled into a fiber or out of an open bore. Conformance to additional laser safety standards may be
required for operation within specific geographic regions.

Laser safety standards and regulations require that the manufacturer of a laser product provide information
about the product’s laser, safety features, labeling, use, maintenance and service. This documentation shall
explicitly define requirements and usage restrictions on the host system necessary to meet these safety
certifications.

60.8.3 Installation

It is recommended that proper installation practices, as defined by applicable local codes and regulation, be
followed in every instance in which such practices are applicable.

60.8.4 Environment
Reference Annex 67A for additional environmental information.
Two optional temperature ranges are defined in Table 60-13. Implementations shall be declared as

compliant over one or both complete ranges, or not so declared (compliant over parts of these ranges or
another temperature range).

Table 60-13—Component case temperature classes

Class L ow temperature (°C) High temperature (°C)
Warm extended -5 +85
Cool extended —40 +60
Universal extended —40 +85

60.8.5 PMD labelling requirements

It isrecommended that each PHY (and supporting documentation) be labeled in amanner visible to the user,
with at least theapplicabl e saf ety warningsand the applicable port typedesignation (e.g., 1000BA SE-PX 10-U).

Labeling requirements for Class 1 lasers are given in the laser safety standards referenced in 60.8.2.

Each systems and field pluggable component shall be clearly labeled with its operating temperature range
over which their compliance is ensured.
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60.9 Characteristics of the fiber optic cabling

The 1000BA SE-PX fiber optic cabling shall meet the dispersion specifications defined in IEC 60793-2 and
ITU-T G652, as shown in Table 60—14. The fiber optic cabling consists of one or more sections of fiber
optic cable and any intermediate connections required to connect sections together. It aso includes a
connector plug at each end to connect to the MDI. The fiber optic cabling spans from one MDI to another
MDI, as shown in Figure 60-10.

60.9.1 Fiber optic cabling model

The fiber optic cabling model is shown in Figure 60-10.

ONU

Ii SMF cable —pm| PMD  #1
1:16

OLT Optical -——— SMFcable —p»| ONU
PMD |<@— SMFCable —P» PMD  #2

splitter
- Untermi-
SMFcable —p»| nated split

#3

[S(e

ONU
PMD #16

SMF cable —

'<@——————  Fiber opticcebling (Channdl) —
Figure 60—10—Fiber optic cable model

NOTE—The 1:16 optical splitter may be replaced by anumber of smaller 1:n splitters such that a different topology may
be implemented while preserving the link characteristics and power budget as defined in Table 60-9.

The maximum channel insertion losses shall meet the requirements specified in Table 60-1. Insertion loss
measurements of installed fiber cables are made in accordance with ANSI/TIA/EIA-526-7 [B15],
method A-1. The fiber optic cabling model (channel) defined here is the same as a simplex fiber optic link
segment. The term channel is used here for consistency with generic cabling standards.

60.9.2 Optical fiber and cable
Thefiber optic cable requirements are satisfied by the fibers specified in IEC 60793-2 Type B1.1 (dispersion

un-shifted single-mode fiber) and Type B1.3 (low water peak single-mode fiber) and ITU G.652 asnoted in
Table 60-14.
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60.9.3 Optical fiber connection

Table 60-14—Optical fiber and cable characteristics

Description® TypeBL1.1,B1L.3 SMF Unit
Nominal wavelength? 1310 1550 nm
Cable attenuation (max)°© 0.4 0.35 dB/km
Zero dispersion wavelengthd 1300<A<1324 nm
Dispersion slope (max) 0.093 ps/nm? - km

8The fiber dispersion values are normative, all other valuesin the table are informative.

bWavel ength specified is the nominal wavelength and typica measurement wavelength. Power penalties at other
wavelengths are accounted for.

CAttenuation for single-mode optical fiber cablesis defined in ITU-T G.652.

dSee IEC 60793 or G.652 ITU-T.

An optica fiber connection as shown in Figure 60-10 consists of a mated pair of optical connectors. The
1000BASE-PX is coupled to the fiber optic cabling through an optical connection and any optical splitters
into the MDI optical receiver, as shown in Figure 60-10. The channel insertion loss includes the loss for
connectors, splices and other passive components such as splitters, see Table 60-9.

The link attenuations have been calculated on the assumption of 14.5 dB for a 16:1 splitter; 3.5, 4, 7.5, or
8dB (at the appropriate measurement wavelength where these attenuations are a combination of the
minimum range given in Table 60-1 and the values in Table 60-14) for fiber cable attenuation and 1.5 dB
for connectors and splices. For example, this alocation supports three connections with an average insertion
loss equa to 0.5 dB (or less) per connection, or two connections with a maximum insertion loss of 0.75 dB.
Other arrangements, such as a shorter link length and a higher split ratio in the case of 1000BA SE-PX20,
may be used provided the requirements of Table 60-1 are met.

The maximum discrete reflectance for single-mode connections shall be less than —26 dB.
60.9.4 Medium Dependent Interface (MDI)
The 1000BASE-PX 10 or 1000BASE-PX20 PMD is coupled to the fiber cabling at the MDI. The MDI isthe

interface between the PMD and the “fiber optic cabling” as shown in Figure 60—10. Examples of an MDI
include:

a)  Connectorized fiber pigtail
b) PMD receptacle

When the MDI is a remateable connection, it shall meet the interface performance specifications of 1EC
61753-1. The MDI carries the signa in both directions for 1000BASE-PX10 and 1000BA SE-PX20 and
couplesto asingle fiber.

NOTE—Compliance testing is performed at TP2 and TP3 as defined in 60.2.1, not at the MDI.
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60.10 Protocol Implementation Conformance Statement (PICS) proforma for Clause
60, Physical Medium Dependent (PMD) sublayer and medium, type 1000BASE-PX10
and 1000BASE-PX20 (long wavelength passive optical networks)9

60.10.1 Introduction

The supplier of a protocol implementation that is claimed to conform to Clause 60, Physical Medium
Dependent (PMD) sublayer and medium, type 1000BASE-PX10 and 1000BASE-PX20 (long wavelength
passive optical networks), shall complete the following Protocol Implementation Conformance Statement
(PICS) proforma.

A detailed description of the symbols used in the PICS proforma, along with instructions for completing the
PICS proforma, can be found in Clause 21.

60.10.2 Identification

60.10.2.1 Implementation identification

Supplier!

Contact point for enquiries about the PICS!

Implementation Name(s) and Version(s)13

Other information necessary for full identification—e.g.,
name(s) and version(s) for machines and/or operating
systems; System Name(s)?

NOTES
1—Required for dl implementations.
2—May be completed as appropriate in meeting the requirements for the identification.

3—The terms Name and Version should be interpreted appropriately to correspond with a supplier’s terminology
(e.g., Type, Series, Modédl).

60.10.2.2 Protocol Summary

Identification of protocol standard IEEE Std 802.3ah-2004, Clause 60, Physical Medium
Dependent (PMD) sublayer and medium, type
1000BA SE-PX

Identification of amendments and corrigenda to this
PICS proformathat have been completed as part of this
PICS

Have any Exception items been required? No[] Yes[]
(See Clause 21; the answer Yes means that the implementation does not conform to |EEE Std 802.3ah-2004.)

Date of Statement

9Copyright release for PICSproformas: Users of this standard may freely reproduce the PICS proformain this clause so that it can be
used for itsintended purpose and may further publish the completed PICS.
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60.10.3 Major capabilities/options

Item Feature Subclause Value/Comment Satus Support

HT High temperature operation | 60.8.4 -5t085°C (0] Yes[]
No[]
LT Low temperature operation | 60.8.4 —40t0 60 °C (0] Yes[]
No[]
*PX10U | 1000BASE-PX10-D or 60.2 Device supports 10 km o/1 Yes[]
1000BASE-PX10-U PMD No[]
*PX10D | 1000BASE-PX10-D or 60.2 Device supports 10 km o/1 Yes[]
1000BASE-PX10-U PMD No[]
*PX20U | 1000BASE-PX20-D or 60.3 Device supports 20 km o/1 Yes[]
1000BASE-PX20-U PMD No[]
*PX20D | 1000BASE-PX20-D or 60.3 Device supports 20 km o/1 Yes[]
1000BASE-PX20-U PMD No[]
*INS Installation / Cable 60.3.1 Items marked with INSinclude | O Yes[]
installation practices and cable No[]

specifications not applicable to

aPHY manufacturer.

60.10.4 PICS proforma tables for Physical Medium Dependent (PMD) sublayer and medium,
type 1000BASE-PX10 and 1000BASE-PX20 (long wavelength passive optical networks)

60.10.4.1 PMD functional specifications

Item Feature Subclause Value/Comment Satus Support
FN1 Transmit function 60.2.2 Conveys bits from PMD M Yes[]
service interface to MDI
FN2 Transmitter optical signal 60.2.2 Higher optical power M Yes[]
transmitted isalogic 1
FN3 Receive function 60.2.3 Conveys bits from MDI to M Yes[]
PMD service interface
FN4 Receiver optical signal 60.2.3 Higher optical power received | M Yes[]
isalogic 1
FN5 Signal detect function (down- 60.2.4.1 Mapping to PMD service M Yes[]
stream) interface
FN6 Signal detect parameter (down- | 60.2.4.1 Generated according to M Yes[]
stream) Table 60-2
FN7 Signal detect function 60.2.4.2 Mapping to PMD service 0/2 Yes[]
(upstream) interface
FN7 Signal detect function 60.2.4.2 Provided by higher layer 0/2 Yes[]
(upstream)
FN8 Signal detect parameter 60.2.4.1 Generated according to (0] Yes[]
(upstream) Table 60-2
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Item Feature Subclause Value/Comment Satus | Support
PX10D1 1000BA SE-PX10-D 60.3.1 Meets specifications in Table PX10D: | Yes[]
transmitter 60-3 M N/A T[]
PX10D2 1000BA SE-PX10-D receiver 60.3.2 Meets specifications in Table PX10D: | Yes[]
60-5 M N/A[]
PX10D3 1000BA SE-PX10-D stressed 60.3.2 Meets specificationsin Table PX10D: | Yes[]
receiver sensitivity 60-5 (0] No[]
N/A[ ]
PX10D4 | 1000BA SE-PX10-D receiver 60.3.2 If the receiver does not meet PX10D: | Yes[]
damage threshold the damage requirementsin M N/A T[]
Table 60-5 then label
accordingly
60.10.4.3 PMD to MDI optical specifications for 1000BASE-PX10-U
Item Feature Subclause Value/Comment Satus | Support
PX10U1 1000BA SE-PX10-U 60.3.1 Meets specificationsin Table PX10U: | Yes[]
transmitter 60-3 M N/A T[]
PX10U2 1000BA SE-PX10-U receiver 60.3.2 Meets specificationsin Table PX10U: | Yes[]
60-5 M N/A[]
PX10U3 1000BA SE-PX10-U stressed 60.3.2 Meets specificationsin Table PX10U: | Yes[]
receiver sensitivity 60-5 (0] No[]
N/A[ ]
PX10U4 | 1000BA SE-PX10-U receiver 60.3.2 If the receiver does not meet PX10U: | Yes[]
damage threshold the damage requirementsin M N/AT]
Table 60-5 then label
accordingly
60.10.4.4 PMD to MDI optical specifications for 1000BASE-PX20-D
Item Feature Subclause Value/Comment Status | Support
PX20D1 1000BASE-PX20-D trans- 60.4.1 M eets specifications in Table PX20D: | Yes[]
mitter 60-6 M N/A T[]
PX20D2 1000BA SE-PX20-D receiver | 60.4.2 M eets specificationsin Table PX20D: | Yes[]
60-8 M N/AT]
PX20D3 1000BASE-PX20-D stressed | 60.4.2 M eets specificationsin Table PX20D: | Yeq[]
receiver sensitivity 60-8 (0] No[]
N/A[ ]
PX20D4 1000BA SE-PX20-D receiver | 60.4.2 If the receiver does not meet PX20D: | Yes[]
damage threshold the damage requirementsin M N/AT]
Table 60-8 then label
accordingly
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60.10.4.5 PMD to MDI optical specifications for 1000BASE-PX20-U

Item Feature Subclause Value/Comment Satus Support
PX20U1 1000BA SE-PX20-U transmitter | 60.4.1 Meets specificationsin PX20U: | Yes[]
Table 60-6 M N/A[]
PX20U2 1000BA SE-PX20-D receiver 60.4.2 Meets specificationsin PX20U: | Yes[]
Table 60-8 M N/A[]
PX20U3 1000BA SE-PX20-U stressed 60.4.2 Meets specificationsin PX20U: | Yeq ]
receiver sensitivity Table 60-8 (0] No[]
N/A[ ]
PX20U4 1000BA SE-PX20-U receiver 60.4.2 If therecelver doesnot meet | PX20U: | Yes[]
damage threshold the damage requirementsin | M N/A[]
Table 60-8 then label
accordingly
60.10.4.6 Optical measurement requirements
Item Feature Subclause Valueg/Comment Satus Support
omM1 Measurement cable 60.7 2to 5 metersin length Yes[]
omM2 Wavel ength and spectral width | 60.7.2 Per TIA/EIA-455-127 under Yes[]
measurement modulated conditions
OoM3 Average optical power 60.7.3 Per TIA/EIA-455-95 Yes[]
OoM4 Extinction ratio 60.7.4 Per ANSI/TIA/EIA-526-4A Yes[]
with minimal back reflections
and fourth-order Bessel-
Thomson receiver
OM5 RIN;50MA 60.7.7 As described in 58.8.7 Yes[ ]
OM6 Transmit optical waveform 60.7.8 Per ANSI/TIA/EIA-526-4A Yes[]
(transmit eye) with test pattern and fourth-
order Bessel-Thomson receiver
omM7 Transmitter and dispersion 59.7.9 Asdescribed in 58.7.9 M Yes[]
penalty measurements
OomM8 Receive sensitivity 60.7.10 With specified pattern Yes[]
*OM9 | Stressed receiver conformance | 60.7.11 Asdescribed in 60.7.11 Yeq ]
test N/A[ ]
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60.10.4.7 Characteristics of the fiber optic cabling and MDI

Item Feature Subclause Value/Comment Satus Support

FO1 Fiber optic cabling 60.9 Specified in Table 60-14 INS:M Yes[]
N/A[]

F02 End -to-end channel loss 60.9 Meeting the requirements of INS:M Yes[]
Table 60-1 N/A[]

FO3 Maximum discrete reflectance | 60.9.2 Less than —26 dB INS:M Yes[]

- single mode fiber N/A T[]

FO4 MDI requirements 60.9.4 Meet theinterface performance | INS:O Yes[]
specifications of IEC 61753-1, No[]

if remateable N/A T[]

60.10.4.8 Environmental specifications

Item Feature Subclause Valueg/Comment Satus Support
ES1 General safety 60.8.1 Conforms to |EC-60950 M Yes[]
ES2 Laser safety —IEC Class 1 60.8.2 Conform to Class 1 laser M Yes[]

requirements defined in IEC
60825-1
ES3 Documentation 60.8.2 Explicitly definesrequirements | M Yes[]

and usage restrictions to meet
safety certifications

EA Operating temperature range 60.8.5 If required M Yes| ]
labelling N/A[]
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61. Physical Coding Sublayer (PCS), Transmission Convergence (TC)
sublayer, and common specifications, type 10PASS-TS and type 2BASE-TL

61.1 Overview

This clause specifies the Physical Coding Sublayer (PCS), Transmission Convergence sublayer (TC), and
handshaking mechanisms that are common to a family of Physical Layer implementations for Ethernet over
voice-grade copper known as 10PASS-TS and 2BASE-TL. These PHY s deliver aminimum of 10 Mb/s over
distances of up to 750 m, and a minimum of 2 Mb/s over distances of up to 2700 m, using a single copper
pair. Optionally, transmission over multiple copper pairs is supported.

The copper category of EFM PHY s is based on Digital Subscriber Line (DSL) PMDs defined for usein the
access network according to ATIS T1, ETSI, and ITU-T standards. These systems are intended to be used in
public as well as private networks; therefore they shall be capable of compliance with appropriate
regulatory, governmental and regional requirements.

Unlike the specified copper categories for 10BASE-T, 100BASE-T and 1000BASE-T, existing common
carrier voice-grade copper has channel characteristics that are very diverse. Therefore it is conventional to
discuss the channel behaviour only in terms of averages, standard deviations and percentage worst case.

The 10PASS-TS and 2BASE-TL EFM Copper PHY's, in conjunction with the MAC specified in Clause 4
and Annex 4A, are used for point-to-point communications on a subscriber access network, typically
between centralized distribution equipment, such as a Central Office (CO), and equipment located at the
subscriber premises [Customer Premises Equipment, (CPE)].

For the 10PASS-TS and 2BASE-TL EFM Copper PHY's, two subtypes are defined: 10PASS-TS-O and
10PASS-TS-R are the subtypes of 10PASS-TS; 2BASE-TL-O and 2BASE-TL-R are the subtypes of
2BASE-TL. A connection can only be established between a 10PASS-TS-O PHY on one end of the voice-
grade copper line, and a 10PASS-TS-R PHY on the other end, or between a 2BASE-TL-O PHY on one end
and a 2BASE-TL-R PHY on the other end. In public networks, a 10PASS-TS-O or 2BASE-TL-O PHY is
used at a CO, acabinet or other centralized distribution point; a10PASS-TS-R or 2BASE-TL-R PHY isused
as CPE. In private networks, the network administrator will designate one end of each link as the network
end. In this clause, 10PASS-TS-O and 2BASE-TL-O are collectively referred to as “CO-subtypes’;
10PASS-TS-R and 2BASE-TL-R are collectively referred to as “ CPE-subtypes’. The CO and CPE subtypes
of al0PASS-TS or 2BASE-TL PHY may be implemented in a single physical device.

10PASS-TS and 2BASE-TL PHY s don't provide support for unidirectional links as described in 57.2.12. If
a particular anomaly or failure occurs in either downstream or upstream, sublayer-specific signaling will
alert the remote end of this condition. In the case of a sustained anomaly or failure, the link will reinitialize.

61.1.1 Scope

This clause defines the Physical Coding Sublayer (PCS) and Transmission Convergence sublayer (TC) for
2BASE-TL and 10PASS-TS. The PCS has similarities to other 802.3 PCS types, but also differs since new
sublayers are added within the PCS sublayer to accommodate the operation of Ethernet over access network
copper channels. The TC contains additional functions specific to the EFM Copper PHY's. This clause also
defines the common startup and handshaking mechanism used by both PHY's. Parts of register 3.0, parts of
register 3.4, and registers 3.60 through 3.73 specified in Clause 45 may be used to control the PCS specified
in this clause. The remaining PCS registers defined in Clause 45 do not have any effect on the PCS specified
in this clause. Parts of register 6.0 and registers 6.16 through 6.23 specified in Clause 45 may be used to
control the TC sublayer specified in this clause.
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61.1.2 Objectives

The following are the objectivesfor 2BASE-TL and 10PASS-TS:

a) To provide 100 Mb/s burst data rate at the M1l using Rate Matching.

b) To provide support for simultaneous transmission and reception without interference.

c) Toprovide for operating over unshielded voice grade twisted pair cable.

d) To provide acommunication channel with amean BER at the PMA service interface of less than
10~ with anoise margin of 6dB (10PASS-TS) or 5dB (2BASE-TL).

e) To provide optional support for operation on multiple pairs.

f)  To provide functional layering in the PCS which ensures compatibility with the layering and frame
interfaces for xDSL systems, including a y-interface based on that used for the PTM-TC sublayer as
defined in ITU-T Recommendation G.993.1.

61.1.3 Relation of 2BASE-TL and 10PASS-TS to other standards

Therelation of 2BASE-TL and 10PASS-TS to other standardsis shown schematically in Figure 61-1.

oSl LAN
REFERENCE CSMA/CD
MODEL LAYERS
LAYERS HIGHER LAYERS
! LLC—LOGICAL LINK CONTROL OR OTHER MAC CLIENT
APPLICATION ,
. OAM (Optional)
PRESENTATION |
SESSION : MAC CONTROL (Optional)
TRANSPORT |- MAC—MEDIA ACCESS CONTROL
Lo RECONCILIATION RECONCILIATION
NETWORK | '
“ / a - PHY Rate Matcl 0
DATALINK |- Mil —p ) MIl —p y ;M:AS EEY:R:atf Eﬂgtc:hlg%
‘ | / Y-interface PME Aggregation
c 61 PCS R e 4
PRYSICAL calluse 61TC o(p)-interface Céalluse 6élp'l'ccS }’éeferences G.993.1
ause . .
PHY Ve T~ | Clause
~ Clause 63 PMA | \ Based on: Clause 62 PMA } Based on:
o Clause 63 PMD | [ITU-T Rec. G991.2 Clause 62 PMD | | T1.424
* MDI ITU-T Rec. G.994.1 MDI - ITU-T Rec. G.994.1
2BASE-TL link segment 10PASS-TS link segment
MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
MIl = MEDIA INDEPENDENT INTERFACE PHY = PHYSICAL LAYER DEVICE
OAM = OPERATIONS, ADMINISTRATION & MAINTENANCE PMA = PHYSICAL MEDIUM ATTACHMENT
TC = TRANSMISSION CONVERGENCE PMD = PHYSICAL MEDIUM DEPENDENT

PME = PHYSICAL MEDIUM ENTITY

Figure 61-1—Relation of this clause to other standards

NOTE—The PCS shown in the 2BASE-TL PHY and the PCS shown in the 10PASS-TS PHY are two instances of one
unique PCS, specified in this Clause. The TC shown in the 2BASE-TL PHY and the TC shown in the 10PASS-TS PHY
are two instances of one unique TC, specified in this Clause.
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61.1.4 Summary
61.1.4.1 Summary of Physical Coding Sublayer (PCS) specification

The Physical Coding Sublayer (PCS) for 2BASE-TL and 10PASS-TS contains two functionss MAC-PHY
rate matching and PME aggregation. The functional position of the PCSis shown in Figure 61-2.

100 Mb/s domain up to 31 optional additional TC clients (blocks above y-interface)
[ I
MAC MAC MAC A

. M| (M Ml M0 Mil o

(optional) (optional) (optional)

PCS PCS PCS

MAC-PHY MAC-PHY MAC-PHY =
7 Rate Matching 7 Rate Matching Rate Matching 5
7 -
é PME Aggregatlon PME Aggregation PME Aggregation ,9
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é AR ) _ 1% _ 7N
g Flexible Cross-Connect (optional)
Z Each TC client can be connected to one or more aggregated PME.
% 7 — =
Z TC g L TC ¥ TC
Z (64/65-octet encapsulation) Z () (64/65-octet encapsulation) (64/65-octet encapsulation)
/ = —
Z Z w
Z PMA Z PMA aB) PMA =
2 2
% %
% PMD Z PMD PMD v
2 7
g i
o //////////////////////////////////////

up to 31 optional additional PME instances

Figure 61-2—Overview of PCS functions

The y-interface and ouP)-interface are specified in 61.3.1 and 61.3.2, respectively. They are generic
interfaces used in various xDSL specifications, such as the ones referenced in Clause 62 and Clause 63. The
oB)-interface is a simple octet-synchronous data interface; the y-interface adds protocol-awareness (in the
case of the TC sublayer defined in this Clause, the y-interface can signal packet boundaries).

The bit rates in the shaded area labeled “PMD rate domain” are derived from the DSL bit rates. Data is
transferred across the y-interface at the rate imposed by the lower layers. The bit rates in the shaded area
labeled “100 Mb/s domain” are synchronous to the MII rate. Datais transferred across the M1 at the rate of
one nibble per MII clock cycle. The MAC-PHY rate matching function adjusts the inter packet gap so that
the net data rate across these interface matches the sum of rates across the y-interfaces.”

In the transmit direction, frames are transferred from the MAC to the PCS across the M1l when the MAC-
PHY rate matching function allows this. In the PCS, preamble and SFD octets are removed. If the optional
PME aggregation function (PAF) is present, the data frame is fragmented by the PAF, and fragments are
forwarded, optionally through a flexible cross-connect, towards each of the aggregated Physical Medium
Entity (PME) instances viatheir y-interfaces. If the PAF is not present, the dataframe is forwarded to the TC
sublayer viathe y-interface. The TC sublayer accepts datafrom the MAC-PHY rate matching function or the
PAF, at the rate at which it can be processed by the TC sublayer, by asserting Tx_Enbl on the y-interface.

10Bit rate domains and physical clock domains don't necessarily coincide. The TC sublayer receives aclock signal from the PMA via
the a(B)-interface, and a clock signal from the optional PAF or the MAC-PHY Rate Matching function via the y-interface. The TC
provides matching between these two clock domains.
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In the receive direction the TC sublayer pushes data to the PAF (if present) or the MAC-PHY rate matching
function by asserting Rx_Enbl on the y-interface. If multiple links are aggregated, the PAF reassembles the
received fragments into data frames. Preamble and SFD octets are generated and prepended to the data
frame prior to passing it up to the MAC across the MII. The MAC-PHY Rate Matching function may delay
the transfer of the frame to avoid simultaneous transfer of Transmit and Receive framesif required.

61.1.4.1.1 Implementation of Media Independent Interface

10PASS-TS and 2BASE-TL specify the optiona use of the MII electrical interface as defined in Clause 22
(seedso 61.1.5.2). 10PASS-TS and 2BASE-TL do not utilize the M1l management interface as described in
22.2.4. The use of the MDIO interface specified in Clause 45 or an equivalent management interface is
recommended.

Notwithstanding the specifications in 22.2.2.9, CRS may be asserted by a full-duplex EFM Copper PHY to
reduce the effective MAC rate to that of the PHY.

61.1.4.1.2 Summary of MAC-PHY Rate Matching specification

The 10PASS-TS and 2BASE-TL PCS s specified to work with a MAC operating at 100 Mb/s using the Ml
as defined in Clause 22. The PCS matches the MAC's rate of data transmission to the transmission data rate
of the medium, if slower. Thisis achieved using deference as defined in Annex 4A.

The MAC transmits data at arate of 100 Mb/s, which is buffered by the PCS before being transmitted onto
the medium. Prior to transmission, the MAC checks the carrierSense variable (mapped from the MI1 signal
CRS), and will not transmit another frame as long as CRS is asserted. In order to prevent the PCS's transmit
buffer from overflowing, the PCS keeps CRS asserted until it has space to receive a maximum length frame.
The PCS forces COL to logic zero to prevent the MAC from dropping the frame and performing a re-
transmission.

The transmitter MAC-PHY Rate Matching function strips the Preamble and SFD fields from the MAC
frame, and forwards the resulting data frame to the PME Aggregation Function or to the TC sublayer.

For reception the PHY buffers a complete frame, prepends the Preamble and SFD fields, and sends it to the
MAC at 100 Mb/s.

It is recognized that some MAC implementations have to be configured for half duplex operation to support
deference (according to 4.2.3.2.1), and that these may not allow the simultaneous transmission and reception
of data while operating in half duplex mode. To permit operation with these MACs the PHY has an
operating mode where MAC data transmission is deferred using CRS when received data is sent from the
PHY to the MAC. This mode of operation is defined in Figure 61-8 which describes the MAC-PHY rate
matching receive state machine. This state machine gives receive frames priority over transmitted frames to
ensure the receive buffer does not overflow.

The definition of MAC-PHY rate matching is presented in 61.2.1.
61.1.4.1.3 Summary of PME Aggregation specification

An optional PME Aggregation Function (PAF) allows one or more PMES to be combined together to form a
singlelogica Ethernet link. The PAF islocated in the PCS, between the MAC-PHY Rate Matching function
and the TC sublayer. It interfaces with the PMEs across the y-interface, and to the MAC-PHY Rate
Matching function using an abstract interface. The definition of the PAF is presented in 61.2.2.

61.1.4.1.4 Overview of management

Ethernet OAM (Clause 57) runs over aMAC servicewhich usesaPHY consisting of either asingle physica
link, or more than one physical 2BASE-TL or 10PASS-TS links, aggregated as described in 61.2.2. The
Ethernet OAM operates as long as there is at least one PME in the PHY that is operationa. The physical
XxDSL PMEs in Clause 62 and Clause 63 each have their own management channel that operates per loop
(eoc, VOC and IB for 10PASS-TS; EOC and IB for 2BASE-TL).
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61.1.4.2 Summary of Transmission Convergence (TC) specification

The Transmission Convergence sublayer (TC) resides between the y-interface of the PCS and o(B)-interface
of the PMA. It is intended to convert the data frame to be sent into the format suitable to be mapped into
PMA, and to recognize the received frame at the other end of the link. Since PMA and MI1 clocks may be
unequal, the TC also provides clock rate matching. The definition of the TC sublayer is presented in 61.3.

61.1.4.3 Summary of handshaking and PHY control specification

Both 2BASE-TL and 10PASS-TS use handshake procedures defined in ITU-T G.994.1 at startup. Devices
implementing both 2BASE-TL and 10PASS-T S port types may use G.994.1 to determine a common mode of
operation.

61.1.5 Application of 2BASE-TL, 10PASS-TS
61.1.5.1 Compatibility considerations

The PCS, TC, PMA, and the MDI are defined to provide compatibility among devices designed by different
manufacturers. Designers are free to implement circuitry within the PCS, TC, and PMA in an application-
dependent manner provided the MDI and MII specifications are met.

61.1.5.2 Incorporating the 2BASE-TL, 10PASS-TS PHY into a DTE

When the PHY is incorporated within the physical bounds of a DTE, conformance to the MII is optional,
provided that the observable behaviour of the resulting system isidentical to that of a system with afull MlI
implementation. For example, an integrated PHY may incorporate an interface between PCS and MAC that
is logically equivalent to the MII, but does not have the full output current drive capability called for in the
MI1 specification.

61.1.5.3 Application and examples of PME Aggregation

The PME Aggregation Function defined in 61.2.2 allows multiple PME instances to be aggregated together
to form one logical link underneath one M1l (or MAC). Additionally, the control mechanism allows multi-
MAC devices to be built with flexible connections between the MACs and the PMEs. Clause 45 defines a
mechanism for addressing and controlling this flexible connectivity. The relationship between the flexible
connectivity and the other functions within the PCS is shown in Figure 61-2.

The connection relationship between the PCS instances (including MIls) and the PME instances is defined
in two registers: PME_Available _register (see 45.2.3.19) and PME_Aggregate register (see 45.2.3.20). The
PME_Available register controls which PMEs may be aggregated into a particular PCS (and MII). This
register value is limited by the physical connectivity in the device, may be further constrained by
management, and is additionally constrained as PM Es are aggregated into other PCSs (which causes their bit
to be cleared to zero in the PCS instances that they are not aggregated into). The register represents the
potential for connectivity into this PCS at the particular point in time. The PME_Aggregate register
indicates the actual connectivity, i.e. which PMEs are being aggregated into the particular PCS.

NOTE—The addressing of PCS instances is independent of the addressing of PME instances in order to support the
flexible connectivity. Each PCS consumes one of the 32 available port addresses.

Bits corresponding to the same PME may appear in multiple PME_Available registers but the
PME_Aggregate register for each MIl shall be set such that each PME is only actively connected to at most
one MII. A particular bit set in one PME_Aggregate register shall exclude the same corresponding bit in all
other PME_Aggregate registers for the same MDIO connected system.
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61.1.5.3.1 Addressing PCS and PME instances

The addressing of the MDIO management interface is defined in 45.1. It is assumed that the reader is
familiar with the definition of thisinterface. The examples here assume that only three MM Ds are used: PCS
(MMD = 3), TC (MMD = 6), and PMA/PMD (MMD = 1). The combination of TC, PMA and PMD is
shown as PME in Figure 61-3. The difference between these examples and the example shown in 45.1 is
that the PCS instances are addressed independently of the PME instances. Up to 32 PCS instances and up to
32 PME instances may be addressed by one MDIO bus. These instances may make up one or more
aggregateable sub-domains. The connection of the MDIO bus to the MMDsis shown in Figure 61-3.

I MDC
- MDIO
| PCso <l o PCS x Address x.3
)l l |
Address 0.3 T
Flexible cross-connect
»  PMEO PMEy Address y.1
L
Address 0.1

Figure 61-3—Connection of MDIO bus to MMD instances

In the example shown in Figure 61-3 there is no necessary connection between the PCS address and the
PME address. The number of PCS instances may be different from the number of PME instances.

61.1.5.3.2 Indicating PME aggregation capability

The PME aggregation capability isindicated by the state of the PME_Available_register (see 45.2.3.19). An
instance of this register is readable for each PAF instance x at register addresses x.3.62 and x.3.63. (Device
address 3 of every port x is assigned to the PCS. The PAF specific registers reside under the x.3 register tree,
because the PAF is part of the PCS as shown in Figure 61-2.) A bitis set in thisregister corresponding to the
PME addressfor each PM E which can be aggregated through the PAF in that PCS. Some examples are given
which show register contents and connectivity for some popular configurations:

a) Simple two PME per MII connections, 32 PMEs are available for aggregation into 16 Mlls (PCS
instances). PME_Available register contents are shown in Table 61-1. A diagram of the
connectivity is shown in Figure 61—4.

b) Pairsof 4-to-1 connections, 32 PM Es are available for aggregation into 16 MIls (PCS instances) in a
manner that alows each PME to connect to one of 2 Mlls and each M1l to aggregate up to 4 PMEs.
PME_Available register contents are shown in Table 61-2. A diagram of the connectivity is shown
in Figure 61-5.

Cc) 24-to-12 fully flexible connections, 24 PMEs are available for aggregation into 12 Mlls (PCS
instances) in a manner that alows any PME to connect to any MIl. PME_Available register
contents are shown in Table 61-3. No connectivity diagram is shown as any connection is possible
between PMEs and Mlls.
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Figure 61-4—2 PME for each MIl connectivity

Table 61-1—PME_Available_register contents (example a)

PME_Available register

Contents

0.3.62/63 b11000000_00000000_00000000_00000000
1.3.62/63 b00110000_00000000_00000000_00000000
etc. etc.

15.3.62/63 b00000000_00000000_00000000_00000011

Table 61-2—PME_Available_register contents (example b)?

PME_Available register

Contents

0.3.62/63 b11110000_00000000_00000000_00000000
1.3.62/63 b11110000_00000000_00000000_00000000
etc. etc.

15.3.62/63 b00000000_00000000_00000000_00001111

8NOTE—A mapping in which the same PME is available for connection to

several PCS instances (as shown) is only alowed at the CO-side.
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Figure 61-5—4 PME for each 2 MIl connectivity

Table 61-3—PME_Auvailable_register contents (example ¢)?

PME_Available register Contents

0.3.62/63 b11111111 11111111 11111111_00000000
1.3.62/63 b11111111 11111111 11111111_00000000
etc. etc.

11.3.62/ 63 b11111111 11111111 11111111_00000000

8NOTE—A mapping in which the same PME is available for connection to sev-
eral PCSinstances (as shown) is only allowed at the CO-side.

61.1.5.3.3 Setting PME aggregation connection

The PME aggregation connection is set using the PME_Aggregate register (see 45.2.3.20). This register is
writeable for each PCS instance (x) at register addresses x.3.64 and x.3.65. A hit is set in this register
corresponding to the PME address for each PME that is to be aggregated through that PCS. Some examples
are given that show register contents and connectivity for some popular configurations:

a) Simple two PME per MII connections (as shown in example a above), the first M1l aggregates 2
PMEs, the second MIl only connects through 1 PME, as does the sixteenth.
PME_Aggregate register contents are shown in Table 61-4.
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b) Pairs of 4-to-1 connections (as shown in example b above), the first MIl aggregates 3 PMEs, the
second MII only connects through 1 PME, the sixteenth MII aggregates 2 PMEs.
PME_Aqggregate register contents are shown in Table 61-5.

C) 24-to-12fully flexible connections (as shown in example c above), thefirst MII aggregates 5 PMEs,
the second MII only connects through the 24th PME, the eleventh MII is not used, twelfth MlI
aggregates 2 PMEs. PME_Aggregate register contents are shown in Table 61-6.

Table 61-4—PME_Aggregate_register contents (example a)

PME_Aqggregate register Contents

0.3.64/ 65 b11000000_00000000_00000000_00000000
1.3.64/65% b00010000_00000000_00000000_00000000
etc. etc.

15.3.64/ 65 b00000000_00000000_00000000_00000010

3N OTE—The PME Aggregation functions have to be performed when PAF_enable is
set, evenif only 1 bitisset inthe PME_Aggregate_register.

Table 61-5—PME_Aggregate_register contents (example b)

PME_Aggregate register Contents

0.3.64/65 b11100000_00000000_00000000_00000000
1.3.64/65% b00010000_00000000_00000000_00000000
ete. etc.

15.3.64/ 65 b00000000_00000000_00000000_00000110

8NOTE—The PME Aggregation functions have to be performed when PAF_enableis
set, evenif only 1 bitisset inthe PME_Aggregate_register.

Table 61-6—PME_Aggregate_register contents (example c)

PME_Aggregate register Contents

0.3.64 /65 b11111000_00000000_00000000_00000000
1.3.64/ 652 b00000000_00000000_00000001_00000000
etc. ete.

10.3.64/ 65 b00000000_00000000_00000000_00000000
11.3.64/ 65 b00000000_00000000_00000110 00000000

8NOTE—The PME Aggregation functions have to be performed when PAF_enable is
set, even if only 1 bit is set in the PME_Aggregate_register.

61.1.5.4 Support for handshaking

It isthe goal of the ITU-T that all specifications for digital transceivers for use on public telephone network
copper subscriber lines use G.994.1 for startup. G.994.1 procedures allow for a common startup mechanism
for identification of available features, exchange of capabilities and configuration information, and selection
of operating mode. As the two loop endpoints are usually separated by a large distance (e.g., in separate
buildings) and often owned and installed by different entities, G.994.1 aso aids in diagnosing
interoperability problems. G.994.1 codespaces have been assigned by ITU-T to ATIST1, ETSI, and IEEE
802.3 in support of this goal.

The description of how G.994.1 procedures are used for Ethernet in the First Mile handshaking and PHY
control are contained in 61.4.
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61.2 PCS functional specifications

61.2.1 MAC-PHY Rate Matching functional specifications
61.2.1.1 MAC-PHY Rate Matching functions
The PHY shall use CRS to match the MAC'sfaster rate of datatransmission to the PHY s slower rate.

Upon receipt of aMAC frame on the MII, the PHY shall discard the Preamble and SFD fields, and transmit
the resulting data frame across the physical link.

The PHY shall prepend the Preamble and the SFD fields to a received frame before sending it to the MAC.

The PHY shall support a mode of operation where it does not send data to the MAC while the MAC is
transmitting (see M1 receive during transmit register, defined in 45.2.3.18).

If the PAF is disabled or not present, transmit frames shall not be forwarded to the TC sublayer unless
TC_link_state is true for the whole frame. If the PAF is enabled, transmit fragments shall not be forwarded
from the PAF to a TC sublayer unless the TC_link_state value of that TC sublayer instance is true for the
whole fragment.

NOTE—This implies that in the absence of an active PAF, frames being transmitted over the M1l when TC_link_state
becomes true are never forwarded to the TC sublayer. A frame being transmitted over the MII when TC_link_state
becomes falseis aborted.

61.2.1.2 MAC-PHY Rate Matching functional interfaces

61.2.1.2.1 MAC-PHY Rate Matching — MIl signals

MII signals are defined in 22.2.2 and listed in Table 23-1in 23.2.2.1.
COL shall be forced to logic zero by the PCS.
CRS behaves as defined in 61.2.1.3.2.

61.2.1.2.2 MAC-PHY Rate Matching—Management entity signals

See 61.2.3.

61.2.1.3 MAC-PHY Rate Matching state diagrams
61.2.1.3.1 MAC-PHY Rate Matching state diagram constants

No constants are defined for the MAC-PHY rate matching state diagrams.
61.2.1.3.2 MAC-PHY Rate Matching state diagram variables

CRS
CRS signal of the MI1 as specified in Clause 22. It is asserted when either of crs_tx or crs_rx
aretrue: CRS < crs_tx + crs_rx
crs_and_tx_en_infer_col
True if a reduced-pin MAC-PHY interface is present that infers a collision when TX_EN and
CRS are both true simultaneously.
Crs _rx
Asserted by the MAC-PHY rate matching receive state machine to control CRS
crs tx
Asserted by the MAC-PHY rate matching transmit state machine to control CRS
power_on
‘power_on' is true while the device is powering up. It becomes false once the device has
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reached full power. Values:
FALSE; The deviceis completely powered (default).
TRUE; The device has not been completely powered.
Reset
True when the PCSis reset via control register bit 3.0.15.
RX_DV
RX_DV signal of the MII as specified in Clause 22
rx_frame_available
Set when the PHY’s receive FIFO contains one or more complete frames
transferFrameCompleted
Variable of type boolean
TRUE if the transmission of the received frame over the MI1 has been completed,
FALSE otherwise.
The variablereturns to the default state (FAL SE) upon entry into any state.
tx_buffer_available
Set when the PHY’s transmit FIFO has space to receive a maximum length packet from the
MAC
TX_EN
TX_EN signal of the M1 as specified in Clause 22
tx_rx_simultaneously
Faseif the MAC is configured in half duplex mode to support deference and it is not capable
of transmitting and receiving simultaneously in this mode.

61.2.1.3.3 MAC-PHY Rate Matching state diagram timers

ipg_timer
Timer used to generate a gap between receive packets across the Ml1.
Duration: 960 ns, tolerance £100 ppm.
rate_matching_timer
Timer used in rate matching state machine
Duration: 1120 ns, tolerance £100 ppm.

Therate_matching_timer operatesin amanner consistent with 14.2.3.2. Thetimer isrestarted on entry to the
WAIT_FOR_TIMER_DONE state with the action: 'Start rate_matching_timer'. It is then tested in the exit
condition with the expression "rate_matching_timer_done".

The duration is set to 1120 ns to allow 960 ns for the inter frame gap plus 160 ns for the MAC to recognize
CRS. 160 nsis equivalent to 16 bit times and is consistent with the assumptions about MAC performance
listed in Table 21-2in 21.8.

61.2.1.3.4 MAC-PHY Rate Matching state diagram functions

transferFrame()
This function transmits a packet to the MAC across the MII, according to the M1 protocol as
described in 22.2. This function generates RX_DV to delimit the frame in accordance with
22.2.2.6. Upon completion of frame transfer to the MAC, this function sets the variable
transferFrameCompleted to TRUE.

61.2.1.3.5 MAC-PHY Rate Matching state diagrams

The state diagrams for the MAC-PHY Rate Matching functions are shown in Figure 61-6, Figure 61—7 and
Figure 61-8.
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\

CARRIER_SENSE_OFF

CRS < FALSE

crs_tx = TRUE +
crs_rx = TRUE

CARRIER_SENSE_ON

CRS < TRUE

crs_tx = FALSE *
crs_rx = FALSE

Figure 61-6—Carrier Sense state diagram

power_on = TRUE +
reset = TRUE

IDLE

crs_tx <= FALSE

TX_EN =TRUE

TX_EN_ACTIVE

crs_tx <= lcrs_and_tx_en_infer_col

TX_EN = FALSE

TX_BUFFER_NOT_EMPTY

IF (tx_buffer_available = FALSE)
THEN crs_tx <= TRUE

tx_buffer_available = TRUE

Figure 61-7—MAC-PHY rate matching transmit state machine
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power_on = TRUE +
* $ * reset = TRUE

IDLE

crs_rx < FALSE
IPG_done < FALSE

rx frame available=TRUE * rx_fram_e_available =TRUE *
tx:rx_sinTuItaneoust=TRUE tx_rx_simultaneously = FALSE
SEND_FRAME_TO_MAC_1 TX_EN_ACTIVE

IF (crs_and_tx_en_infer_col
transferFrame() = FALSE)

THEN crs_rx <= TRUE

transferFrameCompleted()¢ TX EN = FALSE

WAIT_FOR_IPG

WAIT_FOR_TIMER_DONE

start ipg_timer
crs_rx <= TRUE
start rate_matching_timer

B - TX_EN = TRUE
ipg_timer_done=TRUE -

rate_matching_timer_done

SEND_FRAME_TO_MAC_2

transferFrame()

transferFrameCompleted()

Figure 61-8—MAC-PHY rate matching receive state machine

61.2.2 PME Aggregation functional specifications

This subclause defines an optional PME Aggregation Function (PAF) for use with CSMA/CD MACs in
EFM copper PHYs. PME Aggregation allows one or more PMA/PMDs to be combined together to form a
single logica Ethernet link.

The PAF is located between the MAC-PHY Rate Matching function and the TC sublayer as shown in
Figure 61-2. The PAF interfaces with the TC sublayer instances across the y-interface. The PAF interfacesto
the MAC-PHY Rate Matching function using an abstract interface whose physical realization is left to the
implementor, provided the requirements of this standard are met.
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The PME Aggregation function has the following characteristics:

a)  Supports aggregation of up to 32 PMA/PMDs

b)  Supportsindividual PMA/PMDs having different data rates
c) Ensureslow packet latency and preserves packet sequence
d) Scaableandresilient to PME failure

€) Independent of type of EFM copper PHY

f)  Allows vendor discretionary agorithmsfor fragmentation

61.2.2.1 PAF Enable and Bypass

For systems that do not have the ability to aggregate loops PAF_available will not be asserted. Additionally,
asystem may have PAF_available asserted but PAF_enable will be deasserted to indicate that aggregation is
not activated.

In both of these cases, the entire data frame is passed across the y-interface to the TC sublayer without any
fragmentation and without fragmentation header. On the receive end, entire data frames are transferred from
the y-interface to the MAC-PHY rate matching function without any reference to the PAF error detecting
rules (see 61.2.2.7). If an error has been detected by the FCS in the TC then the MAC-PHY rate matching
function shall assert RX_ER during at |east one octet of the frame across the Ml 1.

Systems that have the ability to aggregate but are not enabled for aggregation will have the connectivity
between the PCS and one PME set either by default, by local management (for CO-subtype devices) or by
remote management (for CPE-subtype devices). Thiswill definewhich y-interface is used for the transfer of
non-fragmented frames. Refer to 61.2.2.8.3 for the function of PAF available and PAF_enable and
Clause 45 for accessto these registers.

61.2.2.2 PME Aggregation functions

The PME Aggregation functions provide a fragmentation procedure at the transmitter and a reassembly
procedure at the receiver. The fragmentation and reassembly procedures take a dataframe and partition it into
one or more fragments as shown in Figure 61-9. Each fragment is given a fragmentation header and
transmitted over a specific TC sublayer instance. A Frame Check Sequence, known as the TC-CRC, is added
to each fragment by the TC sublayer. The fragmentation header has the format shown in Figure 61-10. Short
dataframes can betransported over asingle fragment, and consequently both StartOf Packet and EndOf Packet
can beset to ‘1’ simultaneously.

From MAC
IPG Preamble Data Frame IPG Preamble| Data Frame
PME #1 Fragmentation Fragment #1 FCS Fragmentation Fragment...
Header Header
|
|
|
PME #n Fragmentation Fragmentation
F # Fragment...
Header ragment #n FCS Header 9
Figure 61-9—Data frame fragmentation
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SequenceNumber StartOfPacket EndOfPacket
(14 bits) (1 bit) (1 bit)

Fragment Data

Figure 61-10—Fragment format

61.2.2.3 PME Aggregation Transmit function

The PME Aggregation transmit functions uses the following algorithm:

a) Select an active PME (i.e., onewith TC_link_state asserted, see 61.3.1) for the next transmission.

b) Select the number of octets to transmit on that PME (shall not be less than minFragmentSize nor
greater than maxFragmentSize, see 61.2.2.6).

¢) Increment by one (modulo 214) and set fragment sequence number in the Fragmentation Header.
Thereisasingle sequence number stream for each aggregation, not one per PME. It is this sequence
number stream that the receiver uses for fragment reassembly.

d) Set the start-of-packet and end-of-packet bits in the Fragmentation Header as appropriate.

€) Transmit fragment to the TC sublayer.

It isimportant to note that the selection of the next PME to use in transmission (step (&) and the number of
octets to transmit (step (b)) is implementation dependent. However, implementations shall follow the
restrictions as outlined in 61.2.2.6.

61.2.2.4 PME Aggregation Receive function

The PME aggregation receive function requires per-PME queues as well as a per-MAC fragment buffer for
fragment reassembly. The algorithm assumes only “good” fragments are placed on the per-PME receive
gueues (“bad” fragments are discarded according to the rulesin 61.2.2.7).

The sequence number rolls over after it reaches the maximum value, thus all sequence number
comparisons shall use “split horizon” calculations. Split horizon calculations are defined for comparisons
that are valid for numbers that roll over after reaching the maximum value. Generically, “x is less than y”
isdefined asx <y < x + (maxSequenceNumber+1)/2.

61.2.2.4.1 Expected sequence number

During initial start-up and in the event of certain errors, the receive algorithm has to determine which
seguence number is expected next (expectedFragmentSequenceNumber). When the link state is changed to
UPR, the expected sequence number is unknown and no errors in fragment sequencing (see 61.2.2.7.2) shall
be recorded.

61.2.2.4.2 PME Aggregation Receive function state diagram variables

The following variables are used in the PME Aggregation Receive function state diagram.
allQueuesNonEmpty
variable of type boolean that indicates whether any active queueis currently empty.
TRUE if none of the active queuesis currently empty
FALSE if at least one active queue is currently empty
expectedFragmentSequenceNumber
the sequence number expected in the receive process that would not result in a fragment error,
initiaized to the smallest sequence number of fragments at the head of per-PME queues when
either all active queues are non-empty or at least one queue has been non-empty for maxDiffer-
entialDelay bit times at the bit rate of the PMD associated with that queue
frameLengthOverflow
variable of type boolean, indicating that the reassembly buffer is overflowing due to areceived
frame that istoo long, as described in 61.2.2.7.3.
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TRUE if the overflow condition exists
FALSE during normal operation
missingStartOf Packet
variable of type boolean, indicating that a fragment was received with the StartOfPacket bit
deasserted while the packet assembly function was between frames (i.e., waiting for a Start of
Packet).
nextFragmentSequenceNumber
smallest sequence number of fragments at the head of per-PME queues
noFragmentProcessed_Timer
variable of type boolean that indicates whether at least one active queue has been non-empty
for maxDifferentialDelay bit times at the bit rate of the PMD associated with that queue. Each
fragment processed on any queue restarts all per-queue timers.
TRUE if atimeout of maxDifferentialDelay bit times has expired
FALSE if the timeout of maxDifferential Delay bit times has not yet expired
oneQueueNonEmpty_Timer
variable of type boolean that indicates whether at least one active queue has been non-empty
for at least maxDifferentialDelay bit times.
TRUE if at least one active queue has been non-empty for at least maxDifferentialDelay bit
times
FALSE otherwise
small estFragmentSequenceNumber
smallest sequence number of fragments at the head of per-PME queues
unexpectedEndOf Packet
variable of type boolean, indicating that a fragment was received with the EndOfPacket bit
asserted and the StartofPacket bit deasserted while the packet assembly function was between
frames (i.e. waiting for a Start of Packet)
unexpectedStartOf Packet
variable of type boolean, indicating that a fragment is received with the StartOfPacket bit
asserted while the packet assembly function was mid-frame (i.e. waiting for an End of Packet)

The following functions are used in the PME Aggregation Receive function state diagram.
errorDetection()
function comprising the process described in 61.2.2.7.2
fragmentError()
function comprising the process described in 61.2.2.7.3

61.2.2.4.3 PME Aggregation Receive function state diagram
The receive function executes the algorithm as shown in Figure 61-11. Theinitial state of the state machine
is INITIALIZING. This state is entered when at least one TC _link_state is asserted for the first time after

system power-on, and each time when at least one TC_link_state is asserted after all having been deasserted
for any reason.
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INITIALIZING

expectedFragmentSequenceNumber <
smallestFragmentSequenceNumber

(allQueuesNonEmpty = TRUE)
+ (oneQueueNonEmpty_Timer = TRUE)

- v

WAIT_FOR_NEXT_FRAGMENT

nextFragmentSequenceNumber <
smallestFragmentSequenceNumber

(nextFragmentSequenceNumber <
expectedFragmentSequenceNumber)

.
(allQueuesNonEmpty = TRUE) *
(nextFragmentSequenceNumber != nextFragmentSequenceNumber =
expectedFragmentSequenceNumber) expectedFragmentSequenceNumber
+

(noFragmentProcessed_Timer = TRUE)

Y

' INCREMENT_EXPECTED_FRAGMENT

ERROR_HANDLING

expectedFragmentSequenceNumber <

errorDetection() (expectedfragmentSequenceNumber+1) mod o1

UCT

ELSE

frameLengthOverflow
+

UnexpectedStartOfPacket
+

missingStartOfPacket

FRAGMENT_ERROR

fragmentError()

UCT

Figure 61-11—Aggregation receive function.
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61.2.2.4.4 PME Aggregation Receive function state diagram description

Aggregation receive agorithm:

a) Determine the nextFragmentSequenceNumber viathe algorithmin 61.2.2.4.1.

b) If the nextFragmentSeguenceNumber is equal to the expectedFragmentSequenceNumber, process
that fragment and continue to step c). If (nextFragmentSequenceNumber is less than
expectedFragmentSequenceNumber) or (all the active PME queues are non-empty and
nextFragmentSequenceNumber # expectedFragmentSequenceNumber) or (any PME queue has
been non-empty for maxDifferentialDelay bit times without any fragment being processed) follow
the fragment sequence error handling rules described in 61.2.2.7.2 before returning to normal
fragment processing.

c) Accept the fragment into the fragment buffer. If (accepting the fragment into the fragment buffer
causes aframe length overflow) or (the fragment is an unexpected start of packet) or (the fragment is
an unexpected end of packet) or (the fragment has the StartOf Packet bit deasserted when the start of
anew packet is expected) then follow the error handling procedures described in 61.2.2.7.3. Else if
that fragment is an end-of-packet, pass the packet to the MAC-PHY Rate Matching layer.

d) Increment (modulo 22%) the expectedFragmentSequenceNumber.

€) Repeat processing.

61.2.2.5 PME Aggregation restrictions

In order to guarantee correct receiver operation, a transmitter must ensure that pairs in an aggregate group
obey certain restrictions.

NOTE—These restrictions ensure that buffer sizes for receivers of 214 bits per PME are sufficient.

One factor is the differentia latency between multiple PMEs in an aggregated group. Differential latency
measures the variation in the time required to transmit across different PMES. To normalize the latency
measurement for high and low speed links it is measured in bit times. A differential latency between two
PMEs is defined as the number of bits, N, that can be sent across the fast link, in the time that it takes one
maxFragmentSize fragment to be sent across the slow link. Large differential latencies generate greater
variance in bit delivery times across aggregated PMEs, which in turn require large sequence number ranges.
The PMD control of aggregated links controls the maximum latency difference between any two aggregated
links. Thisis achieved by configuring the bit rate, error correction and interleaving functions in the PMA/
PMD of each link. The burst noise protection offered by the error correction and interleaving'* functions is
directly proportional to the latency, therefore it is logical that multiple aggregated links in the same
environment should be optimized to have similar latencies. Differences in electrical length will not
contribute significantly to the differentia latency; no additional per-PME buffer size is required for this
variation.

NOTE—The value for differential latency for two identical links will be 4096 bit times because the definition includes
the length of a maximum size fragment.

The speed ratio of the links also restricts what PM Es can be aggregated together. The speed ratio is defined
astheratio of the bit rate of the faster link divided by the bit rate of the slower link.

The restrictions that govern which PMEs can be aggregated are:
a) The differentia latency between any two PMEs in an aggregated group shall be no more than
maxDifferential Delay.
b) Thehighest ratio of speeds between any two aggregated links shall be maxSpeedRatio. A speed ratio
of 4 may only be used if the latency is controlled to meet the restriction.

U nterleaving is the relevant issue here, since it affects latency. While 2BASE-TL does not have block error correction, it does use
trellis coding, which is sometimes considered forward error correction.
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Table 61-7 specifies the values for constants maxDifferential Delay and maxSpeedRatio.

Table 61-7—PME Aggregation constants

Constant name Value
maxDifferentialDelay 15 000 hit times
maxSpeedRatio 4

61.2.2.6 PME Aggregation transmit function restrictions
There are factors that limit the freedom of the transmission algorithm specified in 61.2.2.3.

A first factor isthe size of the fragments being transmitted across the PMEs. Very small fragments require
larger sequence number ranges as there can be more fragments within the same number of bit times.

Another restriction on the size of the fragments, is that fragments shall be a multiple of 4 octetsin size when
possible.
The restrictions for the transmission algorithm in 61.2.2.3 are:

a) Fragments shall not be less than minFragmentSize not including PAF header.

b)  Fragments shall not be more than maxFragmentSize not including PAF header.

c) The fragment size, not including PAF header, shall be a multiple of 4 octets except for the last
fragment of a data frame.

NOTE—A fragment size of maxFragmentSize may only be used if the latency is controlled to meet the restriction (a) in
61.2.2.5.

These restrictions allow the use of a 14-bit sequence number space. As a consequence, the maximum
sequence number is 214-1 (maxSequenceNumber).

Table 61-8 specifies the values for constants maxFragmentSize and minFragmentSi ze.

Table 61-8—Fragment size constants

Constant name Value
maxFragmentSize 512 octets
minFragmentSize 64 octets

61.2.2.7 Error-detecting rules

There are three classes of error detected by the PAF: Errors during fragment reception; Errors in fragment
sequencing; and Errors during packet reassembly. In the case of an error detected by the PAF, it sends the
frame or part of frame to the MAC with RX_ER asserted. When the PAF is unable to reconstruct or partially
reconstruct a frame due to such errors, it sends a garbage frame up to the MAC, in order to alow higher-
layer event counters to register the error. The garbage frame shall consist of 64 octets of 00 (including CRC).
Preamble and SFD are prepended before the frame is sent to the M1 according to 61.2.1.1.

The rules described in this subclause are applied by the functions errorDetection() and fragmentError()
referenced in Figure 61-11.
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61.2.2.7.1 Errors during fragment reception

The receive TC function passes all decapsulated fragments to the PAF across the y-interface. If the TC
detects an error in the encapsulation, it asserts Rx_Err on the y-interface. If the TC detects an error in the
TC-CRC, it asserts Rx_Err on the y-interface. Asserting Rx_Err during fragment reception invalidates the
entire fragment.

For each PMA (ou(B)-interface), the per-PMA buffering mechanism shall discard the fragment if any of the
following conditions occur:

a) Rx_Errisasserted during the reception of the fragment across the y-interface.
b) Thefragment istoo small - less than minFragmentSize as defined in 61.2.2.6.
¢) Thefragment istoo large - more than maxFragmentSize as defined in 61.2.2.6.
d) Thefragment would cause the per-PMA received buffer to overflow.

The PAF shall then assert one of the per-PMA error flags as appropriate:

a) TC_PAF_RxErrorReceived
b) TC_PAF_FragmentTooSmall
c) TC_PAF_FragmentToolL arge
d) TC_PAF_Overflow

61.2.2.7.2 Errors in fragment sequencing

If nextFragmentSequenceNumber is outside the range (expectedFragmentSequenceNumber through
expectedFragmentSegquenceNumber + (maxSequenceNumber+1)/2) then assert PAF_BadFragmentReceived.
Discard the fragment, do not increment ExpectedFragmentSegquenceNumber.

If al active PMA buffers are non empty and nextFragmentSequenceNumber is greater than
expectedFragmentSegquenceNumber then assert PAF_L ostFragment, set expectedFragmentSegquenceNumber
equal to nextFragmentSequenceNumber.

If any PMA buffer is non empty for maxDifferentialDelay bit times (for that PMA/PMD) and no fragment is
transferred then assert PAF_L ostFragment, set expectedFragmentSequenceNumber equal to nextFragment-
SequenceNumber.

Having detected one of the above fragment sequencing errors, the packet assembly function shall act as
follows:

—If the packet assembly function was mid-frame (i.e. waiting for an End of Packet), the first part of
the frame shall be transferred across the MII, then assert RX_ER signa on the MII, abort frame
transfer and flush PMA buffers until the next Start of Packet is received.

—If the packet assembly function was between frames (i.e. waiting for a Start of Packet), assert
RX_ER signal on the MIl and send a garbage frame as defined in 61.2.2.7 to the MAC.

61.2.2.7.3 Errors in packet reassembly

If a fragment is received with the StartofPacket bit deasserted while the packet assembly function was
between frames (i.e. waiting for a Start of Packet), discard the offending fragment, assert RX_ER signa on
the MI1 and send a garbage frame as defined in 61.2.2.7 to the MAC. Assert PAF_L ostStart.

If afragment is received with the StartOf Packet bit asserted while the packet assembly function was mid-
frame (i.e. waiting for an End of Packet), the first part of the frame shall be transferred across the Mll, then
assert RX_ER signal on the MII, abort frame transfer and flush the PMA buffers, starting the next frame
with the Start of Packet fragment just received. Assert PAF_LostEnd.
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If a fragment is received while the packet assembly function was mid-frame (i.e. waiting for an End of
Packet) and would cause the frame size to exceed the maximum alowable frame size (i.e. maxUntagged-
FrameSize + qTagPrefixSize, currently 1522 octets (see 3.5, 4.2.7.1 and 4.4)) then the first part of the frame,
excluding the error causing fragment, shall be transferred across the MII, then assert RX_ER signal on the
MII, abort frame transfer and flush PMA buffers until the next Start of Packet is received. Assert
PAF_LostEnd.

61.2.2.8 PME aggregation functional interfaces

The PAF interfaces with the TC sublayer instances across the y-interface. The PAF interfaces to the MAC-
PHY Rate Matching function using an abstract interface whose physical redlization is left to the
implementor, provided the requirements of this standard are met.

61.2.2.8.1 PME aggregation—y-interface signals

The PAF interfaces with the PMA/PMDs across the y-interface. The y-interface specification is defined in
61.3.1. This subclause specifies the data, synchronization and control signals that are transmitted between
the TC sublayer and the PAF.

61.2.2.8.2 PME aggregation—-management entity signals
The management entity signals pertaining to PME aggregation are specified in 61.2.3.
61.2.2.8.3 PME aggregation register functions

If an MDIO interface is provided (see Clause 22 and Clause 45), PME aggregation registers are accessed via
that interface. If not, it is recommended that an equivalent access be provided.

Clause 45 defines one bit each in the EFM 10P/2B capability register and the 10P/2B PCS control register to
control the PAF function (see 45.2.3.17 and 45.2.3.18 respectively). PAF_available is used to indicate that
the system has the capability to aggregate PMEs, PAF_enable is used to control whether this ability is
enabled or not. In all cases, the PAF_available bit is read-only; the PAF_enable bit is read-only when the
PAF_available bit is not asserted.

For CO-subtype devices, both the PAF_available and the PAF_enable bits are only accessible locally, the
PAF_enable bit is writeable.

For CPE-subtype devices, both the PAF_available and the PAF_enable bits are locally read only and
remotely readable. Additionally, the PAF_enable bit is remotely writeable.

Clause 45 defines access to two registers which relate to the PME aggregation function: the
PME_Available register (see 45.2.3.19) and the PME_Aggregate register (see 45.2.3.20). Additionally the
remote_discovery_register and Aggregation_link_state register shall be implemented.

NOTE—The remote_discovery_register isa variable which is defined for CPE-subtypes only. It is used during the PME
aggregation discovery process. The Aggregation_link_state register is a variable with significance for the PCS only.
These variables have no associated management interface registers.

The PME_Available register is read-only for CO-subtype and may be writeable for CPE-subtype (in order
to restrict CPE-subtype connection capability according to 45.2.3.19). It indicates whether an aggregateable
link is possible between this PCS and multiple PMD's. For a device that does not support aggregation of
multiple PMEs, asingle bit of this register shall be set and all other bits clear. The position of bitsindicating
aggregateable PME links correspond to the PMA/PMD sub-address defined in Clause 45.
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For CPE-subtype devices, the PME_Available register may optionaly be writeable by the loca
management entity. The reset state of the register reflects the capabilities of the device. The management
entity (through Clause 45 access) may clear bits which are set, in order to limit the mapping between M|
and PME for PME aggregation. For CPE-subtype devices, PMD links shall not be enabled (such that it shall
not respond to or initiate any G.994.1 handshaking sessions, on any of its PMES) until the PME_Available
register has been set to limit the connectivity such that each PME maps to at most one M1 (see 45.2.3.19).
This condition is necessary so that remote commands from the network-end which affect PCS registers have
a defined target. PMDs that are not associated to any PCS shall not respond to or initiate any G.994.1
handshaking signals. Multiple PMEs per MII are allowed.

The PME_Aqggregate register is defined in Clause 45. For CO-subtype devices, access to this register is
through Clause 45 register read and write mechanisms. For CPE-subtype devices the register may be read
locally through Clause 45, and reads and writes shall be allowed from remote devices via the remote access
signals passed across the vy-interface from the PMA (see 61.3.1). The operation of the
PME_Aggregate register for CPE-subtype devicesis defined as follows:

a) If theremote discovery_register isclear then the PME_Aggregate register shall be cleared.

b) If write_remote_Aggregation_reg is asserted, the contents of remote_write_data bit zero is written
to PME_Aggregate register in the bit location corresponding to the PMA/PMD from which the
request was received. Acknowledge read_writeis asserted for one octet clock cycle.

c) If read_remote Aggregation_reg is asserted, the contents of PME_Aggregate register are placed
onto remote_read_data_bus, bits 31 through 0. Unsupported bits are written as zero if the full width
of PME_Aggregate register is not supported. Acknowledge read write is asserted for one octet
clock cycle.

61.2.2.8.4 PME aggregation discovery register functions

The remote discovery register shall be implemented for CPE-subtype devices. The
remote_discovery_register shall support atomic write operations and reads from remote devices via the
remote access signals passed across the y-interface from the PMA (see 61.3.1). The operation of the
remote_discovery_register for CPE-subtype devices is defined as follows:

a) If read _remote discovery_reg is asserted, which corresponds to a “Get” command as described in
61.4.7.1, the contents of remote discovery register are placed onto remote read data bus.
Acknowledge read write is asserted for one octet clock cyclelz.

b) If write_remote discovery_reg is asserted, which corresponds to a “Set if Clear” command as
described in 61.4.7.1, the action depends on the contents of remote discovery_register. If the
remote_discovery register is currently clear (no bits asserted), the contents of the
remote_write data bus are placed into the remote discovery register. The new contents of
remote_discovery register are placed on the remote read data bus. Acknowledge read write is
asserted for one octet clock cycle. Else if the remote_discovery_register is not currently clear (any
bit asserted), no data is written. The old contents of remote_discovery_register are placed on the
remote_read data bus. NAcknowledge read writeis asserted for one octet clock cycle. If multiple
write_remote_discovery_reg signals are asserted (from multiple y-interfaces) they shall be acted
upon serially.

c) If clear_remote discovery_reg is asserted, which corresponds to a “Clear if Same” command as
described in 61.4.7.1, the action depends on the contents of remote_discovery_register. If the con-
tents of the remote write data bus match that of the remote discovery register, the
remote_discovery_register is cleared, the PME_Aggregate register is cleared, the new contents of
remote_discovery_register are placed on the remote _read data bus, and Acknowledge _read write
is asserted for one octet clock cycle. If the contents of the remote_write_data bus do not match that
of the the remote_discovery_register, the remote_discovery_register is unchanged, its contents are
placed on the remote_read_data bus, and NAcknowledge read writeis asserted for one octet clock
cycle.

12 the CPE device fails to respond, NAcknowledge _read_write is asserted with remote_read_data_bus set to 0000000000004,
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d) If thelogical AND of the Aggregation_link_state register and the PME_Aggregate register is clear
then a timeout counter shall be started. If this condition continues for 30 seconds (the timeout
period) then the remote_discovery_register shall be cleared.

A single device may be implemented which has multiple MlIs and (therefore) multiple PCS instances. There
shall be one remote_discovery_register per PCS instance. The PME_Available_register shall be set prior to
the enabling of links so that each PMA/PMD is linked to only one PCS. Access to the
remote_discovery_register (read or write) shall be restricted to PMA/PMD instances for which the
corresponding PME_Available _register bit is asserted.

The Aggregation_link_state register is a pseudo-register corresponding to the TC_link_state bits from each
Y-interface in the appropriate bit positions according to the PMA/PMD from which the signal is received.
Bits corresponding to unsupported aggregation connections are zero.

The remote access mechanisms for the PME aggregation registers are defined in 61.4.7.
61.2.3 PCS sublayer: Management entity signals

The management interface has pervasive connections to all functions. Operation of the management control
linesMDC and MDIO is specified in Clause 22 and Clause 45, and requirements for managed objectsinside
the PCS and PMA are specified in Clause 30

The following MAC-PHY Rate M atching function signals are mapped to Clause 45 registers:
tx_rx_simultaneously
thissignal is asserted by the management entity to indicate that the MAC which is connected to
the PHY is capable of receiving and transmitting simultaneously while in half-duplex mode.
The corresponding register (“MI1 receive during transmit”) is defined in 45.2.3.18.
crs_and_tx_en_infer_col
this signal is asserted by the management entity to indicate that the MAC uses simultaneous
detection of TX_EN and CRSto infer acollision. This signa is used in the rate matching state
diagrams (Figure 617 and Figure 61-8). The corresponding register (“* TX_EN and CRS infer
acollision”) is defined in 45.2.3.18.

The following PAF signals are mapped to Clause 45 registers or cause Clause 45 counters to increment:

PAF_available
this signal indicates to the management whether the PAF function is available for use. The
corresponding register is defined in 45.2.3.17.1.

PAF_enable
this signal is asserted by the management entity to indicate that the PAF function is enabled.
The corresponding register is defined in 45.2.3.18.3.

TC_PAF_RxErrorReceived
(for each PMA, y-interface) this signal is asserted to indicate that a fragment has been received
across the +y-interface with Rx_Err asserted. The errored fragment has been discarded. The
corresponding register is defined in 45.2.3.21.

TC_PAF_FragmentTooSmall
(for each PMA, y-interface) this signal is asserted to indicate that a fragment has been received
across the y-interface which was smaller than the minFragmentSize defined. The errored
fragment has been discarded. The corresponding register is defined in 45.2.3.22.

TC_PAF_FragmentTooL arge
(for each PMA, y-interface) this signal is asserted to indicate that a fragment has been received
across the +y-interface which was larger than the maxFragmentSize defined. The errored
fragment has been discarded. The corresponding register is defined in 45.2.3.23.
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TC_PAF_Overflow
(for each PMA, y-interface) this signal is asserted to indicate that a fragment has been received
across the y-interface which would have caused the receive buffer to overflow. The errored
fragment has been discarded. The corresponding register is defined in 45.2.3.24.

PAF_BadFragmentReceived
this signal is asserted to indicate that a fragment has been received which does not fit into the
sequence expected by the frame assembly function. The errored fragment has been discarded
and the frame buffer flushed to the next valid frame start. The corresponding reg