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Abstract: This amendment to IEEE Std 802.3-2005 includes the new Clause 69 through Clause 74.
Clause 69 provides an overview of Ethernet operation over electrical backplanes. Clause 70 through
Clause 72 define three new PMDs developed for operation over electrical backplanes. 1000BASE-KX speci-
fies 1 Gb/s serial operation, T0GBASE-KX4 specifies 10 Gb/s 4-lane operation, and 10GBASE-KR specifies
10 Gb/s serial operation. Clause 73 specifies an Auto-Negotiation function for use over electrical backplanes.

Finally, Clause 74 specifies an optional forward error correction (FEC) sublayer for 10GBASE-R PHYs for
improved link performance.

Keywords: 1000BASE-KX, 10GBASE-KX4, 10GBASE-KR, 10GBASE-R, 10 Gigabit Ethernet, 802.3ap,

Auto-Negotiation, Backplane Ethernet, backplane, forward error correction (FEC), Gigabit Ethernet, physical
medium dependent sublayer (PMD)
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which brings
together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers are not
necessarily members of the Institute and serve without compensation. While the IEEE administers the process
and establishes rules to promote fairness in the consensus development process, the IEEE does not independently
evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or
other damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or
indirectly resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a spe-
cific purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards
documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure,
purchase, market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the
viewpoint expressed at the time a standard is approved and issued is subject to change brought about through
developments in the state of the art and comments received from users of the standard. Every IEEE Standard is
subjected to review at least every five years for revision or reaffirmation. When a document is more than five
years old and has not been reaffirmed, it is reasonable to conclude that its contents, although still of some value,
do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely
upon the advice of a competent professional in determining the exercise of reasonable care in any given
circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this
reason, IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an
instant response to interpretation requests except in those cases where the matter has previously received formal
consideration. At lectures, symposia, seminars, or educational courses, an individual presenting information on
IEEE standards shall make it clear that his or her views should be considered the personal views of that individual
rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affil-
iation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text,
together with appropriate supporting comments. Comments on standards and requests for interpretations should
be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of
any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.
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Introduction

This introduction is not part of IEEE Std 802.3ap-2007, 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 4: Ether-
net Operation over Electrical Backplanes.

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 Std 802.3ap-2007). A historical listing
of projects that have added to or modified IEEE Std 802.3 is included in IEEE Std 802.3-2005.

The media access control (MAC) protocol specified in IEEE Std 802.3 is Carrier Sense Multiple Access
with Collision 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 IEEE 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), IEEE Std 802.3a¢™ added 10 Gb/s operation (also called 10 Gigabit Ethernet) and IEEE Std
802.3ah™ specified access network Ethernet (also called Ethernet in the First Mile). These major additions
are all now included in IEEE Std 802.3-2005 and are not maintained as separate documents.

At the date of IEEE Std 802.3ap-2007 publication, IEEE Std 802.3 is comprised of the following documents:

Section One—Includes Clause 1 through Clause 20 and Annex A through Annex H and Annex 4A. Section
One includes 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 33 and Annex 22A through Annex 33E. Section Two
includes management attributes for multiple protocols and speed of operation as well as specifications for
providing power over twisted pair cabling for multiple operational speeds. It also includes general
information on 100 Mb/s operation as well as most of the 100 Mb/s Physical Layer specifications.

Section Three—Includes Clause 34 through Clause 43 and Annex 36A through Annex 43C. Section Three
includes general information on 1000 Mb/s operation as well as most of the 1000 Mb/s Physical Layer
specifications. It also includes specification of IEEE 802.3 link aggregation.

Section Four—Includes Clause 44 through Clause 54 and Annex 44A through Annex 50A. Section Four
includes general information on 10 Gb/s operation as well as most of the 10 Gb/s Physical Layer
specifications.

Section Five—Includes Clause 56 through Clause 74 and Annex S8A through Annex 74A. Section Five
includes subscriber access Physical Layers and sublayers for operation from 512 kb/s to 1000 Mb/s, and
defines services and protocol elements that enable the exchange of IEEE Std 802.3 format frames between
stations in a subscriber access network.
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IEEE Std 802.3-2005/Cor 1-2006

This corrigendum clarifies and corrects isolation text for twisted pair Ethernet physical interfaces,
including harmonization for both powered and unpowered Medium Dependent interfaces.

IEEE Std 802.3an™-2006
This amendment includes changes to IEEE Std 802.3-2005 and adds Clause 55 and Annex 55A and
Annex 55B. This amendment adds a new Physical Layer for 10 Gb/s operation over balanced twisted-
pair structured cabling systems.

IEEE Std 802.3aq™-2006

This amendment includes changes to IEEE Std 802.3-2005 and adds Clause 68. This amendment adds a
new Physical Layer for 10 Gb/s operation over installed multimode fiber.

IEEE Std 802.3as"-2006

This amendment includes changes to IEEE Std 802.3-2005. It extends the size of the IEEE 802.3 frame
format with an envelope frame.

IEEE Std 802.3ap-2007
This amendment includes changes to IEEE Std 802.3-2005 and adds Clause 69 through Clause 74 and
Annex 69A, Annex 69B, Annex 73A and Annex 74A. This amendment adds new Physical Layers that
support the exchange of IEEE Std 802.3 format frames over electrical backplanes at 1 Gb/s and 10 Gb/s.

IEEE Std 802.3 will continue to evolve. New Ethernet capabilities are anticipated to be added within the
next few years as amendments to this standard.

Conformance test methodology

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

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 errata periodically.

Interpretations

Current interpretations can be accessed at the following URL:

http://standards.ieee.org/reading/ieee/interp/index.html.
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Downloads

Portions of this standard can be downloaded from the Internet. Material include PICS tables, data tables, and
code. URLs are listed in the text in the appropriate sections.

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. 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,
with reasonable terms and conditions that are demonstrably free of any unfair discrimination to applicants
desiring to obtain such licenses. Other Essential Patent Claims may exist for which a statement of assurance
has not been received. The IEEE is not responsible for identifying Essential Patent Claims for which a
license may be required, for conducting inquiries into the legal validity or scope of Patents Claims, or
determining whether any licensing terms or conditions are reasonable or non-discriminatory. Further
information may be obtained from the IEEE Standards Association.

Participants

The following individuals were members of the IEEE 802.3 working group at the beginning of the
IEEE P802.3ap working group ballot. Individuals may have not voted, voted for approval, disapproval or
abstained on this amendment.
Robert M. Grow, Working Group Chair
David J. Law, Working Group Vice-Chair
Wael W. Diab, Working Group Secretary
Steven B. Carlson, Working Group Executive Secretary
Bradley Booth, Working Group Treasurer
Adam Healey, /[EEE P802.3ap Task Force Chair
John D’Ambrosia, /EEE P802.3ap Task Force Secretary
Schelto vanDoorn, /[EEE P802.3ap Task Force Editor-in-Chief —Phase 1
Ilango S. Ganga, I[EEE P802.3ap Task Force Editor-in-Chief —Phase 2

IEEE P802.3ap Task Force Editors
Schelto vanDoorn, Clauses 1-44, 70,71 and Annex A, Annex 30B
Arthur Marris, Clause 45
Adam Healey, Clause 69, Annex 694, Annex 69B
Charles Moore, Clause 69, Annex 694, Annex 69B
Tom Palkert, Clause 72
Pat Thaler, Clause 73, Annex 734
Ilango S. Ganga, Clause 74, Annex 744, Clauses 1-49, 70,71, Annex A, Annex 30B
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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 spe-
cial symbols and operators. If any of these symbols or operators fail to display correctly, the editors hope
that this table will aid in interpreting any funny blobs and strokes appearing in the body of the document.

Printed Character Meaning Font

* Boolean AND Symbol

+ Boolean OR, arithmetic addition Symbol

" Boolean XOR Times New Roman

! Boolean NOT Symbol

X Multiplication Symbol

< Less than Symbol

< Less than or equal to Symbol

> Greater than Symbol

> Greater than or equal to Symbol

= Equal to Symbol

# Not equal to Symbol
= Assignment operator Symbol

= Indicates membership Symbol

& Indicates nonmembership Symbol

+ Plus or minus (a tolerance) Symbol

° Degrees Symbol

D Summation Symbol

v Square root Symbol
— Big dash (em dash) Times New Roman
- Little dash (en dash), subtraction Times New Roman

| Vertical bar Times New Roman
+ Dagger Times New Roman
i Double dagger Times New Roman
o Lower case alpha Symbol

& Lower case beta Symbol

Y Lower case gamma Symbol

0 Lower case delta Symbol

€ Lower case epsilon Symbol

A Lambda Symbol

n Micro Times New Roman
Q Omega Symbol
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IEEE Standard for Information technology—

Telecommunications and information exchange between systems—
Local and metropolitan area networks—

Specific requirements

Part 3: Carrier Sense Multiple Access with
Collision Detection (CSMA/CD) Access Method
and Physical Layer Specifications

Amendment 4: Ethernet Operation over Electrical Backplanes

NOTE—The editing instructions contained in this amendment define how to merge the material contained therein into
the existing base standard and its amendments to form the comprehensive standard.

The editing instructions are shown in bold italic. Four editing instructions are used: change, delete, insert, and replace.
Change is used to make corrections in existing text or tables. The editing instruction specifies the location of the change
and describes what is being changed by using strikethreugh (to remove old material) and underscore (to add new
material). Delete removes existing material. Insert adds new material without disturbing the existing material. Insertions
may require renumbering. If so, renumbering instructions are given in the editing instruction. Replace is used to make
changes in figures or equations by removing the existing figure or equation and replacing it with a new one. Editorial
notes will not be carried over into future editions because the changes will be incorporated into the base standard.
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IEEE Std 802.3ap-2007 AMENDMENT TO IEEE Std 802.3-2005: CSMA/CD

1. Introduction

1.4 Definitions

Delete 1.4.312, which provided the definition for Selector field, and renumber as appropriate:

Delete 1.4.335, which provided the definition for Technology Ability Field, and renumber as appropriate
(IEEE Std 802.3an-2006):

1.4.335

Insert the following new definitions into the definitions list, in alphanumerical order:

1.4.xxx 1000BASE-KX: IEEE 802.3 Physical Layer specification for 1 Gb/s using 1000BASE-X encoding
over an electrical backplane. (See IEEE 802.3 Clause 70.)

1.4.xxx 10GBASE-KR: IEEE 802.3 Physical Layer specification for 10 Gb/s using 10GBASE-R encoding
over an electrical backplane. (See IEEE 802.3 Clause 72.)

1.4.xxx 10GBASE-KX4: IEEE 802.3 Physical Layer specification for 10 Gb/s using 10GBASE-X
encoding over an electrical backplane. (See IEEE 802.3 Clause 71.)

1.4.xxx Differential Manchester encoding: Data encoding system used in Backplane Ethernet for Auto-

Negotiation signaling and 10GBASE-KR training frame control channel encoding. (See IEEE 802.3
72.6.10.2.2 and 73.5.)

1.5 Abbreviations

Insert the following abbreviations in alphabetical order:

BP backplane
DME Differential Manchester encoding
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AMENDMENT TO IEEE Std 802.3-2005: CSMA/CD IEEE Std 802.3ap-2007

30. Management
30.2.5 Capabilities

Insert the following new rows into Table 30-1e above aSNROpMarginChnlA, and insert the new column
[Forward Error Correction Package (Optional)] in Table 30-1e to the right of 10GBASE-T Operating
Margin package (IEEE Std 802.3an-2006).

Table 30-1e—Capabilities

DTE Repeater MAU

Basic Control Capability (Mandatory)
10GBASE-T Operating Margin Package (Conditional

Forward Error Correction Package (Optional)

1000 Mb/s Burst Monitor Capability (Optional)
Auto-Negotiation Package (Mandatory)

Performance Monitor Capability (Optional)
Basic Package (Mandatory)

Address Tracking Capability (Optional)
Broadband DTE MAU Package (Conditional)

Media Loss Tracking Package (Conditional)
MII Capability (Conditional)

Excessive Deferral Package (Optional)
100/1000 Mb/s Monitor Capability (Optional)

Multiple PHY Package (Optional)
PHY Error Monitor Capability (Optional)

Recommended Package (Optional)
Optional Package (Optional)
PHY Error Monitor Capability (Optional)

Mandatory Package (Mandatory)
Array Package (Optional)

Basic Package (Mandatory)
MAU Control Package (Optional)

oMAU managed object class (30.5.1)

aFECAGbility ATTRIBUTE | GET X
aFECmode ATTRIBUTE | GET-SET X
aFECCorrectedBlocks ATTRIBUTE | GET X
aFECUncorrectableBlocks ATTRIBUTE | GET X

30.3.2.1.3 aPhyTypelList

Change paragraph after “BEHAVIOUR DEFINED AS:” to read:

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, or Clause 73, Auto-Negotiation, is present, then this attribute will map to
the local technology ability or advertised ability of the local device.;

30.5.1.1.2 aMAUType

Insert 1000BASE-KX after 1000BASE-CXFD.

1000BASE-KX X PCS/PMA over an electrical backplane PMD as specified in Clause 70
Insert 10GBASE-KX4 after I0GBASE-CX4.

10GBASE-KX4 X PCS/PMA over an electrical backplane PMD as specified in Clause 71
Insert 10GBASE-KR before 10GBASE-LR.

10GBASE-KR R PCS/PMA over an electrical backplane PMD as specified in Clause 72
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IEEE Std 802.3ap-2007 AMENDMENT TO IEEE Std 802.3-2005: CSMA/CD

Change last two sentences of first paragraph of aMAUType, BEHAVIOUR DEFINED AS as follows:

If Clause 28, er Clause 37, or Clause 73 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.

30.5.1.1.13 aFECADbility
Change first paragraph after “BEHAVIOUR DEFINED AS:” to include Clause 74 as follows:

A read-only value that indicates the if the +000BASE-PX PHY supports the an optional FEC Ssublayer for
forward error correction (see 65.2_and Clause 74).

30.5.1.1.14 aFECmode

Change 30.5.1.1.14 to read as follows:

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 +000BASE-PXPHY optional FEC
Ssublayer for Eforward error correction (see 65.2_and Clause 74).

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. When Clause 73 Auto-Negotiation is enabled
a SET operation is not allowed and a GET operation maps to the variable FEC enabled in
Clause 74.

Ifa Clause 45 MDIO interface to the PCS is present, then this attribute will map to the FEC control
register (see 45.2.7.3) for 1000BASE-PX or FEC enable bit in I0GBASE-R FEC control register

(see 45.2.1.85).;

30.5.1.1.15 aFECCorrectedBlocks

Change 30.5.1.1.15 to read as follows:
ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresetable 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, and 5 000 000 counts per second for 10 Gb/s implementations.

BEHAVIOUR DEFINED AS:
For 1000BASE-PX PHYs_or I0GBASE-R PHYS, a count 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 a Clause 45 MDIO interface to the PCS is present, then this attribute will map to the FEC
corrected blocks counter (see 45.2.7.5_and 45.2.1.86).;
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30.5.1.1.16 aFECUncorrectableBlocks

Change 30.5.1.1.16 to read as follows:
ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresetable 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, and 5 000 000 counts per second for 10 Gb/s implementations.

BEHAVIOUR DEFINED AS:
For 1000BASE-PX PHYs or I0GBASE-R PHYs, a count of uncorrectable FEC blocks. This
counter will not increment for other PHY types.

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

If a Clause 45 MDIO interface to the PCS is present, then this attribute will map to the FEC
uncorrectable blocks counter (see 45.2.7.6_and 45.2.1.87).;

30.6.1.1.3 aAutoNegRemoteSignaling

Change paragraph after “BEHAVIOUR DEFINED AS:” to include reference to DME signals (Clause
73 Auto-Negotiation) as follows:

The value indicates whether the remote end of the link is operating Auto-Negotiation signaling or not. It
shall take the value detected if, during the previous link negotiation, FLP Bursts,~er /C/ ordered_sets (see
36.2.4.10) or DME signals (see 73.5) were received from the remote end.;

30.6.1.1.4 aAutoNegAutoConfig

Change paragraph after “BEHAVIOUR DEFINED AS:” to include reference to Clause 73 parallel
detection as follows:

Indicates whether Auto-Negotiation signaling is in progress or has completed. The enumeration “parallel
detect fail” maps to a failure in parallel detection as defined in 28.2.3.1 or 73.7.4.1.;

30.6.1.1.5 aAutoNeglLocalTechnologyAbility

Change the following entries of the “APPROPRIATE SYNTAX:” section, to include reference to
Annex 28B:
FDX APAUSE Asymmetric PAUSE operation for full duplex links as defined in Clause 37,
Annex 28B. and Annex 31B
FDX SPAUSE Symmetric PAUSE operation for full duplex links as defined in Clause 37,
Annex 28B. and Annex 31B
FDX BPAUSE Asymmetric and Symmetric PAUSE operation for full duplex links as defined in
Clause 37, Annex 28B, and Annex 31B

Insert the following entries of the “APPROPRIATE SYNTAX:” section, after 10GBASE-T (IEEE Std
802.3an-2006):

1000BASE-KXFD Full duplex 1000BASE-KX as specified in Clause 70
10GBASE-KX4FD Full duplex 10GBASE-KX4 as specified in Clause 71
10GBASE-KRFD Full duplex 10GBASE-KR as specified in Clause 72
Rem Fault Remote fault bit (RF) as specified in Clause 73

FEC Capable FEC ability as specified in Clause 74
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30.6.1.1.6 aAutoNegAdvertisedTechnologyAbility

Change first paragraph after “BEHAVIOUR DEFINED AS” to include Clause 73 Auto-Negotiation base
page as follows:

For Clause 28 Auto-Negotiation this GET-SET attribute maps to the Technology Ability field of the Auto-
Negotiation Link Codeword. For Clause 37 Auto-Negotiation, this GET-SET attribute maps to bits D0-D13
of Config Reg base page (see 37.2.1). For Clause 73 Auto-Negotiation, this GET-SET attribute maps to bits

D10-D13 and D21-D47 of Link Codeword base page (see 73.6).

30.6.1.1.7 aAutoNegReceivedTechnologyAbility

Change first paragraph after “BEHAVIOUR DEFINED AS:” to include Clause 73 Auto-Negotiation
base page as follows:

Indicates the advertised technology ability of the remote hardware. For Clause 28 Auto-Negotiation, this
attribute maps to the Technology Ability field of the last received Auto-Negotiation Link Codeword(s). For
Clause 37 Auto-Negotiation, this attribute maps to bits D0-D13 of the received Config_Reg base page (see
37.2.1). For Clause 73 Auto-Negotiation, this attribute maps to bits D10-D13 and D21-D47 of the last
received Link Codeword base page (see 73.6);

30.6.1.1.8 aAutoNegLocalSelectorAbility

Change first paragraph after “BEHAVIOUR DEFINED AS:” to include Clause 73 Auto-Negotiation
Selector field as follows:

This indicates the value of the selector field of the local hardware. Selector field is defined in 28.2.1.2.1 for
Clause 28 Auto-Negotiation devices. The enumeration of the Selector field indicates the standard that
defines the remaining encodings for Auto-Negotiation using that value of enumeration. For Clause 37 Auto-
Negotiation devices, a SET of this attribute will have no effect, and a GET will return the value ethernet. For
Clause 73 Auto-Negotiation devices, the Selector field is defined in 73.6.1.;

30.6.1.1.9 aAutoNegAdvertisedSelectorAbility
Change first paragraph after “BEHAVIOUR DEFINED AS:” as follows:

In the case of Clause 28 Auto-Negotiation, this GET-SET attribute maps to the Message Selector field of the
Auto-Negotiation Link Codeword. For Clause 73 Auto-Negotiation, this attribute maps to the Selector field
of the Clause 73 Auto-Negotiation Link Codeword (see 73.6.1). A SET operation to a value not available in
aAutoNegLocalSelectorAbility will be rejected. A successful SET operation will result in immediate link
renegotiation if aAutoNegAdminState is enabled. For Clause 37 Auto-Negotiation devices, a SET of this
attribute will have no effect, and a GET will return the value ethernet.

30.6.1.1.10 aAutoNegReceivedSelectorAbility
Change first paragraph after “BEHAVIOUR DEFINED AS:” as follows:

In the case of Clause 28 Auto-Negotiation, this attribute indicates the advertised message transmission
ability of the remote hardware. Maps to the Message Selector field of the last received Auto-Negotiation
Link Codeword._For Clause 73 Auto-Negotiation, this attribute indicates the advertised message
transmission ability of the remote hardware and maps to the Selector field of the last received Clause 73
Auto-Negotiation Link Codeword (see 73.6.1). For Clause 37 Auto-Negotiation devices, a SET of this
attribute will have no effect, and a GET will return the value ethernet.;
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36. Physical Coding Sublayer (PCS) and Physical Medium Attachment
(PMA) sublayer, type 1000BASE-X

36.2.5.2.7 Auto-Negotiation process

Change 36.2.5.2.7 as follows:

The Auto-Negotiation process shall provide the means to exchange configuration information between two
devices that share a link segment and to automatically configure both devices to take maximum advantage of

their abilities. When the PCS is used with a PMD other than 1000BASE-KX, Ssee Clause 37 for a
description of the Auto-Negotiation process and Config Reg contents.

Upon successful completion of the Clause 37 Auto-Negotiation process, the xmit flag is set to DATA and
normal link operation is enabled. The Clause 37 Auto-Negotiation process utilizes the PCS Transmit and
Receive processes to convey Config Reg contents.

When the PCS is used with a 1000BASE-KX PMD, see Clause 73 for a description of the Auto-Negotiation
process. The following requirements apply to a PCS used with a 1000BASE-KX PMD. The PCS shall
support the primitive AN_LINK.indication(link status) (see 73.9). The parameter link status shall take the

value FAIL when sync_status=FAIL and the value OK when sync status=OK. The primitive shall be

generated when the value of link_status changes. If Clause 37 Auto-Negotiation is not present, xmit shall be
DATA. If Clause 37 Auto-Negotiation is present, the variable mr_an_enable should be false when

1000BASE-KX operation is negotiated through Clause 73 Auto-Negotiation.

36.7 Protocol implementation conformance statement (PICS) proforma for Clause 36,
Physical Coding Sublayer (PCS) and Physical Medium Attachment (PMA) sublayer,
type 1000BASE-X'

36.7.4.3 State diagrams

Insert SD7 to SD11 to the table as follows:

Item Feature Subclause Value/Comment Status Support

SD7* | Support for use with a 36.2.5.2.7 AN technology dependent interface (0] Yes [ ]
1000BASE-KX PMD described in Clause 73

SD8 AN_LINK.indication 36.2.5.2.7 Support of the primitive SD7:M | Yes[]
primitive AN_LINK.indication(link _status),

when the PCS is used with
1000BASE-KX PMD

SD9 link_status parameter 36.2.5.2.7 Takes the value OK or FAIL, as SD7:M | Yes[]
described in 36.2.5.2.7

SD10 | Generation of 36.2.5.2.7 Generated when the value of SD7:M | Yes|[]
AN_LINK.indication link_status changes
primitive

SDI11 | Value of xmit, when the 36.2.5.2.7 The value of xmit is DATA, when SD7:M | Yes|[]
PCS is used with Clause 37 Auto-Negotiation is not
1000BASE-KX PMD present as described in 36.2.5.2.7

1Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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45. Management Data Input/Output (MDIO) interface

45.2.1 PMA/PMD registers

IEEE Std 802.3ap-2007

Replace the “1.147 through 1.32 767” row of Table 45-3 (IEEE Std 802.3an-2006) with the following

rows:

Table 45-3—PMA/PMD registers

Register address

Register name

1.147 through 1.149

Reserved

1.150

10GBASE-KR PMD control

1.151

10GBASE-KR PMD status

1.152

10GBASE-KR LP coefficient update

1.153

10GBASE-KR LP status report

1.154

10GBASE-KR LD coefficient update

1.155

10GBASE-KR LD status report

1.156 through 1.159

Reserved

1.160

1000BASE-KX control

1.161

1000BASE-KX status

1.162 through 1.169

Reserved

1.170

10GBASE-R FEC ability

1.171

10GBASE-R FEC control

1.172 through 1.173

10GBASE-R FEC corrected blocks counter

1.174 through 1.175

10GBASE-R FEC uncorrected blocks counter

1.176 through 1.32 767

Reserved

45.2.1.1 PMA/PMD control 1 register (Register 1.0)

Change Table 45—4 (IEEE Std 802.3an-2006) to swap bits 13 and 6 to make consistent with Table 22-7:

Table 45-4—PMA/PMD control 1 register bit definitions

Bit(s) Name Description R/W?

1.0.13 Speed selection (LSB) 361.061.0.13 R/W
1 1 =bits 5:2 select speed
1 0= 1000 Mb/s
0 1 =100 Mb/s
0 0=10Mb/s

1.0.6 Speed selection (MSB) $361.061.0.13 R/W
1 1 =bits 5:2 select speed
1 0= 1000 Mb/s
0 1 =100 Mb/s
0 0=10 Mb/s

4R/W = Read/Write
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45.2.1.1.1 Speed selection (1.0.13, 1.0.6, 1.0.5:2)
Delete the following note introduced in IEEE Std 802.3an-2006:

45.2.1.1.2 PMA loopback (1.0.0)

Change second paragraph to read as follows:

The loopback function is mandatory for the 1000BASE-KX, 10GBASE-KR, and 10GBASE-X port types
and optional for all other port types, except 2BASE-TL and 10PASS-TS, which do not support loopback. A
device’s ability to perform the loopback 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 a value 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.

Change the reserved descriptions in Table 45-7 (IEEE Std 802.3aq-2006) as follows:

Table 45-7—PMA/PMD control 2 register bit definitions

Bit(s) Name Description R/W?

1.7.15:4 Reserved Value always 0, writes ignored R/W

1.7.3:0 PMA/PMD type selection R/W

10BASE-T PMA/PMD type
100BASE-TX PMA/PMD type

Reserved 1000BASE-KX PMA/PMD type
= 1000BASE-T PMA/PMD type

Reserved 10GBASE-KR PMA/PMD type
1010 =Reserved I0GBASE-KX4 PMA/PMD type
100 1=10GBASE-T PMA type
1000=10GBASE-LRM PMA/PMD type

011 1=10GBASE-SR PMA/PMD type
0110=10GBASE-LR PMA/PMD type

010 1=10GBASE-ER PMA/PMD type

010 0=10GBASE-LX4 PMA/PMD type

001 1=10GBASE-SW PMA/PMD type

0010 =10GBASE-LW PMA/PMD type

000 1=10GBASE-EW PMA/PMD type

0000 = 10GBASE-CX4 PMA/PMD type

—_— = D
O = o = N

— OO = = —
—_o = O~ O
Il

3R/W = Read/Write
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45.2.1.7.4 Transmit fault (1.8.11)
Change the first paragraph of 45.2.1.7.4 (IEEE Std 802.3aq-2006) as follows:

When read as a one, bit 1.8.11 indicates that the PMA/PMD has detected a fault condition on the transmit
path. When read as a zero, bit 1.8.11 indicates that the PMA/PMD has not detected a fault condition on the
transmit path. Detection of a fault condition on the transmit path is optional and the ability to detect such a
condition is advertised by bit 1.8.13. A PMA/PMD that is unable to detect a fault condition on the transmit
path shall return a value of zero for this bit. The description of the transmit fault function for the
10GBASE-KR PMD is given in 72.6.8, for I0GBASE-LRM serial PMDs is—given in 68.4.8, and for other
serial PMDs in 52.4.8. The description of the transmit fault function for WWDM PMDs is given in 53.4.10.
The description of the transmit fault function for the 10GBASE-CX4 PMD is given in 54.5.10. The
description of the transmit fault function for the 10GBASE-T PMA is given in 55.4.2.2. The description of

the transmit fault function for the 10GBASE-KX4 PMD is given in 71.6.10. The transmit fault bit shall be
implemented with latching high behavior.

45.2.1.7.5 Receive fault (1.8.10)
Change the first paragraph of 45.2.1.7.5 (IEEE Std 802.3a4-2006) as follows:

When read as a one, bit 1.8.10 indicates that the PMA/PMD has detected a fault condition on the receive
path. When read as a zero, bit 1.8.10 indicates that the PMA/PMD has not detected a fault condition on the
receive path. Detection of a fault condition on the receive path is optional and the ability to detect such a
condition is advertised by bit 1.8.12. A PMA/PMD that is unable to detect a fault condition on the receive
path shall return a value of zero for this bit. The description of the receive fault function for the
10GBASE-KR PMD is given in 72.6.9, for I0GBASE-LRM serial PMDs is-given in 68.4.9, and for other
serial PMDs in 52.4.9. The description of the receive fault function for WWDM PMDs is given in 53.4.11.
The description of the receive fault function for the 10GBASE-CX4 PMD is given in 54.5.11. The
description of the receive fault function for the I0GBASE-T PMA is given in 55.4.2.4. The description of
the receive fault function for the I0GBASE-KX4 PMD is given in 71.6.11. The receive fault bit shall be
implemented with latching high behavior.

45.2.1.8 10G PMA/PMD transmit disable register (Register 1.9)

Change the first paragraph of 45.2.1.8 (IEEE Std 802.3aq-2006) as follows:

The assignment of bits in the 10G PMD transmit disable register is shown in Table 45-10. The transmit
disable functionality is optional and a PMD’s ability to perform the transmit disable functionality is
advertised in the PMD transmit disable ability bit 1.8.8. A PMD that does not implement the transmit disable
functionality shall ignore writes to the 10G PMD transmit disable register and may return a value of zero for
all bits. A PMD device that operates using a single wavelength and has implemented the transmit disable
function shall use bit 1.9.0 to control the function. Such devices shall ignore writes to bits 1.9.4:1 and return
a value of zero for those bits when they are read. The transmit disable function for the 10GBASE-KR PMD
is described in 72.6.5, for I0GBASE-LRM serial PMDs is-deseribed in 68.4.7, and for other serial PMDs in
52.4.7 The transmit disable function for wide wavelength division multiplexing (WWDM) PMDs is
described in 53.4.7. The transmit disable function for the 10GBASE-CX4 PMD is described in 54.5.6. The
transmit disable function for I0GBASE-KX4 is described in 71.6.6. The transmit disable function for the
10GBASE-T PMA is described in 55.4.2.3.
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Change Table 45-11 (IEEE Std 802.3aq-2006) as follows:

Table 45-11—PMA/PMD Extended Ability register bit definitions

Bit(s) Name Description R/W?
1.11.15:9 Reserved Ignore on read RO
1.11.8 10BASE-T ability 1 =PMA/PMD is able to perform 10BASE-T RO

0 =PMA/PMD is not able to perform 10BASE-T
1.11.7 100BASE-TX ability 1 =PMA/PMD is able to perform 100BASE-TX RO
0 =PMA/PMD is not able to perform 100BASE-TX
1.11.6 1000BASE-KX ability 1 = PMA/PMD is able to perform 1000BASE-KX RO
Reserved 0 =PMA/PMD is not able to perform 1000BASE-KX
Ienere-enread
1.11.5 1000BASE-T ability 1 =PMA/PMD is able to perform 1000BASE-T RO
0 =PMA/PMD is not able to perform 1000BASE-T
1.11.4 10GBASE-KR ability 1 = PMA/PMD is able to perform 10GBASE-KR RO
Reserved 0 =PMA/PMD is not able to perform 10GBASE-KR
Ienere-enread
1.11.3 10GBASE-KX4 ability 1 = PMA/PMD is able to perform 10GBASE-KX4 RO
Reserved 0=PMA/PMD is not able to perform 10GBASE-KX4
Ienere-onread
1.11.2 10GBASE-T ability 1 =PMA/PMD is able to perform 10GBASE-T RO
0 =PMA/PMD is not able to perform 10GBASE-T
1.11.1 10GBASE-LRM ability 1 =PMA/PMD is able to perform 10GBASE-LRM RO
0 =PMA/PMD is not able to perform 10GBASE-LRM
1.11.0 10GBASE-CX4 ability 1 =PMA/PMD is able to perform 10GBASE-CX4 RO
0 =PMA/PMD is not able to perform 10GBASE-CX4

RO = Read Only

Insert subclauses at the appropriate places in 45.2.1.10 and renumber appropriately:

45.2.1.10.31000BASE-KX ability (1.11.6)

When read as a one, bit 1.11.6 indicates that the PMA/PMD is able to operate as 1000BASE-KX. When read
as a zero, bit 1.11.6 indicates that the PMA/PMD is not able to operate as 1000BASE-KX.

45.2.1.10.5 10GBASE-KR ability (1.11.4)

When read as a one, bit 1.11.4 indicates that the PMA/PMD is able to operate as 10GBASE-KR. When read
as a zero, bit 1.11.4 indicates that the PMA/PMD is not able to operate as 10GBASE-KR.

45.2.1.10.6 10GBASE-KX4 ability (1.11.3)

When read as a one, bit 1.11.3 indicates that the PMA/PMD is able to operate as 10GBASE-KX4. When

read as a zero, bit 1.11.3 indicates that the PMA/PMD is not able to operate as I0GBASE-KX4.
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Insert the following subclauses after 45.2.1.75 (IEEE Std 802.3an-2006) and renumber the following
tables and subclauses as required:

45.2.1.76 10GBASE-KR PMD control register (Register 1.150)

Table 45-53—10GBASE-KR PMD control register

Bit(s)

Name

Description

1.150.15:2

Reserved

Value always zero, writes ignored

RO

1.150.1

Training enable

1 = Enable the I0GBASE-KR start-up protocol
0 = Disable the 10GBASE-KR start-up protocol

1.150.0

Restart training

1 = Reset 10GBASE-KR start-up protocol
0 = Normal operation

SC

#R/W = Read/Write, SC = self-clearing, RO = Read Only

45.2.1.76.1 Restart training (1.150.0)

This bit maps to the state variable mr_restart training as defined in 72.6.10.3.1.

45.2.1.76.2 Training enable (1.150.1)

This bit maps to the state variable mr_training_enable as defined in 72.6.10.3.1.

45.2.1.77 10GBASE-KR PMD status register (Register 1.151)

The assignment of bits in the I0GBASE-KR PMD status register is shown in Table 45-54.

Table 45-54—10GBASE-KR PMD status register

Bit(s)

Name

Description

R/W?

1.151.15:4

Reserved

Value always zero, writes ignored

RO

1.151.3

Training failure

1 = Training failure has been detected
0 = Training failure has not been detected

RO

1.151.2

Start-up protocol status

1 = Start-up protocol in progress
0 = Start-up protocol complete

RO

1.151.1

Frame lock

1 = Training frame delineation detected
0 = Training frame delineation not detected

RO

1.151.0

Receiver status

1 = Receiver trained and ready to receive data
0 = Receiver training

RO

#RO = Read Only
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45.2.1.77.1 Receiver status (1.151.0)

This bit maps to the state variable rx_trained as defined in 72.6.10.3.1.

45.2.1.77.2 Frame lock (1.151.1)

This bit maps to the state variable frame lock as defined in 72.6.10.3.1.

45.2.1.77.3 Start-up protocol status (1.151.2)

This bit maps to the state variable training as defined in 72.6.10.3.1.

45.2.1.77.4 Training failure (1.151.3)
This bit maps to the state variable training_failure as defined in 72.6.10.3.1.
45.2.1.78 10GBASE-KR LP coefficient update register (Register 1.152)

The 10GBASE-KR LP coefficient update register reflects the contents of the first 16-bit word of the training
frame most recently received from the control channel.

The assignment of bits in the I0GBASE-KR LP coefficient update register is shown in Table 45-55.
Normally the bits in this register are read only; however, when training is disabled by setting low bit 1 in the
10GBASE-KR PMD control register, the 10GBASE-KR LP coefficient update register becomes writeable.

45.2.1.78.1 Preset (1.152.13)

The preset control bit requests that the coefficients be set to a state where equalization is turned off. The
function and values of the preset bit is defined in 72.6.10.2.3.1.

45.2.1.78.2 Initialize (1.152.12)

The initialize control is sent to request that the coefficients be set to configure the transmit equalizer to its
INITIALIZE state. The function and values of the initialize bit is defined in 72.6.10.2.3.2.
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45.2.1.78.3 Coefficient (k) update (1.152.5:0)
Each coefficient, £, is assigned a 2-bit field describing a requested update. Three request encodings are

defined: increment, decrement, and hold. The valid range for & is —1 to +1 where & = 0 denotes the main, or
gain, tap. The function and values of the coefficient (k) update bits are defined in 72.6.10.2.3.3.

Table 45-55—10GBASE-KR LP coefficient update register bit definitions

Bit(s) Name Description R/W?
1.152.15:14 Reserved Value always zero, writes ignored RO
1.152.13 Preset 1 = Preset coefficients R/W
0 = Normal operation

1.152.12 Initialize I = Initialize coefficients R/W
0 = Normal operation

1.152.11:6 Reserved Value always zero, writes ignored RO
5 4
1 1=reserved

1.152.5:4 Coefticient (+1) update 0 1=increment R/W
1 0=decrement
0 O0=hold
3 2
1 1=reserved

1.152.3:2 Coefficient (0) update 0 1=increment R/W
1 0=decrement
0 O0=hold
1 0
1 1=reserved

1.152.1:0 Coefficient (—1) update 0 1 =increment R/W
1 0=decrement
0 0=hold

4R/W = Read/Write, RO = Read Only

45.2.1.79 10GBASE-KR LP status report register (Register 1.153)

The 10GBASE-KR LP status report register reflects the contents of the second 16-bit word of the training
frame most recently received from the control channel.
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The assignment of bits in the I0GBASE-KR LP status report register is shown in Table 45-55.

Table 45-56—10GBASE-KR LP status report register bit definitions

Bit(s) Name Description R/W?

1 = The LP receiver has determined that training is
1.153.15 Receiver ready complete and is prepared to receive data RO
0 = The LP receiver is requesting that training continue

1.153.14:6 Reserved Value always 0, writes ignored RO

4

1 = maximum
0 = minimum RO
1 = updated

0 =not_updated

1.153.5:4 Coefficient (+1) status

SO = =

2

1 = maximum
0 = minimum RO
1 = updated

0 =not_updated

1.153.3:2 Coecfficient (0) status

SO = =W

0

1 = maximum
0 = minimum RO
1 = updated

0 =not_updated

1.153.1:0 Coefficient (—1) status

OO = ==

RO = Read Only

45.2.1.79.1 Receiver ready (1.153.15)

The function and values for the receiver ready bit are defined in 72.6.10.2.4.4.

45.2.1.79.2 Coefficient (k) status (1.153.5:0)
The function and values for the coefficient status bits are defined in 72.6.10.2.4.5.
45.2.1.80 10GBASE-KR LD coefficient update register (Register 1.154)

The 10GBASE-KR LD coefficient update register reflects the contents of the first 16-bit word of the
outgoing training frame as defined by the LD receiver adaptation process in 72.6.10.2.5.

The assignment of bits in the I0GBASE-KR LD coefficient update register is shown in Table 45-56.

45.2.1.80.1 Preset (1.154.13)

The function and values of the preset bit is defined in 72.6.10.2.3.1.

45.2.1.80.2 Initialize (1.154.12)

The function and values of the initialize bit is defined in 72.6.10.2.3.2.
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45.2.1.80.3 Coefficient (k) update (1.154.5:0)

The function and values of the coefficient (k) update bits are defined in 72.6.10.2.3.3.

IEEE Std 802.3ap-2007

Table 45-57—10GBASE-KR LD coefficient update register bit definitions

Bit(s) Name Description R/W?
1.154.15:14 Reserved Value always zero, writes ignored RO
1.154.13 Preset 1 = Preset coefficients RO
0 = Normal operation

1.154.12 Initialize | = Initialize coefficients RO
0 = Normal operation

1.154.11:6 Reserved Value always 0, writes ignored RO
5 4
1 1=reserved

1.154.5:4 Coefticient (+1) update 0 1=increment RO
1 0=decrement
0 0=hold
3 2
1 1=reserved

1.154.3:2 Coefficient (0) update 0 1=increment RO
1 0=decrement
0 O0=hold
1 0
1 1=reserved

1.154.1:0 Coefficient (—1) update 0 1 =increment RO
1 0=decrement
0 0=hold

4RO = Read Only

45.2.1.81 10GBASE-KR LD status report register (Register 1.155)

The 10GBASE-KR LD status report register reflects the contents of the second 16-bit word of the current

outgoing training frame, as defined in the training state diagram in Figure 72-5.

Copyright © 2007 IEEE. All rights reserved.
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The assignment of bits in the I0GBASE-KR LD status report register is shown in Table 45-58.

Table 45-58—10GBASE-KR LD status report register bit definitions

Bit(s) Name Description R/W?

1 = The LD receiver has determined that training is
1.155.15 Receiver ready complete and is prepared to receive data RO
0 =The LD receiver is requesting that training continue

1.155.14:6 Reserved Value always 0, writes ignored RO

4

1 = maximum
0 = minimum RO
1 = updated

0 =not_updated

1.155.5:4 Coefficient (+1) status

SO = =l

2

1 = maximum
0 = minimum RO
1 = updated

0 =not_updated

1.155.3:2 Coefficient (0) status

SO = =W

0

1 = maximum
0 = minimum RO
1 = updated

0 =not_updated

1.155.1:0 Coefticient (—1) status

SO~ ==

8RO = Read Only

45.2.1.81.1 Receiver ready (1.155.15)

The function and values for the receiver ready bit are defined in 72.6.10.2.4.4.

45.2.1.81.2 Coefficient (k) status (1.155.5:0)

The function and values for the coefficient status bits are defined in 72.6.10.2.4.5.
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45.2.1.82 1000BASE-KX control register (Register 1.160)

Table 45-59—1000BASE-KX control register

Bit(s) Name Description R/W?
1.160.15:1 Reserved Value always zero, writes ignored RO
g 1 = Disable transmitter output
1.160.0 PMD transmit disable 0 = Enable transmitter output R/W
8RO = Read Only, R/W = Read/Write
45.2.1.82.1 PMD transmit disable (1.160.0)
This bit disables the 1000BASE-KX transmitter as defined in 70.6.5.
45.2.1.83 1000BASE-KX status register (Register 1.161)
Table 45-60—1000BASE-KX status register
Bit(s) Name Description RO?
1.161.15:14 | Reserved Value always zero, writes ignored RO
1 =PMA/PMD has the ability to detect a fault condition
. - on the transmit path
116113 Transmit fault ability 0=PMA/ PMD does not have the ability to detect a fault RO
condition on the transmit path
1 =PMA/PMD has the ability to detect a fault condition
. - on the receive path
L.161.12 Receive fault ability 0=PMA/ PMD does not have the ability to detect a fault RO
condition on the receive path
. 1 = Fault condition on transmit path
L1611 Transmit fault 0 = No fault condition on transmit path LH
. 1 = Fault condition on receive path
116110 Receive fault 0 = No fault condition on receive path LH
1.161.9 Reserved Value always zero, writes ignored RO
1 = PMD has the ability to disable the transmit path
1.161.8 PMD transmit disable ability | 0=PMD does not have the ability to disable the transmit | RO
path
1.161.7:1 Reserved Value always zero, writes ignored RO
1.161.0 Signal detect signal from 1 = PMD has asserted signal detect RO
B PMD 0 =PMD has not asserted signal detect
2RO = Read Only, LH = Latching High
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45.2.1.83.1 PMD transmit fault ability (1.161.13)

When read as a one, bit 1.161.13 indicates that the PMA/PMD has the ability to detect a fault condition on
the transmit path. When read as a zero, bit 1.161.13 indicates that the PMA/PMD does not have the ability to
detect a fault condition on the transmit path.

45.2.1.83.2 PMD receive fault ability (1.161.12)

When read as a one, bit 1.161.12 indicates that the PMA/PMD has the ability to detect a fault condition on
the receive path. When read as a zero, bit 1.161.12 indicates that the PMA/PMD does not have the ability to
detect a fault condition on the receive path.

45.2.1.83.3 PMD transmit fault (1.161.11)

When read as a one, bit 1.161.11 indicates that the PMA/PMD has detected a fault condition on the transmit
path. When read as a zero, bit 1.161.11 indicates that the PMA/PMD has not detected a fault condition on
the transmit path. Detection of a fault condition on the transmit path is optional and the ability to detect such
a condition is advertised by bit 1.161.13. A PMA/PMD that is unable to detect a fault condition on the
transmit path shall return a value of zero for this bit. The transmit fault bit shall be implemented with
latching high behavior.

The default value of bit 1.161.11 is zero.

45.2.1.83.4 PMD receive fault (1.161.10)

When read as a one, bit 1.161.10 indicates that the PMA/PMD has detected a fault condition on the receive
path. When read as a zero, bit 1.161.10 indicates that the PMA/PMD has not detected a fault condition on
the receive path. Detection of a fault condition on the receive path is optional and the ability to detect such a
condition is advertised by bit 1.161.12. A PMA/PMD that is unable to detect a fault condition on the receive
path shall return a value of zero for this bit. The receive fault bit shall be implemented with latching high
behavior.

The default value of bit 1.161.10 is zero.

45.2.1.83.5 PMD transmit disable ability (1.161.8)

When read as a one, bit 1.161.8 indicates that the PMD is able to perform the transmit disable function.
When read as a zero, bit 1.161.8 indicates that the PMD is not able to perform the transmit disable function.

45.2.1.83.6 1000BASE-KX signal detect (1.161.0)

The PMD signal detect function is optional (see 70.6.4). The 1000BASE-X PCS requires signal detect to be
one before synchronization can occur. If the signal detect function is not implemented, this bit is set to one.
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45.2.1.84 10GBASE-R FEC ability register (Register 1.170)

The assignment of bits in the I0GBASE-R FEC ability register is shown in Table 45-61.

Table 45-61—10GBASE-R FEC ability register bit definitions

Bit(s) Name Description R/W?

1.170.15:2 | Reserved Value always zero, writes ignored RO

10GBASE-R FEC error A read of 1 in this bit indicates that the 10GBASE-R

1.170.1 T - PHY is able to report FEC decoding errors to the PCS RO
indication ability layer
o A read of 1 in this bit indicates that the I0GBASE-R
1.170.0 10GBASE-R FEC ability PHY supports FEC RO
4RO Read Only

45.2.1.84.1 10GBASE-R FEC ability (1.170.0)

When read as a one, this bit indicates that the I0GBASE-R PHY supports forward error correction (FEC).
When read as a zero, the I0GBASE-R PHY does not support forward error correction.

45.2.1.84.2 10GBASE-R FEC error indication ability (1.170.1)

When read as a one, this bit indicates that the 10GBASE-R FEC is able to indicate decoding errors to the
PCS layer (see 74.8.3). When read as a zero, the 10GBASE-R FEC is not able to indicate decoding errors to
the PCS layer. I0GBASE-R FEC error indication is controlled by the FEC enable error indication bit in the
FEC control register (see 45.2.1.85.2).

45.2.1.85 10GBASE-R FEC control register (Register 1.171)

The assignment of bits in the I0GBASE-R FEC control register is shown in Table 45-62.

Table 45-62—10GBASE-R FEC control register bit definitions

Bit(s) Name Description R/W?
1.171.15:2 | Reserved Value always zero, writes ignored RO
11711 FEC enable error indication A write of 1 to this bit configures the FEC decoder to RIW
indicate errors to the PCS layer
A write of 1 to this bit enables 10GBASE-R FEC
L1710 FEC enable A write of 0 to this bit disables I0GBASE-R FEC RAW
#R/W = Read/Write, RO Read Only
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45.2.1.85.1 FEC enable (1.171.0)

When written as a one, this bit enables FEC for the 10GBASE-R PHY. When written as a zero, FEC is
disabled in the 10GBASE-R PHY. This bit shall be set to zero upon execution of PHY reset.

45.2.1.85.2 FEC enable error indication (1.171.1)

This bit enables the I0GBASE-R FEC decoder to indicate decoding errors to the upper layers (PCS) through
the sync bits for the 10GBASE-R PHY in the Local Device. When written as a one, this bit enables
indication of decoding errors through the sync bits to the PCS layer. When written as zero, the error
indication function is disabled. Writes to this bit are ignored and reads return a zero if the I0GBASE-R FEC
does not have the ability to indicate decoding errors to the PCS layer (see 45.2.1.84.2 and 74.8.3).

45.2.1.86 10GBASE-R FEC corrected blocks counter (Register 1.172, 1.173)

The assignment of bits in the 10GBASE-R FEC corrected blocks counter register is shown in Table 45-63.
See 74.8.4.1 for a definition of this register. These bits shall be reset to all zeros when the register is read by
the management function or upon PHY reset. These bits shall be held at all ones in the case of overflow.
Registers 1.172 and 1.173 are used to read the value of a 32-bit counter. When registers 1.172 and 1.173 are
used to read the 32-bit counter value, the register 1.172 is read first. The value of the register 1.173 is latched
when (and only when) register 1.172 is read and a subsequent read of register 1.173 returns the latched value
rather than the current value of the counter

Table 45-63—10GBASE-R FEC corrected blocks counter register bit definitions

Bit(s) Name Description R/W?
1.172.15:0 FEC corrected blocks lower | FEC_corrected blocks counter[15:0] Il\{Ig’
1.173.15:0 FEC corrected blocks upper FEC_corrected blocks_counter[31:16] 1131%

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

45.2.1.87 10GBASE-R FEC uncorrected blocks counter (Register 1.174, 1.175)

The assignment of bits in the 10GBASE-R FEC uncorrected blocks counter register is shown in Table
45-64. See 74.8.4.2 for a definition of this register. These bits shall be reset to all zeros when the register is
read by the management function or upon PHY reset. These bits shall be held at all ones in the case of
overflow. Registers 1.174 and 1.175 are used to read the value of a 32-bit counter. When registers 1.174 and
1.175 are used to read the 32-bit counter value, the register 1.174 is read first. The value of the register 1.175
is latched when (and only when) register 1.174 is read and a subsequent read of register 1.175 returns the
latched value rather than the current value of the counter.
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Table 45-64—10GBASE-R FEC uncorrected blocks counter register bit definitions

Bit(s) Name Description R/W?
1.174.15:0 FEC uncorrected blocks lower | FEC_uncorrected blocks counter[15:0] II\{I%
1.175.15:0 FEC uncorrected blocks upper | FEC_uncorrected blocks counter[31:16] Eg

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

45.2.7 Auto-Negotiation registers

Replace the “7.34 through 7.32 767” row in Table 45-133 (IEEE Std 802.3an-2006, Table 45-121) with

the following:

Table 45-133—Auto-Negotiation MMD registers

Register Address

Register name

7.34 through 7.47

Reserved

7.48

BP Ethernet status

7.49 through 7.32 767

Reserved
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45.2.7.2 AN status (Register 7.1)
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Change Table 45-135 (IEEE Std 802.3an-2006, Table 45-123) as follows:

Table 45-135—AN status register

Bit(s) Name Description R/W?

7.1.15:810 | Reserved Value always 0, writes ignored RO
1 = A fault has been detected via the

. parallel detection function RO

119 Paralle] detection fzult 0 = A fault has not been detected via the parallel LH

detection function
7.1.8 Reserved Value always 0, writes ignored RO
1 = Extended Next Page is used

7.1.7 Extended Next Page status 0 = Extended Next Page is not allowed RO

. 1 = A page has been received RO

7.1.6 Page received 0 = A page has not been received LH

i _ 1 = Auto-Negotiation process completed

715 Auto-Negotiation complete 0 = Auto-Negotiation process not completed RO

1 = remote fault condition detected RO

7.1.4 Remote fault 0 = no remote fault condition detected LH

_ - 1 =PHY is able to perform Auto-Negotiation

713 Auto-Negotiation ability 0=PHY is not able to perform Auto-Negotiation RO

. 1 =Link is up RO

7.1.2 Link status 0 = Link is down LL

7.1.1 Reserved Value always 0, writes ignored RO

71.0 Link partner Auto-Negoti- 1 =LP is able to perform Auto-Negotiation RO

o ation ability 0 =LP is not able to perform Auto-Negotiation

2RO = Read Only, LH = Latching High, LL = Latching Low

Insert new subclause 45.2.7.2.1 and renumber as required:

45.2.7.2.1 Parallel detection fault (7.1.9)

The parallel detection Fault bit (7.1.9) shall be set to one to indicate that more than one of 1000BASE-KX or
10GBASE-KX4 PMAs have indicated link status=OK when the autoneg_wait_timer expires. The parallel

detection fault bit shall be reset to zero on a read of the AN status register (Register 7.1).

Change Page received subclause (IEEE Std 802.3an-2006, 45.2.7.2.2) as follows:

45.2.7.2.2 Page received (7.1.6)

The Page Received bit (7.1.6) shall be set to one to indicate that a new Link Codeword has been received
and stored in the AN LP base page ability registers 7.19—-7.21 or AN LP XNP ability registers 7.25-7.27.
The contents of register 716 the AN LP base page ability registers 7.19—7.21 are valid when bit 7.1.6 is set
the first time during the Auto-Negotiation. The Page received bit shall be reset to zero on a read of the AN
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status register (Register 7.1) or if present, the Auto-Negotiation expansion register 6 (see 28.2.4.5). This bit
is a copy of bit 6.1 in register 6, if present (see 28.2.4.1).

Replace subclause 45.2.7.6 from IEEE Std 802.3an-2006 along with its bit definition table with the
following:

45.2.7.6 AN advertisement register (7.16, 7.17, 7.18)

If the BP AN ability bit (7.48.0) in the BP Ethernet status register is set to zero then only 16 bits of the AN
advertisement register are used and they are defined in 28.2.1.2.

If the BP AN ability bit (7.48.0) in the BP Ethernet status register is set to one then all 48 bits are used and
they are defined in 73.6.

The Selector field (7.16.4:0) is set to “IEEE Std 802.3” as specified in Annex 28A. The Acknowledge bit
(7.16.14) is set to zero.

The technology ability field, as defined in 28.2.1.2 and 73.6, represents the technologies supported by the
local device. Only bits representing supported technologies may be set. Management may clear bits in the
technology ability field and restart Auto-Negotiation to negotiate an alternate common mode.

The management entity initiates renegotiation with the link partner using alternate abilities by setting the
Restart Auto-Negotiation bit (7.0.9) in the AN control register to one.

Any writes to this register prior to completion of Auto-Negotiation, as indicated by bit 7.1.5, should be
followed by a renegotiation for the new values to take effect. Once Auto-Negotiation has completed,
software may examine this register along with the LP base page ability register to determine the highest
common denominator technology.

If the Auto-Negotiation advertisement register (Register 4) is present (see 28.2.4.1.3), then this register is a
copy of the Auto-Negotiation advertisement register (Register 4). In this case, reads to the AN advertisement
register (7.16) report the value of the Auto-Negotiation advertisement register (Register 4); writes to the AN
advertisement register (7.16) cause a write to occur to the Auto-Negotiation advertisement register.

The base page value is transferred to mr adv_ability when register 7.16 is written. Therefore, if used,
registers 7.17 and 7.18 should be written before 7.16.

Table 45-136—AN advertisement register bit definitions

Bit(s) Name Description R/W?
7.16.15 Next Page See 28.2.1.2 and 73.6.9 R/W
7.16.14 Acknowledge Value always 0, writes ignored RO
7.16.13 Remote fault See 28.2.1.2 and 73.6.7 R/W
7.16.12:5 D12:D5 See 28.2.1.2 and 73.6 R/W
7.16.4:0 Selector field See Annex 28A R/W
7.17.15:0 D31:D16 See 73.6 R/W
7.18.15:0 D47:D32 See 73.6 R/W

#R/W = Read/Write, RO = Read Only
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NOTE 1—Auto-Negotiation that supports a 48-bit base page uses registers 7.16, 7.17, and 7.18 for storing base page
information; Auto-Negotiation that supports a 16-bit base page only uses register 7.16 for storing base page information.

NOTE 2—Clause 37 1000BASE-X Auto-Negotiation is controlled through Clause 22 registers.

Replace subclause 45.2.7.7 from IEEE Std 802.3an-2006 along with its bit definition table with the
following:

45.2.7.7 AN LP base page ability register (7.19, 7.20, 7.21)

All of the bits in the AN LP base page ability register are read only. A write to the AN LP base page ability
register shall have no effect.

Register 7.19 is a copy of register 5, if present (see 28.2.4.1).

When registers 7.20 and 7.21 are used, the value of the registers 7.20 and 7.21 is latched when register 7.19
is read and reads of registers 7.20 and 7.21 return the latched value rather than the current value.

Bit 7.19.12 is reserved for Backplane Ethernet port types as they do not use Extended Next Pages.

Table 45-137—AN LP base page ability register bit definitions

Bit(s) Name Description RO?
7.19.15:0 D15:D0 See 28.2.1.2 and 73.6 RO
7.20.15:0 D31:D16 See 73.6 RO
7.21.15:0 D47:D32 See 73.6 RO

#RO = Read Only

NOTE—Auto-Negotiation that supports a 48-bit base page uses registers 7.19, 7.20, and 7.21 for storing LP base page
information; Auto-Negotiation that supports a 16-bit base page only uses register 7.19 for storing LP base page
information.

Replace subclause 45.2.7.8 from IEEE Std 802.3an-2006 with the following:
45.2.7.8 AN XNP transmit register (7.22, 7.23, 7.24)

If the BP AN ability bit (7.48.0) in the BP Ethernet status register is set to zero then Extended Next Pages are
enabled by setting bit 7.0.13 to one and the AN XNP transmit register contains the Next Page link codeword
to be transmitted as defined in 28.2.3.4.

If the BP AN ability bit (7.48.0) is set to one then Next Page transmission is always enabled and the register
contains the AN LD Next Page Link Codeword of the BP Ethernet PHY as defined in 73.7.7.1. Even though
Backplane Ethernet does not use Extended Next Pages, XNP is still used in the register name.

On power-up or AN reset, this register shall contain the default value, which represents a Message Page with
the Message Code set to Null Message. This value may be replaced by any valid Extended Next Page
Message Code that the device intends to transmit.

A write to register 7.23 or 7.24 does not set mr_next page loaded. Only a write to register 7.22 sets
mr_next_page loaded true as described in 28.2.4.1.8. Therefore, registers 7.23 and 7.24 register should be
written before register 7.22.
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Change rows in Table 45-138 (IEEE Std 802.3an-2006, Table 45-126) as follows:

Table 45-138—AN XNP transmit register bit definitions

IEEE Std 802.3ap-2007

Bit(s) Name Description R/W?

7.22.15 Next Page See 28.2.3.4 and 73.7.7.1 R/W
7.22.14 Reserved Value always 0, writes ignored RO

7.22.13 Message Page See 28.2.3.4 and 73.7.7.1 R/W
7.22.12 Acknowledge 2 See 28.2.3.4 and 73.7.7.1 R/W
7.22.11 Toggle See 28.2.3.4 and 73.7.7.1 RO

7.22.10:0 Message/Unformatted Code field See 28.2.3.4 and 73.7.7.1 R/W
7.23.15:0 Unformatted Code field 1 See 28.2.3.4 and 73.7.7.1 R/W
7.24.15:0 Unformatted Code field 2 See 28.2.3.4 and 73.7.7.1 R/W

#R/W = Read/Write, RO = Read Only

Change AN LP XNP ability register subclause (IEEE Std 802.3an-2006, 45.2.7.9) as follows:

45.2.7.9 AN LP XNP ability register (7.25, 7.26, 7.27)

AN LP XNP ability register (registers 7.25, 7.26, and 7.27) store link partner Extended Next Pages as shown
in Table 45-140. All of the bits in the AN LP XNP ability register are read only. A write to the AN LP XNP
ability register shall have no effect.

The value of registers 7.26 and 7.27 is latched when register 7.25 is read and reads of registers 7.26 and 7.27

return the latched value rather than the current value.

NOTE—If this register is used to store multiple link partner Extended Next Pages, the previous value of this register is
assumed to be stored by a management entity that needs the information overwritten by subsequent link partner
Extended Next Pages.

Copyright © 2007 IEEE. All rights reserved.
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Change rows in Table 45-139 (IEEE Std 802.3an-2006, Table 45-127) as follows:

Table 45-139—AN LP XNP ability register bit definitions

Bit(s) Name Description RO?
7.25.15 Next Page See 28.2.3.4 and 73.7.7.1 RO
7.25.14 Acknowledge See 28.2.3.4 and 73.7.7.1 RO
7.25.13 Message Page See 28.2.3.4 and 73.7.7.1 RO
7.25.12 Acknowledge 2 See 28.2.3.4 and 73.7.7.1 RO
7.25.11 Toggle See 28.2.3.4 and 73.7.7.1 RO
7.25.10:0 Message/Unformatted Code field See 28.2.3.4 and 73.7.7.1 RO
7.26.15:0 Unformatted Code field 1 See 28.2.3.4 and 73.7.7.1 RO
7.27.15:0 Unformatted Code field 2 See 28.2.3.4 and 73.7.7.1 RO

#RO = Read Only
Insert new subclauses as follows:
45.2.7.12 Backplane Ethernet status (Register 7.48)
The assignment of bits in the Backplane Ethernet status register is shown in Table 45—154.

Table 45-154—Backplane Ethernet status register bit definitions

Bit(s) Name Description RO?

7.48.15:4 Reserved Ignore on read RO
1 =PMA/PMD is negotiated to perform 10GBASE-KR FEC

7.48.4 10GBASE-KR FEC 0 = PMA/PMD is not negotiated to perform 10GBASE-KR | RO

negotiated

FEC
1 = PMA/PMD is negotiated to perform 10GBASE-KR

7.48.3 10GBASE-KR 0 =PMA/PMD is not negotiated to perform 10GBASE-KR RO
1 =PMA/PMD is negotiated to perform 10GBASE-KX4

7:48.2 10GBASE-KX4 0= PMA/PMD is not negotiated to perform 10GBASE-KX4 | RO
1 = PMA/PMD is negotiated to perform 1000BASE-KX

7:48.1 1000BASE-KX 0 =PMA/PMD is not negotiated to perform 1000BASE-KX RO

. If a 1000BASE-KX, 10GBASE-KX4 or I0GBASE-KR
7.48.0 BP AN ability PHY type is implemented, this bit is set to 1 RO

RO = Read Only

45.2.7.12.1 10GBASE-KR FEC negotiated (7.48.4)

When the Auto-Negotiation process has completed as indicated by the AN complete bit (7.1.5), bit 7.48.4
indicates that 10GBASE-KR FEC operation has been negotiated. This bit is set only if 10GBASE-KR
operation has also been negotiated.
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45.2.7.12.2 Negotiated Port Type (7.48.1, 7.48.2, 7.48.3)

When the AN process has been completed as indicated by the AN complete bit, one of the three bits
(1000BASE-KX, I0GBASE-KX4, 10GBASE-KR) indicates the negotiated port type. Only one of the three
bits is set depending on the priority resolution function.

45.2.7.12.3 Backplane Ethernet AN ability (7.48.0)
If a 1000BASE-KX, 10GBASE-KX4, or I0GBASE-KR PHY type is implemented, this bit shall be set to 1.

When read as a one, bit 7.48.0 indicates that the PMA/PMD has the ability to perform Backplane Ethernet
AN. When read as a zero, bit 7.48.0 indicates that the PMA/PMD lacks the ability to perform Backplane
Ethernet AN.
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45.5 Protocol implementation conformance statement (PICS) proforma for
Clause 45, MDIO interface?

45.5.3 PICS proforma tables for Management Data Input Output (MDIO) interface

45.5.3.2 PMA/PMD MMD options

Insert rows to the end of table as follows:

Item Feature Subclause Value/Comment Status Support
*KX Implementation of PMA:O Yes [ ]
1000BASE-KX PMA/PMD No[]
*KX4 Implementation of PMA:O Yes [ ]
10GBASE-KX4 PMA/PMD No ]
*KR Implementation of PMA:O Yes [ ]
10GBASE-KR PMA/PMD No[]
*FEC-R | Implementation of PMA:O Yes [ ]
10GBASE-R FEC No[]

2C0pyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can
be used for its intended purpose and may further publish the completed PICS.
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45.5.3.3 PMA/PMD management functions

Insert rows to the end of the table as follows:

IEEE Std 802.3ap-2007

Item Feature Subclause Value/Comment Status Support
MM109 | A PMA/PMD that is unable to detect | 45.2.1.83.3 KX:M Yes [ ]
a transmit fault returns a value of zero N/AT]
for the transmit fault bit
MM110 | The transmit fault bit is 452.1.83.3 KX:M Yes [ ]
implemented with latching N/AT]
high behavior
MMI111 | A PMA/PMD that is unable to detect | 45.2.1.83.4 KX:M Yes [ ]
a receive fault returns a value of zero N/AT]
for the receive fault bit
MM112 | The receive fault bit is 45.2.1.83.4 KX:M Yes [ ]
implemented with latching high N/A[]
behavior
MM113 | FEC enable is set to zero upon 45.2.1.85.1 FEC-R:M | Yes|[]
execution of PHY reset N/AT]
MM114 | FEC corrected blocks counter is reset | 45.2.1.86 FEC-R:M | Yes|[]
when read or upon PHY reset N/AT]
MM115 | FEC corrected blocks counter is held | 45.2.1.86 FEC-R:M | Yes| ]
at all ones in the case of overflow N/AT]
MM116 | FEC uncorrected blocks counter is 45.2.1.87 FEC-R:M | Yes|]
reset when read or upon PHY reset N/AT]
MM117 | FEC uncorrected blocks counter is 45.2.1.87 FEC-R:M | Yes|]
held at all ones in the case of N/AT]
overflow
MM118 | Backplane Ethernet AN ability bit is 45.2.7.12.3 KX:M Yes [ ]
set to 1 for I000BASE-KX, KX4:M N/AT]
10GBASE-KX4, and 10GBASE-KR KR:M
PHYs
45.5.3.8 Auto-Negotiation options
Insert rows at the end of the table as follows:
Item Feature Subclause Value/Comment Status Support
*AB Implementation of Backplane 45.2.7 AN:M Yes [ ]
Ethernet Auto-Negotiation No[]
N/AT]
*ABN | Implementation of Next Page 45.2.7 AB:M Yes [ ]
support for Backplane Ethernet No []
Auto-Negotiation N/A T[]
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45.5.3.9 Auto-Negotiation management functions

Change AM?22 introduced by IEEE Std 802.3an-2006 as follows:

Item Feature Subclause Value/Comment Status Support
AM22 Writing the bit to one is 452.7.1.4 AN:M Yes [ ]
ignored if 7.1.3 =0 or N/AT]
Auto-Negotiation is disabled

Insert rows at the end of the table as follows:

Item Feature Subclause Value/Comment Status Support

AMS5 Parallel detection fault (7.1.9) 452.7.2.1 ONE to indicate more than one AB:M Yes [ ]
Backplane Ethernet PMA indi- N/AT]
cates link status of OK when
autoneg_wait_timer expires.

AMS56 Parallel detection fault clearing | 45.2.7.2.1 ZERO on read of the AN status AN:M Yes [ ]

register. N/AT]
AMS7 Bit 7.48.0 set to 1 452.7.12.3 Set to 1 if KX, KX4, or KR AB:M Yes [ ]
PHY is implemented. N/A[]
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