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Abstract: This amendment to IEEE Std 802.3–2008 specifies changes to several existing physical
layers to enable energy-efficient operation of Ethernet. Changes to 10BASE-T include a reduction
in transmit voltage requirements. Changes to 100BASE-TX, 1000BASE-T, 10GBASE-T,
1000BASE-KX, 10GBASE-KX4 and 10GBASE-KR include the definition of a Low Power Idle (LPI)
mode and mechanisms to communicate and manage the entry and exit into and out of LPI and the
operation of this mode. New Link Layer Discovery Protocol (LLDP) TLVs are defined for negotiating
system level energy-efficiency parameters.
Keywords: 10BASE-T, 100BASE-TX, 1000BASE-KX, 1000BASE-T, 10GBASE-KR, 10GBASE-
KX4, 10GBASE-T, Backplane Ethernet, Energy-Efficient Ethernet (EEE), IEEE 802.3az, LLDP,
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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 or the soundness of any judgments 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 specific 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, or every ten years for stabilization. When a document is more than five years old and has not been
reaffirmed, or more than ten years old and has not been stabilized, 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 his or her independent
judgment in the exercise of reasonable care in any given circumstances or, as appropriate, seek the advice of a competent
professional in determining the appropriateness of a given IEEE standard.

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. A statement, written or oral, that is not
processed in accordance with the IEEE-SA Standards Board Operations Manual shall not be considered the official position
of IEEE or any of its committees and shall not be considered to be, nor be relied upon as, a formal interpretation of the
IEEE. 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 affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Recommendations to change the status of a stabilized standard should include a rationale as to why a
revision or withdrawal is required. Comments and recommendations 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

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 802.3az-2010).

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 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 802.3ae™ 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, and are superseded by, IEEE Std 802.3-2008 and are not maintained as
separate documents.

At the time of publication of IEEE Std 802.3az-2010, IEEE Std 802.3 consists of the following documents:

IEEE Std 802.3-2008
Section One—Includes Clause 1 through Clause 20, Annex A through Annex H, and Annex 4A.
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 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.

Section Four—Includes Clause 44 through Clause 55 and Annex 44A through Annex 55B. 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 57A through Annex 74A.
Clause 56 through Clause 67 and associated annexes specify subscriber access and other 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 802.3 format frames between stations in a subscriber
access network. Clause 68 specifies a 10 Gb/s Physical Layer specification. Clause 69 through

This introduction is not part of IEEE Std 802.3az-2010, 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 5: Media Access Control Parameters, Physical Layers, and Management
Parameters for Energy-Efficient Ethernet.
iv Copyright © 2010 IEEE. All rights reserved.
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Clause 74 and associated annexes specify Ethernet operation over electrical backplanes at speeds of
1000 Mb/s and 10 Gb/s.

IEEE Std 802.3av™-2009
This amendment includes changes to IEEE Std 802.3-2008 and adds Clause 75 through Clause 77
and Annex 75A through Annex 76A. This amendment adds new Physical Layers for 10 Gb/s
operation on point-to-multipoint passive optical networks.

IEEE Std 802.3bc™-2009
This amendment includes changes to IEEE Std 802.3-2008 and adds Clause 79. This amendment
moves the Ethernet Organizationally Specific Type, Length, Value (TLV) information elements that
were specified in IEEE Std 802.1AB™ to IEEE Std 802.3.

IEEE Std 802.3at™-2009
This amendment includes changes to IEEE Std 802.3-2008. This amendment augments the
capabilities of IEEE Std 802.3-2008 with higher power levels and improved power management
information.

IEEE Std 802.3™-2008/Cor 1–2009
This corrigendum corrects the PAUSE reaction timing delay value for the 10GBASE-T PHY type.

IEEE Std 802.3ba™-2010
This amendment includes changes to IEEE Std 802.3-2008 and adds Clause 80 through Clause 88
and Annex 83A through Annex 83C, Annex 85A, and Annex 86A. This amendment adds MAC
parameters, Physical Layers, and management parameters for the transfer of IEEE 802.3 format
frames at 40 Gb/s and 100 Gb/s.

IEEE Std 802.3az-2010
This amendment includes changes to IEEE Std 802.3-2008 and adds Clause 78. This amendment
adds changes required to enable energy-efficient operation of several existing Physical Layers.

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.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so. 

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and private
uses. These include both use, by reference, in laws and regulations, and use in private self-regulation,
standardization, and the promotion of engineering practices and methods. By making this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.
Copyright © 2010 IEEE. All rights reserved. v
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Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance
of amendments, corrigenda, or errata, visit the IEEE Standards Association website at http://
ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA website at http://standards.ieee.org.

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.

Downloads

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

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. 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 provided in connection with submission of a Letter of
Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory. Users of this
standard are expressly advised that determination of the validity of any patent rights, and the risk of
infringement of such rights, is entirely their own responsibility. Further information may be obtained from
the IEEE Standards Association.
vi Copyright © 2010 IEEE. All rights reserved.
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Participants

The following individuals were officers and members of the IEEE 802.3 Working Group at the beginning of
the working group ballot. Individuals may have not voted, voted for approval, disapproval, or abstained on
this amendment:

David J. Law, Working Group Chair
Wael William Diab, Working Group Vice Chair

Steven B. Carlson, Working Group Executive Secretary
Adam Healey, Working Group Secretary

Bradley Booth, Working Group Treasurer

Michael Bennett, IEEE P802.3az Energy-Efficient Ethernet Task Force Chair
Sanjay Kasturia, IEEE P802.3az Energy-Efficient Ethernet Task Force Editor-in-Chief

IEEE P802.3az Energy-Efficient Ethernet Clause Editors
Hugh Barrass
Mandeep Chadha
Joseph Chou

Wael William Diab
Adam Healey
David Koenen
Gavin Parnaby

Velu Pillai
Dimitry Taich
Anoop Vetteth

Ghani Abbas
John Abbott
Akira Agata
Arne Alping
Yehuda Alush
Peter Anslow
Vittal Balasubramanian
Thananya Baldwin
Jaya Bandyopadhyay
Jim Barnette
Denis Beaudoin
Jon Beckwith
Christian Beia
Ernest Bergmann
Ralf-Peter Braun
Dirk Breuer
Alan Brown
Matthew Brown
Robert Busse
Maurice Caldwell
J. Martin Carroll
David Chalupsky
Sun-Hyok Chang
Frank Chang
Jian Chen
Hwan-Seok Chung
Terry Cobb
Christopher R. Cole
Doug Coleman
Herbert V. Congdon
Charles Cook
John D’Ambrosia
Fumio Daido
Yair Darshan
Piers Dawe

Bill Delveaux
Bryan Dietz
Chris Diminico
Thomas Dineen
Thuyen Dinh
Daniel Dove
Michael Dudek
Joseph Dupuis
Frank Effenberger
George Eisler
David Estes
John Ewen
Daniel Feldman
Dongning Feng
Alan Flatman
Howard M. Frazier
Ilango S. Ganga
Ali Ghiasi
Dimitrios Giannakopoulos
Larry Green
Michael Grimwood
Robert Grow
Mark Gustlin
Paul Gyugyi
Marek Hajduczenia
Hiroshi Hamano
Bernie Hammond
Jeffrey Heath
Ryan Hirth
Rita Horner
Dean Huumala
Thong Huynh
Hiroki Ikeda
Kazuhiko Ishibe
Osamu Ishida

Hideki Isono
Hirotake Iwadate
Qiaofeng Jiang
Wenbin Jiang
Thomas K. Joergensen
Chad Jones
Bheom-Soon Joo
Yasuaki Kawatsu
Seung-Hwan Kim
Yongbum Kim
Mitsunobu Kimura
Scott Kipp
Shoukei Kobayashi
Paul Kolesar
Seiji Kozaki
Glen Kramer
Yasuyuki Kuroda
Toshihiko Kusano
Hans Lackner
Lowell Lamb
D. Matthew Landry
Jeff Lapak
Ryan Latchman
Kyusang Lee
Andreas Lenkisch
Raymond W. K. Leung
Mike Peng Li
Ru Jian Lin
Robert Lingle
Raul Lozano
Sharon Lutz
Eric Lynskey
Anthony Magee
Valerie Maguire
Jeffery J. Maki
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Jeff Mandin
Carlo Mariotti
Arthur Marris
Phil McClay
Michael S. McCormack
John McDonough
Jim McGrath
Greg McSorley
Richard Mellitz
Jeffrey Meyer
Brian Misek
Merrick Moeller
Andy Moorwood
Kazuyuki Mori
Shimon Muller
Angela Muscat
Gerard Nadeau
Edward Nakamoto
Jay Neer
Gary Nicholl
Paul Nikolich
George Noh
Ronald Nordin
Ahmad Nouri
Mark Nowell
Satoshi Obara
David Ofelt
Gourgen Oganessyan
Akihiro Otaka

George Oulundsen
Thomas Palkert
Sesha Panguluri
Shashi Patel
Martin Patoka
Petar Pepeljugoski
Gerald Pepper
John Petrilla
Rick Pimpinella
Scott Powell
Holger Quast
Rick Rabinovich
Randy Rannow
Duane Remein
Tamir Reshef
Michael Ressl
June-Koo (Kevin) Rhee
Sam Sambasivan
Ramesh Sastry
Olindo Savi
Edward Sayre
Frederick Schindler
Shawn Searles
Khorvash (Kory) Sefidvash
Murat Serbay
Farhad Shafai
Masayuki Shigematsu
Jong-Yoon Shin
Jesse Simsarian
Bryan Sparrowhawk

Olaf Storaasli
Alan Sugg
Ken-Ichi Suzuki
Naoki Suzuki
Steve Swanson
Andre Szczepanek
Akio Tajima
Hidenori Takahashi
Motoyuki Takizawa
Patricia Thaler
Sashi Thiagarajan
Geoffrey Thompson
Hidehiro Toyoda
Nathan Tracy
Mario Traeber
Matthew Traverso
Stephen Trowbridge
Shinji Tsuji
Eddie Tsumura
Brad Turner
Alexander Umnov
Sterling A. Vaden
Paul Vanderlaan
Albert Vareljian
Andrew Weitzner
Masaki Yasukawa
George Young
George Zimmerman
Pavel Zivny
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The following members of the individual balloting committee voted on this standard. Balloters may have
voted for approval, disapproval, or abstention.

Thomas Alexander
Richard Alfvin
Peter Anslow
Butch Anton
Jacob Ben Ary
Hugh Barrass
Leslie Baxter
Michael Bennett
Tomo Bogataj
Bradley Booth
Ralf-Peter Braun
Matthew Brown
William Byrd
Steven B. Carlson
Juan Carreon
Mandeep Chadha
Keith Chow
Charles Cook
Fumio Daido
John D’Ambrosia
Wael William Diab
Thomas Dineen
Daniel Dove
Michael Dudek
Sourav Dutta
Frank Effenberger
C. Fitzgerald
Howard M. Frazier
Yukihiro Fujimoto
Ilango S. Ganga
Devon Gayle
Larry Green
Randall Groves
Robert Grow
Mark Gustlin
C. Guy
Stephen Haddock

Marek Hajduczenia
Hiroshi Hamano
Adam Healey
Rita Horner
David Hunter
James Innis
Akio Iso
Atsushi Ito
Raj Jain
Thomas K. Joergensen
Shinkyo Kaku
Piotr Karocki
Stuart J. Kerry
Yongbum Kim
Mitsunobu Kimura
Scott Kipp
Gerald L. Kolbe
Seiji Kozaki
Bruce P. Kraemer
Paul Lambert
D. Matthew Landry
Jeremy Landt
David J. Law
David Lewis
Li Li
Ru Jian Lin
William Lumpkins
G. Luri
Eric Lynskey
Elvis Maculuba
Valerie Maguire
Mark Maloney
Arthur Marris
Peter Martini
Jonathon Mclendon
Richard Mellitz

Avygdor Moise
Charles Moorwood
Jose Morales
Michael S. Newman
Nick S. A. Nikjoo
Paul Nikolich
Kevin Noll
Satoshi Obara
Thomas Palkert
Gavin Parnaby
Glenn Parsons
Petar Pepeljugoski
Subburajan Ponnuswamy
Venkatesha Prasad
Maximilian Riegel
Robert Robinson
Randall Safier
Bartien Sayogo
Benson Schliesser
Rich Seifert
Oren Sela
Gil Shultz
Kapil Sood
Amjad Soomro
Matthew Squire
Manikantan Srinivasan
Thomas Starai
Walter Struppler
Joseph Tardo
Patricia Thaler
David Thompson
Edward J. Turner
Mark-Rene Uchida
Kunpeng Wu
Oren Yuen
Janusz Zalewski
Zhen Zhou
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When the IEEE-SA Standards Board approved this amendment on 30 September 2010, it had the following
membership:

Robert M. Grow, Chair
Richard H. Hulett, Vice Chair

Steve M. Mills, Past Chair
Judith Gorman, Secretary

*Member Emeritus

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Satish K. Aggarwal, NRC Representative
Richard DeBlasio, DOE Representative
Michael Janezic, NIST Representative

Michelle Turner
IEEE Standards Program Manager, Document Development

Kathryn Bennet
IEEE Standards Program Manager, Technical Program Development

Karen Bartleson
Victor Berman
Ted Burse
Clint Chaplin
Andy Drozd
Alexander Gelman
Jim Hughes

Young Kyun Kim
Joseph L. Koepfinger*
John Kulick
David J. Law
Hung Ling
Oleg Logvinov
Ted Olsen

Ronald C. Petersen
Thomas Prevost
Jon Walter Rosdahl
Sam Sciacca
Mike Seavey
Curtis Siller
Don Wright
x Copyright © 2010 IEEE. All rights reserved.
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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 on your machine, the editors apologize, and
hope that this table will at least help you to sort out the meaning of the resulting funny-shaped blobs and strokes.

Special symbols and operators

Printed character Meaning Font

∗ Boolean AND Symbol

+ Boolean OR, arithmetic addition Symbol

^ Boolean XOR Times New Roman

! Boolean NOT Symbol

× Multiplication Symbol

< Less than Symbol

≤ Less than or equal to Symbol

> Greater than Symbol

≥ Greater than or equal to Symbol

= Equal to Symbol

≈ Approximately equal to Symbol

≠ Not equal to Symbol

⇐ Assignment operator Symbol

∈ Indicates membership Symbol

∉ Indicates nonmembership Symbol

± Plus or minus (a tolerance) Symbol

° Degrees Symbol

∑ Summation Symbol

√ 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

‡ Double dagger Times New Roman

α Lower case alpha Symbol

β Lower case beta Symbol

γ Lower case gamma Symbol

δ Lower case delta Symbol

ε Lower case epsilon Symbol

λ Lower case lambda Symbol

µ Lower case mu Times New Roman

Π Upper case pi Symbol

Ω Upper case omega Symbol
Copyright © 2010 IEEE. All rights reserved. xi
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Amendment 5: Media Access Control Parameters, 
Physical Layers, and Management Parameters for 
Energy-Efficient Ethernet

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection. Implementers of the standard are responsible for determining appropriate
safety, security, environmental, and health practices or regulatory requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.”
They can also be obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/
disclaimers.html.

(This amendment is based on IEEE Std 802.3™-2008.)

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.1

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 strikethrough (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. Editing instructions, change markings, and this
NOTE will not be carried over into future editions because the changes will be incorporated into the base
standard.

1Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
Copyright © 2010 IEEE. All rights reserved. 1
uthorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 05:00:19 UTC from IEEE Xplore.  Restrictions apply. 

ails: IEEE 802.3az-2010

http://standards.ieee.org/IPR/disclaimers.html
http://standards.ieee.org/IPR/disclaimers.html
http://www.avadocuments.com/doc/ieee-802-3az-2010
http://www.avadocuments.com/doc/ieee-802-3az-2010


IEEE Std 802.3az-2010 AMENDMENT TO IEEE Std 802.3-2008: CSMA/CD

A

Full document det
1. Introduction 

1.4 Definitions

Insert the following new definitions into the definitions list, in alphanumeric order, as follows:

10BASE-Te: IEEE 802.3 Physical Layer specification for an energy-efficient version of 10BASE-T for a
10 Mb/s CSMA/CD local area network over two pairs of Category 5 or better-balanced cabling. (See
IEEE Std 802.3, Clause 14.)

Low Power Idle (LPI) mode: An optional mode intended to save power that may be enabled during periods
of low link utilization in which either side of a link may disable portions of device or system functionality.

1.5 Abbreviations

Insert the following new abbreviations into the abbreviations list, in alphabetical order, as follows:

EEE Energy-Efficient Ethernet

LPI Low Power Idle
2 Copyright © 2010 IEEE. All rights reserved.
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Change the clause heading as follows:

14.Twisted-pair medium attachment unit (MAU) and baseband medium, 
type 10BASE-T including type 10BASE-Te

14.1 Scope

14.1.1 Overview

Change the first paragraph of 14.1.1 as follows and insert a NOTE after the first paragraph:

Clause 14 defines the functional, electrical, and mechanical characteristics of the type 10BASE-T MAU and
one specific medium for use with that MAU. This clause also specifies the functional, electrical, and
mechanical characteristics of the energy-efficient version of 10BASE-T, the type 10BASE-Te MAU, and
one specific medium for use with that MAU. The relationship of this clause to the entire ISO/IEC
8802-3IEEE 802.3 LAN International Standard is shown in Figure 14–1. The purpose of the MAU is to
provide a simple, inexpensive, and flexible means of attaching devices to the medium.

NOTE—Support for both 10BASE-T and 10BASE-Te signal levels in a single device is not required.

This MAU and medium specification is aimed primarily at office applications where twisted-pair cable is
often installed. Installation and reconfiguration simplicity is allowed by the type of cable and connectors
used.

The 10BASE-T specification builds upon Clause 1 through Clause 7 and Clause 9 of this standard.

14.1.1.1 Medium Attachment Unit (MAU)

Insert items i) and j) into the lettered list of general characteristics in 14.1.1.1 as follows:

The MAU has the following general characteristics:

a) Enables coupling the Physical Signaling (PLS) sublayer by way of the Attachment Unit Interface
(AUI) to the baseband twisted-pair link defined in Clause 14.

b) Supports message traffic at a data rate of 10 Mb/s.
c) Provides for operating over 0 m to at least 100 m of twisted pair without the use of a repeater. 
d) Permits the Data Terminal Equipment (DTE) or repeater to confirm operation of the MAU and avail-

ability of the medium.
e) Supports network configurations using the CSMA/CD access method defined in this standard with

baseband signaling.
f) Supports a point-to-point interconnection between MAUs and, when used with repeaters having

multiple ports, supports a star wiring topology.
g) Allows incorporation of the MAU within the physical bounds of a DTE or repeater.
h) Allows for either half duplex operation, full duplex operation, or both.
i) Provides for operation with reduced peak differential voltage on the TD circuit for type 10BASE-Te.

A 10BASE-Te MAU interoperates with a 10BASE-T MAU if the minimum cabling requirements of
a 10BASE-Te MAU are met.

j) All references to 10BASE-T include 10BASE-Te unless otherwise stated.

14.1.1.3 Twisted-pair media 

Change the first paragraph of 14.1.1.3 as follows:
Copyright © 2010 IEEE. All rights reserved. 3
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The medium for 10BASE-T is twisted-pair wire. The performance specifications of the 10BASE-T except
10BASE-Te simplex link segment are contained in 14.4. This wiring normally consists of 0.4 mm to 0.6 mm
diameter [26 AWG to 22 AWG] unshielded wire in a multipair cable. The performance specifications are
generally met by 100 m of 0.5 mm telephone twisted pair. Longer lengths are permitted providing the
simplex link segment meets the requirements of 14.4. A length of 100 m, the design objective, will be used
when referring to the length of a twisted-pair link segment.

Insert the following paragraph and NOTE in 14.1.1.3 after the first paragraph:

The medium for 10BASE-Te is twisted-pair wire. The performance specifications of the 10BASE-Te
simplex link segment (either pure 10BASE-Te or mixed 10BASE-T, 10BASE-Te) is a channel meeting or
exceeding the requirements of the Class D channel specified by ISO/IEC 11801:1995. These channel
requirements can also be met by the Category 5 channel specified by ANSI/TIA/EIA-568-B:2001.

NOTE—ISO/IEC 11801:2002 provides a specification for media that exceeds the minimum requirements of this
standard.

14.3.1 MAU-to-MDI interface characteristics

14.3.1.2 Transmitter specifications

Change the third paragraph of 14.3.1.2 as follows:

Some tests in this subclause require the use of an equivalent circuit that models the distortion introduced by
a simplex link segment. This twisted-pair model shall be constructed according to Figure 14–7 for a type
10BASE-T MAU that is not a type 10BASE-Te MAU and according to Figure 14–7a for a type 10BASE-Te
MAU with component tolerances as follows: Resistors, ±1%; capacitors, ±5%; inductors, ±10%.
Component tolerance specifications shall be met from 5.0 MHz to 15 MHz. For all measurements, the TD
circuit shall be connected through a balun to section 1 and the signal measured across a load connected to
section 4 of the model. The balun shall not affect the peak differential output voltage specified in 14.3.1.2.1
by more than 1% when inserted between the 100 Ω resistive load and the TD circuit. Also, the value of the
resistor that is in series with the inductors includes the series resistance of the inductor itself. The actual
value of the resistor that is used is computed by subtracting the series resistance of the inductor from the
resistor value shown in the figure.

The For a type 10BASE-T MAU that is not a type 10BASE-Te MAU, the insertion loss of the twisted-pair
model when measured with a 100 Ω source and 100 Ω load shall be between 9.70 dB and 10.45 dB at
10 MHz, and between 6.50 dB and 7.05 dB at 5 MHz.

Insert the following paragraph and Figure 14–7a (showing new twisted-pair model) after Figure 14–7 as
follows:

For a type 10BASE-Te MAU, the insertion loss of the twisted-pair model when measured with a 100 Ω
source and 100 Ω load shall be between 6.8 dB and 7.4 dB at 10 MHz, and between 4.75 dB and 5.25 dB at
5 MHz.
4 Copyright © 2010 IEEE. All rights reserved.
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14.3.1.2.1 Differential output voltage

Some of the text and figures of this subclause describe the differential voltage in terms of magnitudes. These
requirements apply to negative as well as positive pulses.
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Figure 14–7—Twisted-pair model for 10BASE-T
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Figure 14–7a—Twisted-pair model for 10BASE-Te
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Change the second and third paragraphs of 14.3.1.2.1 as follows:

The peak differential voltage on the TD circuit when terminated with a 100 Ω resistive load shall be between
2.2 V and 2.8 V for all data sequences for a type 10BASE-T MAU that is not a type 10BASE-Te MAU. For
a type 10BASE-Te MAU, the peak differential voltage on the TD circuit when terminated with a 100 Ω
resistive load shall be between 1.54 V and 1.96 V for all data sequences. When the DO circuit is driven by
an all-ones Manchester-encoded signal, any harmonic measured on the TD circuit shall be at least 27 dB
below the fundamental.

NOTE—The specification on maximum spectral components is not intended to ensure compliance with regulations
concerning RF emissions. The implementor should consider any applicable local, national, or international regulations.
Additional filtering of spectral components may therefore be necessary.

The output signal Vo, is defined at the output of the twisted-pair model as shown in Figure 14-8. The specific
twisted-pair model used in Figure 14–8 shall be the equivalent circuit shown in Figure 14–7 for 10BASE-T
except 10BASE-Te and shall be the equivalent circuit shown in Figure 14–7a for 10BASE-Te. The TD
transmitter shall provide equalization such that the output waveform shall fall within the template shown in
Figure 14–9 for all data sequences. Voltage and time coordinates for inflection points on Figure 14–9 are
given in Table 14–1. (Zero crossing points are different for external and internal MAUs. The zero crossings
depicted in Figure 14–9 apply to an external MAU.) The template voltage may be scaled by a factor of 0.9 to
1.1 but any scaling below 0.9 or above 1.1 shall not be allowed. The recommended measurement procedure
is described in B.4.3.1. Time t = 0 on the template represents a zero crossing, with positive slope, of the
output waveform. During this test the twisted-pair model shall be terminated in 100 Ω and driven by a
transmitter with a Manchester-encoded pseudo-random sequence with a minimum repetition period of
511 bits.

Change the fifth, sixth, and seventh paragraphs of 14.3.1.2.1 as follows:

The TP_IDL shall always start with a positive waveform when a waveform conforming to Figure 7-12 is
applied to the DO circuit. If the last bit transmitted was a CD1, the last transition will be at the bit cell center
of the CD1. If the last bit transmitted was a CD0, the PLS will generate an additional transition at the bit cell
boundary following the CD0. After the zero crossing of the last transition, the differential voltage shall
remain within the shaded area of Figure 14–10. Once the differential voltage has gone more negative than
–50 mV, it shall not exceed +50 mV. The template requirements of Figure 14–10 shall be met when
measured across each of the test loads defined in Figure 14–11, both with the load connected directly to the
TD circuit and with the load connected through the twisted-pair model as defined in Figure 14–7
and Figure 14–8 for 10BASE-T except 10BASE-Te, and Figure 14–7a and Figure 14–8 for 10BASE-Te.

The link test pulse shall be a single positive (TD+ lead positive with respect to TD– lead) pulse, which falls within
the shaded area of Figure 14–12. Once the differential output voltage has become more negative than –50 mV, it
shall remain less than +50 mV. The template requirements of Figure 14–12 shall be met when measured across
each of the test loads defined in Figure 14–11; both with the load connected directly to the TD circuit and with the
load connected through the twisted-pair model as defined in Figure 14–7 and Figure 14–8 for 10BASE-T
except 10BASE-Te, and Figure 14–7a and Figure 14–8 for 10BASE-Te. 

For a MAU that implements the Auto-Negotiation algorithm defined in Clause 28, the FLP Burst Sequence
will consist of multiple link test pulses. All link test pulses in the FLP Burst sequence shall meet the
template requirements of Figure 14–12 when measured across each of the test loads defined in Figure 14–11;
both with the load connected directly to the TD circuit and with the load connected through the twisted-pair
model as defined in Figure 14–7 and Figure 14–8 for 10BASE-T except 10BASE-Te,– and Figure 14–7a
and Figure 14–8 for 10BASE-Te.
6 Copyright © 2010 IEEE. All rights reserved.
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14.4 Characteristics of the simplex link segment

14.4.1 Overview

Change the first paragraph of 14.4.1 as follows:

The medium for 10BASE-T is twisted-pair wiring. Since aA significant number of 10BASE-T networks are
expected to be installed utilizing in-place unshielded telephone wiring and typical telephony installation
practices, the end-to-end path including different types of wiring, cable connectors, and cross connects must
be considered. Typically, a DTE connects to a wall outlet using a twisted-pair patch cord. Wall outlets
connect through building wiring and a cross connect to the repeater MAU in a wiring closet.

Insert a new paragraph after the first paragraph of 14.4.1, before the NOTE, as follows:

The medium for 10BASE-Te is twisted-pair wire. The requirements of the 10BASE-Te simplex link
segment (either pure 10BASE-Te or mixed 10BASE-T, 10BASE-Te) are equivalent to the requirements of
the Class D channel specified by ISO/IEC 11801:1995. This requirement can also be met by Category 5
cable and components as specified in ANSI/TIA/EIA-568-B:2001.

14.4.2 Transmission parameters

14.4.2.1 Insertion loss 

Change the first paragraph of 14.4.2.1 as follows:

The insertion loss of a simplex link segment shall be no more than 11.5 dB at all frequencies between
5.0 MHz and 10 MHz for a 10BASE-T MAU that is not a 10BASE-Te MAU. For a 10BASE-Te MAU, the
insertion loss of a simplex link segment shall be no more than 8.5 dB at all frequencies between 5.0 MHz
and 10 MHz. This consists of the attenuation of the twisted pairs, connector losses, and reflection losses due
to impedance mismatches between the various components of the simplex link segment. The insertion loss
specification shall be met when the simplex link segment is terminated in source and load impedances that
satisfy 14.3.1.2.2 and 14.3.1.3.4.

14.5 MDI specification

14.5.2 Crossover function

Change the last sentence of the first paragraph of 14.5.2 as follows:

Additionally, the MDI connector for a MAU that implements the a fixed crossover function shall be marked
with the graphical symbol “X”. Internal and external crossover functions are shown in Figure 14–22.

14.8 MAU labeling

Change lettered list items c) and d) and insert a new item e) as follows:

It is recommended that each MAU (and supporting documentation) be labeled in a manner visible to the user
with at least these parameters:

a) Data rate capability in Mb/s,
b) Power level in terms of maximum current drain (for external MAUs),
c) Any applicable safety warnings, and
Copyright © 2010 IEEE. All rights reserved. 7
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d) Duplex capabilities., and
e) Which of the two specifications is implemented, i.e., 10BASE-T or 10BASE-Te (not both).

Change the title of 14.10 as follows:

14.10 Protocol implementation conformance statement (PICS) proforma for 
Clause 14, twisted-pair medium attachment unit (MAU) and baseband medium, 
type 10BASE-T and type 10BASE-Te2

14.10.3 Identification of the protocol

Change the first row of the table in 14.10.3 as follows:

Insert the following text in the table after the first row:

14.10.4 PICS proforma for 10BASE-T

14.10.4.5 PICS proforma tables for MAU

14.10.4.5.12 Transmitter specification

Change TS1 and insert TS2 into the table, renumbering subsequent entries in the PICS, as follows:

2Copyright 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. 

IEEE Std 802.3-2008, Clause 14, Twisted-pair medium attachment unit (MAU) 
and baseband medium, type 10BASE-T except type 10BASE-Te

Y [ ] N [ ]

IEEE Std 802.3-2008, Clause 14, Twisted-pair medium attachment unit (MAU) 
and baseband medium, type 10BASE-Te

Y [ ] N [ ]

Parameter Subclause Req Imp Value/Comment

TS1 Peak differential output 
voltage on TD circuit for a 
type 10BASE-T MAU that 
is not a type 10BASE-Te 
MAU

14.3.1.2.1 CM Conditional on whether it is a type 
10BASE-T MAU that is not a type 
10BASE-Te MAU, 2.2 to 2.8 V

TS2 Peak differential output 
voltage on TD circuit for a 
type 10BASE-Te MAU

14.3.1.2.1 C Conditional on whether it is a type 
10BASE-Te MAU, 1.54 to 1.96 V
8 Copyright © 2010 IEEE. All rights reserved.
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14.10.4.7 PICS proforma tables for 10BASE-T link segment

14.10.4.7.1 10BASE-T link segment characteristics

Change LS4 and insert LS5 into the table, renumbering the subsequent entries in the PICS, as follows:

Parameter Subclause Req Imp Value/Comment 

LS4 Insertion loss, 5.0 to 
10 MHz for a type 
10BASE-T MAU that is 
not a type 10BASE-Te 
MAU

14.4.2.1 CM Conditional on whether it is a type 
10BASE-T MAU that is not a type 
10BASE-Te MAU, ≤ 11.5 dB

LS5 Insertion loss, 5.0 to 
10 MHz for a type 
10BASE-Te MAU

14.4.2.1 C Conditional on whether it is a type 
10BASE-Te MAU, ≤ 8.5 dB
Copyright © 2010 IEEE. All rights reserved. 9
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22. Reconciliation Sublayer (RS) and Media Independent Interface (MII)

22.2 Functional specifications

Change 22.2.1 for LPI function as follows:

22.2.1 Mapping of MII signals to PLS service primitives and Station Management

The Reconciliation sublayer maps the signals provided at the MII to the PLS service primitives defined in
Clause 6. The PLS service primitives provided by the Reconciliation sublayer behave in exactly the same
manner as defined in Clause 6. The MII signals are defined in detail in 22.2.2. The mapping is changed if
EEE capability is supported (see 78.3), as described in 22.6a. EEE capability requires the use of the MAC
defined in Annex 4A for simplified full duplex operation (with carrier sense deferral). This provides full
duplex operation but uses the carrier sense signal to defer transmission when the PHY is in its low power
state.

Figure 22–3 depicts a schematic view of the Reconciliation sublayer inputs and outputs, and demonstrates
that the MII management interface is controlled by the station management entity (STA).

Figure 22–3—Reconciliation Sublayer (RS) inputs and outputs,
 and STA connections to MII
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PLS_DATA.request

PLS_DATA.indication
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MDIO
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22.2.1.3 Mapping of PLS_CARRIER.indication

Change 22.2.1.3.1 and 22.2.1.3.2 as follows:

22.2.1.3.1 Semantics of the service primitive

PLS_CARRIER.indication (CARRIER_STATUS)

The CARRIER_STATUS parameter can take one of two values: CARRIER_ON or CARRIER_OFF. The
values CARRIER_ON and CARRIER_OFF are derived from the MII signal CRS, and the LPI assert
function if the EEE capability supported (see 22.6a.2).

22.2.1.3.2 When generated

The PLS_CARRIER.indication service primitive is generated by the Reconciliation sublayer whenever the
CARRIER_STATUS parameter changes from CARRIER_ON to CARRIER_OFF or vice versa.

While the RX_DV signal is de-asserted, any transition of the CRS signal from de-asserted to asserted must
cause a transition of CARRIER_STATUS from the CARRIER_OFF to the CARRIER_ON value, and any
transition of the CRS signal from asserted to de-asserted must cause a transition of CARRIER_STATUS
from the CARRIER_ON to the CARRIER_OFF value. Any transition of the CRS signal from de-asserted to
asserted must cause a transition of CARRIER_STATUS from the CARRIER_OFF to the CARRIER_ON
value, and any transition of the CRS signal from asserted to de-asserted must cause a transition of
CARRIER_STATUS from the CARRIER_ON to the CARRIER_OFF value.

NOTE—The behavior of the CRS signal is specified within this clause so that it can be mapped directly (with the
appropriate implementation-specific synchronization) to the carrierSense variable in the MAC process Deference, which
is described in 4.2.8. The behavior of the RX_DV signal is specified within this clause so that it can be mapped directly
to the receiveDataValid variable in the MAC process BitReceiver, which is described in 4.2.9, provided that the MAC
processBitReceiver is implemented to receive a nibble of data on each cycle through the inner loop.

For EEE capability, CARRIER_STATUS is overridden according to the behavior of the LPI transmit state
diagram (see Figure 22–19b). The signal CRS has no effect on CARRIER_STATUS while in states
LPI_ASSERTED and LPI_WAIT. A transition to the LPI_ASSERTED state in the transmit LPI state
diagram shall cause a transition of CARRIER_STATUS from the CARRIER_OFF to the CARRIER_ON
value, and a transition to the LPI_DEASSERTED state in the transmit LPI state diagram shall cause a
transition of CARRIER_STATUS from the CARRIER_ON to the CARRIER_OFF value.

22.2.2 MII signal functional specifications

Change the last paragraph of 22.2.2.2 and NOTE as follows:

22.2.2.2 RX_CLK (receive clock)

Transitions from nominal clock to recovered clock or from recovered clock to nominal clock shall be made
only while RX_DV is de-asserted. During the interval between the assertion of CRS and the assertion of
RX_DV at the beginning of a frame, the PHY may extend a cycle of RX_CLK by holding it in either the
high or low condition until the PHY has successfully locked onto the recovered clock. Following the de-
assertion of RX_DV at the end of a frame or while the PHY is asserting LPI, the PHY may extend a cycle of
RX_CLK by holding it in either the high or low condition for an interval that shall not exceed twice the
nominal clock period. For EEE capability, RX_CLK may be stopped by the PHY during LPI when the Clock
stop enable bit is asserted (see 22.2.2.8a and 45.2.3.1.3a).

NOTE—This standard neither requires nor assumes a guaranteed phase relationship between the RX_CLK and
TX_CLK signals. See additional information in 22.2.4.1.5 and 22.2.2.8a.
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Change 22.2.2.4 for TXD definition as follows:

22.2.2.4 TXD (transmit data)

TXD is a bundle of 4 data signals (TXD<3:0>) that are driven by the Reconciliation sublayer. TXD<3:0>
shall transition synchronously with respect to the TX_CLK. For each TX_CLK period in which TX_EN is
asserted, TXD<3:0> are accepted for transmission by the PHY. TXD<0 >is the least significant bit. While
TX_EN and TX_ER are both is de-asserted, TXD<3:0> shall have no effect upon the PHY.

For EEE capability, the RS shall use the combination of TX_EN de-asserted, TX_ER asserted, and
TXD<3:0> equal to 0001 as shown in Table 22–1 as a request to enter, or remain in a low power state. Other
values of TXD<3:0> with this combination of TX_EN and TX_ER shall have no effect upon the PHY.

Figure 22–4 depicts TXD<3:0> behavior during the transmission of a frame.

Table 22–1 summarizes the permissible encodings of TXD<3:0>, TX_EN, and TX_ER.

22.2.2.5 TX/ER (transmit coding error)

Insert a new subclause 22.2.2.5a after 22.2.2.5 as follows:

22.2.2.5a Transmit direction LPI transition

When the transmit LPI state diagram is in state LPI_ASSERTED, the LPI client requests the PHY to
transition to the LPI state by de-asserting TX_EN, asserting TX_ER, and setting TXD<3:0> to 0001. The
LPI client maintains the same state for these signals for the entire time that the PHY is to remain in the LPI
state.

The LPI client requests the PHY to transition out of the LPI state by de-asserting TX_ER and TXD. The LPI
client should not assert TX_EN for valid transmit data until after the resolved wake up time specified for the
PHY.

Table 22–1—Permissible encodings of TXD<3:0>, TX_EN, and TX_ER

TX_EN TX_ER TXD<3:0> Indication

0 0 0000 through 1111 Normal interframe

0 1 0000 through 1111 Reserved

0 1 0000 Reserved

0 1 0001 Assert LPI

0 1 0010 through 1111 Reserved

1 0 0000 through 1111 Normal data transmission

1 1 0000 through 1111 Transmit error propagation
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Figure 22–6a shows the behavior of TX_EN, TX_ER, and TXD<3:0> during the transition into and out of
the LPI state.

Table 22–1 summarizes the permissible encodings of TXD<3:0>, TX_EN, and TX_ER.

Insert the following between the second and third paragraphs of 22.2.2.7:

22.2.2.7 RXD (receive data)

For EEE capability, the PHY indicates that it is receiving LPI by asserting the RX_ER signal and driving the
value 0001 onto RXD<3:0> while RX_DV is de-asserted.

Change Table 22-2 as follows:

Table 22–2—Permissible encoding of RXD<3:0>, RX_ER, and RX_DV

RX_DV RX_ER RXD<3:0> Indication

0 0 0000 through 1111 Normal interframe

0 1 0000 Normal interframe

0 1 0001 through 1101 Reserved

0 1 0001 Assert LPI

0 1 0010 through 1101 Reserved

0 1 1110 False Carrier indication

0 1 1111 Reserved

1 0 0000 through 1111 Normal data reception

1 1 0000 through 1111 Data reception with errors

Figure 22–6a—LPI transition

TX_CLK

TX_EN

TXD<3:0>

TX_ER

0001 x x x x

enter low exit low
power state power state

wake time

PLS_CARRIER.indication
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14 Copyright © 2010 IEEE. All rights reserved.

uthorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 05:00:19 UTC from IEEE Xplore.  Restrictions apply. 

ails: IEEE 802.3az-2010

http://www.avadocuments.com/doc/ieee-802-3az-2010
http://www.avadocuments.com/doc/ieee-802-3az-2010


 
AMENDMENT TO IEEE Std 802.3-2008: CSMA/CD IEEE Std 802.3az-2010

A

Full document det
22.2.2.8 RX_ER (receive error)

Insert a new subclause 22.2.2.8a after 22.2.2.8 as follows:

22.2.2.8a Receive direction LPI transition

When the PHY receives signals from the link partner to indicate transition into the low power state, it
indicates this to the LPI client by asserting RX_ER and setting RXD<3:0> to 0001 while keeping RX_DV
de-asserted. The PHY maintains these signals in this state while it remains in the low power state. When the
PHY receives signals from the link partner to indicate transition out of the low power state, it indicates this
to the LPI client by de-asserting RX_ER and returning to a normal interframe state.

While the PHY device is indicating LPI, it may halt the RX_CLK at any time more than 9 clock cycles after
the start of the low power state as shown in (Figure 22–9a) if and only if the Clock stop enable bit is asserted
(see 45.2.3.1.3a). The PHY may restart RX_CLK at any time while it is asserting LPI, but shall restart
RX_CLK so that at least one positive transition occurs before it de-asserts LPI.

Figure 22–9a shows the behavior of RX_ER, RX_DV and RXD<3:0> during LPI transitions.

22.6 Mechanical characteristics

Insert a new subclause 22.6a before 22.7 as follows:

22.6a LPI assertion and detection

Certain PHYs support Energy-Efficient Ethernet (EEF) (see Clause 78). PHYs with EEE capability support
LPI assertion and detection. LPI operation and the LPI client are described in 78.1. LPI signaling allows the
LPI client to signal to the PHY and to the link partner that an interruption in the data stream is expected and
components may use this information to enter power-saving modes that require additional time to resume
normal operation. Similarly, it allows the LPI client to understand that the link partner has sent such an
indication. LPI signaling on the MII is specified only for 100 Mb/s operation.

Figure 22–9a—LPI transitions (receiver)
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The LPI assertion and detection mechanism fits conceptually between the PLS Service Primitives and the
MII signals as shown in Figure 22–19a. 

The definition of TX_EN, TX_ER and TXD<3:0> is derived from the state of PLS_DATA.request
(22.2.1.1), except when it is overridden by an assertion of LP_IDLE.request. Similarly, RX_ER and
RXD<3:0> are mapped to PLS_DATA.indication except when LP_IDLE is detected. CRS is mapped to
PLS_CARRIER.indication except when LP_IDLE.request is asserted or the wake timer has yet to expire.
The timing of PLS_CARRIER.indication when used for the LPI function is controlled by the LPI transmit
state diagram.

22.6a.1 LPI messages

LP_IDLE.indication(LPI_INDICATION)
A primitive that indicates to the LPI client that the PHY has detected the assertion or de-assertion
of LPI from the link partner.
Values:DEASSERT: The link partner is operating with normal interframe behavior (default).

ASSERT: The link partner has asserted LPI.
LP_IDLE.request(LPI_REQUEST)

The LPI_REQUEST parameter can take one of two values: ASSERT or DE-ASSERT. ASSERT
initiates the signaling of LPI to the link partner. DE-ASSERT stops the signaling of LPI to the link
partner. The effect of receipt of this primitive is undefined if link_status is not OK (see 28.2.6.1.1)
or if LPI_REQUEST=ASSERT within 1 second of the change of link_status to OK.

22.6a.2 Transmit LPI state diagram

The operation of LPI in the PHY requires that the MAC does not send valid data for a time after LPI has
been de-asserted as governed by resolved Transmit Tw_sys defined in 78.4.2.3.

LP_IDLE.request

LP_IDLE.indication

Figure 22–19a—LPI assertion and detection mechanism
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This wake up time is enforced by the transmit LPI state diagram and the rules mapping
CARRIER_SENSE.indication defined in 22.2.1.3. The implementation shall conform to the behavior
described by the transmit LPI state diagram shown in Figure 22–19b.

22.6a.2.1 Conventions

The notation used in the state diagram follows the conventions of 21.5.

22.6a.2.2 Variables and counters

The transmit LPI state diagram uses the following variables and counters:

power_on
Condition that is true until such time as the power supply for the device that contains the RS has
reached the operating region.
Values:FALSE: The device is completely powered (default).

TRUE: The device has not been completely powered.
rs_reset

Used by management to control the resetting of the RS.
Values:FALSE: Do not reset the RS (default).

TRUE: Reset the RS.
tw_timer

A timer that counts the time since the de-assertion of LPI. The terminal count of the timer shall be
the value of the resolved Tw_sys_tx as defined in 78.2 and 78.4. The minimum value of Tw_sys_tx
shall be 30 μs for 100BASE-TX. Signal tw_timer_done is asserted on reaching its terminal count.

22.6a.2.3 State diagram

Figure 22–19b—Transmit LPI state diagram
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22.6a.3 Considerations for transmit system behavior

The transmit system should expect that egress data flow will be halted for at least resolved Tw_sys_tx (see
78.2) time, in microseconds, after it requests the de-assertion of LPI. Buffering and queue management
should be designed to accommodate this.

22.6a.3.1 Considerations for receive system behavior

The mapping function of the Reconciliation Sublayer shall continue to signal IDLE on PLS_DATA.indicate
while it is detecting LP_IDLE on the MII. The receive system should be aware that data frames may arrive
at the MII following the de-assertion of LPI_INDICATION with a delay corresponding to the link partner’s
resolved Tw_sys_rx (as specified in 78.5) time, in microseconds.

22.7 Protocol implementation conformance statement (PICS) proforma for Clause 22, 
Reconciliation Sublayer (RS) and Media Independent Interface (MII)3

22.7.2 Identification

Insert the following row at the end of the table in 22.7.2.3:

22.7.2.3 Major capabilities/options  

3Copyright 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. 

Item Feature Subclause Status Support Value/Comment

*LPI Implementation of LPI 22.6a O
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22.7.3 PICS proforma tables for reconciliation sublayer and media independent interface

22.7.3.2 MII signal functional specifications

Insert a new subclause 22.7.3.2a after 22.7.3.2:

22.7.3.2a LPI functions

Item Feature Subclause Status Support Value/Comment

L1 Transitions to 
LPI_ASSERTED and 
LPI_DEASSERTED reflected 
in CARRIER_STATUS

22.2.1.3.2 LPI:M

L2 RX_CLK max high/low time 
while the PHY is asserting LPI

22.2.2.2 LPI:M Max 2 times the nominal 
period

L3 Assertion of LPI as defined in 
Table 22–1

22.2.2.4 LPI:M

L4 RX_CLK stoppable during LPI 22.2.2.8a LPI:O At least 9 cycles after LPI 
assertion

L5 RX_CLK restart before LPI 
deasserted

22.2.2.8a LPI:O At least 1 positive edge before 
LPI de-assertion

L6 Behavior matches the transmit 
LPI state diagram

22.6a.2 LPI:M

L7 Terminal count for tw_timer 22.6a.2.2 LPI:M Based on resolved Tw_sys_tx

L8 RS continues to indicate IDLE 
on PLS_DATA.indicate

22.6a.3.1 LPI:M
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