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Abstract: Ethernet local area network operation is specified for selected speeds of operation from
1 Mb/s to 100 Gb/s using a common media access control (MAC) specification and management
information base (MIB). The Carrier Sense Multiple Access with Collision Detection (CSMA/CD)
MAC protocol specifies shared medium (half duplex) operation, as well as full duplex operation.
Speed specific Media Independent Interfaces (Mlls) allow use of selected Physical Layer devices
(PHY) for operation over coaxial, twisted-pair or fiber optic cables. System considerations for
multisegment shared access networks describe the use of Repeaters that are defined for
operational speeds up to 1000 Mb/s. Local Area Network (LAN) operation is supported at all
speeds. Other specified capabilities include various PHY types for access networks, PHYs
suitable for metropolitan area network applications, and the provision of power over selected
twisted-pair PHY types.

Keywords: 10BASE; 100BASE; 1000BASE; 10GBASE; 40GBASE; 100GBASE; 10 Gigabit
Ethernet; 40 Gigabit Ethernet; 100 Gigabit Ethernet; attachment unit interface; AUI; Auto
Negotiation; Backplane Ethernet; data processing; DTE Power via the MDI; EPON; Ethernet;
Ethernet in the First Mile; Ethernet passive optical network; Fast Ethernet; Gigabit Ethernet; GMII;
information exchange; IEEE 802.3; local area network; management; medium dependent interface;
media independent interface; MDI; MIB; MIl; PHY; physical coding sublayer; Physical Layer;
physical medium attachment; PMA; Power over Ethernet; repeater; type field; VLAN TAG; XGMII

The Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue, New York, NY 10016-5997, USA

Copyright © 2012 by The Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published 28 December 2012. Printed in the United States of America.

IEEE and 802 are registered trademarks in the U.S. Patent & Trademark Office, owned by The Institute of Electrical and
Electronics Engineers, Incorporated.

PDF: ISBN 973-07381-7312-2 STD97287
Print: ISBN 973-07381-7327-6 STDPD97287

IEEE prohibits discrimination, harassment and bullying. For more information, visit http:/www.ieee.org/web/aboutus/whatis/policies/p9-26.html.
No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior
written permission of the publisher.

Petitioners' EX1040 Page 4


http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html

Notice and Disclaimer of Liability Concerning the Use of IEEE Documents: IEEE Standards documents are
developed within the IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association
(IEEE-SA) Standards Board. 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 IEEE administers the process and establishes rules to promote fairness in the consensus development process,
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. 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 any IEEE Standard document.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, 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 in its standards 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 ten years. When a document is more than ten years old and has not undergone a revision process, 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 its standards available, IEEE is not suggesting or rendering professional or other services for,
or on behalf of, any person or entity. Nor is IEEE undertaking to perform any duty owed by any other person or entity to
another. Any person utilizing any IEEE Standards document, should rely upon his or her own 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.

Translations: The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the approved IEEE
standard.

Official Statements: 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 position of 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 of IEEE.

Comments on Standards: Comments for revision of IEEE Standards documents are welcome from any interested party,
regardless of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a proposed
change of text, together with appropriate supporting comments. Since IEEE standards represent a consensus of
concerned interests, it is important to ensure that any responses to comments and questions also receive 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 comments or questions except in those cases where the matter has
previously been addressed. Any person who would like to participate in evaluating comments or revisions to an IEEE
standard is welcome to join the relevant IEEE working group at http://standards.ieee.org/develop/wg/.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Photocopies: 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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Notice to users

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE standards document 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.

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 IJEEE-SA website 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.

Errata

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

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 by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA website http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent 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.

Essential Patent Claims may exist for which a Letter 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 nondiscriminatory. Users of this standard are expressly advised that

iv Copyright © 2012 IEEE. All rights reserved.
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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.

Participants

The following individuals were officers of the IEEE 802.3 working group at the beginning of the working
group ballot of this revision:

David J. Law, Working Group Chair
Wael William Diab, Working Group Vice-Chair
Adam Healey, Working Group Secretary
Steven B. Carlson, Working Group Executive Secretary
Valerie Maguire, Working Group Treasurer

Wael William Diab, /EEE P802.3 (802.3bh) Task Force Chair and Chief Editor
Valerie Maguire, [EEE P802.3 (802.3bh) Task Force Recording Secretary and Clause Editor
Peter Anslow, /EEE P802.3 (802.3bh) Task Force Section Editor
Marek Hajduczenia, /EEE P802.3 (802.3bh) Task Force Section Editor

Historical participants

The following individuals participated in the IEEE 802.3 working group during various stages of the
standard’s development. Since the initial publication, many IEEE standards have added functionality or
provided updates to material included in this standard. Included is a historical list of participants who have
dedicated their valuable time, energy, and knowledge to the creation of this material:

Date approved by

IEEE Std 802.3 document IEEE and ANSI

Officers at the time of working group ballot

IEEE Std 802.3-1985, Origi-
nal 10 Mb/s standard, MAC,
PLS, AUI, 10BASES5S

IEEE Std 802.3a-1988
(Clause 10), 10 Mb/s MAU
10BASE2

IEEE Std 802.3b-1985
(Clause 11), 10 Mb/s Broad-
band MAU, 10BROAD36

IEEE Std 802.3¢c-1985 (9.1-
9.8), 10 Mb/s Baseband
Repeater

IEEE Std 802.3d-1987 (9.9),
10 Mb/s Fiber MAU, FOIRL

IEEE Std 802.3¢-1987
(Clause 12), 1 Mb/s MAU and
Hub 1BASES5

IEEE Std 802.3h-1990
(Clause 5), 10 Mb/s Layer
Management, DTEs

IEEE Std 802.3i-1990
(Clauses 13 and 14), 10 Mb/s
UTP MAU, 10 BASE-T

23 June 1983 (IEEE)
31 December 1984

(ANSI)

15 November 1985
(IEEE)
28 December 1987

(ANSI)

19 September 1985
(IEEE)
28 February 1986 (ANSI)

12 December 1985
(IEEE)
4 June 1986 (ANSI)

10 December 1987
(IEEE)
9 February 1989 (ANSI)

11 June 1987 (IEEE)
15 December 1987

(ANSI)

28 September 1990
(IEEE)
11 March 1991 (ANSI)

28 September 1990
(IEEE)
11 March 1991 (ANSI)

Copyright © 2012 IEEE. All rights reserved.

Donald C. Loughry, Working Group Chair

Donald C. Loughry, Working Group Chair
Alan Flatman, Task Force Chair

Donald C. Loughry, Working Group Chair
Menachem Abraham, Tusk Force Chair

Donald C. Loughry, Working Group Chair
Geoffrey O. Thompson, Task Force Chair

Donald C. Loughry, Working Group Chair
Steven Moustakas, Task Force Chair

Donald C. Loughry, Working Group Chair
Robert Galin, Task Force Chair

Donald C. Loughry, Working Group Chair
Andy J. Luque, 7ask Force Chair

Donald C. Loughry, Working Group Chair
Patricia Thaler, Tusk Force Chair (initial)
Richard Anderson, Task Force Chair (final)
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vi

IEEE Std 802.3 document

IEEE Std 802.3j-1993
(Clauses 15-18), 10 Mb/s
Fiber MAUs

10BASE-FP, 10BASE-FB,
and

10BASE-FL

IEEE Std 802.3k-1993
(Clause 19), 10 Mb/s Layer
Management, Repeaters

IEEE Std 802.3/-1992 (14.10),
10 Mb/s PICS Proforma
10BASE-T MAU

IEEE Std 802.3m-1995,
Maintenance 2

IEEE Std 802.3n-1995,
Maintenance 3

IEEE Std 802.3p-1993
(Clause 20), Management, 10
Mb/s Integrated MAUs

IEEE Std 802.3q-1993
(Clause 5), 10 Mb/s Layer
Management, GDMO Format

IEEE Std 802.3r-1996 (8.8),
Type 10BASE5 Medium
Attachment Unit PICS
proforma

IEEE Std 802.3s-1995,
Maintenance 4

IEEE Std 802.3t-1995, 120 Q
informative annex to
10BASE-T

IEEE Std 802.3u-1995
(Clauses 21-30), Type
100BASE-T MAC parame-
ters, Physical Layer, MAUs,
and Repeater for 100 Mb/s
Operation

IEEE Std 802.3v-1995, 150 Q
informative annex to
10BASE-T

IEEE Std 802.3x-1997 and
IEEE Std 802.3y-1997 (Revi-
sions to IEEE Std 802.3,
Clauses 31 and 32), Full-
Duplex Operation and Type
100BASE-T2

IEEE Std 802.3z-1998
(Clauses 34-39, 41-42), Type
1000BASE-X MAC Parame-
ters, Physical Layer, Repeater,
and Management Parameters
for 1000 Mb/s Operation

IEEE Std 802.3aa-1998,
Maintenance 5

Date approved by
IEEE and ANSI

15 September 1993
(IEEE)
15 March 1994 (ANSI)

17 September 1992
(IEEE)
8 March 1993 (ANSI)

17 September 1992
(IEEE)
23 February 1993 (ANSI)

21 September 1995
(IEEE)
16 July 1996 (ANSI)

21 September 1995
(IEEE)
4 April 1996 (ANSI)

17 June 1993 (IEEE)
4 January 1994 (ANSI)

17 June 1993 (IEEE)
4 January 1994 (ANSI)

29 July 1996 (IEEE)
6 January 1997 (ANSI)

21 September 1995
(IEEE)
8 April 1996 (ANSI)

14 June 1995 (IEEE)
12 January 1996 (ANSI)

14 June 1995 (IEEE)
4 April 1996 (ANSI)

12 December 1995
(IEEE)
16 July 1996 (ANSI)

20 March 1997 (IEEE)
5 September 1997 (ANSI)

25 June 1998 (IEEE)

25 June 1998 (IEEE)

Officers at the time of working group ballot

Patricia Thaler, Working Group Chair
Keith Amundsen, Task Force Chair (initial)
Frederick Scholl, 7ask Force Chair (final)
Michael E. Lee, Technical Editor

Patricia Thaler, Working Group Chair
Joseph S. Skorupa, Task Force Chair
Geoffrey O. Thompson, Vice Chair and Editor

Patricia Thaler, Working Group Chair

Mike Armstrong, Task Force Chair and Editor
Paul Nikolich, Vice Chair

William Randle, Editorial Coordinator

Patricia Thaler, Working Group Chair
Gary Robinson, Maintenance Chair

Patricia Thaler, Working Group Chair
Gary Robinson, Maintenance Chair

Patricia Thaler, Working Group Chair
Joseph S. Skorupa, Task Force Chair
Geoffrey O. Thompson, Vice Chair and Editor

Patricia Thaler, Working Group Chair
Joseph S. Skorupa, Task Force Chair
Geoffrey O. Thompson, Vice Chair and Editor

Patricia Thaler, Working Group Chair
Imre Juhasz, Task Force Chair
William Randle, 7ask Force Editor

Geoffrey O. Thompson, Working Group Chair
Gary Robinson, Maintenance Chair

Geoffrey O. Thompson, Working Group Chair
Jacques Christ, Tusk Force Chair

Geoffrey O. Thompson, Working Group Chair
Peter Tarrant, Tusk Force Chair (Phase 1)
Howard Frazier, Task Force Chair (Phase 2)
Paul Sherer, Task Force Editor-in-Chief (Phase 1)

Howard Johnson, Task Force Editor-in-Chief (Phase 2)

Colin Mick, Task Force Comment Editor

Geoffrey O. Thompson, Working Group Chair
Larry Nicholson, Task Force Chair

Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair

Rich Seifert, Task Force Chair and Editor (802.3x)
J. Scott Carter, Task Force Chair (802.3y)

Colin Mick, Task Force Editor (802.3y)

Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair
Howard M. Frazier, Jr., Task Force Chair
Howard W. Johnson, Task Force Editor

Geoffrey O. Thompson, Working Group Chair
Colin Mick, Task Force Editor

Copyright © 2012 IEEE. All rights reserved.
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Date approved by
IEEE Std 802.3 document IEEE and ANSI
IEEE Std 802.3ab-1999
(Clause 40), Physical Layer
Parameters and Specifications
for 1000 Mb/s Operation Over
4 Pair of Category 5 Balanced
Copper Cabling, Type
1000BASE-T

IEEE Std 802.3ac-1998,
Frame Extensions for Virtual
Bridged Local Area Network
(VLAN) Tagging on IEEE
802.3 Networks

IEEE Std 802.3ad-2000
(Clause 43), Aggregation of
Multiple Link

Segments

26 June 1999 (IEEE)

16 September 1998
(IEEE)

30 March 2000 (IEEE)

IEEE Std 802.3-2002

(IEEE 802.3ag, Maintenance
6, Revision of the base), Car-
rier Sense Multiple Access
with Collision Detection
(CSMA/CD) access method
and Physical Layer
specifications

IEEE Std 802.3ae-2002,
(Clauses 44-53) Media
Access Control (MAC)
Parameters, Physical Layers,
and Management Parameters
for 10 Gb/s Operation

14 January 2002 (IEEE)

13 June 2002 (IEEE)

IEEE Std 802.3af-2003,
(Clause 33) Data Terminal
Equipment (DTE) Power via
Media Dependent Interface
(MDI)

12 June 2003 (IEEE)

IEEE Std 802.3ah-2004,
Media Access Control Param-
eters, Physical Layers, and
Management Parameters for
Subscriber Access Networks

6 April 2005 (IEEE)

IEEE Std 802.3aj-2003,
Maintenance 7

11 September 2003
(IEEE)

IEEE Std 802.3ak-2004, Phys-
ical Layer and Management
Parameters for 10Gb/s Opera-
tion, Type 10GBASE-CX4

9 February 2004 (IEEE)

Copyright © 2012 IEEE. All rights reserved.

Officers at the time of working group ballot

Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair
Robert M. Grow, Working Group Secretary
George Eisler, Tusk Force Chair

Colin Mick, Task Force Editor

Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair
Andy J. Luque, Working Group Secretary

Ian Crayford, Task Force Chair

Rich Seifert, Task Force Editor

Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair
Robert M. Grow, Working Group Secretary
Steven Haddock, Task Force Chair

Tony Jeffree, Tusk Force Co-Editor

Rich Seifert, Task Force CoEditor

Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair
Robert M. Grow, Working Group Secretary

Geoffrey O. Thompson, Working Group Chair
David J. Law, Working Group Vice Chair

Robert M. Grow, Working Group Secretary

R. Jonathan Thatcher, Task Force Chair

Stephen Haddock, Task Force Vice Chair

Bradley J. Booth, Task Force Editor

Lacreshia Laningham, Task Force Assistant Editor
Benjamin Brown, Logic Track Chair

Walter Thirion, Optical Track Chair

Geoffrey O. Thompson, Working Group Chair (Phase 1)
Robert M. Grow, Working Group Chair (Phase 2)
David J. Law, Working Group Vice Chair

Robert M. Grow, Working Group Secretary (Phase 1)
Steven B. Carlson, Working Group Secretary (Phase 2)
Steven B. Carlson, Task Force Chair

Michael S. McCormack, Task Force Editor (Phase 1)
John J. Jetzt, Task Force Editor (Phase 2)

Chad M. Jones, Task Force Comment Editor

Robert M. Grow, Working Group Chair

David J. Law, Working Group Vice Chair

Steven B. Carlson, Working Group Secretary
Howard Frazier, Task Force Chair

Wael W. Diab, Task Force Editor-in-Chief

Hugh Barrass, Task Force Vice-Chair

Scott Simon, Task Force Recording Secretary
Behrooz Rezvani, Task Force Executive Secretary

Robert M. Grow, Working Group Chair

David J. Law, Working Group Vice Chair, Task Force Chair
Steven B. Carlson, Working Group Secretary

Catherine K. N. Berger, Task Force Editor

Robert M. Grow, Working Group Chair
David J. Law, Working Group Vice Chair
Steven B. Carlson, Working Group Secretary
Daniel J. Dove, Task Force Chair

Howard A. Baumer, Task Force Editor

vii
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IEEE Std 802.3 document

IEEE Std 802.3-2005
(IEEE 802.3REVam, Revi-
sion of the base), Carrier
Sense Multiple Access with
Collision Detection
(CSMA/CD) access method
and Physical Layer
specifications

IEEE Std 802.3an-2006, Phys-
ical Layer and Management
Parameter for 10 Gb/s Opera-
tion, Type I0GBASE-T

IEEE Std 802.3ap-2007,
Ethernet Operation over
Electrical Backplanes

IEEE Std 802.3aq-2006, Phys-
ical Layer and Management
Parameters for 10 Gb/s Opera-
tion, Type 10GBASE-LRM

IEEE Std 802.3as-2006,
Frame format extensions

IEEE Std 802.3-2005/Cor 1-
2006 (IEEE 802.3au), DTE
Power via MDI Isolation cor-
rigendum

IEEE Std 802.3-2005/Cor 2-
2007 (IEEE 802.3aw),
10GBASE-T corrigendum

IEEE Std 802.3-2008

(IEEE 802.3ay), Maintenance
#9 (Revision of the base),
Carrier Sense Multiple Access
with Collision Detection
(CSMA/CD) access method
and Physical Layer
specifications

IEEE Std 802.3at-2009 Data
Terminal Equipment (DTE)
Power via the Media Depen-
dent Interface (MDI)
Enhancements

viii

Date approved by
IEEE and ANSI

9 June 2005 (IEEE)

8 June 2006 (IEEE)

22 March 2007 (IEEE)

15 September 2006
(IEEE)

15 September 2006
(IEEE)

8 June 2006 (IEEE)

7 June 2007 (IEEE)

26 September 2008
(IEEE)

11 September 2009
(IEEE)

Officers at the time of working group ballot

Robert M. Grow, Working Group Chair

David J. Law, Working Group Vice Chair

Wael W. Diab, Secretary

Steven B. Carlson, Working Group Executive Secretary
Piers Dawe, Review Editor

Robert M. Grow, Working Group Chair

David J. Law, Working Group Vice Chair

Wael William Diab, Working Group Secretary

Steven B. Carlson, Working Group Executive Secretary
Bradley Booth, 7ask Force Chair

Sanjay Kasturia, Task Force Editor-in Chief

George Eisler, Task Force Recording Secretary

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, Task Force Chair

John D’Ambrosia, Task Force Secretary

Schelto vanDoorn, Task Force Editor-in-Chief (Phase 1)
Ilango S. Ganga, Task Force Editor-in-Chief (Phase 2)

Robert M. Grow, Working Group Chair

David J. Law, Working Group Vice Chair

Wael William Diab, Working Group Secretary

Steven B. Carlson, Working Group Executive Secretary
David G. Cunningham, Task Force Chair

Nick Weiner, Task Force Editor

Piers Dawe, Task Force Contributing Editor

Robert M. Grow, Working Group Chair

David J. Law, Working Group Vice Chair

Wael William Diab, Working Group Secretary

Steven B. Carlson, Working Group Executive Secretary
Kevin Q Daines, Task Force Chair

Glenn W. Parsons, Task Force Editor

Robert M. Grow, Working Group Chair

David J. Law, Working Group Vice Chair, Task Force Editor

Wael W. Diab, Working Group Secretary
Steven B. Carlson, Working Group Executive Secretary

Robert M. Grow, Working Group Chair

David J. Law, Working Group Vice Chair, Task Force Editor

Wael W. Diab, Working Group Secretary
Steven B. Carlson, Working Group Executive Secretary
Bradley Booth, Working Group Treasurer

Robert M. Grow, Working Group Chair

David J. Law, Working Group Vice Chair, Task Force Editor

Wael William Diab, Working Group Secretary
Steven B. Carlson, Working Group Executive Secretary
Bradley Booth, Working Group Treasurer

David J. Law, Working Group Chair

Wael William Diab, Working Group Vice Chair

Adam Healey, Working Group Secretary

Steven B. Carlson, Working Group Executive Secretary
Bradley Booth, Working Group Treasurer

Mike McCormack, Task Force Chair

D. Matthew Landry, Task Force Chief Editor

Chad Jones, Task Force Comment Editor

Copyright © 2012 IEEE. All rights reserved.
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IEEE Std 802.3 document

IEEE Std 802.3av-2009 Phys-
ical Layer Specifications and
Management Parameters for
10 Gb/s Passive Optical Net-
works

IEEE Std 802.3az-2010 Media
Access Control Parameters,
Physical Layers, and Manage-
ment Parameters for Energy-
Efficient Ethernet

IEEE Std 802.3ba Media
Access Control Parameters,
Physical Layers, and Manage-
ment Parameters for 40 Gb/s
and 100 Gb/s Operation

IEEE Std 802.3-2008/Cor 1-
2009 (IEEE 802.3bb) Pause
Reaction Delay Corrigendum.

IEEE Std 802.3bc-2009 Ether-
net Organizationally Specific
Type, Length, Value (TLVs)

IEEE Std 802.3bd-2011 MAC
Control Frame for Priority-
based Flow Control

IEEE Std 802.3bf-2011 Media
Access Control (MAC) Ser-
vice Interface and Manage-
ment Parameters to Support
Time Synchronization Proto-
cols

IEEE Std 802.3bg-2011 Phys-
ical Layer and Management
Parameters for Serial 40 Gb/s
Ethernet Operation Over Sin-
gle-Mode Fiber

Date approved by
IEEE and ANSI

11 September 2009
(IEEE)

30 September 2010
(IEEE)

17 June 2010 (IEEE)

9 December 2009 (IEEE)

11 September 2009

(IEEE)

16 June 2011 (IEEE)

16 May 2011 (IEEE)

31 March 2011 (IEEE)

Copyright © 2012 IEEE. All rights reserved.

Officers at the time of working group ballot

David J. Law, Working Group Chair

Wael William Diab, Working Group Vice Chair

Adam Healey, Working Group Secretary

Steven B. Carlson, Working Group Executive Secretary
Bradley Booth, Working Group Treasurer

Glen Kramer, Task Force Chair

Duane Remein, Task Force Chief Editor

Marek Hajduczenia, Tusk Force Assistant Editor

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, Task Force Chair

Sanjay Kasturia, Task Force Editor-in-Chief

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

John D’Ambrosia, Task Force Chair

Ilango S. Ganga, Task Force Editor-in-Chief

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

David J. Law, Working Group Chair and Task Force Editor
Wael W. Diab, Working Group Vice Chair, Task Force Chair
Steven B. Carlson, Working Group Executive Secretary
Adam Healey, Working Group Secretary

Bradley Booth, Working Group Treasurer

Tony Jeffree, [EEE 802.1 Working Group Chair

Paul Congdon, /EEE 802.1 Working Group Vice Chair
David J. Law, /[EEE 802.3 Working Group Chair
Wael W. Diab, IEEE 802.3 Working Group Vice Chair
Pat Thaler, Data Center Bridging Task Group Chair

David J. Law, Working Group Chair

Wael William Diab, Working Group Vice-Chair

Adam Healey, Working Group Secretary

Steven B. Carlson, Working Group Executive Secretary
Valerie Maguire, Working Group Treasurer

Steven B. Carlson, Tusk Force Chair

Marek Hajduczenia, Tusk Force Editor-in-Chief

David J. Law, Working Group Chair

Wael William Diab, Working Group Vice-Chair

Adam Healey, Working Group Secretary

Steven B. Carlson, Working Group Executive Secretary
Valerie Maguire, Working Group Treasurer

Mark Nowell, Task Force Chair

Pete Anslow, Tusk Force Editor-in-Chief
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Tony Anderson
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Jean-Pierre Astorg
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Siamack Ayandeh
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Chet Babla
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Koussalya Balasubramanian
Vittal Balasubramanian
Andy Baldman
Thananya Baldwin
Keith Balmer
Mogens Cash Balsby
Bruce Bandali

Jaya Bandyopadhyay
Majid Barazande-Pour
Ozdal Barkan

Ian Barker

Eyal Barnea

Barry Barnett

Jim Barnette

Hugh Barrass
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Scott Barrick

Meir Bartur

Yoram Barzilai
Howard Baumer
Denis Beaudoin
Michaél Beck
Jonathan Beckwith
Christian Beia
Edward Beili

Alexei Beliaev
William Belknap
Eran Bello

Yakov Belopolsky
Randy J. Below
Vincent Bemmel
Michael Bennett
Richard Bennett
Miles Benson
Sidney Berglund
Ernest E. Bergmann
April Bergstrom
David J. Berman
Roberto Bertoldi
John L. Bestel

Dave Bethune

Vipul Bhatt

Sudeep Bhoja
Harmeet Bhugra

Jan Bialkowski

James Binder
Larry Birenbaum
Jeff E. Bisberg
Michel Bohbot
Mark Bohrer
Jean-Michel Bonnamy
Bradley J. Booth
Paul Booth

Paul Bottorff
Thomas J. Boucino
Samuel Bourche
David Bourque
Gary Bourque
Sidney Bouzaglo
Kirk Bovill

John Bowerman
Richard Bowers
Peter Bradshaw
Al Braga
Richard Brand
Rudolf Brandner
Ralf-Peter Braun
Richard S. Brehove
Dirk Breuer
Steve Brewer
Robert F. Bridge
Vince Bridgers
Dave Brier
Andrew Brierley-Green
Rhett Brikovskis
Charles Brill
Robert D. Brink
Rick Brooks
Alan M. Brown
Benjamin Brown
Daniel J. Brown
Dave Brown
Jack Brown
Kevin Brown
Matthew Brown
Suzy Brown
Phillip Brownlee
Brian Brunn
Robert Brunner
Steve F. Buck
Lisa Buckman
Mark Bugg

Juan Bulnes

Bill Bunch
James Burgess
Scott Burton
Robert A. Busse
Thomas T. Butler
Roy Bynum

Ed Cady

Luca Cafiero
John Cagle
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Donald Caldwell
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Linda Cheng
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Jae hun Cho
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Bill Cronin
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Saleem Dahmouh
Fumio Daido
Bernard Daines
Kevin Q Daines
John Dallesasse
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Rupert S. Dance
Mark Darby

Yair Darshan
Peter Dartnell
Subrata Datta
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David Davies
Edward Davis
Peter Dawe

Piers Dawe
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Tom Debiec
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Bryan Dietz
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Thomas J. Dineen
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Thuyen Dinh
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David W. Dolfi
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Daniel Dove
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Scott Dredge
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Edward J. Eckert
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Gareth Edwards
Frank J. Effenberger
John Egan

Copyright © 2012 IEEE. All rights reserved.

Herman Eiliya
George Eisler
Martin Elhgj
David Elie-Dit-Cosaque
Kevin M. Elliff
Michael Elswick
Paul "Skip" Ely
Richard Ely

Kent English
Gregory Ennis
Gianfranco Enrico
Brian S. Ensign
Norman Erbacher
Tooraj Esmailian
Nick Esser

Daniel Essig
David Estes

Judith Estrin

Jim Everitt

Steve Evitts

John F. Ewen
Richard Fabbri
Siavash Fallahi
Sabina Fanfoni
Janos Farkas
Rebecca Farley
Donald Fedyk
Eldon Feist

Daniel Feldman
Dongning Feng
Feifei (Felix) Feng
Severn Ferdun
Jean-Loup Ferrant
Mark Feuerstraeter
Jens Fiedler

Julien Fiere

Dave Fifield
Norival Figueira
Juan Figueroa
Robert G. Finch
Norman Finn
Farzin Firoozmand
David Fischer
Thomas Fischer
John Fitzgerald
Alan Flatman
Steve Flickinger
Norbert Folkens
Christian G. Folting
Harry Forbes
Brian Ford
Richard Fransen
Roger Fraser
Howard M. Frazier
Robert Frazier
Ladd Freitag

Ken Friedenbach
Scott Fritz

Krister Frojdh

Petitioners' EX1040 Page 13

Richard Froke
Ingrid Fromm
Richard Frosch
Hongyan Fu

Judy Fuess

Yukihiro Fujimoto
Atsuhisa Fukuoka
John Fuller

Darrell Furlong

Mel Gable

Robert D Gaglianello
Justin Gaither
Robert Galin

Sharad Gandhi

Tom Gandy

Ilango S. Ganga
Robin Gangopadhya
Xiao Ming Gao
Clete Gardenhour
Geoffrey M. Garner
Denton Gentry

John George

Floyd H. Gerhardt
Keith Gerhardt
Mark Gerhold
Anoop Ghanwani
Ali Ghiasi

Sajol Ghoshal
Dimitrios Giannakopoulos
Giorgio Giaretta

Pat Gilliland
George Ginis

Joel Goergen

Franz Goetz

Adi Golbert

Glenn Golden

Moty Goldis
Matthew Goldman
Timothy D. Goodman
Steve Goody

Rich Graham

Russ Granger

Eric B. Grann

Tom Grasmehr

C. Thomas Gray
Eric Gray

Larry Green

Martin Green
Jonathan E. Greenlaw
Bryan Gregory
Richard Grenier
Karanvir Grewal
Michael R. Grimwood
Edward Grivna
Robert M. Grow
Robert Gudz
Andreas Gulle
Karunakar Gulukota
Ajay Gummalla

X1



Richard Gumpertz
Craig Gunther
Bin Guo

Sandeep Gupta
Sudhir Gupta
Tanmay Gupta
Mitch Gusat
Jonas Gustafsson
Mark Gustlin
Paul J. Gyugyi
Russ Gyurek
Steven Haas
Michael Hackert
Tariq Haddad
Stephen Haddock
Atikem Haile-Mariam
Marek Hajduczenia
Sharam Hakimi
Clive Hallatt
Hiroshi Hamano
Farid Hamidy
Kevin Hamilton
Bernie Hammond
Benny Hanigal
Greg Hankins

G. Y. Hanna
Chris Hansen
Johannes Hansen
Mogens Hansen
Del Hanson

Onn Haran
Hacene Hariti
Guy Harkins
Milton C. Harper
Doug Harshbarger
G. R. Hartley
Lloyd Hasley
Marwan Hassoun
Mehdi Hatamian
W. B. Hatfield
Tom Hatley
Stephen Haughey
Haw Ming Haung
Kirk Hayden
Claude Hayek
Robert Hays

Carl G. Hayssen
Asif Hazarika
Adam Healey
Jeffrey Heath
Gaby Hecht

Jim Heckroth
Chris Heegard
Gopal Hegde
Wolfgang Heidasch
Ronen Heldman
David Helster
Ariel Hendel
Itzik Hendel

Xii

Susan Hennenfent
Ken Herrity
Pierre Herve
James H. Hesson
John Hickey

Chip Hicks
Tetsuya Higuchi
Olli-Pekka Hiironen
John Hill

Tricia Hill
Sammy Hindi
William Hingston
Henry Hinrichs
David Hinzel
Kengo Hirano
Ryan Hirth
Charlie Hochstedler
Charles Hoffner
Jay Hoge

Brian Holden
Bryan Hoover
Gregory Hopkins
Keith Hopwood
Rita Horner
Steven E. Horowitz
Michael Horvat
Yoshifumi Hotta
Stanley Hronik
Henry Hsiaw
Jacob Hsu

Fred Huang

Xi Huang

Charles Hudson
Chuck Hudson
Todd Hudson
Michael Hughes
Walter K. Hurwitz
Dean Huumala
Thong Huynh
David W. Hyer
Haruhiko Ichino
Hiroki Ikeda
Nicholas Ilyadis
James Innis
Romain Insler
Kazuhiko Ishibe
Osamu Ishida
Hideki Isono
Hirotake Iwadate
Steve Jackson
Krista S Jacobsen
Michael R. Jacobson
Mike Jacobson
Ajit Jadeja

John M. Jaeger
Brent Jaffa

Raj Jain

David V. James
Eric Jang

Woo-Hyuk Jang
Stephen Janshego
Jonathan Jedwab
Tony Jeffree
George D. Jelatis
Ernie Jensen
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Qiaofeng Jiang
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Robert Jin
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Michael D. Johas Teener
Richard John
Donald C. Johnson
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Mize Johnson
Scott Johnson
Cristopher Jolly
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William W. Jones
Ulf Jonsson
Bheom-Soon Joo
Seong-Soon Joo
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Thomas K. Jergensen
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Dieter W. Junkers
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David Kabal
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Shinkyo Kaku
Omer Kal

Mohan Kalkunte
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Joel S. Kalman
Matt Kaltenbach
Puru Kamat

Ron Kao

Hadriel Kaplan
Rainer Kaps
Roger Karam
Abhay Karandikar
Jaime Kardontchik
Yuji Kasai

Allen Kasey
Prakash Kashyap
Sanjay Kasturia
Toyoyuki Kato
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Boris Katzenberg
Dave Kaufman
Sumesh Kaul
Yasuaki Kawatsu
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Joe Kennedy
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Scott Kesler
Dawson Kesling
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Su-Hyung Kim
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Scott G. Kipp
Paul Kish
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Philippe Klein
Richard Knight
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David J. Koenen
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Glen Kramer
Daniel Krent

Subi Krishnamurthy
Lars Paul Krolner
Joerg-R Kropp
Simon Kropveld
George Kubovcik
Pankaj Kumar
Vinod Kumar

Ted Kummert
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David Kung
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David Kurcharczyk
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Yasuyuki Kuroda
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Toshihiko Kusano
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Ashvin Lakshmikantha
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Lawrence J. Lamers
Erik Lander
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Daun Langston
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Ed Lare
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David J. Law
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Chang-Chi Liu
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Martin Lobel

Terry Lockyer
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Larry Lomelino
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Sherry J. Lorei
Jahan Lotfi

James A. Lott
Dennis Lou
Donald C. Loughry
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Rick Loveless
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Ken Lu
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James A. Lucas
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Ziad Albert Matni
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Paul Nikolich
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Pat Overs
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Anthony Peck
Neil Peers

Jan P. Peeters-Weem
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Brian Peterson
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Thomas L. Phinney
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Kimberly Pottratz
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Albrecht Rommel
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Moni Samaan

Sam Sambasivan
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Introduction

This introduction is not part of IEEE Std 802.3-2012, IEEE Standard for Ethernet.

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 this standard. Each
IEEE 802.3 project/amendment is identified with a suffix (e.g., IEEE Std 802.3ba™-2010). A historical
listing of all projects that have added to or modified IEEE Std 802.3 follows as a part of this introductory
material. The listing is in chronological order of project initiation and for each project describes: subject,
clauses added (if any), approval dates, and committee officers.

The Media Access Control (MAC) protocol specified in IEEE Std 802.3 is Carrier Sense Multiple Access
with 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), I[EEE Std 802.3aec added 10 Gb/s operation (also called 10 Gigabit Ethernet),
IEEE Std 802.3ah™ specified access network Ethernet (also called Ethernet in the First Mile) and
IEEE Std 802.3ba added 40 Gb/s operation (also called 40 Gigabit Ethernet) and 100 Gb/s operation (also
called 100 Gigabit Ethernet). These major additions are all now included in and are superseded by
IEEE Std 802.3-2012 and are not maintained as separate documents.

IEEE Std 802.3-2012

Section One—Includes Clause 1 through Clause 20 and 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 77 and Annex 57A through Annex 76A. Clause 56
through Clause 67 and Clause 75 through Clause 77, as well as associated annexes, specify subscriber
access and other Physical Layers and sublayers for operation from 512 kb/s to 10 Gb/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. Clause 68 specifies a 10 Gb/s Physical Layer specification.
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Clause 69 through Clause 74 and associated annexes specify Ethernet operation over electrical
backplanes at speeds of 1000 Mb/s and 10 Gb/s.

Section Six—Includes Clause 78 through Clause 90 and Annex 83A through Annex 86A. Clause 78
specifies Energy-Efficient Ethernet. Clause 79 specifies IEEE 802.3 Organizationally Specific Link
Layer Discovery Protocol (LLDP) type, length, and value (TLV) information elements. Clause 80
through Clause 89 and associated annexes includes general information on 40 Gb/s and 100 Gb/s
operation as well the 40 Gb/s and 100 Gb/s Physical Layer specifications. Clause 90 specifies Ethernet
support for time synchronization protocols.

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.

XX
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List of special symbols

For the benefit of users who have received this document by electronic means, what follows is a list of
special symbols and operators. If any of these symbols or operators fail to print out correctly, the editors
apologize and hope that this table will at least help 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

n 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

= Approximately equal to Symbol

# Not equal to Symbol
= Assignment operator Symbol

€ Indicates membership Symbol

3 Indicates nonmembership Symbol

+ Plus or minus (a tolerance) Symbol

° Degrees Symbol

> Summation Symbol

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

| Vertical bar Times New Roman
T Dagger Times New Roman
I Double dagger Times New Roman
o Lower case alpha Symbol

B Lower case beta Symbol

Y Lower case gamma Symbol

) Lower case delta Symbol

€ Lower case epsilon Symbol

A Lower case lambda Symbol

n Lower case mu Times New Roman
I1 Upper case pi Symbol

Q Upper case omega Symbol
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IEEE Standard for Ethernet

SECTION ONE

This section includes Clause 1 through Clause 20, Annex A through Annex H, and Annex 4A.
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3. Media Access Control (MAC) frame and packet specifications

3.1 Overview

This clause defines the mapping between MAC service interface primitives and Ethernet packets, including
the syntax and semantics of the various fields of MAC frames and the fields used to form those MAC frames
into packets.

During Ethernet’s history, capabilities have been added to allow data link layer (layer 2) protocol
encapsulations within the MAC Client Data field. As a result, there are now more than one type of MAC
frame.

The frame format specified in this clause includes the following three types of MAC frames:

a) A basic frame
b) A Q-tagged frame
¢) Anenvelope frame

All three frame types use the same Ethernet frame format.
3.1.1 Packet format

Figure 3—1 shows the fields of a packet: the Preamble, Start Frame Delimiter (SFD), the addresses of the
MAC frame’s destination and source, a length or type field to indicate the length or protocol type of the
following field that contains the MAC client data, a field that contains padding if required, and the Frame
Check Sequence (FCS) field containing a cyclic redundancy check value to detect errors in a received MAC
frame. An Extension field is added, if required (for 1000 Mb/s half duplex operation only). Of these fields,
all are of fixed size except for the MAC Client Data, Pad and Extension fields, which may contain an integer
number of octets between the minimum and maximum values that are determined by the specific
implementation of the MAC. See 4.4 for particular MAC parameters.

7 OCTETS PREAMBLE
1 OCTET SFD
6 OCTETS DESTINATION ADDRESS
6 OCTETS SOURCE ADDRESS E
5 OCTETS
2 OCTETS LENGTH/TYPE % < TRANSMITTED
< (& TOPTOBOTTON
46 TO 1500 OR 1504 ! MAC CLIENT DATA ' E
OR 1982 OCTETS < #-------mmcmmommomoooooo- )
(SEE 3.2.7) ; PAD :
4 OCTETS FRAME CHECK SEQUENCE
: EXTENSION : v
tse [ [ [ [ [ [ [ [ ] wsB
b0 b’
| BITS
TRANSMITTED —————
LEFT TO RIGHT
Figure 3—1—Packet format
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The minimum and maximum MAC frame size limits in 4.4 refer to that portion of the packet from the
dEstination Address field through the Frame Check Sequence field, inclusive (i.e., the MAC frame).

Relative to Figure 3—1, the octets of a packet are transmitted from top to bottom, and the bits of each octet
are transmitted from left to right.

3.1.2 Service interface mappings

Figure 3-2 shows the mapping of service interface parameters to the fields of a MAC frame within a packet.
The MAC client may or may not supply Pad and FCS. For this reason the mappings for Pad and FCS are
shown with dashed lines.

MA_DATA. request(destination_address,source_address,mac_service_data_unit,frame_check_sequence)

PREAMBLE

SFD

DA

|

SA

-
LENGTH/TYPE |-
MAC CLIENT DATA| -

PAD - = — — — —
FCS - >

EXTENSION

\/ \/ \/ \/

MA_DATA.indication(destination_address,source_address,mac_service_data_unit,frame_check_sequence)

Figure 3—2—Service primitive mappings

3.2 Elements of the MAC frame and packet

A MAC frame is encapsulated in a packet by the MAC. This subclause describes in detail the fields of the
MAC frame and the additional fields that the MAC creates to encapsulate the MAC frame. These fields are
described in order of transmission.

3.2.1 Preamble field

The Preamble field is a 7-octet field that is used to allow the PLS circuitry to reach its steady-state
synchronization with the received packet’s timing (see 4.2.5).

3.2.2 Start Frame Delimiter (SFD) field

The SFD field is the sequence 10101011. It immediately follows the preamble pattern. A MAC frame starts
immediately after the SFD.

3.2.3 Address fields

Each MAC frame shall contain two address fields: the Destination Address field and the Source Address
field, in that order. The Destination Address field shall specify the destination addressee(s) for which the
MAC frame is intended. The Source Address field shall identify the station from which the MAC frame was
initiated. The representation of each address field shall be as follows (see Figure 3-3):
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a)  Each address field shall be 48 bits in length.

b) The first bit (LSB) shall be used in the Destination Address field as an address type designation bit
to identify the Destination Address either as an individual or as a group address. If this bit is 0, it
shall indicate that the address field contains an individual address. If this bit is 1, it shall indicate that
the address field contains a group address that identifies none, one or more, or all of the stations
connected to the LAN. In the Source Address field, the first bit is reserved and set to 0.

c¢) The second bit shall be used to distinguish between locally or globally administered addresses. For
globally administered (or U, universal) addresses, the bit is set to 0. If an address is to be assigned
locally, this bit shall be set to 1. Note that for the broadcast address, this bit is also a 1.

d) Each octet of each address field shall be transmitted least significant bit first.

1IG U/L 46-BIT ADDRESS

1/G = 0 INDIVIDUAL ADDRESS

I/G =1 GROUP ADDRESS

U/L = 0 GLOBALLY ADMINISTERED ADDRESS
U/L = 1 LOCALLY ADMINISTERED ADDRESS

Figure 3—3—Address field format

3.2.3.1 Address designation
A MAC sublayer address is one of two types:

a)  Individual Address. The address associated with a particular station on the network.
b) Group Address. A multidestination address, associated with one or more stations on a given
network. There are two kinds of multicast addresses:
1) Multicast-Group Address. An address associated by higher-level convention with a group of
logically related stations.
2)  Broadcast Address. A distinguished, predefined multicast address that always denotes the set of
all stations on a given LAN.

All 1’s in the Destination Address field shall be predefined to be the Broadcast Address. This group shall be
predefined for each communication medium to consist of all stations actively connected to that medium; it
shall be used to broadcast to all the active stations on that medium. All stations shall be able to recognize the
Broadcast Address. It is not necessary that a station be capable of generating the Broadcast Address.

The address space shall also be partitioned into locally administered and globally administered addresses.
The nature of a body and the procedures by which it administers these global (U) addresses is beyond the
scope of this standard.?!

3.2.4 Destination Address field

The Destination Address field specifies the station(s) for which the MAC frame is intended. It may be an
individual or multicast (including broadcast) address.

2IFor information on how to use MAC addresses, see IEEE Std 802-2001, Overview and Architecture. To apply for an Organizationally
Unique Identifier for building a MAC address, contact the Registration Authority, IEEE Standards Department, P.O. Box 1331, 445
Hoes Lane, Piscataway, NJ 08855-1331, USA; +1 732 562 3813; fax +1 732 562 1571. URL: http://standards.ieee.org/develop/regauth/
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3.2.5 Source Address field

The Source Address field specifies the station sending the MAC frame. The Source Address field is not
interpreted by the MAC sublayer.

3.2.6 Length/Type field

This two-octet field takes one of two meanings, depending on its numeric value. For numerical evaluation,
the first octet is the most significant octet of this field.
a)  If the value of this field is less than or equal to 1500 decimal (05DC hexadecimal), then the Length/
Type field indicates the number of MAC client data octets contained in the subsequent MAC Client
Data field of the basic frame (Length interpretation).
b) If the value of this field is greater than or equal to 1536 decimal (0600 hexadecimal), then the
Length/Type field indicates the Ethertype of the MAC client protocol (Type interpretation).22
The Length and Type interpretations of this field are mutually exclusive.

When used as a Type field, it is the responsibility of the MAC client to ensure that the MAC client
operates properly when the MAC sublayer pads the supplied MAC Client data, as discussed in 3.2.7.

Regardless of the interpretation of the Length/Type field, if the length of the MAC Client Data field is less
than the minimum required for proper operation of the protocol, a Pad field (a sequence of octets) will be
added after the MAC Client Data field but prior to the FCS field, specified below. The procedure that
determines the size of the Pad field is specified in 4.2.8. The Length/Type field is transmitted and received
with the high order octet first.

NOTE—Clause 2 of IEEE Std 802 defines a set of Ethertype values and associated mechanisms for use in prototype and
vendor-specific protocol development.

3.2.7 MAC Client Data field

The MAC Client Data field contains a sequence of octets. Full data transparency is provided in the sense that
any arbitrary sequence of octet values may appear in the MAC Client Data field up to a maximum field
length determined by the particular implementation.

Ethernet implementations shall support at least one of three maximum MAC Client Data field sizes defined
as follows:

a) 1500 decimal—basic frames (see 1.4.102)
b) 1504 decimal—Q-tagged frames (see 1.4.334)
¢) 1982 decimal—envelope frames (see 1.4.184)

If layer management is implemented, frames with a MAC Client Data field larger than the supported maxi-
mum MAC Client Data field size are counted. It is recommended that new implementations support the
transmission and reception of envelope frames, item c) above.

NOTE 1—The envelope frame is intended to allow inclusion of additional prefixes and suffixes required by higher layer
encapsulation protocols (see 1.4.180) such as those defined by the IEEE 802.1 working group (such as Provider Bridges
and MAC Security), ITU-T or IETF (such as MPLS). The original MAC Client Data field maximum remains 1500
octets while the encapsulation protocols may add up to an additional 482 octets. Use of these extra octets for other pur-
poses is not recommended, and may result in MAC frames being dropped or corrupted as they may violate maximum
MAC frame size restrictions if encapsulation protocols are required to operate on them.

22Ethertype assignments are administered by the Registration Authority, IEEE Standards Department, P.O. Box 1331, 445 Hoes Lane,
Piscataway, NJ 08855-1331, USA; +1 732 562 3813; fax +1 732 562 1571. URL: http://standards.ieee.org/develop/regauth/.
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NOTE 2—All IEEE 802.3 MAC frames share a common format. The processing of the three types of MAC frames is
not differentiated within the IEEE 802.3 MAC, except for management. However, they may be distinguished within the
MAC client.

NOTE 3—All Q-tagged frames are envelope frames, but not all envelope frames are Q-tagged frames.

See 4.4 for a discussion of MAC parameters; see 4.2.3.3 for a discussion of the minimum frame size and
minFrameSize.

3.2.8 Pad field

A minimum MAC frame size is required for correct CSMA/CD protocol operation (see 4.2.3.3 and 4.4). If
necessary, a Pad field (in units of octets) is appended after the MAC Client Data field prior to calculating
and appending the FCS field. The size of the Pad, if any, is determined by the size of the MAC Client Data
field supplied by the MAC client and the minimum MAC frame size and address size MAC parameters (see
4.4).

The length of the Pad field required for MAC Client Data that is clientDatasize/8 octets long is
max [0, minFrameSize — (clientDatasize + 2 X addressSize + 48)] bits.

3.2.9 Frame Check Sequence (FCS) field

A cyclic redundancy check (CRC) is used by the transmit and receive algorithms to generate a CRC value
for the FCS field. The FCS field contains a 4-octet (32-bit) CRC value. This value is computed as a function
of the contents of the protected fields of the MAC frame: the Destination Address, Source Address, Length/
Type field, MAC Client Data, and Pad (that is, all fields except FCS). The encoding is defined by the
following generating polynomial.

G(x):x32+x26+x23+x22+x16+x12+x11 +x10+x8+x7+x5+x4+x2+x+1
Mathematically, the CRC value corresponding to a given MAC frame is defined by the following procedure:

a)  The first 32 bits of the frame are complemented.

b) The n bits of the protected fields are then considered to be the coefficients of a polynomial M(x) of
degree 1 — 1. (The first bit of the Destination Address field corresponds to the x(*~1) term and the last
bit of the MAC Client Data field (or Pad field if present) corresponds to the x0 term.)

¢)  Mix) is multiplied by x32 and divided by G(x), producing a remainder R(x) of degree < 31.

d) The coefficients of R(x) are considered to be a 32-bit sequence.

e) The bit sequence is complemented and the result is the CRC.

The 32 bits of the CRC value are placed in the FCS field so that the x3! term is the left-most bit of the first
octet, and the x¥ term is the right most bit of the last octet. (The bits of the CRC are thus transmitted in the
order x31, 30, x!, x0.) See Hammond, et al. [B36].

3.2.10 Extension field

The Extension field follows the FCS field, and is made up of a sequence of extension bits, which are readily
distinguished from data bits. The length of the field is in the range of zero to (slotTime—minFrameSize) bits,
inclusive. The contents of the Extension field are not included in the FCS computation.

The Extension field may have a length of greater than zero under the conditions that are described in 4.2.3.4.
The length of the Extension field will be zero under all other conditions. Implementations defined in 4.4.2
may ignore this field altogether if the number of bit times in the slotTime parameter is equal to the number
of bits in the minFrameSize parameter.
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3.3 Order of bit transmission

Each octet of the MAC frame, with the exception of the FCS, is transmitted least significant bit first.

3.4 Invalid MAC frame
An invalid MAC frame shall be defined as one that meets at least one of the following conditions:

a)  The frame length is inconsistent with a length value specified in the length/type field. If the length/
type field contains a type value as defined by 3.2.6, then the frame length is assumed to be consistent
with this field and should not be considered an invalid frame on this basis.

b) Itis not an integral number of octets in length.

c) The bits of the incoming frame (exclusive of the FCS field itself) do not generate a CRC value
identical to the one received.

23
The contents of invalid MAC frames shall not be passed to the LLC or MAC Control sublayers. The
occurrence of invalid MAC frames may be communicated to network management.

Znvalid MAC frames may be ignored, discarded, or used in a private manner by MAC clients other than LLC or MAC control. The
use of such frames is beyond the scope of this standard.

58 Copyright © 2012 IEEE. All rights reserved.

Petitioners' EX1040 Page 60



	IEEE Std 802.3™-2012 front cover
	Title page
	Notice to users
	Copyrights
	Updating of IEEE documents
	Errata
	Patents

	Participants
	Introduction
	Contents
	IMPORTANT NOTICE
	3. Media Access Control (MAC) frame and packet specifications
	3.1 Overview
	3.1.1 Packet format
	3.1.2 Service interface mappings

	3.2 Elements of the MAC frame and packet
	3.2.1 Preamble field
	3.2.2 Start Frame Delimiter (SFD) field
	3.2.3 Address fields
	3.2.3.1 Address designation

	3.2.4 Destination Address field
	3.2.5 Source Address field
	3.2.6 Length/Type field
	3.2.7 MAC Client Data field
	3.2.8 Pad field
	3.2.9 Frame Check Sequence (FCS) field
	3.2.10 Extension field

	3.3 Order of bit transmission
	3.4 Invalid MAC frame




