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Abstract: This amendment to IEEE Std 802.3-2008 specifies a new Physical Medium Dependent
(PMD) sublayer, 40GBASE-FR, for serial 40 Gb/s operation over up to 2 km of single-mode fiber.
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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 Std 802.3bg-2011).

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additions are all now included in, and are superseded by, IEEE Std 802.3-2008 and are not maintained as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 date of IEEE Std 802.3bg-2011 publication, IEEE Std 802.3 comprised 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 Physi-
cal 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 define services and protocol elements that
enable the exchange of IEEE 802.3 format frames between stations in a subscriber access network.

This introduction is not part of IEEE Std 802.3bg-2011, 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 6: Physical Layer and Management Parameters for Serial 40 Gb/s
Ethernet Operation Over Single-Mode Fiber.
iv Copyright © 2011 IEEE. All rights reserved.
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Clause 68 specifies a 10 Gb/s Physical Layer specification. Clause 69 through 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,
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 802.3bg™-2011

This amendment includes changes to IEEE Std 802.3-2008 and adds Clause 89. This amendment adds
a new PMD type and management parameters for 40 Gb/s operation over single-mode fiber.

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.
Implementors 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. 
Copyright © 2011 IEEE. All rights reserved. v
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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 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 IEEE 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 amendment may require use of subject
matter covered by patent rights. By publication of this amendment, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. 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 amendment 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 © 2011 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 IEEE P802.3bg Working Group ballot. Individuals may have not voted, voted for approval, disapproval,
or abstained on this amendment. 

David J. Law, IEEE 802.3 Working Group Chair
Wael William Diab, IEEE 802.3 Working Group Vice-Chair

Adam Healey, IEEE 802.3 Working Group Secretary
Steven B. Carlson, IEEE 802.3 Working Group Executive Secretary

Valerie Maguire, IEEE 802.3 Working Group Treasurer

Mark Nowell, IEEE P802.3bg 40 Gb/s SMF PMD Task Force Chair
Pete Anslow, IEEE P802.3bg 40 Gb/s SMF PMD Task Force Editor-in-Chief

Ghani Abbas
John Abbott
Andrew Ambrose
Jon Anderson
Vittal Balasubramanian
Thananya Baldwin
Jim Barnette
Hugh Barrass
Denis Beaudoin
Jonathan Beckwith
Yakov Belopolsky
Michael Bennett
Brad Booth
Ralf-Peter Braun
Dirk Breuer
Matthew Brown
Robert Busse
J. Martin Carroll
Mandeep Chadha
David Chalupsky
Frank Chang
Thomas Chantrell
Joseph Chou
Terry Cobb
Christopher R. Cole
Doug Coleman
Charles Cook
John D'Ambrosia
Piers Dawe
Chris Diminico
Thomas Dineen
Dan Dove
Mike Dudek
David Estes
Farzin Firoozmand
Alan Flatman
Harry Forbes
Howard M. Frazier
Ilango S. Ganga
Ali Ghiasi
Dimitrios Giannakopoulos
Larry Green
Michael Grimwood
Robert M. Grow
Mark Gustlin
Paul Gyugyi

Marek Hajduczenia
Hiroshi Hamano
Bernie Hammond
Rita Horner
Nicholas Ilyadis
James Innis
Osamu Ishida
Hirotake Iwadate
Qiaofeng Jiang
Sanjay Kasturia
Yongbum Kim
Jonathan King
Scott Kipp
Satoshi Kodama
David Koenen
Paul Kolesar
Masashi Kono
Glen Kramer
Hans Lackner
Lowell Lamb
D. Matthew Landry
Jeff Lapak
Ryan Latchman
Kyusang Lee
David Lewis
Mike Peng Li
Sharon Lutz
Anthony Magee
Jeffery J. Maki
Arthur Marris
C. Phillip McClay
John McDonough
Greg McSorley
Brian Misek
Merrick Moeller
Charles Moore
Shimon Muller
Edward Nakamoto
Gary Nicholl
Paul Nikolich
George Noh
Ahmad Nouri
Satoshi Obara
David Ofelt
Gourgen Oganessyan

Raj Ojha
Michel Ouellette
George Oulundsen
Tom Palkert
Sesha Panguluri
Gavin Parnaby
Petar Pepeljugoski
Gerald Pepper
John Petrilla
Velu Pillai
Rick Pimpinella
Scott Powell
Rick Rabinovich
Randy Rannow
Peter Rautenberg
Duane Remein
Michael Ressl
Iain Robertson
Sam Sambasivan
Shawn Searles
Murat Serbay
Farhad Shafai
Siddharth Sheth
Hyungsoo Shin
Bryan Sparrowhawk
Olaf Storaasli
Ken-Ichi Suzuki
Steve Swanson
Andre Szczepanek
Dimitry Taich
Hidenori Takahashi
Sashi Thiagarajan
Geoffrey Thompson
Hidehiro Toyoda
Nathan Tracy
Mario Traeber
Matthew Traverso
Stephen Trowbridge
Brad Turner
Sterling A. Vaden
Paul Vanderlaan
Anoop Vetteth
Masaki Yamada
George Young
George Zimmerman
Pavel Zivny
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The following members of the individual balloting committee voted on this amendment. Balloters may have
voted for approval, disapproval, or abstention. 

When the IEEE–SA Standards Board approved this amendment on 31 March 2011, it had the following
membership:

Richard H. Hulett, Chair
John Kulick, Vice Chair

Robert M. Grow, Past Chair
Judith Gorman, Secretary

*Member Emeritus

Thomas Alexander
Arne Alping
Jon Anderson
Mark Anderson
Peter Anslow
Butch Anton
Jacob Ben Ary
Kwok Shum Au
Brad Booth
Ralf-Peter Braun
Nancy Bravin
Matthew Brown
William Byrd
Steven B. Carlson
Juan Carreon
J. Martin Carroll
David Chalupsky
Keith Chow
Donald O. Connor
Charles Cook
John D'Ambrosia
Wael Diab
Patrick Diamond
Russell Dietz
Thomas Dineen
Michael Dudek
Sourav Dutta
George Eaton
Frank Effenberger
C. Fitzgerald
Sean Foley
Howard M. Frazier
Yukihiro Fujimoto
Devon Gayle
Ali Ghiasi
Randall Groves

Robert Grow
C. Guy
Marek Hajduczenia
Hiroshi Hamano
Adam Healey
Marco Hernandez
James Innis
Osamu Ishida
Akio Iso
Atsushi Ito
Raj Jain
Junghoon Jee
Shinkyo Kaku
Stuart J. Kerry
Yongbum Kim
Mitsunobu Kimura
Scott Kipp
D. Matthew Landry
David J. Law
Michael Lerer
David Lewis
Li Li
Robert Lingle
G. Luri
Elvis Maculuba
Valerie Maguire
Jeffery J. Maki
Wayne W. Manges
Arthur Marris
C. Phillip McClay
Brett McClellan
Richard Mellitz
Steven Methley
Tremont Miao
Gary Michel
Jose Morales

Michael S. Newman
Charles Ngethe
Nick S. A. Nikjoo
Paul Nikolich
Mark Nowell
Satoshi Obara
Chris Osterloh
Glenn Parsons
Venkatesha Prasad
Maximilian Riegel
Robert Robinson
Benjamin Rolfe
Randall Safier
Bartien Sayogo
Benson Schliesser
Song Shang
Siddharth Sheth
Gil Shultz
Jeff Slavick
Kapil Sood
Thomas Starai
Walter Struppler
Ken-Ichi Suzuki
Steven Swanson
Andre Szczepanek
Akio Tajma
Joseph Tardo
Geoffrey Thompson
Stephen Trowbridge
Edward J. Turner
Scott Valcourt
Prabodh Varshney
George Vlantis
Hung-Yu Wei
Oren Yuen
Pavel Zivny

Masayuki Ariyoshi
William Bartley
Ted Burse
Clint Chaplin
Wael Diab
Jean-Philippe Faure
Alexander Gelman
Paul Houzé

Jim Hughes
Joseph Koepfinger*
David J. Law
Thomas Lee
Hung Ling
Oleg Logvinov
Ted Olsen

Gary Robinson
Jon Walter Rosdahl
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Also included are the following nonvoting IEEE-SA Standards Board liaisons:

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

Michelle Turner
IEEE Standards Program Manager, Document Development

Kathryn M. Bennett
IEEE Standards Program Manager, Technical Program Development
Copyright © 2011 IEEE. All rights reserved. ix

uthorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 05:03:52 UTC from IEEE Xplore.  Restrictions apply. 

ails: IEEE 802.3bg-2011

http://www.avadocuments.com/doc/ieee-802-3bg-2011
http://www.avadocuments.com/doc/ieee-802-3bg-2011


A

Full document det
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 fails 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 micro Times New Roman

Π Upper case pi Symbol

Ω Upper case omega Symbol
x Copyright © 2011 IEEE. All rights reserved.
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IEEE Standard for 
Information technology—

Telecommunications and information 
exchange between systems—

Local and metropolitan area networks—
Specific requirements

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

Amendment 6: Physical Layer and Management Parameters for 
Serial 40 Gb/s Ethernet Operation Over Single-Mode Fiber

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 here into the
base document and its other amendments to form the new comprehensive standard.

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 either 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.1

1Notes in text, tables, and figures are given for information only, and do not contain requirements needed to implement the standard.
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1. Introduction

1.3 Normative references

Insert the following references in alphanumerical order:

ANSI/TIA-568-C.3-2008, Optical Fiber Cabling Components Standard.

IEC 60793-1-48:2007, Optical fibres—Part 1-48: Measurement methods and test procedures—Polarization
mode dispersion.

1.4 Definitions

Change 1.4.3 as follows:

1.4.3 10BASE-F: IEEE 802.3 Physical Layer specification for a 10 Mb/s CSMA/CD local area network
over multimode fiber optic cable. (See IEEE Std 802.3, Clause 15.)

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

1.4.x 40GBASE-FR: IEEE 802.3 Physical Layer specification for 40 Gb/s serial transmission using
40GBASE-R encoding over one wavelength on single-mode fiber, with reach up to at least 2 km. (See
IEEE Std 802.3, Clause 89.)

1.5 Abbreviations

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

DGD differential group delay
2 Copyright © 2011 IEEE. All rights reserved.
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