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International Standard ISOIIEC 8302-3 : 1993

ANSUIEEE Std 802.3, 1993 Edition

(This edition contains ANSLFIEEE Std 8023-1985,
ANSHIEEE Std 802.3:-1985, ANSUIEEE Std 8CI2,3d-1987,
ANSUIEEE Std 802.3b-1985, ANSUIEEE Std 802.39-1987,

ANSI}? BEE Std 8-0‘2.3h—1990, ANSI/IEEE Std B02i3i—l990, and
corrections resulting from Maintenance Ballot #1}

Information technology-

Local and metropolitan area networks-

Part 3:

Carrier sense multiple access with
collision detection (CSMA/CD)

access method and

physical layer specifications

Sponsor

Technical Committee on Computer Communications
of the

IEEE Computer Society

Abstract: This Local and Metropolitan Area Network standard, ISO/IEC 8802-3 : 1993 [ANSI/IEEE Std
802.3, 1993 Edition], specifies the media access control characteristics for the Carrier Sense Multiple Access
with Collision Detection [CSMA/CD) access method. It also specifies the media, Medium Attachment Unit

(MAU) and physical layer repeater unit for 10 Mbls baseband and broadband systems, and it provides a
1 Mbfs baseband implementation, Specifications for MAU types IOBASES, IOBASE2, FOIRL (fiber optic in-
ter-repeater link), 10BROAD36, 1BASE5, and IOBASE-T are included. System considerations for multiseg—
ment 10 Mb/s basehand networks are provided. Layer and sublayer interface specifications are aligned to
the ISO Open Systems Interconnection Basic Reference Model and 8802 models. The 8802-3 internal mode]
is defined and used.

Keywords: data processing, information interchange, local area networks, mode of data transmission, net-
work interconnection, models

Adopted as an International Standard by the
International Organization for Standardization
and by the
International Electrotechnical Commission

1. American National Standard

Pu hushed by  The Institute of Electrical and Electronics Engineers, Inc.
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International Standard ISO/IEC 8802-3 : 1993

130 (the International Organization for Standardization) and {EC (the International Elec-
trotechnical Commission) form the specialized system for worldwide standardization.
National bodies that are members of ISO or IEC participate in the development of Interna-
tional Standards through technical committees established by the respective organization to
deal with particular fields of technical activity. ISO and IEC technical committees collaborate
in fields of mutual interest. Other international organizations, governmental and nongovern-
mental, in liaison with ISO and IEC, also take part in the work.

In the field of information technology, ISO and IEC have established a joint technical com-
mittee, ISCI/IEC JTC 1. Draft International Standards adopted by the joint technical commit-
tee are circulated to national bodies for voting. Publication as an International Standard
requires approval by at least 75% of the national bodies casting a vote.

In 1985, IEEE Standard 8023-1985 was adopted by ISO Technical Committee 97, Informa-
tion processing systems, as draft International Standard ISO/DIS 8802-3. Following the proce-
dures described above, the Standard was subsequently approved by ISO and published as ISO
8802-3 2 1989, incorporating ISO 8802-3/DAD 1 which had resulted from the adoption by ISO
in 1987 ofANSI/IEEE Std 802.33.

A further revision was subsequently approved by ISO/IEC JTC 1 in 1990, incorporating
ISO/IEC 8802-3/Amendments 2 and 5.

A third edition, published in 1992, incorporated ISO/IEC 8802-3!Amendn1ents 3 and 4.
This fourth edition cancels and replaces ISO/IEC 8802-3 : 1992 and incorporates ISOIIEC

8802-3/Amendment 6, Maintenance Ballot; Amendment 7, Layer management; and Amend-
ment 9, System considerations for muttisegment 10 Mb/s baseband networks and Twisted-
pair medium attachment unit IMAU) and baseband medium. type 10BA.SE—T. These amend-
ments were approved in 1992.

For the purpose of assigning organizationally unique identifiers, the Institute of Electrical
and Electronics Engineers. Inc., USA. has been designated by the ISO Council as the Regis-
tration Authority. Communications on this subject should be addressed to

Registration Authority for ISO/IEC 8802-3
C/o The Institute of Electrical and Electronics Engineers, Inc.
445 Hoes Lane
PO. Box 1331

Piscataway, NJ 08855-1331
USA

During the preparation of this International Standard, information was gathered on pat-
ents upon which application of this standard might depend. Relevant patents were identified
as belonging to Xerox Corporation. However, ISO and IEC cannot give authoritative or com-
prehensive information about evidence, validity or scope of patent and like rights. The patent-
holder has stated that licenses will be granted under reasonable terms and conditions and
communications on this subject should be addressed to

Xerox Corporation
PO. Box 1600

Stamford, CT 06904
USA

lEC_
International Organization for Standardizationflnternational Electrotechnical Commission
Case postale 56 0 CH-1211 Geneva 20 0 Switzerland
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Foreword to International Standard ISO/IEC 8802-3 : 1993

This standard is part of a family of standards for Local and Metropolitan Area Networks. The relation-
ship between this standard and the other members of the family is shown below. (The numbers in the fig-
ure refer to ISO standard numbers.)

This family of standards deals with the Physical and Data Link layers as defined by the ISO Open Sys-
tems Interconnection Basic Reference Model (ISO 7498 : 1984). The access standards define four types of
medium access technologies and associated physical media, each appropriate for particular applications or
system objectives. Other types are under investigation.

The standards defining these technologies are as follows:

(1) ISO/IEC 8802-3 [ANSI/IEEE Std 802.3, 1993 Edition], a bus utilizing CSMA/CD as the access
method,

(2) ISO/IEC 88024 [ANSI/IEEE Std 8024-1990], a bus utilizing token passing as the access method,
(3) ISO/IEC 8802-5 [ANSI/IEEE Std 8025-1992], a ring utilizing token passing as the access method,
(4) ISO 8802-7, 23 ring utilizing slotted ring as the access method.

ISO 8802-2 [ANSI/IEEE Std 802.2-1989], Logical Link Control protocol, is used in conjunction with the
medium access standards.

ISO/IEC 10038 [ANSI/IEEE Std 802.11), 1993 Edition], Media access control (MAC) bridges, specifies an
architecture and protocol for the interconnection of IEEE 802 LANS below the MAC service boundary.

The reader of this document is urged to become familiar with the complete family of standards.
The main body of this standard serves for both the ISOIIEC 8802-3 and ANSI/IEEE Std 802.3 stan-

dards. ISO/IEC and IEEE each have unique foreword sections. The Annex applies to the IEEE standard
only. The Appendixes serve as useful reference material to both standards.

‘ 6I'O 1V6 - X



Aerohive - Exhibit 1026
0007

ANSIIIEEE Std 802.3, 1993 Edition

IEEE Standards documents are developed within the Technical Committees of the IEEE
Societies and the Standards Coordinating Committees of the IEEE Standards Board. Mem-
bers of the committees serve Voluntarily and without compensation. They are not necessarily
members of the Institute. The standards developed within IEEE represent a consensus of the
broad expertise on the subject within the Institute as well as those activities outside of IEFYFI
which have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. 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 view-
point 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 once every five years for revi-
sion or reaffirmation. When a document is more than five years old, and has not been reaf-
firmed, 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.

Comments for revision of IEEE Standards are welcome from any interested party, regard-
less 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.

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 all concerned interests, it is important to
ensure that any interpretation has also received the concurrence of a balance ofinterests. For
this reason IEEE and the members of its technical committees are not able to provide an

instant response to interpretation requests except in those cases where the matter has previ-
ously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017
USA

IEEE Standards documents are adopted by the Institute of Electrical and Electronics
Engineers without regard to whether their adoption may involve patents on articles, ma-
terials, or processes. Such adoptions does not assume any liability to any patent owner, nor
does it assume any obligation whatever to parties adopting the standards documents.
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Foreword to ANSIIIEEE Std 802.3, 1993 Edition

(This Foreword is not a part of this international Standard or of ANSUIEEE 802.3, 1993 Edition.)

This standard is part ofa family of standards for local and metropolitan area networks. The relationship
between the standard and other members of the family is shown below. (The numbers in the figure refer to
IEEE standard numbers.)

502 2 LOGICAL LINK

302.3 aoz -1 302.5
MEDIUM MEDIUM MEDIUM
ACCESS ACCESS .-ACCESS

802.10SECURITY

B021MANAGEMENT
PH YSICAL

IATEFI

HD2OVERVIEWE.ARCHITECTURE‘
B02 3 B02 4 E02 5 802.5

PHYSICAL PHYSICAL PHYSICAL PHYSICAL

* Formerly IEEE Std S02.1A,

This family of standards deals with the Physical and Data Link layers as defined by the International
Organization for Standardization (ISO) Open Systems Interconnection Basic Reference Model (ISO
7498 : 1984). The access standards define several types ofmediurn access technologies and associated phys-
ical media, each appropriate for particular applications or system objectives. Other types are under investi-
gation.

The standards defining these technologies are as follows:

0 IEEE Std 802l: Overview and Architecture. This standard provides an overview
to the family of IEEE 802 standards. This document forms part
of the 802.1 scope of work.

- IEEE Std 802.1B: LAN/MAN Management. Defines an Open System Interconnec-
tion (OSI) management-compatible architecture, and services
and protocol elements for use in a LAN/MAN environment for
performing remote management.

'lSOllEC 10038 : 1993

[ANSUIEEE Std 802.1D] MAC Bridging. Specifies an architecture and protocol for the in-
terconnection of IEEE 802 LANE below the MAC service

boundary. -

- IEEE Std 802.lE: System Load Protocol. Specifies a set of services and protocol for
those aspects of management concerned with the loading of sys-
tems on IEEE 802 LANS.

0 ISO 8802-2 [ANSI/IEEE Std 802.2]: Logical Link Control

0 ISO/IEC 8802—3 IANSUIEEE Std 802.3]: CSMA./CD Access Method and Physical Layer Specifications

l'l‘he B02 Architecture and Overview Specification, originally known as IEEE Std 8D‘2.lA, has been renumbered as IEEE] Std 802. This
has been done to 2-iccomrnodate recognition of the base standard in a family of standards. References to IEEE Std 802.11‘; should be
considered as references to IEEE Std 802.
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I ISO/IEC 8802-4 [ANSI/IEEE Std 802.4]: Token Bus Access Method and Physical Layer Specifications

- ISOIIEC 8802-5 [ANSI/IEEE Std 802.51: Token Ring Access Method and Physical Layer Specifications

' IEEE Std 802.6: Metropolitan Area Network Access Method and Physical Layer
Specifications

I IEEE Std 802.10: Interoperable Local Area Network Security, Currently Contains
Secure Data Exchange (SDE)

In addition to the family of standards the following is a recommended practice for a common technology:

-IEEE Std 802.7: IEEE Recommended Practice for Broadband Local Area
Networks

The reader of this document is urged to become familiar with the complete family of standards.

Conformance Test Methodology

Another standards series, identified by the number 1802, has been established to identify the conform-
ance test methodology documents for the 802 family of standards. This makes the correspondence between
the various 802 standards and their applicable conformance test requirements readily apparent. Thus the
conformance test documents for 802.3 are numbered 1802.3, the conformance test documents for 802.5 will
be 1802.5, and so on. Similarly, ISO will use 18802 to number conformance test standards for 8802
standards.

ISO/IEC 8802-3 : 1993 (ANSIIIEEE Std 802.3, 1993 Edition)

This edition of the standard defines 10 Mbfs baseband and broadband implementations and a 1 Mb/s
baseband implementation of the Physical Layer using the CSMA/CD access method. It is anticipated that
future editions of the standard may provide additional implementations of the physical layer to support
different needs (for example, media, and data rates).

This standard contains state-of-the—art material, The area covered by this standard is undergoing evolu-
tion. Revisions are anticipated to this standard within the next few years to clarify existing material, to
correct possible errors, and to incorporate new related material.

Readers wishing to know the state of revisions should contact

Secretary
IEEE Standards Board

Institute of Electrical and Electronics Engineers, Inc
PO Box 1331, 445 Hoes Lane
Piscataway, NJ 08855-1331
USA

The IEEE 8023 Working Group acknowledges and appreciates that many concepts embodied in this
standard are based largely upon the CSMAJCD access method earlier described in The Ethernet specifica-
tion as written jointly by individuals from Xerox Corporation, Digital Equipment Corporation, and Intel
Corporation. Appreciation is also expressed to Robert M. Metcalfe and David R. Boggs for their pioneering
work in establishing the original concepts.
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Participants

When the IEEE 802.3 Working Group approved the original standard {ANSI/IEEE Std 8023-1985) in
1983, it had the following membership:

Phil L. Arst
Robert F. Bridge
Charles Brill
G. J. Clancy
John Davidson

Ralph DeMent
Hank (H. N.) Dorris
Judith Estrin
Richard Fabbri
Ingrid Fromm
Milton C. Harper
Bryan Hoover
George D. Jelatis
Harold W. Katz

Donald C. Loughry, Chair

Donald E. Kotas
William P. Lidinsky
Laurie Lindsey
William D. Livingston
Andy Luque
Daniel Maltbie
Jerry McDowell
C. Kenneth Miller
Robert L. Morrell
Wendell Nakamine
W. P. Neblett
James Nelson
Thomas L. Phinney
David Potter

Robert S. Printis
Gary 5. Robinson
Robert Rosenthal
Gary Stephens
Daniel P. Stokesberry
Ken. F. Sumner
Daniel Sze
Victor J. Tarassov
P. E. Wainwright
Lyle Weiman
Hugh E. White
Choa-Ping Wu
Nick Zades
Mo R. Zonoun

Additional individuals who contributed actively in the development of the original standard (ANSI/IEEE
Std 8023-1985) throughout its elaboration were

Juan Bulnes
Ron Crane
Dane Elliot
Alan Flatman
Maris G1-aube
Guy Harkjns

Dean Lindsay
Then. T. Liu
Robert Moles
Tony Lauclt
Joseph St. Amand
Richard Seifert
Nathan Tobol

Mark Townsend
Roger Van Brunt
Bo Vick] uncl
Chris Wargo
Richard Williams
Ron ‘fare

The ECMA TC24 Committee on Communication Protocols also provided helpful input in the development
of this standard.

When the IEEE 802.3 Working Group approved ANSI/IEEE Std 802.33-1988 (Section 10) in November
1984, it had the following membership:

Donald C. Loughry, Chair
Alan Flatman, Chair, Type IOBASE2 Task Force

Menachem Abraham
R. V. Balakrishnan

William Belknap
Charles Brill
Jnan Bulnes
Stephen Cooper
Ronald Crane
John Davidson
Mark Devon
Phil Edholm
Gregory Ennis
Judy Estrin
Richard Fransen
Ingrid Fromm
Robert Galin
Rich Graham

Guy Harkins
Greg Hopkins
Joe Kennedy
Hiroshi Kobayashi
Tony Lauck
William Livingston
Hugh Logan
Leland Long
Andy Luque
Daniel Maltbie
Steven Moustakas
Wendell Nakamine

Lloyd Oliver
Aidan Paul
David Potter
Eugene Reilly

Joseph Rickert
Gary Robinson
Robert Rosenthal
Joseph St. Amand
Walter Schreuer
Stephen Soto
Gary Spencer
Robert Summers
Pat Thaler

Geoff Thompson
Wendell Turner
David White
Lawrence White
Rich Williams
Ronald Yara
Mo Zonoun
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W. Adams
R. Applehy
G. Arnold
Y. Baeg
E. Beauregard
J . Becker
E. Bergairninl
Beorstyn
A Carrato
G. Carson
S. Chakradarti
S. Chandra
F. Chang
C. Chan
C. Chen
P. Chen
K. Chen
R. Chow
G. Clinque
1. Cotton
D. Cox
R. DeJardins
D. Dickel
C. Eld ridge
P Enslow
J. Fendirch
M. Figuerea
D. F|5her
J. Fletcher
W. Franta
R. Gagliano
D. Gan
M. Graube
M Greene
R. Gustin
K. [iarbaugh
G. Ilarkins

R. Tlarrington
I-I_ I-leilborn
L. I-Ieselton
D. Hislop
C. Hobbs
S. Hollander
P. Hutton
P. lnduiago
T. Ishida
J. Jelemenshy
O. Kahn
S. Kak
K. Katzeff
C, Kessler
D. Kjrsczhen
R. Kolm
T. Kuki
R. Kunlcel
W Lei
V. Lasker
N. Lau

R. Laughlln
F. Lirn
T. Liu
J Loo

K. Loughner
D. Loughry
T. Louhenkillbi
D. Manchester
M. Marco
D. Matters
D Mclnorle
D. Michels
L Morae.-:
D. Morriss
J. Murayama
R. Nelson
D Ofsevit

The following persons were on the balloting committee that approved ANSI/IEEE Std 8023-1985 for sub-
mission to the IEEE Standards Board:

C. Dsterelcher
M. Papa
3. Peter
D. Phuot:
T. Phinney
G. Power
A. Reddi
M. Ropko
F. Restivo
L. Rich
D. Rina
R. Rosenthzll
P. Ruosadri
S. Samoylenko

Sashi
Sauer
Schneidewind
Serlin

Shepard
Sloyer
Solomon
Stephens

. Stillebroer
. Sumner

. Sykas
A. ’I‘ontawi
D. Tether
J. Tourret
K. Tu
D Unibaugh
J. Vorhiw
A. Weissberger
W. Wenker
T Wicklunrl
T W'olf
F W'olfT
R. Youg

mxom::cQz>w
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When the IEEE 802.3 Working Group approved ANSUIEEE Std 802.3c-1985 (9.1—9.8) in July 1985, it had
the following membership:

Donald C. Loughry, Choir
Geoffrey 0. Thompson, Chair, Repeater Task Force

Menachem Abraham
Keith Albright
R. V. Balakrishnan

William Bell-map
Richard Bennett
Charles Brill
Juan Bulnes

Stephen Cooper
Paul Eastman
Phil Edholm
Gregory Ennis
Alan Flatrnan
Richard Fransen
Ingrid Fromm
Robert Galin
Sharad Gandhi
Rich Graham
Richard Gurnpertz

Hacene Hariti
Guy Harkins
Fred Huang
Stephen Janshego
Donald Johnson
Kwi—Yurlg Jung
Paul Kellam
Joe Kennedy
Hiroshi Kobayashi
Lee LaBarre
Tony Lauck
John Laynor
William Livingston
Terry Lnckyer
James Lucas
Andy Luque
Daniel Maltbie
Steven Mouslskas

Lloyd Oliver

Aidan Paul
David Potter
Eric Rawson
Joseph Rickert
Gary Robinson
Timothy Rock
David Roos
Robert Rosenthal
Joseph St. Amand
Walter Schreuer
Semir Sirazi
David Smith
Stephen Soto
Robert Summers
Pat Thaler
Wendell Turner
Marc Warshaw
Ronald Yara

The following persons were on the balloting committee that approved ANSI/IEEE Std 802.3c-1985 (9.1-
9.8) for submission to the IEEE Standards Board:

Marshall Abrams
John Adams
William B. Adams
S. R. Ahuja
P. D. Amer
Kit Athul

William Ayen
Yong-Myung Baeg
Wesley A. Ballenger, Jr.
Edwardo W. Bergamini
H. F. Boley
Paul W. Campbell, Jr.
George S. Carson
Po Chen
L. Y. Cheung
Kilnam Chen
"1". Ricky Chow
W. F. Chow
David Cohen
Allen F. Conrad
Robert S. Crowder
Michel Diaz
Philip H. Enslow, Jr.
Judith Estrin
John W. Fendrich
Hervey A. Freeman
R. J. Gagliano
Patrick Gonia
Ambuj Goyal
Michael D. Graebner
Maris Graube
Nobushiro Hamads.
Joseph L. Hammond
S. M. Harris
J. Scott Haugdahl
C. W. Hobbs
Jim P. Hung‘Paul L. Hutton

Richard Iliff
George D. Jelatis
E.D. Jensen
Guy Juanole
Karl H. Kellermayr
Mladen Kozunovic
Samuel Kho
David Kollm
Sastri L. Kata

Hirayr M. Kudyan
Takahiko Kuki
Lee LaBarre
Wai—Surn Lai
Lanse M. Leach
Stephen E. Levin
F. C. Lim
William Livingston
Don C. Loughry
Joseph F. P. Luhukay
Meli Marco
Marco Marsan
Joseph Massi
Darrell B. Mclndoe
Patrick S. Mcintosh
David S. Millrnan
Aditya N. Mishra
David E. Morgan
Mike Morganti
Kinji Mori
D. J. Morris
H. T. Mouftah
Dale A. Murray
Ruth Nelson
J. Duane Northcutt
Charles Oestereicher
Young Oh
George Parowski
Thomas L. Phinney
David Potter

John Potvcek
Gary S. Robinson
Marya Repl-to
Robert Rclsenthal
Gian Paolo Rossi
David J. Rypka
S. I. Samoylenko
Norman F. Schneidewind

Oscar Sepulveda
Omri Serlin
D. Sheppard
R. M. Simmons
L. Sintonen
David W. Slayer
Stephen Soto
Fred Strauss
Bart W. Stuck
Tatsuya Suda
Efstathios D. Sykas
Daniel T. W. Sze
Ahmed N. Tantaui
Mario Tokoro
H. C. Torng
Donald F. Towsley
Wei-Tel: Tsai
‘M. Tsuchiya
Richard Tung
Stanko Turk
L. David Uinbaugh
James Vorhies
Pearl S. C. Wang
Don Weir
Alan J. Weissberger
William J. Wanker
Earl J . Whitaker
Michael Willett
Tsong-Ho Wu
Oren Yuan
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When the IEEE Standards Board approved ANSIHEEE Std 802.31:-1985 (9.1—9.B} on December 12, 1935,
it had the following roembemhip:

J(111.1: E. May, Chair John P‘. Riganati, Vice Chair

James H. Beall
F]aI.:':l1ar J. Buckley
Rene Ceatenechiold
Enlward Chelotti
Edward J. Cohen
Paul G. Cummings
Donald C. Fleckenotein

‘Member emeritus

Suva I. Sherr, Secmmry

Jay Forster
Daniel L Goldberg
Kennetli D. Hendrix
Irvin N. Howell
Joel: Kinn

Joaeph L. Koepfin,ger*
Irving Knlnduy
R. F. Lawrence

Lawrence 1-’. I1-Icfloll
Donald T. Michael‘
Frank L. Rune
Cliflord 0. Swanson
J. Richard Wegor
W. B. ‘Wilkemn
Charles J. Wylie

ANSUIEEE Std 802.3-:*r1985 was approved by the American National Standards Institute on June 4,
1936.

When the IEEE 302.3 Worl-:':ng Group approved ANSLFIEEE Std Bfl2.3d-198'?’ (9.9), it had the following
membership:

Menach Abraham
Keith Alhright
Keith Amundsen
Jnan-Pierre Asbarg
R. V. Balakriahneo.
Richard Bennett
Charleen Brill
JlJ.ELI1 Bulnes
Robert Campbell
Luigi Canmrese
Albert Clnessen
Peter Dewe
Peter Desaulnieri
Raymond Daley
Jeff Eheljng
Gienfrauco Enrico
Alan Flatmen
Richard Frauen
Ingrid Fromm
Robert Geliu
Mark Garhold
Adi Golbert
Rich Graharn
Rich Gumpertz
Hacene Hariti

Donald C. lmlaghry, Choir
Steven Mo1.I.-stakes, Choir, Task Force

Lloyd Hasley
Hawmiug Hnuug
Charlea Hoffner
Michael Hugh:
Donald Johnson
Mae Jolmaon
Kwi-YungJ1.mg
Matt Knltenboch
Pau] Kellen:
Scott Kesler

I-liroshi IiobayaahiHidetaune Kurokawa
Lee LaBa.n'e
Ed Laue
Wayne Llndqujst
Terry l..lJd{5"BP
Don I-naughty
James Lucas
And: Luque
1.1.2.3-.51 Dl.i1.rI'-Jr
Aidan Paul
Roy Pierce
Eric R-awson
Joeeph Riekert
Gary Robinson

Tl.IIlE|-l:l1J" Rock
David Rose
Walter Schruer
Semi: Eirazi
David Smith
Robert Su.u:Lm.e1-E
Put T1-naler
Geofi‘ ThompsonNathan Tobol
Carlos Tomoszeweki
Wendel] Turner
Joseph Wiencko
Bruce ‘.F."i|li.u.ms

IDBSERVERE

Allen Cherin
John De-cr.a.mor
Paul Eaalonao
Shiuji E|TI.D‘l'l.
J ire Kaahiu
Michael Lee
Luciano Marchitto
Ji.m Mont-r-one
Peter Torrent

The [EC TCB3 Committee on Infornletion Teclmology Equipment also provided very helpful input to the
development of the FOERL Standard (9.9).
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The following persons were on the balloting conirnittoe that approved ANSI/IEEE Std 802.3d-1987 (9.9?
for submission to the IEEE Standards Board:

William B. Adams
5. R. Ahuja
K1: Athul
William Ayen
Eduardo W Berg.'m1ir1i
Paul W. Campbell. Jr.
George S. Carson
Po Chen
L. Y. Cheung
Kilnarn Chan
W. F. Chow
Michael Coden
A. F. Conrad
Robert S. Crowder
Michel Diaz
N. l. Dimopoulos
M. G. Duncan
Philip H. Enslow, Jr.
Judith Estrin
John W. Fendrich
Harvey A. Freeman
Patrick S. Gonia
R. L. Gordon
A. Goya]
M. D. Graebner
Maris Graube
Joseph L. Hammond
Stephen Harris
J. Scott Haugclahl
C. W. Ilobhs
Paul Hutton
Richard lllif
E. D. Jensen
Guy Juanole
Karl H. Kellerniayr

M. Kezunovic
Samuel Kim
S. E. Kille
David Kollm
Takahiko Kuki
Lee LaBarre
Wai-Sum Lai
Lanse M. Leach
Edward Y. Lee
R. C. Lightburn
F C. Lim
William D. Livingston
Don C. Loughry
Jo.=.opl1 F. 1". Luhukav
Wo—Shun Luk
Marco Ajmone .\-[arsan
Joseph Masai
Ilrlarcu Meli
Darrel B. Niclndoe
P. S. Mclntosh
David S. Millman
Aditya N Mlshra
David E. Morgan
Mike Morgantl
Kanji Mori
David Morris
H. H, '1‘. Muul'l:nh
Dale N. i‘xIurra1_I.'
R. R. Nelson
J. D. Northeut
Charles Uestereieher
Young Oh
George Parowski
Thomas L. Pliinney
J. M. Pntucek
Marya Replm

Gary 5. Robinson
Robert Rosenthal
Gian Paolo Re.-asi
David J. Rypka
S. I. Samavlenko
Norman F. Sehneitlewintf
0m1‘iSer|in
D Sheppard
Run Simmons
J. B. Sinclair
L. Sintunen
Tom Stack
Care! M. Stillebroer
Fred Strzulss
Tatsuya Sudei
P. Sugar
Efstathios D. Sykes
Daniel T. W. Sze
Ahrned N. Tantawi
H. F‘. Torng
D. F. Towsley
Wei-Tek T.-ran
Stanko Turk
L. David Ulnhaugli
J. T. Vorhies
Po-.irl S. C. Wang
Don Weir
Alan J. Weissburger
W. J. Weaker
Earl J. Whitaker
l3ryan Whittle
Michael Willett
David C. Wood

Tsong-Hi_1 Wu
Oren Yum’)

When the IEEE Standards Board approved ANSI/IEEE Std 802.3d-1987 (9.93 on December 12, 1985. it
had the following membership:

Donald C. Fleckenstein, Chair Marco Migliaro,Vice Chau-
Andrew G. Salem, Secr'ezfor_y

James H. Beall
Dennis Eoclson
Marshall L. Cain
James M. Daly
Stephen R. Dillon
Eugene P. Fogarty
Jay Forster
Kenneth D. Hendrix
l1-vin Nl. Howell

*‘MeInber emeritus

Leslie R. Kerr
Jack Kinn

Irving Kolodny
Joseph L. Koepf'Inger"'
Edward Lohse
John May
Lawrence V. McCall
L. Bruce McClung

Donald T. l\r‘lichael*-‘
L. John Rankine
John P. Riganati
Gary S. Robinson
Frank L. Rose
Robert E. Rountree
William R. Taekalierry
Williarri B. Wilkens
Helen M. Wood

ANSI/IEEE Std 8D2.3d-1987 was approved by the American National Standards Institute on February 9,
1989.
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Whr-n the IEEE 802.3 Workmg Group appruved ANHILIIEEE Std §vD2.3b-198-.'3 afi-ctuan 111. 1: had un-
fnllrlwing membrn-nhip:

Donald C. haughty, Chair
Menachern Abraham. Chair, Type IGEROADJE Tam! Para:

Hsilh fi|.'|I:Ir|ghl.
R. V. BnlnkrI.:|hnn.r1
William I3e[km'|p
Richard Bennett
1TIu.-urlas I3:1'Il
Juan Iiulruaa
Hlapiwn Con-p-mEhmnld Unix):
Juhn Dal-ridu:IrI
Hui. Devon
Puui Enslqnan
l'h:I Edbn-In
Grrflrlry Ennm
Jlndy Ellnn
Man Flulmm
Rich.-u-IE Fruaom
lug.-'55! Fnaunxn
TlM‘ae."l'. Galin
Shun! Ganrlifi
Rich Graham
H..Iv:hInl l§urnpr.r'I.'.I
|'lnI:1s.ne Hunt:
"III." Harlan:
flrugnry Hopkins

Frlw] |'ILLln[
-‘Tr.-when Jnnnhego|.'h1:u1k:|. Jhhnlan

HIE-‘hing Jun:
Paul. Kilian
Jar Helm:-dy
Hiroinhl Kfll-n3r:I|‘l:i
Ian I.nTl-an!
Ed Lu-I:
Tum; Iaurk
Juhn I.I_3rnu:'
W:"I1in.1u I..ivh1|:1I1:_nI:I
Terry laulrul
Hugh Lugan
1-tlnnd Lung:
Jab:-I Luau
Alulgr l.uq'u-Una»-I MnH..|x'e

Jucpt. Mru-or
FI.-I-*v.Ht Mmurlauku
.'Hn.n1n_.'n.n Mur1.h3.*
'|lu'undr1'I Nnknmlne
I.luy:l Uhwr

flldlfl Paul
David l'c~l.l.-ur
En-= Rm»-am:
Eugnne Hri.Ii‘-F
.fuun|.|t-. Hick!!!
hlmwny luxmh
fin.ry Rohinnun
1‘:In:u'I:i'I].' Tfitk1}nv.|d Rum
Tlnl:-Irl Tl‘.un'I:I!.h-n]
J1:-I-uph :51. flumnd
Walter Bclirtuur
.‘_'I:I:uJ.i.r H-irui
DII1-‘:5 -':iIn:l.h
Hhp-hon Halb-
Gan Spam:-r
ll-ovllrrl S-ummln
I'll 'T'I:ain:
|'3mE1'Tl:-un;I:anh-'n:h|.n Tubal
Wlmdell Tiiruer
Hut Wnrlhuw
lJ.1-‘Id \'-"I:1'I.L-
Mn Znnnuu

The fullawlng peruunu were an the balloting rummittee that apprlxvod ANSD'JE.'E‘.E Std El]3_3b.]_'EIE£i
(Sm-I.iu-n 11] for submission tn the LEEE Standards Bmird:

Mlrlhnll uflbnlml
John Minna
Wlflnul H-. RI:|.lII.'.:I
3. IL flhuhfl.
Kn. Mihul
Wilhlm hyrr!
Vain Myum; B411
‘P-‘airy at Hull:-ngu, Jr
FvI'|IllI'dEI W. H-u',[:1rn1"n|
H.l.'l:I.k F. Haley
Gcctrgu 5. CanonPu Ch!-n

L. "|'. Chdunfl
Kllnnm Chan
T. lucky Chow
I'll-wi-‘I C-uhrtl
flflllla F. C-r:11r:u:!
Ira ‘N Canon
fluhrrifi Cruwder
Mid-ml Din
Mi'I»-dwell G. Duncan
l"I'I.i1|pH Enalknr. J1‘.
Judith |s?lLr:n
John W. Fe11I.’u"||'h
tum? A. I-“re-.-um:
Plinth Gunia
Amhqu Ulzryal
Michal D. Grarbntr
Hum Gnuhr
NI'.I'b4.IH!'n Hlfihld-Cl
Jan}-J: L Hu:.-uunrl
H-uI.h W Hart!-Hugh
5 M Hum
.1 S-mu Fiauzlflllhl
Shawn Hemly
U. W. Hnbba
Jun 1'. Hflnfi
Fnul L. Hutton
liirlmrd II1fl'
Gt.-urge U. JL-luLlu

E. Douala: Juuucn
I"-uy -J'unru:1t
Siaflil L J u::|LI.r
Kari H. KI-|Irr|na.,-nSllndnul Iirl'.:..-Ian:
Suuunl I'D:
II}-mri-II K:-Hm
H-tllrn I. Knu
I-Lnnrr H. Kudyu:
Tn.k.|IhL|'.n Kuki
Ian |I.uIIIuI.I'nI
Wm.-.':lum T_.:l.I
‘-Vxtlrerta l..-Luke:
I..u.n.I.n I-I I.n.uu.'J'1
F‘A-I-ard. Y. 14-. In
Hlupllun E’. Ll.'V|.l'.I.
EC Lun
Ilmanhl 1.‘. Iutughrp
Jtnifli F. 1’. I..ui|.uII.I_|i‘
Wn-filaun Lula
Mina: Mlnjn

Jul-cph Mun:
1'hIfIv'|| 3. Mlflndne
lhuick H M::l.nu::Ii1.
Man-o MEI!
David S Miilmln
Aditjn N. Muhnl
Hrchnrr! J Mull‘!
Dmnd 1'. Maegan
Huh: P-'IIr;nnI-i
K.-.54.: Mar:
1.’! J Murnn
H T Hl)1.l.fl..IJ:
ml» in Murny
I-luth Nclsun
-I D'lll'l.|'lF Nlnri-hcutl
Chflrlun Ublllnmlchur
David Qimvlt
'I'm.L:u: (H1

I-lrnrre i"nmw1I'I1
Tuurm: L. Phliuu-._v
Nih.l".:u Plmopnulr-In
D11-rad Pultrr
John Potvvrl
“Ii? 5 Hnhiulm
Hunt fin-plum
II-nhart Hon-MJ-nal
rim: Paolo Hun:
lluwl J‘. flypha
5- l. 1'ia.muj'Lnnhn
Nnmuln F‘ 5Ci'|.I'1|1|l.dDla'|.fl.d
Unrllr H-n'pI::|.1rIed.1I
Ururi tkllin
I] Hhnppnrd
H. H. Shaman»
Dlwiull W. Slayer
fiaplmn than
Thu: Eitncl.
|.ZI.I'Hl H. S'I.i1Ifl'.rnI_Ir
Find Slrnuuu
Hum ‘W Sunni
'|'u1'.nnnrn Hurin
Pi-lrr Fiugnr
Iiiuutlaiuu U, SyiuaRank! '1'. W fin-
Mm-ed H. T:Ir.I3.:Iu:
Mann lbbnro
31 E‘ 'TI'n1'{
uounid F '.rmns._=
W-Ii-TH T13:
H. T-I1.|:h.u'u
HI-zhurd 1‘un;
5t.nJ:1tn'l'ur|

L. Duw-lrl llmbaugh-lnmcl Vnrlnm

Ph:-rl H. (2. Wang
|Jun Wm:
Alan .I. Wuinuhergcr
"|'I'I'l|i.uln J, Weaker
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ll.u'. J. Tltilnkzr Ifldlu-J Wulkvkl Cutout H. Writ-d
Brynn S W11.i-ttl: Doluld Wnltnm Zion; Ha ‘Wu

‘When the IEEE Standards Board approved ANBIJIEEE Std 54512.31:-19=B5 [Section II! on September 19,
1985, it 111:! I112 following memben!-hip:

John 3- Ella. Chair John P. 1u[unn:.i.Vu-e C-‘mu’
Suva I. filusrr. Smzretmy

Jlmnl H. Ball Jay |"unu-u- Lawwunce ‘c". Mnflull
Flntchnr J. Buckley lJu:IaI |..('In1dbm-g llunnlrl 'l‘. Michael‘
Rana Uuienwcliiuld Karina-Lh I1. I-Ieudrizr I-‘rnul: 1. Hum.-
Eflwuti Ulzalutti In-Jul N. 1-lmvell fllilfalfl I}. Hwnnnon
Edward J. Cohen -1 Hlrhnni '-Vacur
Fun: 6. Cumming! . W li.W+IIu:|uu
Dnnlltl 1'1. Flu.-ch::Il1E'I.I: ‘-'1‘-I-I!-'5fl -'- Wriit

‘Mamba ununluu

ANSIIIEEE Std 502.313-1935 was approved by flu: A..I:I:uarica.n National Standards Institute on February
23, 1935

WIEII: the IEEE 303.3 Working Grnup lypmlrtd M‘-ISIIIEEE % 3-32.39-I937 {Section 121 in Nannemb-er
lfiflfi. LI hm! the fufluwing membership;

Dunlld C. Lnughry, Chair
Robert Gnlin, C'.'u::.'r. T,)-pt IBASES Task Farce

Maulahnln Abraham
H.-with Afbriuhl.
'I'F.ni1.h Amundsen
Jn.mrP|uI':t- Aubry}! V flablnnhnnu
ha Ihrlur
Chnrhl H-rill
Jun Hula-I
Bnhan Cunuholl
Luip flung:
Mhifl C"-1-151:
undue‘. C-ndl:
Bi]! L‘:-nnfn
Peru Dawn
Polar {Inn-ahiez-I
Raymund Daley
Jill Ebllhng
-Citnnrrmuu Einriea
Mun Flatman
H.h:hImI Ffmaen
Mark flverlwld
Adi Gulbnrr.

I-Hull flrnhum
I-Llchrxrd Lluurpe:-I.z
Hnmnr I~lJu-iti
Lloyd llqnley
Ila: Hint HuangClurlu Iinrflhu

HI:-.Im-I Htlfhfl
l.'Inn.n.|nI Johanna
M1: John-on
Km-&‘n.n¢ Jung
Mu: Hudtuhadu
Pull Ihllmn.
Hruu Huh-c
Iluul-u Knhuyuh:
HId:If.Ill'|-I Ruruknra.
Michal Ll?
Ln L-Iflnrre
'I'Ir:qr lmkyarJlmll Lu:-AI
hucly |.m:ur-
L-uI:iI.nn Mnrchltta
I1"-Hun-an Haunt-nJu.a

LI-u:-3-II DI1-var
Hqv Plarnn
B-Ill Pmtan
Fin: Enuuuu
Jul-np.‘n. lhnhrt
Eur; Rnlirnnit
'|-'1In=:.h;Ir Ilnzi
Du-rd lion

Walt-r Srhnlurf
Samar H-u'l.I|
Dlvad Snub.
Rn-Ian-I H-unnun
I’:-tn Tlrrlul
I-lnrh Tug-lor
Put Thalar

flooflfimmpmn
Nathan Thh-nl
Unrlul '|‘unmI:HflrIkI
nIIu|lhmII Ulla]
Joluph W-uunekn
Hnnnn Wlllnmu
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The following persons were on the balloting oommittae that approved ANSUIEEE Std 3fl2_3g-1-337
{Section 12) for submission to the IEEE Standards Board:

Marallall D. Abrams
William B. Adams
5. R. Ahuja
P. D. Amer
Kil. Athul
William Avon
Eduardo W. Bargnlnini
H. F. Boley-
Paul W. Campbell, Jr.
George S. Caraon
Po Chen

L. Y. Che-ung
Kilnam Chen
W. F. Chow
Ilnlichael Codan
A. F. Conrad
Ira Cotton

D. E. Cnotty
Robert 3. Crfi-Wdar
Michel Diaz
N. I. Dirnopouloa
M. G. Duncan
P. M. Elljol;
Philip H. Enalow, Jr.
Judith Ealrin
John W. Fandrieh
G. A. Foggiata
Harvey A. Freaman
Robert J. G-agliano
T. F. Gannon Ill
Patrick 9. Ganja
R. I. Gordon

A. Goya]
M. D. G1-aahnar
Maria G-rauhe

Joseph L. Hammond
Stephen Harris
J. Scott Haugdahl
U. W. Hohba
P.aulHuI1:on

Richard llifl
E. D. Jenaon

Guy Juan:-1e
S. L. Junker

Karl H. Kellermayr
M. Kerunovi:
Samuel Film
5]. E. Kille
David Kollin.
'l‘alsaln']Lo Kuki
Lee LaBarre
Wa.i-Sum Lei
Lanna M. Laach
Edward 1’. Lee
S. E. Levin
R. C. Lighlhurn
F. C. Lim

William D. Livingatocn
Dan 0. Loughry
Joaeph F. P. Luhukav
Wu-Shun Luk

l\'l'.ar::o Ajrnone Marian
Joaaph Maaai
Marco llleli
Darrel B. Mclndoe
P. S. Melntnah
David S. Mjllman

Adjtya N. lla'llEl£l.l'B
David E. Morgan
M.ike l!rIorga.nt.i
Kanji Mari
David Morris
PI. H. T. Moufliah
Dala N, Murray
R. R. Nelson
J. D. Northcut
Charlea Oeatereicher
Young D}:
George Parowsl-:i
‘I‘hotInaa L-. Phinuey
David Pollar

J. M. Potuoak
Marya Replio
Gary 3. Robinson
Robert Roaenthal
Gian Paolo Roaai

David J. Rgrplra
S. l.Sa.aJ.ay1-enl-so
Norman F. Schneidewind
flmri Harlin
D. Sheppard
Eon Simmons
J. B. Sinclair
L. Sintonan
Stephen H. Soto
Tom Stank
Canal M. Stillahrnar
Fred Strauss
Hart W. Stuck
Tatauya Sada.
P. Sugar
Efnlathioa D. Sykaa
Da.ni.aI T. W, Sae
Ahmed N. Tanlawi
H. '0. Toni;
D. F. Townley
‘Wei-Tel: "l‘aa.i
Maoahiro Tsuehiya
Slanlro 'I\_;|:k

1.. David Umbaugh
J. T. Vorhies
Pearl 5. D. Wang
Don Weir

Alan J. Weiaahur-gar
‘W. J. ‘Weaker
Em-I J. Whitaker
Bryan wldttle
Michael Willatt
David C. Wood
Taong'—Hu Wu
Oren Yuan

When the IEEE Standards Board approved ANSUIEEE Std 802.39-198'? (Section 12} on June 11, 1937, it
had the following membership:

Donald C. Flackenatein, Chair Marco W. l'.lt'l.ig]iaro,Vioe Chair

Andrew G. Sal, Secmtary

James H. Beal] Leslie R. Kerr L. John Rankine
Dnnnia Eodaon Jack Kinn John P. Elganati
Marshall L. Cain lrving Kola-cln.y Gary 9. Robinson
Jaraea I‘-l. Dalv Joseph L. Kmpfingafi F‘:-an]: L, Rose
Stephen R. Dillon Edward Lohae Hobart E, Ruu1:t1-ea
Eugene P. Fogarty John Mac; Elava I. Show‘
J3? FD1’9lrI!l' Lawrence V. McCall William R. 'lhe.l:al:arry
Kanneth D. Hendrix L. B1‘1.'lfl& Mcfllnng William B, Wilkeus
Irvin N. Howell Donald T. M.icl1a.el* Helen M. Wood

"Member emeritus

ANSIHEEE Std 302.32-1937 was appnoved by the American National Standards Institute on December
15, 1937.
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When the IEEE 802.3 Working Group approved ANSI/IEEE Std 802.3h-1990 (Section 5), it had the fol‘
lowing membership:

Donald C. Loughry, Choir
Andy J. Luque, Cizoilr, Layer Management Task Force

Menachem Ahrah am
John R. Age-e
Richard Anderson
Ekl-zeha rd Ant;
Keith Amundsen
Susie Armstrong
R. V. Bolakrlshnan
Mark Bolirer
Richard Brand
Thomas Butler
Luca Cafiero
Robert R. Campbell
Luigi Canavese
Jacques Christ
Michael Coden
Robert Conte
Bill Cronin
Peter Cross
John DeCramer

Ian Crayford
3-‘abil Damouny
Sanjay Dhawan
Raymond S. Duley
Paul Eastman
Richard Ely
Giantramco Enrico
Norman Erbachor
Steve Evitts
Alon V. Flatrnan
Ingrid Fromm
Mel Gable
Bob Galin
Mark Gerhold
Rich Graham
Andreas Guile

Richard Gumpertz
Clive Iiallatt
Kevin Hamilton
Benny Hanigal
Lloyd llasley

William Adams
Kit Athul
William E. Ayen
Ali Bahrololnrinii
George S. Carson
Chih—’I‘sai M. Chen
Michael £1. Coden
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Information technology—Local and metropolitan
area networks-

Part 3: Carrier sense multiple access with collision

detection (CSMAICD) access method and physical
layer specifications

1. I_ni.-roductio'n

1.1 Overview

L1.1 Basic Concepts. The Carrier Sense Multiple Access with Collision Detection IICSMAICD} media
access method is the means by which two or more stations share a common transmission medium. To
transmit, a station Waits (defers) for a quiet period on the medium (that is, no other station is transmit-
ting) and then sends the intended message in bitaserial form..If, afletr initiating a transmission, the mes-
sage collides with that of another station, then each transmitting staldon intentionally sends a few
additional bytes to ensure propagation of the collision throughout the system. The station remains silent
for a random amount of time (hacked) before attempting to transmit again. Each aspect of this access
method process is specified in detail in subsequent sections of this standard.

This is a comprehensive standard for Local Area Networks employing CSMAFCD as the access method.
This standard is intended to encompass several media types and techniques for signal rates of from 1 In-[I;s‘s
to 20 Mbuis. This edition of the standard provides the necessary specifications for 10 Mb.-"s haseband and
broadband systems, a 1 Mhfs baseband system, and a Repeater Unit.

1.1.2Arcl1ii:ectural Perspectives. There are two important ways to View local area network design cor-
responding to

ill A-"Chl'-!‘9Cffl!'€- Emphasizing the logical divi sions of the system and how they fit together.
{2} Implenienrerion. Emphasizing actual components, their packaging and interconnection.

This standard is organized along architectural lines, emphasizing the large-scale separation of the sys-
tem into two parts: the Media Access Control (MAC) sublayer of the Data Link Layer, and the Physical
Layer. These layers are intended to correspond closely to the lowest layers of the ISO Model for Open Sys-
tems Interconnection (see Fig 1-1}. See ISCI ’i'-1-93:19aE!4 [1fl].1 The Logical Link Control -ELLC) sublayer and
MAC suhlayer together encompass the functions intended for the Data Link Layer as defined in the 051
model.

L1.2.1 An architectural organization of the standard has two main advantages:

(ll Clarity. Aclean overall division of the design along architectural lines makes the standard clearer.

(El Flexibiiitgr. Segregation of medium-dependent aspects in the Physical Layer allows the LLC and
MAC sublayers to apply to a family of transmission media.

Partitioning the Data Link Layer allows various media access methods within the family of Local A.res.
Network standards.

1 The numbers in brackets correspond in those of the references listed in 1.3; when preceded by A, they cocrnespand to those-listed inthe Annex.
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