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Abstract: The media access control characteristics for the Carrier Sense Multiple Access with Collision De-
tection (CSMA/CD) access method for shared medium local area networks are described. The control charac-
teristics for full duplex dedicated channel use are also described. Specifications are provided for MAU types
1BASES at 1 Mb/s; Attachment Unit Interface (AUI) and MAU types 10BASES5, 10BASE2, FOIRL (fiber optic
inter-repeater link), 10BROAD36, 10BASE-T, 10BASE-FL, 10BASE-FB, and 10BASE-FP at 10 Mb/s; Media
Independent Interface (MIl) and PHY types 100BASE-T4, 100BASE-TX, 100BASE-FX, and 100BASE-T2 at
100 Mb/s; and the Gigabit MIl (GMII) and 1000BASE-X PHY types, 1000BASE-SX, 1000BASE-LX, and
1000BASE-CX, which operate at 1000 Mb/s (Gigabit Ethernet). Repeater specifications are provided at each
speed. Full duplex specifications are provided at the Physical Layer for 10BASE-T, 10BASE-FL, 100BASE-
TX, 100BASE-FX, 100BASE-T2, and Gigabit Ethernet. System considerations for multisegment networks at
each speed and management information base (MIB) specifications are also provided.
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| EEE Standar ds documents are devel oped within the | EEE Societies and the Standards Coordinat-
ing Committees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the
committees serve voluntarily and without compensation. They are not necessarily members of the
Institute. The standards devel oped within IEEE represent a consensus of the broad expertise on the
subject within the Institute as well as those activities outside of IEEE that have expressed an inter-
est in participating in the development of the standard.

Use of an |IEEE Standard is wholly voluntary. The existence of an |EEE 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 developmentsin
the state of the art and comments received from users of the standard. Every |EEE Standard is sub-
jected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of the art. Users are cautioned to
check to determine that they have the latest edition of any |IEEE Standard.

Comments for revision of |IEEE Standards are welcome from any interested party, regardless of
membership affiliation with | EEE. 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
|EEE, the Institute will initiate action to prepare appropriate responses. Since |EEE Standards rep-
resent a consensus of all concerned interests, it is important to ensure that any interpretation has
also received the concurrence of abalance of interests. For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to
interpretation requests except in those cases where the matter has previously received formal
consideration.

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

Secretary, IEEE-SA Standards Board
445 Hoes Lane

PO. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may
require use of subject matter covered by patent rights. By publication of this standard,
no position is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which alicense may be required by an |IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individua standard for internal or persona use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate
feeis 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;
(978) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can a so be obtained through the Copyright Clearance Center.
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Introduction to IEEE Std 802.3, 1998 Edition

This standard is part of a 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
|EEE standard numbers.)
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* Formerly IEEE Std 802.1A.

Thisfamily of standards deals with the Physical and Data Link layers as defined by the I nternational Organi-
zation for Standardization (1ISO) Open Systems Interconnection (OSI) Basic Reference Modd (ISO/IEC
7498-1:1994). The access standards define seven types of medium access technologies and associated
physica media, each appropriate for particular applications or system objectives. Other types are under
investigation.

The standards defining the technol ogies noted above are as follows:

« |EEE Std 802 Overview and Architecture. This standard provides an overview to the fam-

ily of IEEE 802 Standards.

* ANSI/IEEE Std 802.1B
and 802.1k

LAN/MAN Management. Defines an OSI management-compatible architec-
ture, and services and protocol elements for usein aLAN/MAN environ-

[ISO/IEC 15802-2]

ANSI/IEEE Std 802.1D
[I1SO/IEC 15802-3]

ANSI/IEEE Std 802.1E
[ISO/IEC 15802-4]

ANSI/IEEE Std 802.1F

ANSI/IEEE Std 802.1G
[1SO/IEC 15802-5]

ANSI/IEEE Std 802.2
[ISO/IEC 8802-2]

ANSI/IEEE Std 802.3
[I1SO/IEC 8802-3]

ANSI/IEEE Std 802.4
[I1SO/IEC 8802-4]

ment for performing remote management.

Media Access Control (MAC) Bridges. Specifies an architecture and protocol
for the interconnection of IEEE 802 L ANs below the MAC service boundary.

System Load Protocol. Specifiesaset of servicesand protocol for those aspects
of management concerned with the loading of systems on |EEE 802 LANSs.

Common Definitions and Procedures for |EEE 802 Management |nformation

Remote Media Access Control (MAC) Bridging. Specifies extensions for the
interconnection, using non-LAN communication technologies, of geographicaly
separated |EEE 802 LANs below theleve of thelogical link control protocal.

Logical Link Control

CSMA/CD Access Method and Physical Layer Specifications

Token Passing Bus Access Method and Physical Layer Specifications
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« ANSI/IEEE Std 802.5 Token Ring Access Method and Physical Layer Specifications
[ISO/IEC 8802-5]

* ANSI/IEEE Std 802.6 Distributed Queue Dual Bus Access Method and Physical Layer Specifi-

[ISO/IEC 8802-6] cations
* ANSI/IEEE Std 802.9 Integrated Services (1S) LAN Interface at the Medium Access Control
[ISO/IEC 8802-9] (MAC) and Physical (PHY) Layers

e ANSI/IEEE Std 802.10  Interoperable LAN/MAN Security

e« ANSI/IEEE $td 802.11  Wireless LAN Medium Access Control (MAC) and Physical Layer Specifi-
[ISO/IEC DIS8802-11] cations

e« ANSI/IEEE $td 802.12 Demand Priority Access Method, Physical Layer and Repeater Specifi-
[ISO/IEC DIS8802-12] cations

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

+ |EEE Std 802.7 |EEE Recommended Practice for Broadband Local Area Networks
The following additional working group has authorized standards projects under devel opment:
* |EEE 802.14 Sandard Protocol for Cable-TV Based Broadband Communication Network

Conformance test methodology

An additional standards series, identified by the number 1802, has been established to identify the conform-
ance test methodology documents for the 802 family of standards. Thus the conformance test documents for
802.3 are numbered 1802.3.

IEEE Std 802.3, 1998 Edition

This standard contains state-of-the-art material. The area covered by this standard is undergoing evolution.
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. Details on the contents of this standard are provided
on the following pages.

The IEEE 802.3 Working Group acknowledges and appreciates that many concepts embodied in this stan-
dard are based largely upon the CSMA/CD access method earlier described in The Ethernet specification as
written jointly by individuals from Xerox Corporation, Digital Equipment Corporation, and Intel Corpora-
tion. 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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IEEE Std 802.3z-1998

When the |EEE 802.3 Working Group approved |EEE Std 802.3z, it had the following membership:
Geoffrey O. Thompson, Chair
David J. Law, Vice Chair Andy J. Luque, Secretary
Howard M. Frazier, Jr., Chair, 802.3z Task Force
Howard W. Johnson, Editor, 802.3z Task Force

Keven M. Elliff, Assistant Editor, 802.3z Task Force

Robert M. Grow, Chair GMII sub task force
Rich Taborek, Chair, PCSAN sub task force
Stephen Haddock, Chair, repeater sub task force
R. Jonathan Thatcher, Chair, PMD sub task force

Del Hanson, Chair, PMD sub task force

Schelto van Doorn, Vice Chair, PMD sub task force
Edward Grivna, Editor, PMD sub task force
Sumesh Kaul, Editor, Management sub task force

Menachem Abraham Daniel Essig Chan-DelLin Khosrow Sadeghi
Oscar Agazzi Rebecca Farley Ray Lin Dalit Sagi

Nand Aggarwal Mark Feuerstraeter Larry Lomelino Michael M. Salzman
Alan Albrecht Dave Fifield Brian MacLeod Bill Sarles

Don Alderrou Farzin Firoozmand Kenneth MacL eod David Schwartz
AbeAli Alan Flatman Rabih Makarem Rich Seifert
Khaled Amer Ken Friedenbach Jim Mangin Koichiro Seto
Steve Augusta Richard Froke Scott Mason Cheng-Chung Shih
Kameran Azadet Judy Fuess Thomas Mathey Ramin Shirani
Denis Beaudoin Robin Gangopadhya Joseph Mazor Bharat Singh
Miles Benson Mark Gerhold Kelly McClellan Paramjeet Singh
John Bowerman Tom Grasmehr John McCool David Smith
Richard Bowers Martin Green Grahame Measor Michael Smith
Dave Brier Bryan Gregory Vince Melendy Walter Sotelo
Benjamin Brown Richard Grenier Steve Metzger Ben Speiser
Danidl J. Brown Johannes Hansen Tremont Miao Margit Stearns
Bill Bunch Mehdi Hatamian Colin Mick Rick Strohmayer
Ed Cady Kirk Hayden Chris Di Minico Steve Swanson
John Cagle Claude Hayek Fanny Mlinarsky Andre Szczepanek
Richard Cam Gaby Hecht Mart L. Molle Tad Szostak

Bob Campbell Ariel Hendel Octavio Morales Wen-Tsung Tang
J. Scott Carter Henry Hinrichs Shankar Mukherjee Sadry Tavana
Edward Chang Charlie Hochstedler Shimon Muller Ken Taylor

Linda Cheng Henry Hsiaw Denis Murphy Vivek Telang

Hon Wah Chin Jacob Hsu Samba Murthy Pat Thaler

Henry Choy Todd Hudson Robert Musk Walter Thirion
George Chu David J. VanGoor Ken Naganuma Douglas Thomson
Kelly B. Coffey Scott Johnson Kristian Nelson Carlos Tomaszewski
lan Crayford Jayant Kadambi Paul Nikolich Hiep Tran

David Cunningham Vic Kairis Mark Nowell Todd Vafiades
Robert Curtis Shinkyo Kaku Satoshi Obara lain Verigin

Bruce D. Miller Mohan Kalkunte Mitsuji Okada Greg Wang

Robert Dahlgren Amrit Kalla Paul Pace Yun-Che Wang
Bernard Daines Tuan Khuu Jim Parker Jeff Warren

Kevin Daines Richard Knight John Payne Moti Weizman
Subrata Datta Paul Kolesar Joe Pelissier Jim Welch

Moshe De-Leon Kishan Rao Konda Gideon Prat Mike Witkowski
Tom Debiec Josef Kozilek William Quackenbush John Wolcott
Sanjay Desai John L. Bestel Sreen Raghavan Don Wong
Thomas Dineen Richard LaCerte Brian Ramelson Robert Wu

Hans Peter Dittler Bruce LaVigne Sailesh K. Rao Stefan M. Wurster
Dan Dove Hans Lackner Peter Rautenberg Michael Yam
James Doyle Gadi Lahat Gary Robinson Igor Zhovnirovsky
George Eisler Gordon Langlands Carlos Rodriguez

Michael Elswick Fu-Ho Lee Floyd Ross

Nick Esser Tommy Leung Archana Roy

Copyright © 1998 IEEE. All rights reserved.
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 04:28:55 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 802.3-1998

Documents
Documgnt Sharing Hub


http://www.avadocuments.com/doc/ieee-802-3-1998
http://www.avadocuments.com/doc/ieee-802-3-1998

The following persons were on the balloting committee of IEEE Std 802.3z:

William B. Adams
Don Aelmore
Oscar E. Agazzi
Khaled Amer
Corey Anderson
Jack S. Andresen
Kit Athul
ThomasW. Bailey
Brad J. Booth
Steve Brewer
Kathleen L. Briggs
Benjamin J. Brown
Peter K. Campbell
JamesT. Carlo
David E. Carlson
George S. Carson
Brian J. Casey

Paul Chen

Albert C. Chiang
lan S. Crayford
Robert S. Crowder
David Cunningham
Simon Cushin

Bob Dahigren
Alan Deikman
Thomas J. Dineen
Christos Douligeris
Daniel Dove

Peter Ecclesine
George Eisler

John E. Emrich
Philip H. Enslow
Changxin Fan
Robert L. Faulk
John W. Fendrich
Mark R. M. Ferguson
David Fifield

Robert Fink

Michael A. Fischer
Howard M. Frazier
Harvey A. Freeman
Ken J. Friedenbach
Gautam Garai

Isaac Ghansah

Joel R. Goergen
Patrick S. Gonia
Julio Gonzalez-Sanz
Robert M. Grow
Chris G. Guy
Stephen R. Haddock
Delon Hanson
Allen W. Hathaway
J. Scott Haugdahl
Donald N. Heirman
Jacob J. Hsu

Walter K. Hurwitz
Benny I. Iggland
Richard J. 1liff

Raj Jain

Anura P. Jayasumana
Howard Johnson
Peter M. Kelly

Gary C. Kessler
Yongbum Kim
Hemant Kishan
Donald L. Knasel
Thaddeus Kobylarz
Henriecus Koeman
Paul F. Kolesar
Stephen Barton Kruger
Kenneth C. Kung
William G. Lane
BruceE. LaVigne
David J. Law

Lanse M. Leach

Jai Yong Lee

Ray Lin

Yoseph L. Linde
Randolph S. Little
Chang-Chi Liu
Jahan B. Lotfi

Rabih Makarem
Peter Martini
Kathleen M. McMillan
Milan Merhar

John L. Messenger
Bennett Meyer
Tremont Miao
Colin K. Mick
David S. Millman
W. Melody Moh
Warren Monroe
John E. Montague
Wayne D. Moyers
Shimon Muller

Ken Naganuma
Mark Nowell
Robert O'Hara
Dona O’ Mahony
Charles Oestereicher
Sedat Olcer

Roger Pandanda
Lalit Mohan Patnaik
John L. Payne

Lucy W. Person
Vikram Punj

Andris Putnins
William L. Quackenbush
Sreen Raghavan
Sailesh K. Rao

Dan L. Ray

JamesA. Renfro
Everett Rigsbee, IlI
Gary S. Robinson
Edouard Y. Rocher
James W. Romlein
Floyd E. Ross
Christoph Ruland
Dalit Sagi

Ravi Sankar

Mark A. Sankey
Norman Schneidewind
Frederick Scholl
James E. Schuessler
Rich Seifert
Adarshpal S. Sethi
Donald A. Sheppard
Joseph S. Skorupa
Michadl A. Smith
William R. Smith
Robert K. Southard
JmA. Tatum
PatriciaThaler

R. Jonathan Thatcher
Geoffrey O. Thompson
Hiep Tran
Mark-Rene Uchida
LourensVan Der Jagt
Emmanuel Van Lil
Sarosh N. Vesuna
John Viaplana

Barry M. Vornbrock
Elfed T. Weaver
Alan J. Weissberger
Willem F. Wery
David A. Wilson
Qian-li Yang
OrenYuen

When the IEEE-SA Standards Board approved IEEE Std 802.3z on 25 June 1998, it had the following

membership:

Richard J. Holleman, Chair

Satish K. Aggarwal
ClydeR. Camp
JamesT. Carlo
Gary R. Engmann
Harold E. Epstein
Jay Forster*
Thomas F. Garrity
Ruben D. Garzon

*Member Emeritus
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Judith Gorman, Secretary

James H. Gurney

Jm D. Isaak

Lowell G. Johnson
Robert Kennelly

E. G. “Al” Kiener
Joseph L. Koepfinger*
Stephen R. Lambert
Jim Logothetis
Donald C. Loughry

Kristin M. Dittmann
IEEE Sandards Project Editor

Donald N. Heirman, Vice Chair

L. Bruce McClung
Louis-Frangois Pau
Ronald C. Petersen
Gerald H. Peterson
John B. Posey
Gary S. Robinson
Hans E. Weinrich
DonadW. Zipse
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Past participants

Working group members

The following individuals participated in the 802.3 working group during various stages of the standard’s
development. The superscripted letters by each name indicate the document(s) each participant worked on (a
= 802.33, b = 802.3b, etc.). The superscripted letter “0” indicates the original standard (ANSI/IEEE Std
802.3-1985). Complete identification of the documentsisincluded in the officer listing on pages xi—xii. Note
that working group participation for maintenance revisions 2, 3, 4, and 5 (802.3m, n, s, and aa) is not

included in thislisting.
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ISO/IEC status

Certain portions of this standard have been approved at the international level and form standard | SO/IEC
8802-3: 1996. The remainder of IEEE Std 802.3 is in the process of |SO/IEC approval via the “fast-track”
process. Any comments on the fast-track DIS will be handled in ISO/IEC JTC 1/SC 6. Details are provided
bel ow.

—  Clauses 1-20 were previously published as |SO/IEC 8802-3: 1996.

— ISO/IEC 8802-3 amendment project 20 (M aintenance #4) was previously published as DAM 20
in the rear of ISO/IEC 8802-3: 1996. It is now integrated into the text of this document in Clauses 7
and 8.

— ISO/IEC 8802-3 amendment project 21 (100BASE-T) is integrated into the text of this document
in Clauses 21 through 30.

— |SO/IEC 8802-3 amendment project 23 (10BASE5S MAU PICS Proforma) is integrated into the
text of this document as subclause 8.8.

— I1SO/IEC 8802-3 amendment project 24 (Full Duplex Operation and 100BASE-T2). Full Duplex
isintegrated into the text of this document with changes to Clauses 14, 6, 7, 13-15, 18, 21-24, 27—
30, and added Clause 31. 100BASE-T2 is specified in Clause 32.

— ISO/IEC 8802-3 amendment project 25 was previously merged with DAM 24.

— ISO/IEC 8802-3 amendment project 26 (Gigabit Ethernet, IEEE Std 802.32) is integrated into
the text of this document as Clauses 34-42 with some changes to Clauses 4 and 28.

— ISO/IEC 8802-3 amendment project 27 (Maint. #5, |IEEE Std 802.3aa) is integrated into the text
of this document with changesto Clause 27.

Thefully integrated text has been submitted to |SO/IEC for approval (Ref: ISO/IEC DIS 8802-3). For up-to-
date information on the | SO/IEC approval status of this edition, see

http://grouper.ieee.or g/groups/802/3/I SO-status.html
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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

1. Introduction

1.1 Overview

This is a comprehensive International Standard for Local Area Networks (LANs) employing CSMA/CD as
the access method. This International Standard is intended to encompass several media types and techniques
for signal rates from 1 Mb/s to 1000 Mb/s. This edition of the standard provides the necessary specifications
for the following families of systems: a 1 Mb/s baseband system, 10 Mb/s baseband and broadband systems,
a 100 Mb/s baseband system, and a 1000 Mb/s baseband system.

1.1.1 Basic concepts

This standard provides for two distinct modes of operation: half duplex and full duplex. A given IEEE 802.3
instantiation operates in either half or full duplex mode at any one time. The term “CSMA/CD MAC” is used
throughout this standard synonymously with “802.3 MAC,” and may represent an instance of either a half
duplex or full duplex mode data terminal equipment (DTE), even though full duplex mode DTEs do not
implement the CSMA/CD algorithms traditionally used to arbitrate access to shared-media LANS.

1.1.1.1 Half duplex operation

In half duplex mode, the CSMA/CD 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 transmitting) and then sends the intended message in bit-serial form. If, after initiating
a transmission, the message collides with that of another station, then each transmitting station intentionally
transmits for an additional predefined period to ensure propagation of the collision throughout the system.
The station remains silent for a random amount of time (backoff) before attempting to transmit again. Each
aspect of this access method process is specified in detail in subsequent clauses of this standard.

Half duplex operation can be used with all media and configurations allowed by this standard.
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1.1.1.2 Full duplex operation

Full duplex operation allows simultaneous communication between a pair of stations using point-to-point
media (dedicated channel). Full duplex operation does not require that transmitters defer, nor do they moni-
tor or react to receive activity, as there is no contention for a shared medium in this mode. Full duplex mode
can only be used when all of the following are true:

a)  The physical medium is capable of supporting simultaneous transmission and reception without
interference.

b) There are exactly two stations connected with a full duplex point-to-point link. Since there is no con-
tention for use of a shared medium, the multiple access (i.e., CSMA/CD) algorithms are unnecessary.
c) Both stations on the LAN are capable of, and have been configured to use, full duplex operation.

The most common configuration envisioned for full duplex operation consists of a central bridge (also
known as a switch) with a dedicated LAN connecting each bridge port to a single device. Repeaters as
defined in this standard are outside the scope of full duplex operation.

Full duplex operation constitutes a proper subset of the MAC functionality required for half duplex operation.
1.1.2 Architectural perspectives
There are two important ways to view local area network (LAN) design corresponding to

a)  Architecture. Emphasizing the logical divisions of the system and how they fit together.
b) Implementation. Emphasizing actual components, their packaging, and interconnection.

This standard is organized along architectural lines, emphasizing the large-scale separation of the system
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/IEC Model for Open Systems
Interconnection (see Figure 1-1). (See ISO/IEC 7498-1: 1994.1) The Logical Link Control (LLC) sublayer
and MAC sublayer together encompass the functions intended for the Data Link Layer as defined in the OSI
model.

1.1.2.1 Architectural rationale
An architectural organization of the standard has two main advantages:
a)  Clarity. A clean overall division of the design along architectural lines makes the standard clearer.
b)  Flexibility. 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 LAN standards.

The architectural model is based on a set of interfaces that may be different from those emphasized in imple-
mentations. One critical aspect of the design, however, shall be addressed largely in terms of the implemen-
tation interfaces: compatibility.

1.1.2.2 Compatibility interfaces

Five important compatibility interfaces are defined within what is architecturally the Physical Layer.

For information about references, see 1.3.
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LAN
osl CSMA/CD
REFERENCE LAYERS
MODEL
LAYERS HIGHER LAYERS
APPLICATION LLC—LOGICAL LINK CONTROL
PRESENTATION MAC CONTROL (OPTIONAL)
SESSION MAC—MEDIA ACCESS CONTROL
TRANSPORT PLS RECONCILIATION RECONCILIATION ECONCILIATION
GMIl —p
NETWORK
PHY
DATA LINK AUl —p
PHYSICAL MAU { M2
MDI —» MDI —p MDI —»
MEDIUM MEDIUM MEDIUM MEDIUM
1 Mb/s, 10 Mb/s 10 Mb/s 100 Mb/s 1000 Mb/s
AUI = ATTACHMENT UNIT INTERFACE PLS = PHYSICAL LAYER SIGNALING
MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
MIl = MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
GMII = GIGABIT MEDIA INDEPENDENT INTERFACE ~ PHY = PHYSICAL LAYER DEVICE
MAU = MEDIUM ATTACHMENT UNIT PMD = PHYSICAL MEDIUM DEPENDENT

Figure 1-1—LAN standard relationship to the ISO/IEC Opens Systems Interconnection
(OSI) reference model

a)  Medium Dependent Interfaces (MDI). To communicate in a compatible manner, all stations shall
adhere rigidly to the exact specification of physical media signals defined in clause 8 (and beyond) in
this standard, and to the procedures that define correct behavior of a station. The medium-indepen-
dent aspects of the LLC sublayer and the MAC sublayer should not be taken as detracting from this
point; communication by way of the ISO/IEC 8802-3 [ANSI/IEEE Std 802.3] Local Area Network
requires complete compatibility at the Physical Medium interface (that is, the physical cable inter-
face).

b)  Attachment Unit Interface (AUI). It is anticipated that most DTEs will be located some distance from
their connection to the physical cable. A small amount of circuitry will exist in the Medium Attach-
ment Unit (MAU) directly adjacent to the physical cable, while the majority of the hardware and all
of the software will be placed within the DTE. The AUI is defined as a second compatibility inter-
face. While conformance with this interface is not strictly necessary to ensure communication, it is
highly recommended, since it allows maximum flexibility in intermixing MAUs and DTEs. The AUI
may be optional or not specified for some implementations of this standard that are expected to be
connected directly to the medium and so do not use a separate MAU or its interconnecting AUI
cable. The PLS and PMA are then part of a single unit, and no explicit AUI implementation is
required.

¢)  Media Independent Interface (MII). 1t is anticipated that some DTEs will be connected to a remote
PHY, and/or to different medium dependent PHYs. The MII is defined as a third compatibility inter-
face. While conformance with implementation of this interface is not strictly necessary to ensure
communication, it is highly recommended, since it allows maximum flexibility in intermixing PHY's
and DTEs. The MII is optional.

d) Gigabit Media Independent Interface (GMII). The GMII is designed to connect a gigabit-capable
MAC or repeater unit to a gigabit PHY. While conformance with implementation of this interface is
not strictly necessary to ensure communication, it is highly recommended, since it allows maximum
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flexibility in intermixing PHYs and DTEs at gigabit speeds. The GMII is intended for use as a chip-
to-chip interface. No mechanical connector is specified for use with the GMIIL. The GMII is optional.

e) Ten-bit Interface (TBI). The TBI is provided by the 1000BASE-X PMA sublayer as a physical
instantiation of the PMA service interface. The TBI is highly recommended for 1000BASE-X sys-
tems, since it provides a convenient partition between the high-frequency circuitry associated with
the PMA sublayer and the logic functions associated with the PCS and MAC sublayers. The TBI is
intended for use as a chip-to-chip interface. No mechanical connector is specified for use with the
TBI. The TBI is optional.

1.1.3 Layer interfaces

In the architectural model used here, the layers interact by way of well-defined interfaces, providing services
as specified in Clauses 2 and 6. In general, the interface requirements are as follows:

a) The interface between the MAC sublayer and its client includes facilities for transmitting and receiv-
ing frames, and provides per-operation status information for use by higher-layer error recovery pro-
cedures.

b) The interface between the MAC sublayer and the Physical Layer includes signals for framing (car-
rier sense, receive data valid, transmit initiation) and contention resolution (collision detect), facili-
ties for passing a pair of serial bit streams (transmit, receive) between the two layers, and a wait
function for timing.

These interfaces are described more precisely in 4.3. Additional interfaces are necessary to provide for MAC
Control services, and to allow higher level network management facilities to interact with these layers to per-
form operation, maintenance, and planning functions. Network management functions will be discussed in
Clause 30.

1.1.4 Application areas

The applications environment for the LAN is intended to be commercial and light industrial. Use of CSMA/
CD LANSs in home or heavy industrial environments, while not precluded, is not considered within the scope
of this standard.

1.2 Notation
1.2.1 State diagram conventions

The operation of a protocol can be described by subdividing the protocol into a number of interrelated func-
tions. The operation of the functions can be described by state diagrams. Each diagram represents the
domain of a function and consists of a group of connected, mutually exclusive states. Only one state of a
function is active at any given time (see Figure 1-2).

Each state that the function can assume is represented by a rectangle. These are divided into two parts by a
horizontal line. In the upper part the state is identified by a name in capital letters. The lower part contains
the name of any ON signal that is generated by the function. Actions are described by short phrases and
enclosed in brackets.

All permissible transitions between the states of a function are represented graphically by arrows between
them. A transition that is global in nature (for example, an exit condition from all states to the IDLE or
RESET state) is indicated by an open arrow. Labels on transitions are qualifiers that must be fulfilled before
the transition will be taken. The label UCT designates an unconditional transition. Qualifiers described by
short phrases are enclosed in parentheses.
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STATE NAME

® <MESSAGE SENT>

TERMS TO ENTER TERMS TO EXIT

|-
[ACTIONS TAKEN]
Key: () = condition, for example, (if no_collision)
[ 1 = action, for example, [reset PLS functions]
* = logical AND
+ = logical OR
Tw = Wait Time, implementation dependent
Td = Delay Timeout
Tb = Backoff Timeout
UCT = unconditional transition

Figure 1-2—State diagram notation example

State transitions and sending and receiving of messages occur instantaneously. When a state is entered and
the condition to leave that state is not immediately fulfilled, the state executes continuously, sending the
messages and executing the actions contained in the state in a continuous manner.

Some devices described in this standard (e.g., repeaters) are allowed to have two or more ports. State dia-
grams capable of describing the operation of devices with an unspecified number of ports, required qualifier
notation that allows testing for conditions at multiple ports. The notation used is a term that includes a
description in parentheses of which ports must meet the term for the qualifier to be satisfied (e.g., ANY and
ALL). It is also necessary to provide for term-assignment statements that assign a name to a port that satis-
fies a qualifier. The following convention is used to describe a term-assignment statement that is associated
with a transition:

732

a)  The character “:” (colon) is a delimiter used to denote that a term assignment statement follows.

b)  The character “0 ” (left arrow) denotes assignment of the value following the arrow to the term pre-
ceding the arrow.

The state diagrams contain the authoritative statement of the functions they depict; when apparent conflicts
between descriptive text and state diagrams arise, the state diagrams are to take precedence. This does not
override, however, any explicit description in the text that has no parallel in the state diagrams.

The models presented by state diagrams are intended as the primary specifications of the functions to be pro-
vided. It is important to distinguish, however, between a model and a real implementation. The models are
optimized for simplicity and clarity of presentation, while any realistic implementation may place heavier
emphasis on efficiency and suitability to a particular implementation technology. It is the functional behav-
ior of any unit that must match the standard, not its internal structure. The internal details of the model are
useful only to the extent that they specify the external behavior clearly and precisely.

1.2.2 Service specification method and notation

The service of a layer or sublayer is the set of capabilities that it offers to a user in the next higher (sub)layer.
Abstract services are specified here by describing the service primitives and parameters that characterize
each service. This definition of service is independent of any particular implementation (see Figure 1-3).
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LAYER N LAYER N
SERVICE USER SERVICE USER
LAYER N-1

SERVICE PROVIDER

TIME
REQUEST

INDICATION

Figure 1-3—Service primitive notation

Specific implementations may also include provisions for interface interactions that have no direct end-to-
end effects. Examples of such local interactions include interface flow control, status requests and indica-
tions, error notifications, and layer management. Specific implementation details are omitted from this ser-
vice specification both because they will differ from implementation to implementation and because they do
not impact the peer-to-peer protocols.

1.2.2.1 Classification of service primitives
Primitives are of two generic types:

a) REQUEST. The request primitive is passed from layer N to layer N-1 to request that a service be ini-
tiated.

b) INDICATION. The indication primitive is passed from layer N-1 to layer N to indicate an internal
layer N-1 event that is significant to layer N. This event may be logically related to a remote service
request, or may be caused by an event internal to layer N-1.

The service primitives are an abstraction of the functional specification and the user-layer interaction. The
abstract definition does not contain local detail of the user/provider interaction. For instance, it does not indi-
cate the local mechanism that allows a user to indicate that it is awaiting an incoming call. Each primitive
has a set of zero or more parameters, representing data elements that shall be passed to qualify the functions
invoked by the primitive. Parameters indicate information available in a user/provider interaction; in any par-
ticular interface, some parameters may be explicitly stated (even though not explicitly defined in the primi-
tive) or implicitly associated with the service access point. Similarly, in any particular protocol specification,
functions corresponding to a service primitive may be explicitly defined or implicitly available.

1.2.3 Physical Layer and media notation

Users of this standard need to reference which particular implementation is being used or identified. There-
fore, a means of identifying each implementation is given by a simple, three-field, type notation that is
explicitly stated at the beginning of each relevant clause. In general, the Physical Layer type is specified by
these fields:

<data rate in Mb/s> <medium type> <maximum segment length (X 100 m)>
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For example, the standard contains a 10 Mb/s baseband specification identified as “TYPE 10BASES,” mean-
ing a 10 Mb/s baseband medium whose maximum segment length is 500 m. Each successive Physical Layer
specification will state its own unique TYPE identifier along similar lines.

1.2.4 Physical Layer message notation

Messages generated within the Physical Layer, either within or between PLS and the MAU (that is, PMA
circuitry), are designated by an italic type to designate either form of physical or logical message used to
execute the physical layer signaling process (for example, input_idle or mau_available).

1.3 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of
this standard. At the time of publication, the editions indicated were valid. All standards are subject to revi-
sion, and parties to agreements based on this standard are encouraged to investigate the possibility of apply-
ing the most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of
currently valid International Standards.

ANSI T1.601-1992, Telecommunications— Integrated Services Digital Network (ISDN)—Basic Access
Interface for Use on Metallic Loops for Application on the Network Side of the NT (Layer 1 Speciﬁcation).2

ANSI T1.605-1991, Telecommunications— Integrated Services Digital Network (ISDN)—Basic Access
Interface for S and T Reference Point (Layer 1 Specification).

ANSI X3.237-1995, Rev 2.1 (1 January 1995), FDDI Low-Cost Fibre Physical Layer—Medium Dependent
(LCF-PMD) (ISO/IEC CD 9314-9).

ANSI X3.263: 1995, Revision 2.2 (1 March 1995), FDDI Twisted Pair—Physical Medium Dependent (TP-
PMD) (ISO/IEC CD 9314-10).

CISPR 22: 1993, Limits and Methods of Measurement of Radio Interference Characteristics of Information
Technology Equipment.3

IEC 60060 (all parts), High-voltage test techniques.4
IEC 60068, Basic environmental testing procedures.

IEC 60096-1: 1986, Radio-frequency cables, Part 1: General requirements and measuring methods and
Amd. 2: 1993.

IEC 60169-8: 1978 and -16: 1982, Radio-frequency connectors, Part 8: R.F. coaxial connectors with inner
diameter of outer conductor 6.5 mm (0.256 in) with bayonet lock — Characteristic impedance 50 ohms (Type

2ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA (www.ansi.org/).

3CISPR documents are available from the International Electrotechnical Commission, 3 rue de Varembé, Case Postale 131, CH 1211,
Geneve 20, Switzerland/Suisse (www.iec.ch/). CISPR documents are also available in the United States from the American National
Standards Institute.

“In the 1998 edition of this standard, IEC publications have been renumbered in accordance with IEC’s revised numbering system. In 1997,
all existing publications were issued a designation in the 60000 series. Thus IEC 60 became IEC 60060, IEC 169-8 became IEC 60169-8,
etc. IEC publications are available from IEC Sales Department, Case Postale 131, 3 rue de Varembé, CH-1211, Geneve 20, Switzerland/
Suisse (www.iec.ch/). IEC publications are also available in the United States from the American National Standards Institute.
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BNC); Part 16: R.F. coaxial connectors with inner diameter of outer conductor 7 mm (0.276 in) with screw
coupling— Characteristic impedance 50 ohms (75 ohms) (Type N).

IEC 60603-7: 1990, Connectors for frequencies below 3 MHz for use with printed boards, Part 7: Detail
specification for connectors, 8-way, including fixed and free connectors with common mating features, with
assessed quality.

IEC 60793-1: 1995, Optical fibres—Part 1: Generic specification.

IEC 60793-2: 1992, Optical fibres—Part 2: Product specifications.

IEC 60794-1: 1996, Optical fibre cables—Part 1: Generic specification.

IEC 60794-2: 1989, Optical fibre cables—Part 2: Product specifications.

IEC 60807-2: 1992, Rectangular connectors for frequencies below 3 MHz, Part 2: Detail specification for a
range of connectors with assessed quality, with trapezoidal shaped metal shells and round contacts —Fixed
solder contact types.

IEC 60807-3: 1990, Rectangular connectors for frequencies below 3 MHz, Part 3: Detail specification for a
range of connectors with trapezoidal shaped metal shells and round contacts—Removable crimp contact
types with closed crimp barrels, rear insertion/rear extraction.

IEC 60825-1: 1993, Safety of laser products—Part 1: Equipment classification, requirements and user’s guide.
IEC 60825-2: 1993, Safety of laser products —Part 2: Safety of optical fibre communication systems.

IEC 60874-1: 1993, Connectors for optical fibres and cables—Part 1: Generic specification.

IEC 60874-2: 1993, Connectors for optical fibres and cables—Part 2: Sectional specification for fibre optic
connector, Type F-SMA.

IEC 60874-10: 1992, Connectors for optical fibres and cables—Part 10: Sectional specification, Fibre optic
connector type BFOC/2,5.

IEC 60950: 1991, Safety of information technology equipment.

IEC 61076-3-101: 1997, Connectors with assessed quality, for use in d.c., low-frequency analogue and in
digital high-speed data applications —Part 3: Rectangular connectors— Section 101: Detail specification for
a range of shielded connectors with trapezoidal shaped shells and non-removable rectangular contacts on a
1.27 mm x 2.54 mm centre-line.

IEC 61076-3-103 (48B/574/NP), Detail specification for rectangular connectors, with assessed quality, 6
and 8 way, fixed and free shielded connectors with ribbon contacts for high speed data applications.

IEC 61196-1: 1995, Radio-frequency cables—Part 1: Generic specification— General, definitions, require-
ments and test methods.

IEC 61754-4: 1997, Fibre optic connector interfaces—Part 4: Type SC connector family.
IEEE Std 802-1990, IEEE Standards for Local and Metropolitan Area Networks: Overview and Architecture.”

SIEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (standards.ieee.org/).
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IEEE Std 802.1F-1993 (Reaff 1998), IEEE Standards for Local and Metropolitan Area Networks: Common
Definitions and Procedures for IEEE 802 Management Information.

ISO/IEC 2382-9: 1995, Information technology — Vocabulary —Part 9: Data communication.®

ISO/IEC 7498-1: 1994, Information technology —Open Systems Interconnection— Basic Reference Model:
The Basic Model.

ISO/IEC 7498-4: 1989, Information processing systems—Open Systems Interconnection—Basic Reference
Model —Part 4: Management Framework.

ISO/IEC 8824: 1990, Information technology—Open Systems Interconnection— Specification of Abstract
Syntax Notation One (ASN.1).

ISO/IEC 8825: 1990, Information technology—Open Systems Interconnection— Specification of basic
encoding rules for Abstract Syntax Notation One (ASN.1).

ISO/IEC 8877: 1992, Information technology —Telecommunications and information exchange between
systems — Interface connector and contact assignments for ISDN Basic Access Interface located at reference
points S and T.

ISO/IEC 9314-1: 1989, Information processing systems—Fibre Distributed Data Interface (FDDI)—Part 1:
Token Ring Physical Layer Protocol (PHY).

ISO/IEC 9314-2: 1989, Information processing systems— Fibre Distributed Data Interface (FDDI)—Part 2:
Token Ring Media Access Control (MAC).

ISO/IEC 9314-3: 1990, Information processing systems— Fibre Distributed Data Interface (FDDI)—Part 3:
Physical Layer Medium Dependent (PMD).

ISO/IEC 9646-1: 1994, Information technology—Open Systems Interconnection—Conformance testing
methodology and framework—Part 1: General concepts.

ISO/IEC 9646-2: 1994, Information technology—Open Systems Interconnection—Conformance testing
methodology and framework —Part 2: Abstract test suite specification.

ISO/IEC 10040: 1992, Information technology—Open Systems Interconnection—Systems management
overview.

ISO/IEC 10164-1: 1993, Information technology—Open Systems Interconnection—Systems manage-
ment—Part 1: Object Management Function.

ISO/IEC 10165-1: 1993, Information technology —Open Systems Interconnection—Management informa-
tion services— Structure of management information—Part 1: Management Information Model.

ISO/IEC 10165-2: 1992, Information technology—Open Systems Interconnection— Structure of manage-
ment information: Definition of management information.

%1SO publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Geneve 20, Switzer-
land/Suisse (www.iso.ch/). ISO publications are also available in the United States from the Sales Department, American National Stan-
dards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
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ISO/IEC 10165-4: 1992, Information technology —Open Systems Interconnection—Management informa-
tion services— Structure of management information—Part 4: Guidelines for the definition of managed
objects.

ISO/IEC 10742: 1994, Information technology —Telecommunications and information exchange between
systems —Elements of management information related to OSI Data Link Layer standards.

ISO/IEC 11801: 1995, Information technology — Generic cabling for customer premises.

ISO/IEC 15802-2: 1995 [ANSI/IEEE Std 802.1B-1992 and IEEE Std 802.1k-1993], Information technol-
ogy — Telecommunications and information exchange between systems—Local and metropolitan area net-
works —Common specifications—Part 2: LAN/MAN Management.

ISO/IEC 15802-3: 1998 [1IEEE Std 802.1D, 1998 Edition), Information technology — Telecommunications
and information exchange between systems—Local and metropolitan area networks—Common specifica-
tions—Part 3: Media Access Control (MAC) bridges.7

ITU-T Recommendation G.957 (1995) Digital line systems— Optical interfaces for equipments and systems
relating to the synchronous digital hiera.rchy.8

ITU-T Recommendation 1.430 (1995), Basic user-network interface—Layer 1 specification.

NOTE —Local and national standards such as those supported by ANSI, EIA, IEEE, MIL, NPFA, and UL are not a for-
mal part of this standard except where no international standard equivalent exists. A number of local and national stan-
dards are referenced as resource material; these bibliographical references are located in the bibliography in Annex A.

7As this standard goes to press, IEEE Std 802.1D-1998 is approved but not yet published. The draft standard is, however, available from
the IEEE. It is being prepared as ISO/IEC 15802-3: 1998 [ANSI/IEEE Std 802.1D, 1998 Edition]. The anticipated publication date is
no later than December 1998. Contact the IEEE Standards Department at 1 (732) 562-3800 for status information.

8ITU-T publications are available from the International Telecommunications Union, Place des Nations, CH-1211, Geneva 20, Switzer-
land (www.itu.int/).
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