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Abstract: Support to extend the IEEE 802.3 protocol and MAC specification to an operating speed of 10 Gb/s.
Several Physical Coding Sublayers known as 10GBASE-X, 10GBASE-R, and 10GBASE-W are specified, as
well as significant additional supporting material for a 10 Gigabit Media Independent Interface (XGMII), a 10
Gigabit Attachment Unit Interface (XAUI), a 10 Gigabit Sixteen-Bit Interface (XSBI) and management.
Keywords: 10 Gigabit Ethernet, fiber, LAN PHY, WAN PHY, XAUI, XGMII, XSBI

“Superseded” standards are standards that are no longer useful or contain significant obsolete or erroneous information. All
amendments or corrigenda associated with this standard have also been superseded.

WARNING: You are cautioned TO USE AT YOUR OWN RISK, as the technology contained herein
may no longer be accurate or may have been replaced.

Information on superseded standards is available in the IEEE-SA Standards Board Operations Manual
<http://standards.ieee.org/guides/opman/index.html>.
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained in
its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other damage,
of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the
publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims any
express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that the
use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,
or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for revi-
sion 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.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services for,
or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or entity to
another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a competent pro-
fessional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-
eties 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 for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may require use of subject mat-
ter 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 a license 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 individual standard for internal or personal use is granted by the Institute of Elec-
trical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To arrange for
payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers, MA
01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational classroom use
can also be obtained through the Copyright Clearance Center.
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Introduction to IEEE Std 802.3ae-2002

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
IEEE standard numbers.l)
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* Formerly IEEE Std 802.1A™

This family of standards deals with the Physical and Data Link layers as defined by the International
Organization for Standardization (ISO) Open Systems Interconnection (OSI) Basic Reference Model
(ISO/IEC 7498-1: 1994). The access standards define seven 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 the technologies noted above are as follows:

» IEEE Std 802 Overview and Architecture. This standard provides an overview to the
family of IEEE 802 Standards.
* IEEE Std 802.1B™ LAN/MAN Management. Defines an OSI management-compatible
and 802.1k™ architecture, and services and protocol elements for use in a LAN/MAN
[ISO/IEC 15802-2] environment for performing remote management.
e IEEE Std 802.1D™ Media Access Control (MAC) Bridges. Specifies an architecture and protocol
for the interconnection of IEEE 802 LANs below the MAC service boundary.
* IEEE Std 802.1E™ System Load Protocol. Specifies a set of services and protocol for those aspects
[ISO/IEC 15802-4] of management concerned with the loading of systems on IEEE 802 LANS.
* IEEE Std 802.1F™ Common Definitions and Procedures for IEEE 802 Management Information.
e IEEE Std 802.1G™ Remote Media Access Control (MAC) Bridging. Specifies extensions for the
[ISO/IEC 15802-5] interconnection, using non-LAN communication technologies, of geographically

separated IEEE 802 LANs below the level of the logical link control protocol.

* IEEE Std 802.1H™ Media Access Control (MAC) Bridging of Ethernet V2.0 in Local Area
[ISO/IEC TR 11802-5]  Networks.

!The IEEE standards referred to in the above fi gure and list are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
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e [EEE Std 802.2 Logical Link Control.
[ISO/IEC 8802-2]

» IEEE Std 802.3 CSMA/CD Access Method and Physical Layer Specifications.

* IEEE Std 802.4 Token Passing Bus Access Method and Physical Layer Specifications.
[ISO/IEC 8802-4]

* IEEE Std 802.5 Token Ring Access Method and Physical Layer Specifications.
[ISO/IEC 8802-5]

* IEEE Std 802.6 Distributed Queue Dual Bus Access Method and Physical Layer
[ISO/IEC 8802-6] Specifications.

* IEEE Std 802.10 Interoperable LAN/MAN Security.

* IEEE Std 802.11 Wireless LAN Medium Access Control (MAC) and Physical Layer
[ISO/IEC DIS 8802-11]  Specifications.

» IEEE Std 802.12 Demand Priority Access Method, Physical Layer and Repeater
[ISO/IEC 8802-12] Specifications.

e IEEE Std 802.15 Wireless Medium Access Control (MAC) and Physical Layer (PHY)

Specifications for: Wireless Personal Area Networks.

* IEEE Std 802.16 Standard Air Interface for Fixed Broadband Wireless Access Systems.

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

* IEEE Std 802.7™ IEEE Recommended Practice for Broadband Local Area Networks.

Conformance test methodology

An additional standard, IEEE Std 1802.3™ provides conformance test information for I0BASE-T.

IEEE Std 802.3ae-2002

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.
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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

Changes to IEEE Std 802.3™-2002

[These changes are part of IEEE Std 802.3-2002.]

EDITORIAL NOTE —This amendment is based on the current edition of IEEE Std 802.3-2002. The editing
instructions define how to merge the material contained here into this base document set to form the new
comprehensive standard as created by the addition of IEEE Std 802.3ae-2002.

Editing instructions are shown in bold italic. Three editing instructions are used: change, delete, insert, and
replace. Change is used to make small corrections in existing text or tables. The editing instruction specifies
the location of the change and describes what is being changed either by using-strikethrotgh (to remove old
material) or underscore (to add new material). Delefe 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. Editorial notes will not be carried over into future editions. Replace is
used to make large changes in existing text, subclauses, tables, or figures by removing existing material and
replacing it with new material. Editorial notes will not be carried over into future editions because the
changes will be incorporated into the base standard.
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AMENDMENT TO |EEE Std 802.3

IEEE
Std 802.3ae-2002

1. Introduction

1.1 Overview
Change 1.1 to read as follows:

This is a comprehensive International Standard for Local_and Metropolitan Area Networks (LANs_and
MANSs), employing CSMA/CD as the_shared media access method_and the IEEE 802.3 (Ethernet) protocol
and frame format for data communication. This International Standard is intended to encompass several
media types and technlques for a varlety of s1gnal rates —frem%%s—te—k@@@%‘[b%s—"ﬂns—ed&ﬁen—ef—the—st—an—

The famlhes of systems sum)orted bv this standard are shown in Flgure 1-1 and listedin4.4. 2 In addltlon 1t

specifies a method for linearly incrementing a system’s data rate by aggregating multiple physical links of
the same speed into one logical link.

1.1.1.1 Half duplex operation

Change the second paragraph in 1.1.1.1 to read as follows:

Half duplex operation can be used with-all certain media_types and configurations-allewed as defined by this
standard. For allowable configurations. see 4.4.2.

1.1.2 Architectural perspectives

Replace Figure 1-1 with the following:

osl LAN
REFERENCE CSMA/CD
MODEL ‘ LAYERS |
LAYERS ‘ HIGHER LAYERS \
APPLICATION / LLC — LOGICAL LINK CONTROL
/ 777 7777777777777
PRESENTATION / ////////// MAC CONTROL (OPTIONAL) ///////////
//////////////// /
/ ////////////////
SESSION / MAC MEDIA ACCESS CONTROL

/ //////////////// /
TRANSPORT RECONCILITION RECON(}LIATION J

xMir —p [

NETWORK /

,////,PQS,//// PHY
DATA LINK "/ /. PMA "/ /]
7
PHYSICAL (/L D, S/
MDI —»ii'
1 Mb/s, 10 Mb/s 10 Mb/s =100 Mb/s
AUI = ATTACHMENT UNIT INTERFACE PCS = PHYSICAL CODING SUBLAYER

MAU = MEDIUM ATTACHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFACE
MIl = MEDIA INDEPENDENT INTERFACE

PHY = PHYSICAL LAYER DEVICE

PLS = PHYSICAL LAYER SIGNALING
PMA = PHYSICAL MEDIUM ATTACHMENT
PMD = PHYSICAL MEDIUM DEPENDENT

NOTE—In this figure, the xMII is used as a generic term for the Media Independent Interfaces for implementations of
100 Mb/s and above. For example: for 100 Mb/s implementations this interface is called MII; for 1 Gb/s implementa-
tions it is called GMII; for 10 Gb/s implementations it is called XGMII; etc.

Figure 1-1—IEEE 802.3 standard relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model

2
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Change the first sentence in 1.1.2 to read as follows:

There are two important ways to view leeal-area-network d=AN)-design, corresponding to the following:
1.1.2.2 Compatibility interfaces

Change the first sentence in 1.1.2.2 to read as follows:

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

Change item d) in 1.1.2.2 to read as follows:

d) Gigabit Media Independent Interface (GMII). The GMII is designed to connect a_l Gb/s capable
gigabit-eapable MAC or repeater unit to a_l Gb/s-gigabit PHY. While conformance with implemen-
tation of this interface is not strictly necessary to ensure communication, it is highly recommended,
since it allows maximum flexibility in intermixing PHYs and DTEs at 1 Gb/s-gigabit speeds. The
GMII is intended for use as a chip-to-chip interface. No mechanical connector is specified for use
with the GMII. The GMII is optional.

Insert the following lettered items at the end of subclause 1.1.2.2:

f) 10 Gigabit Media Independent Interface (XGMII). The XGMII is designed to connect a 10 Gb/s
capable MAC to a 10 Gb/s PHY. 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 PHYs and DTEs at 10 Gb/s speeds. The XGMII is intended for use as a
chip-to-chip interface. No mechanical connector is specified for use with the XGMII. The XGMII is
optional.

g) 10 Gigabit Attachment Unit Interface (XAUI). The XAUI is designed to extend the connection
between a 10 Gb/s capable MAC and a 10 Gb/s PHY. 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 PHYs and DTEs at 10 Gb/s speeds. The XAUI is
intended for use as a chip-to-chip interface. No mechanical connector is specified for use with the
XAUI. The XAUI is optional.

h) 10 Gigabit Sixteen-Bit Interface (XSBI). The XSBI is provided as a physical instantiation of the
PMA service interface for 10GBASE-R and 10GBASE-W PHYs. While conformance with
implementation of this interface is not strictly necessary to ensure communication, it is highly rec-
ommended, 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
XSBI is intended for use as a chip-to-chip interface. No mechanical connector is specified for use
with the XSBI. The XSBI is optional.

1.1.4 Application areas

Change 1.1.4 to read as follows:

Use of this standard is not restricted to any specific environments or applications.
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In the context of this standard, the term “ILAN” is used to indicate all networks that utilize the 802.3 (Ether-

net) protocol for communication. These may include (but are not limited to) LANs and MANSs.

1.2.1 State diagram conventions
Change the fifth paragraph in 1.2.1 to read as follows:

Some devices described in this standard (e.g., repeaters) are allowed to have two or more ports. State dia-
grams that are capable of describing the operation of devices with an unspecified number of ports; require_a
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 satisfies a qualifier. The following convention is used to describe a term-assignment statement that is
associated with a transition:

Add the following subclause after 1.2.4:

1.2.5 Hexadecimal notation

Numerical values designated by the 0x prefix indicate a hexadecimal interpretation of the corresponding
number. For example: OxOF represents an 8-bit hexadecimal value of the decimal number 15; 0x00000000
represents a 32-bit hexadecimal value of the decimal number 0; etc.

1.3 Normative references
Insert the following references in alphabetic order into the reference list in 1.3:

ANSI T1.105-1995, Telecommunications —Synchronous Optical Network (SONET)—Basic Description
including Multiplex Structure, Rates and Formats.

ANSI T1.269-2000, Information Interchange — Structure and Representation of Trace Message formats for
the North American Telecommunications System.

ANSI T1.416-1999., Telecommunications—Network to Customer Installation Interfaces—Synchronous
Optical Network (SONET) Physical Layer Specification: Common Criteria.

ANSI X3.230-1994 (FC-PH), Information Technology — Fibre Channel —Physical and Signaling Interface.

ANSI/TIA/EIA-455-175A-92; Chromatic Dispersion Measurement of Single-Mode Optical Fibers by the
Differential Phase-Shift Method.

ANSI/TIA/EIA-455-203-2001: Launched Power Distribution Measurement Procedure for Graded-Index
Multimode Transmitters.

ANSI/TTIA/EIA-455-204-2000; Measurement of Bandwidth on Multimode Fiber.

ANSI/TIA/EIA-526-4A-1997 (OFSTP-4A), Optical Eye Pattern Measurement Procedure.
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ANSI/TTA/EIA-568-B.3-2000: Optical Fiber Cabling Components Standard.

EIA/JEDEC Standard ETA/JESD8-6. High Speed Transceiver Logic (HSTL), August 19951

IEC 60793-1-41: 2001, Optical fibres—Part 1-41: Measurement methods and test procedures —Bandwidth.

IEC 60825-1: 2001, Edition 1.2, Consolidated Edition; Safety of L.aser Products—Part 1: Equipment classi-
fication, requirements and user’s guide.

IEC 61753-1-1: 2000, Fibre optic interconnecting devices and passive components performance standard -
Part 1-1: General and guidance —Interconnecting devices (connectors).

IEC 61753-021-2 (2002-07), Fibre optic passive component performance standard—Part 021-2: Fibre optic
connectors terminated on single-mode fibre to category C Controlled environment.

IEC 61753-022-2, Performance standard —Part 022-2: Fibre optic connectors terminated on multimode fibre
for Category C—Controlled environment 2

INCITS-TR-25:1999 —Fibre Channel Methodologies for Jitter Speciﬁcation.3
ITU-T Recommendation G.652, 2000 — Characteristics of a single-mode optical fibre cable.

ITU-T Recommendation G.691, 2000—Optical interfaces for single-channel STM-64, STM-256 and other
SDH systems with optical amplifiers.

ITU-T Recommendation G.957, 1999 —Optical interfaces for equipments and systems relating to the syn-
chronous digital hierarchy (SDH).

ITU-T Recommendation O.150, 1996 —General requirements for instrumentation for performance measure-
ments on digital transmission equipment.

ITU-T Recommendation O.172, 1999 —Jitter and wander measuring equipment for digital systems which
are based on the synchronous digital hierarchy (SDH).

TIA-492 AAAC-2002:; Detail Specification for 850-nm Laser-Optimized, 50-um core diameter/125-um clad-
ding diameter class Ia graded-index multimode optical fibers.

1.4 Definitions
Delete definition 1.4.250. Renumber the definitions that follow.

1.4.250

TEIA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(http://global.ihs.com/). JEDEC publications are available from JEDEC, 2001 I Street NW, Washington, DC 20006, USA.

2IEC 61753-022-2 is under development and not available at this time. Its anticipated publication date is April 2003. Until the IEC stan-
dard is available, users are encouraged to reference ANSI/TIA/EIA-568-B.3-2000 in its place.

3INCITS publications are available from http://www.incits.org.
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Change definition 1.4.89 to read as follows:

baseband—tran&%ea—medmm—@e&LE—E—E—S@%—@L&&s&S—) Several hardware pomts of attachment hav

been defined by this standard to allow connection of independently designed and manufactured components

to the transmission medium. See 1.1.2.2.

Insert the following definitions at the end of 1.4. These definitions will be renumbered in alphabetic order
in a future edition of this standard, placed in the proper sequence with other definitions.

1.4.xxx 10 Gigabit Attachment Unit Interface (XAUI): The interface between two 10 Gigabit Extender
Sublayers (XGXS) to extend the reach of the XGMII for 10 Gb/s operation. (See IEEE 802.3 Clause 47.)

14.xxx 10 Gigabit Media Independent Interface (XGMII): The interface between the Reconciliation
Sublayer (RS) and the Physical Coding Sublayer (PCS) for 10 Gb/s operation. (See IEEE 802.3 Clause 46.)

14.xxx 10 Gigabit Sixteen-Bit Interface (XSBI): The interface between the Physical Coding Sublayer
(PCS) in 10GBASE-R or the WAN Interface Sublayer (WIS) in I0GBASE-W and the Physical Medium
Attachment (PMA) sublayer for 10 Gb/s operation. (See IEEE 802.3 Clause 51.)

1.4.xxx anomaly: A discrepancy between the actual and desired characteristics of an item. This definition is
derived from ANSI T1.416-1999 and ANSI T1.105-1995, which take precedence.

that an N-bit codeword is generated over a spemﬁed portion of an input data stream in such a manner that the
i-th bit of the codeword provides even (or odd) parity over the i-th bit of all N-bit sequences in the covered
portion of the data stream. This definition is derived from ANSI T1.416-1999 and ANSI T1.105-1995, which
take precedence.

1.4.xxx container: An SDH term that is equivalent to the payload capacity of a synchronous payload enve-
lope. This definition is derived from ANSI T1.416-1999 and ANSI T1.105-1995. which take precedence.

1.4.xxx defect: A limited interruption in the ability of an item to perform a required function. This definition
is derived from ANSI T1.416-1999 and ANSI T1.105-1995, which take precedence.

1.4 xxx fixed stuff: Null or padding octets inserted to compensate for the bandwidth differences between the
byte interleaving and the concatenation rules of SONET/SDH. This definition is derived from ANSI T1.416-
1999 and ANSI T1.105-1995. which take precedence.

1.4 xxx jitter: The deviation from the ideal timing of an event at the mean amplitude of the signal popula-
tion. Low-frequency deviations are tracked by the clock recovery circuit, and do not directly affect the tim-
ng allocatlons w1th1n a b1t cell. J1tter that is not tracked by the clock recovery circuit directly affects the

densny function. Four kinds of Deterministic Jitter are identified by their specific causes: duty cycle distor-
tion, data dependent, sinusoidal, and uncorrelated (to the data). Random Jitter is characterized by a Gaussian
distribution. For example, Random lJitter is the peak-to-peak value at approximately 14 times the standard
deviation of the Gaussian distribution for a BER of 10E-12, if the jitter population consists of only Gaussian
components.
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1.4.xxx lane: A bundle of signals that constitutes a logical subset of a point-to-point interconnect. A lane
contains enough signals to communicate a quantum of data and/or control information between the two end-

points.

1.4.xxx Optical Modulation Amplitude (OMA): The absolute difference between the optical power of a
logic one level and the optical power of a logic zero level.

1.4.xxx pointer: See Payload pointer.

1.4.xxx payload pointer: An indicator of the location of the beginning of the synchronous payload enve-
lope. This definition is derived from ANSI T1.416-1999 and ANSI T1.105-1995. which take precedence.

14xxx RINxOMA: Relative Intensity Noise. Laser noise in dB/Hz with XdB optical return loss, with
respect to the optical modulation amplitude.

1.4xxx scrambler: A randomizing mechanism that is used to eliminate long strings of consecutive identical
transmitted symbols and avoid the presence of spectral lines in the signal spectrum without changing the
data rate. A self-synchronous scrambler is one in which the current state of the scrambler is the prior n bits of
the scrambled output. Therefore, the descrambler can acquire the correct state directly from the received
stream. A side-stream scrambler is one in which the current state of the scrambler is dependent only on the
prior state of the scrambler and not on the transmitted data. Therefore. the descrambler must acquire state
either by searching for a state that decodes a known pattern or by agreement to start at a known state in syn-
chronization with the scrambler. A frame-synchronous scrambler is a side-stream scrambler that begins each
frame in a known state. This definition is derived from ANSI T1.416-1999 and ANSI T1.105-1995. which

take precedence.

1.4.xxx Synchronous Payload Envelope (SPE): A 125-microsecond frame structure composed of STS
Path Overhead and bandwidth for payload (payload capacity). The equivalent SDH term is Virtual Container
(VC). This definition is derived from ANSI T1.416-1999 and ANSI T1.105-1995. which take precedence.

1.4.xxx WAN Interface Sublayer (WIS): Within 10GBASE-W. a sublayer used to couple the Physical Cod-

ing Sublayer (PCS) and the Physical Medium Attachment (PMA) sublayer. The WIS contains functions to
perform SONET STS-192¢/SDH VC-4-64c¢ framing and scrambling. (See IEEE 802.3 Clause 50.)

1.5 Abbreviations

Insert the following abbreviations in alphabetic order into the abbreviations list in 1.5:

AIS Alarm Indication Signal

BERT Bit Error Ratio Tester

BIP Bit Interleaved Parity

CDR Clock And Data Recovery Circuit
CID Consecutive Identical Digit
CJPAT Continuous Jitter Test Pattern
CRPAT Continuous Random Test Pattern
DCD Duty Cycle Distortion

DDJ Data Dependent Jitter

DJ Deterministic Jitter

ERDI Enhanced Remote Defect Indication
LCD Loss Of Code-Group Delineation

Copyright © 2002 IEEE. All rights reserved.
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Loss Of Framing

Loss Of Pointer

Loss Of Signal

Low-Voltage Differential Signals
Metropolitan Area Network
MDIO Manageable Device
Optical Internetworking Forum

Optical Modulation Amplitude
Printed Circuit Board

Parallel In Parallel Out
Parallel In Serial Out

Phase Locked Loop
Path I abel Mismatch

Pseudo Random Bit Sequence
Remote Error Indication
Random Jitter

Synchronous Digital Hierarchy
Severely Errored Frame
Serializer And Deserializer Circuit

Severely Errored Second

Serial In Parallel Out

Side Mode Suppression Ratio
Signal To Noise Ratio
Synchronous Optical Network
Synchronous Payload Envelope
Synchronous Transport Signal

Test Signal Structure
Unit Interval

Virtual Container
Wide Area Network

WAN Interface Sublayer

Wide Wavelength Division Multiplexing
10 Gigabit Attachment Unit Interface
10 Gigabit Media Independent Interface

XGMII Extender Sublayer
Extender Sublayer
10 Gigabit Sixteen-Bit Interface

Full document details: IEEE 802.3ae-2002
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2. Media Access Control (MAC) service specification

2.1 Scope and field of application
Change 2.1 to read as follows:

This clause specifies the services provided by the Media Access Control (MAC) sublayer and the optional
MAC Control sublayer to the client of the MAC-MAC-—<¢lient) (seeFigure2-tsee Figure 1-1). MAC clients
may include the Logical Link Control (LLC) sublayer, Bridge Relay Entity, or other users of ISO/IEC LAN
International Standard MAC services (see Figure 2-22—1). The services are described in an abstract way and
do not imply any particular implementation; or any exposed interface. There is not necessarily a one-to-one
correspondence between the primitives and the formal procedures and interfaces described in Clause 4 and
Clause 31.

Delete Figure 2—1.

Renumber the remaining figures (i.e., “Figure 2-2” becomes “Figure 2-1").

2.3.1.2 Semantics of the service primitive
Change 2.3.1.2 to read as follows:
The semantics of the primitive are as follows:

MA_DATA .request (
destination_address,
source_address,
st
mac service data unit,
frame check sequence
serviee—elass
)

The destination_address parameter may specify either an individual or a group MAC entity address. It must
contain sufficient information to create the DA field that is prepended to the frame by the local MAC sub-
layer entity and any physical information. The source_address parameter, if present, must specify an individ-
ual MAC address. If the source_address parameter is omitted, the local MAC sublayer entity will insert a
value associated with that entity. The-m—sdw_mac service data unit parameter specifies the MAC service
data unit to be transmitted by the MAC sublayer entity. There is sufficient information associated with
m—sdu the mac service data unit for the MAC sublayer entity to determine the length of the data unit. The
frame check sequence parameter. if present, must specify the frame check sequence field for the frame (see
3.2.8). If the frame check sequence parameter is omitted. the local MAC sublayer entity will compute this
field and append it to the end of the frame. Fheservice—class—parameter—indicates—a—quality-of service
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2.3.1.5 Additional comments
Change 2.3.1.5 to read as follows:

If this primitive contains the frame check sequence parameter. the MAC client entity must take into
account this parameter’s special bit-transmission order requirements, as specified in 3.3.

The mapping between the MA_UNITDATA .request primitive specified in ISO/IEC 15802-1 (for end sta-
tions) and the MA_DATA .request primitive specified here is as follows:

a) The user priority parameter specified for MA_UNITDATA .request is not relevant for IEEE 802.3
operation and is ignored by MA_DATA .request.

b) The access priority parameter specified for MA_UNITDATA .request is not relevant for IEEE 802.3
operation and is ignored by MA_DATA .request.

c¢) The frame check sequence parameter is not present for MA UNITDATA .request.

The mapping between the M_UNITDATA .request primitive specified in ISO/IEC 15802-3 (for MAC
Bridges) and the MA_DATA .request primitive specified here is as follows:

a) The frame type parameter specified for M_UNITDATA .request is not relevant for IEEE 802.3 oper-
ation and is ignored by MA_DATA .request.

The mac_action parameter specified for M_UNITDATA .request is not relevant for IEEE 802.3 oper-
ation and is ignored by MA_DATA .request.

The user_priority parameter specified for M_UNITDATA .request is not relevant for IEEE 802.3
operation and is ignored by MA_DATA .request.

The access_priority parameter specified for M UNITDATA .request is not relevant for IEEE 802.3
operation and is ignored by MA_DATA .request.

g e g

2.3.2.2 Semantics of the service primitive
Change 2.3.2.2 to read as follows:
The semantics of the primitive are as follows:

MA_DATA .indication (
destination_address,
source_address,
m=sdus;
mac_service data unit,
frame check sequence,

reception_status

)

The destination_address parameter may be either an individual or a group address as specified by the DA
field of the incoming frame. The source_address parameter is an individual address as specified by the SA
field of the incoming frame. The-m—sdu_mac_service data unit parameter specifies the MAC service data

unit as received by the local MAC entity. The frame check sequence parameter is the cyclic redundancy
check value (see 3.2.8) as specified by the FCS field of the incoming frame. This parameter may be either
omitted or (optionally) passed by the MAC sublayer entity to the MAC client. The reception_status parame-

ter is used to pass status information to the MAC client entity.
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2.3.2.5 Additional comments
Change 2.3.2.5 to read as follows:

If the local MAC sublayer entity is designated by the destination_address parameter of an
MA_DATA request, the indication primitive will also be invoked by the MAC entity to the MAC client
entity. This characteristic of the MAC sublayer may be due to unique functionality within the MAC sublayer
or characteristics of the lower layers (for example, all frames transmitted to the broadcast address will
invoke MA_DATA .indication at all stations in the network including the station that generated the request).

If this primitive contains the frame check sequence parameter, the MAC client entity must take into account
this parameter’s special bit-transmission order requirements. as specified in 3.3.

The mapping between the MA DATA .indication primitive specified here and the MA UNITDATA .indica-
tion primitive specified in ISO/IEC 15802-1 (for end stations) is as follows:

a) The user priority parameter specified for MA UNITDATA .indication is not relevant for IEEE 802.3
operation.
b) The frame check sequence parameter is not present for MA UNITDATA .indication.

c) The reception status parameter is not mapped to any parameter and is ignored by
MA_UNITDATA .indication.

The mapping between the MA DATA .indication primitive and the M UNITDATA .indication primitive
specified in ISO/IEC 15802-3 (for MAC Bridges) is as follows:

a) The frame type parameter specified for M UNITDATA .indication is not relevant for IEEE 802.3
operation and is always assigned the value of user data frame.

b) The mac action parameter specified for M UNITDATA .indication is not relevant for IEEE 802.3

operation and is always assigned the value of request with no_response.
c) The user priority parameter specified for M_UNITDATA .indication is not relevant for IEEE 802.3

operation.
d) The reception status parameter is not mapped to any parameter and is ignored by

M_UNITDATA .indication.
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4. Media Access Control
4.1.2 CSMA/CD operation

Changethefirst paragraph in 4.1.2 to read as follows:

This subclause provides an overview of frame transmission and reception in terms of the functional model of
the architecture. This overview is descriptive; rather than definitional; the formal specifications of the opera-
tions described here are given in 4.2 and 4.3. Specific implementations for CSMA/CD mechanisms that meet
this standard are given in 4.4. Figure-4—1Figure 1-1 provides the architectural model described functionally
in the subclauses that follow.

Delete Figure 4-1.

Renumber theremaining figures (i.e., “Figure 4-2" becomes“Figure 4-1").

4.1.2.1.1 Transmission without contention
Change 4.1.2.1.1 to read as follows:

When aMAC client requests the transmission of aframe, the Transmit Data Encapsul ation component of the
CSMA/CD MAC sublayer constructs the frame from the client-supplied data. It prepends a preamble and a
Start Frame Delimiter to the beginning of the frame. Using information provided by the client, the CSMA/
CD MAC sublayer also appendsa PAD at the end of the MAC information field of sufficient length to ensure
that the transmitted frame length satisfies a minimum frame-size requirement (see 4.2.3.3). It also prepends
destination and source addresses, the length/type field, and appends a frame check sequence to provide for
error detection. If the MA C supports the use of client-supplied frame check sequence values, then it shall use
the client-supplied value, when present. If the use of client-supplied frame check sequence valuesis not sup-
ported, or if the client-supplied frame check sequence value is not present, then the MAC shall compute this
value. The frame is then handed to the Transmit Media Access Management component in the MAC sub-
layer for transmission.

In half duplex mode, Transmit Media Access Management attempts to avoid contention with other traffic on
the medium by monitoring the carrier sense signal provided by the Physical Layer Signaing (PLS)
component and deferring to passing traffic. When the medium is clear, frame transmission is initiated (after
a brief interframe delay to provide recovery time for other CSMA/CD MAC sublayers and for the physica
medium). The MAC sublayer then provides a serial stream of bits to the Physical Layer for transmission.

In half duplex mode,-at-eperating-speeds-abeve-100-Mb/s at an operating speed of 1000 Mb/s, the minimum

frame size is insufficient to ensure the proper operation of the CSMA/CD protocol for the desired network
topologies. To circumvent this problem, the MAC sublayer will append a sequence of extension bits to
frames which are less than slotTime bitsin length so that the duration of the resulting transmission is suffi-
cient to ensure proper operation of the CSMA/CD protocol.

In half duplex mode,-at-eperating-speeds-abeve-100-Mbfs at an operating speed of 1000 Mb/s, the CSMA/
CD MAC may optionally transmit additional frames without relinquishing control of the transmission
medium, up to a specified limit.

In full duplex mode, there is no need for Transmit Media Access Management to avoid contention with
other traffic on the medium. Frame transmission may beinitiated after the interframe delay, regardless of the
presence of receive activity. In full duplex mode, the MAC sublayer does not perform either carrier
extension or frame bursting.
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The Physical Layer performs the task of generating the signals on the medium that represent the bits of the
frame. Simultaneously, it monitors the medium and generates the collision detect signal, which in the
contention-free case under discussion, remains off for the duration of the frame. A functional description of
the Physical Layer isgiven in Clause 7 and beyond.

When transmission has completed without contention, the CSMA/CD MAC sublayer so informs the MAC
client and awaits the next request for frame transmission.

4.1.2.1.2 Reception without contention
Change 4.1.2.1.2 to read as follows:

At each receiving station, the arrival of a frame is first detected by the Physical Layer, which responds by
synchronizing with the incoming preamble, and by turning on the receiveDataValid signal. As the encoded
bits arrive from the medium, they are decoded and translated back into binary data. The Physical Layer
passes subsequent bits up to the MAC sublayer, where the leading bits are discarded, up to and including the
end of the preamble and Start Frame Delimiter.

Meanwhile, the Receive Media Access Management component of the MAC sublayer, having observed
receiveDataValid, has been waiting for the incoming bits to be delivered. Receive Media Access Manage-
ment collects bits from the Physical Layer entity as long as the receiveDatavalid signal remains on. When
the receiveDataValid signal is removed, the frame is truncated to an octet boundary, if necessary, and passed
to Receive Data Decapsulation for processing.

Receive Data Decapsulation checks the frame's Destination Address field to decide whether the frame
should be received by this station. If so, it passes the Destination Address (DA), the Source Address (SA),

the_Length/Type-Fypef-ength-field, and-the dData and (optionally) the Frame Check Sequence (FCS) fields
to the MAC client, along with an appropriate status code, as defined in 4.3.2.-rdicatingreception—complete
oerreeeption—tee-ong: It also checks for invalid MAC frames by inspecting the frame check sequence to
detect any damage to the frame enroute, and by checking for proper octet-boundary alignment of the end of
the frame. Frames with avalid FCS may also be checked for proper octet-boundary alignment.

In half duplex mode,-at-eperating-speeds-abeve100-Mbfs at an operating speed of 1000 Mb/s, frames may be
extended by the transmitting station under the conditions described in 4.2.3.4. The extension is discarded by

the MAC sublayer of the receiving station, as defined in the procedural model in 4.2.9.

4.1.4 CSMA/CD access method functional capabilities
Changethefirst sentencein thefirst paragraph in 4.1.1 to read as follows:
Thefollowing summary of thefunctional capabilities of the CSMA/CD MAC sublayer isintended as aquick
reference guide to the capabilities of the standard, as shown in Figure-4—2-Figure 4-1:
Change the following list items at the end of 4.1.4:
m) Appends extension bits to the first (or only) frame of aburst if it isless than slotTime bitsin length
when in half duplex mode-at-speeds-abeve-100-Mbfs at an operating speed of 1000 Mb/s.

n)  Stripsextension bits from received frames when in half duplex mode-at-speedsabeve100-Mb/s at an
operating speed of 1000 Mb/s.
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4.2.2.3 Organization of the procedural model
Change 4.2.2.3 to read asfollows:

The procedural model used here is based on seven cooperating concurrent processes. The Frame Transmitter
process and the Frame Receiver process are provided by the clients of the MAC sublayer (which may
include the LLC sublayer) and make use of the interface operations provided by the MAC sublayer. The
other five processes are defined to reside in the MAC sublayer. The seven processes are as follows:

a) Frame Transmitter process
b) Frame Receiver process

c) Bit Transmitter process

d) Bit Receiver process

e) Deference process

f)  BurstTime process

g) SetExtending process

This organization of the model isillustrated inHtgure-4—3 Figure 4—2 and reflects the fact that the communica
tion of entire framesisinitiated by the client of the MAC sublayer, while the timing of collision backoff and of
individual bit transfers is based on interactions between the MAC sublayer and the Physical-L ayer-dependent
bit time.

Frgure4—3Figure 4-2 depicts the static structure of the procedural model, showing how the various pro-
cesses and procedures interact by invoking each other. Figures4—4a)4—4b)and-4-5 Figures 4-3a, 4-3b, 4-
4a and 4-4b summarize the dynamic behavior of the model during transmission and reception, focusing on
the steps that shall be performed, rather than the procedural structure that performs them. The usage of the
shared-state variablesis not depicted in the figures, but is described in the comments and prose in the follow-
ing subclauses.

Change Figure 4—4a asfollows:
— Changethe figure number from “ Figure 44" to “Figure 4-3.”
— Changethe second noteto read as follows:
* Applicable only to half duplex operation at-=2+00.1000 Mb/s.
Change Figure 4-4b asfollows:
— Changethe figure number from “ Figure 44" to “Figure 4-3.”

Change Figure 4-5a as follows:
— Changethe figure number from “ Figure 4-5" to “Figure 4-4.”
— Changethe second noteto read as follows:
* Applicable only to half duplex operation at-=2+00.1000 Mb/s.
Change Figure 4-5b as follows:

— Changethe figure number from “ Figure 4-5" to “Figure 4-4.”
— Changethe noteto read asfollows:
* Applicable only to half duplex operation at-=2+00.1000 Mb/s.
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Change Figure 4-3 asfollows:

— Changethe figure number from “Figure 4-3” to “Figure 4-2.”
— Replace “ RecognizeAddress’ with “ LayerMgmtRecognizeAddress.”
— Add an arrow between Deference and Wait.
— Deéletefunction Real TimeDelay.
— Changethe second note to read as follows:
* Applicable only to half duplex operation at-=00_1000 Mb/s.

I
|
Y | v

TransmitFrame ﬁ | ReceiveFrame
| ‘
|
|
|

- - FRAMING
TransmitDataEncap ReceiveDataDecap
ComputePad CRC32 LayerMgmt RemovePad
RecognizeAddress
|
Y | Y
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' to-—--- . ;

tWatchForCollision tBackOff MEDIA ACCESS SUBLAYER StartReceive
StartTransmit tRandom *BurstTimer) MEDIUM
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C BitTransmitter ) ( Deference )
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*InterFrameSignal |
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|
|
|
|
|

PhysicalSignalEncap

vy Y

tStartJam NextBit

PhysicalSignalDecap

Y Y Y Yyvy Y

TransmitBit Wait PHYSICAL LAYER ReceiveBit
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|

T Not applicable to full duplex operation.
* Applicable only to half duplex operation at=-2806_1000 Mb/s.

Figure 4—2—Relationship among CSMA/CD procedures
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4.2.2.4 Layer management extensions to procedural model
Change 4.2.2.4 to read asfollows:

In order to incorporate network management functions, this Procedural Model has been expanded beyond
that provided in 1SO/IEC 8802-3: 1990. Network management functions have been incorporated in two
ways. First, 4.2.7 through 4.2.10, 4.3.2, and-Figure4—4 Figures 4—3a and 4-3b, have been modified and
expanded to provide management services. Second, Layer Management procedures have been added as
5.2.4. Note that Pascal variables are shared between Clause 4 and Clause 5. Within the Pascal descriptions
provided in Clause 4, a“1” in the left margin indicates a line that has been added to support management
services. These lines are only required if Layer Management is being implemented. These changes do not
affect any aspect of the MAC behavior as observed at the LLC-MAC and MAC-PL S interfaces of |SO/IEC
8802-3: 1990.

The Pascal procedural specification shall be consulted for the definitive statement when thereis any apparent
ambiguity concerning the definition of some aspect of the CSMA/CD MAC access method.

The Layer Management facilities provided by the CSMA/CD MAC and Physical Layer management
definitions provide the ability to manipulate management counters and initiate actions within the layers. The
managed objects within this standard are defined as sets of attributes, actions, notifications, and behaviorsin
accordance with |EEE Std 802.1F-1993, and | SO/IEC International Standards for network management.

4.2.3 Frame transmission model
Change 4.2.3 to read as follows:
Frame transmission includes the following data encapsul ation and M edia A ccess management aspects:
a) Transmit Data Encapsulation includes the assembly of the outgoing frame (from the values provided
by the MAC client) and frame check sequence generation_(if not provided by the MAC client).

b) Transmit Media Access Management includes carrier deference, interframe spacing, collision detec-
tion and enforcement, collision backoff and retransmission, carrier extension and frame bursting.

4.2.3.1 Transmit data encapsulation

Change 4.2.3.1 to read asfollows:
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The fields of the CSMA/CD MAC frame are set to the values provided by the MAC client as arguments to
the TransmitFrame operation (see 4.3) with the following possible exceptions. the padding field, the exten-
sion field, and the frame check sequence. The padding field is hecessary to enforce the minimum frame size.
Theextension field is necessary to enforce the minimum carrier event duration on the medium in half duplex
mode at an operating speed of 1000 Mb/s. The frame check sequence field may be (optionally) provided as
an argument to the MAC sublayer. It is optional for a MAC to support the provision of the frame check
sequencein such an argument. If thisfield is provided by the MAC client, the padding field shall also be pro-
vided by the MAC client, if necessary. If thisfield is not provided by the MAC client, or if the MAC does not
support the provision of the frame check sequence as an external argument, it is set to the CRC value gener-
ated by the MAC sublayer, after appending the padding field, if necessary.

4.2.3.2.2 Interframe spacing
Change 4.2.3.2.2 to read as follows:

As defined in423-31 4.2.3.2.1, the rules for deferring to passing frames ensure a minimum interframe
spacing of interFrameSpacing-seeends bit times. This is intended to provide interframe recovery time for
other CSMA/CD sublayers and for the physical medium.

Note that interFrameSpacing is the minimum value of the interframe spacing. If necessary for implementa-
tion reasons, a transmitting sublayer may use a larger value with a resulting decrease in its throughput. The
larger value is determined by the parameters of the implementation, see 4.4.

A larger value for interframe spacing is used for dynamically adapting the nominal data rate of the MAC
sublayer to SONET/SDH data rates (with packet granularity) for WAN-compatible applications of this stan-
dard. While in this optional mode of operation, the MAC sublayer counts the number of bits sent during a
frame's transmission. After the frame's transmission has been completed, the MAC sublayer extends the
minimum interframe spacing by a number of bits that is proportional to the length of the previously trans-
mitted frame. For more details, see 4.2.7 and 4.2.8.

4.2.3.2.7 Frame bursting (half duplex mode only)

Change 4.2.3.2.7 to read as follows:

At-eperating-speeds-abeve-100-Mibfs an operating speed of 1000 Mb/s, an implementation may optionally
transmit a series of frames without relinquishing control of the transmission medium. This mode of
operation is referred to as burst mode. Once a frame has been successfully transmitted, the transmitting
station can begin transmission of another frame without contending for the medium, because all of the other
stations on the network will continue to defer to its transmission, provided that it does not alow the medium
to assume an idle condition between frames. The transmitting station fills the interframe spacing interval
with extension bits, which are readily distinguished from data bits at the receiving stations, and which
maintain the detection of carrier in the receiving stations. The transmitting station is allowed to initiate frame
transmission until aspecified limit, referred to as burstLimit, is reached. The value of burstLimit is specified
in44-24 4.4.2. Figure-4—6-Figure 4-5 shows an example of transmission with frame bursting.

Thefirst frame of aburst will be extended, if necessary, as described in 4.2.3.4. Subseguent frames within a
burst do not require extension. In a properly configured network, and in the absence of errors, collisions
cannot occur during a burst at any time after the first frame of a burst (including any extension) has been
transmitted. Therefore, the MAC will treat any collision that occurs after the first frame of a burst, or that
occurs after the slotTime has been reached in the first frame of a burst, asalate collision.
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Renumber “Figure 46" as“Figure4-5."

4.2.3.3 Minimum frame size
Change 4.2.3.3 to read asfollows:

The CSMA/CD Media Access mechanism requires that a minimum frame length of minFrameSize bits be
transmitted. If frameSize is |less than minFrameSize, then the CSMA/CD MAC sublayer shall append extra
bitsin units of octets (pad), after the end of the MAC client datafield but prior to cal culating, and appending,
the FCS (if not provided by the MAC client). The number of extra bits shall be sufficient to ensure that the
frame, from the DA field through the FCS field inclusive, is at least minFrameSize bits._If the FCS is
(optionally) provided by the MAC client, the pad shall also be provided by the MAC client. The content of
the pad is unspecified.

4.2.3.4 Carrier extension (half duplex mode only)

Change 4.2.3.4 to read asfollows:

At-eperating-speeds-abeve-100-Mbfs an operating speed of 1000 Mb/s, the slotTime employed at slower
speeds is inadequate to accommodate network topologies of the desired physical extent. Carrier Extension

provides a means by which the slotTime can be increased to a sufficient value for the desired topologies,
without increasing the minFrameSize parameter, as this would have deleterious effects. Non-data bits,
referred to as extension bits, are appended to frames that are less than slotTime bits in length, so that the
resulting transmission is at least one slotTime in duration. Carrier Extension can be performed only if the
underlying physical layer is capable of sending and receiving symbols that are readily distinguished from
data symbols, asis the case in most physical layers that use a block encoding/decoding scheme. The maxi-
mum length of the extension is equal to the quantity (slotTime — minFrameSize). Frigure-4—-Figure 4-6
depicts aframe with carrier extension.

The MAC continues to monitor the medium for collisions while it is transmitting extension bits, and it will
treat any collision that occurs after the threshold (slotTime) as a late collision.

Renumber “Figure4-7" as*Figure 4-6.”

4.2.4.1.1 Address recognition
Add the following paragraph to the end of 4.2.4.1.1 to read asfollows:
The MAC sublayer may also provide the capability of operating in the promiscuous receive mode. In this

mode of operation, the MAC sublayer recognizes and accepts all valid frames, regardless of their Destina-
tion Addressfield values.

4.2.4.2.1 Framing

Change the last paragraph in 4.2.4.2.1 to read as follows:
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When a burst of frames is received while operating in half duplex mode at-speeds—abeve-106-Mbfs an
operating speed of 1000 Mb/s, the individual frames within the burst are delimited by sequences of
interframe fill symbols, which are conveyed to the receiving MAC sublayer as extension hits. Once the
collision filtering requirements for a given frame, asdescribed in 4.2.4.2.2, have been satisfied, the receipt of
an extension hit can be used as an indication that all of the data bits of the frame have been received.

4.2.7 Global declarations

Change 4.2.7 and itsrelated subclauses to read as follows:

This subclause provides detailed formal specifications for the CSMA/CD MAC sublayer. It is a specification
of generic features and parameters to be used in systems implementing this media access method. Subclause
4.4 provides values for these sets of parameters for recommended implementations of this media access
mechanism.

4.2.7.1 Common constants, types, and variables

The following declarations of constants, types and variables are used by the frame transmission and recep-
tion sections of each CSMA/CD sublayer:

const

addressSize = 48; {In bits, in compliance with 3.2.3}
lengthOrTypeSize = 16; {In bits}

padSize = ...; {#ln bits, = max (0, minFrameSize — (2 x addressSize + lengthOrTypeSize +
clientDataSize + crcSize))}

dataSize = ...; { Ln bits, = clientDataSize + padSize}

crcSize = 32; {1n bits, 32-bit CRC=4-o¢tets}

frameSize = ...; {In bits, = 2 X addressSize + |lengthOrTypeSize + dataSize + crcSize, see 4.2.2.2, a

minFrameSize = ...-; {iLn bits, implementation-dependent, see 4.4}

maxUntaggedFrameSize = ...-; {Ln octets, implementation-dependent, see 4.4}

gTagPrefixSize = 4; {}In octets, length of QTag Prefix, see 3.5}

extend = ...; {Boolean, trueif (slotTime — minFrameSize) > O, fal se otherwise}

extensionBit = ...; {aA nondata value which is used for carrier extension and interframe during bursts}
extensionErrorBit = ...; {8A nondata value which is used to jam during carrier extension}
minTypeValue = 1536; { mMinimum value of the Length/Type field for Type interpretation}

maxV alidFrame = maxUntaggedFrameSize — (2 x addressSize + lengthOrTypeSize + crcSize) / 8;
{#In octets, the maximum length of the MAC client data field. This constant is
defined for editorial convenience, as afunction of other constants}

slotTime = ...-; {1n bit times, unit of time for collision handling, implementation-dependent, see 4.4}

preambleSize = 56; { In bits, see 4.2.5}

sfdSize = 8; { 8-bitln bits, start frame delimiter}

lerSize = { its, : : | sfeiSize]
headerSize = 64; { In bits, sum of preambleSize and sfdSize}

type
Bit = 6-4(0, 1);
Physical Bit = 6;3;-extensionBit-extensionrErrorBit(0, 1, extensionBit, extensionErrorBit);
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{bBits transmitted to the Physical Layer can be either O, 1, extensionBit or
extensionErrorBit. Bits received from the Physical Layer can be either O, 1
or extensionBit:}

AddressValue = array [1..addressSiz€] of Bit;

LengthOrTypeValue = array [1..lengthOrTypeSize] of Bit;

DataVaue = array [1..dataSize] of Bit; { Contains the portion of the frame that starts with the first bit
following the L ength/Type field and ends with the last bit
prior to the FCSfield. For VL AN Tagged frames, this value
includes the Tag Control Information field and the original
MAC client Length/Type field. See 3.5}

CRCValue = array [1..crcSize] of Bit;

PreambleValue = array [1..preambleSize] of Bit;

SfdVaue= array [1..sfdSiz€] of Bit;

ViewPoint = (fields, bits); { Two waysto view the contents of a frame}

HeaderViewPoint = (headerFields, headerBits);

Frame = record { Format of Media Access frame}

case view: ViewPoint of
fields: (
destinationField: AddressValue;
sourceField: AddressValue,
lengthOrTypeField: LengthOrTypeValue;
dataField: DataVvalue;
fcsField: CRCValue);
bits: (contents: array [1..frameSize] of Bit)
end; { Frame}

Header = record { Format of preamble and start frame delimiter}
case headerView-: HeaderViewPoint of
headerFields-: (
preamble-: PreambleVa ue;
sfd-: Sfdvaue);
headerBits: (headerContents: array [1..headerSize] of Bit)
end; { dDefines header for MAC frame}
var

halfDuplex: Boolean; { Indicates the desired mode of operation. halfDuplex isastatic variable; its value

4.2.7.2 Transmit state variables

The following items are specific to frame transmission. (See also 4.4.)

const
interFrameSpacing = ...-; { In bit times, minimum-tHre gap between frames. Equal to interFrameGap,
see 4.4}
interFrameSpacingPart1 = ...-; {In bit times, duration of the first portion of interFrameSpacing. In the
range of 0 up-to 2/3 of interFrameSpacing}
interFrameSpacingPart2 = ...-; {In bit times, duration of the remainder of interFrameSpacing. Equal to
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ifsStretchRatio = ...; {In bits, determines the number of bitsin a frame that require one octet of
interFrameSpacing extension, when ifsStretchM ode is enabled; implementation
dependent, see 4.4}

attemptLimit = ...-; { Max number of timesto attempt transmission}

backOffLimit = ...-; { Limit on number of timesto back off}

burstLimit= ...-; { s-bits—imitln bits, limit for initiation of frame transmission in Burst Mode,

implementation dependent, see 4.4}
jamSize = ...-; { rbHs:In bits, the value depends upon medium and collision detect i mplementation}
var

outgoingFrame: Frame; { The frame to be transmitted}

outgoingHeader: Header;

currentTransmitBit, lastTransmitBit: 1..frameSize; { Positions of current and last outgoing bitsin
outgoingFrame}

lastHeaderBit: 1..headerSize;

deferring: Boolean; {Implies any pending transmission must wait for the medium to clear}

frameWaiting: Boolean; {Indicates that outgoingFrame is deferring}

attempts: 0..attemptLimit; { Number of transmission attempts on outgoingFrame}

newCollision: Boolean; {Indicates that a collision has occurred but has not yet been jammed}

transmitSucceeding: Boolean; { Running indicator of whether transmission is succeeding}

burstMode: Boolean:; { Indicates the desired mode of operation, and enables the transmission of

value shall only be changed by the invocation of the Initialize procedure}
bursting: Boolean; {1n burstMode, the given station has acquired the medium and the burst timer has
not yet expired}
burstStart: Boolean; { In burstMode, indicates that the first frame transmission isin progress}
extendError: Boolean; { Indicates a collision occurred while sending extension bits}
ifsStretchM ode: Boolean; { Indicates the desired mode of operation, and enables the lowering of the
average datarate of the MAC sublayer (with frame granularity), using

extension of the minimum interFrameSpacing. ifsStretchMode is a static
variable; its value shall only be changed by the invocation of the Initialize

procedure}
ifsStretchCount: 0..ifsStretchRatio; {1n bits, arunning counter that counts the number of bits during a
frame’ stransmission that are to be considered for the minimum
interFrameSpacing extension, while operating in ifsStretchM ode}
ifsStretchSize: 0..(((maxUntaggedFrameSize + gTagPrefixSize) x 8 + headerSize + interFrameSpacing
+ ifsStretchRatio — 1) div ifsStretchRatio);
{In octets, arunning counter that counts the integer number of octets that are to be
added to the minimum interFrameSpacing, while operating in if sStretchM ode}

4.2.7.3 Receive state variables
The following items are specific to frame reception. (See also 4.4.)

var
incomingFrame: Frame; { The frame being received}
receiving: Boolean; { Indicates that a frame reception isin progress}
excessBits: 0..7; { Count of excesstrailing bits beyond octet boundary}
receiveSucceeding: Boolean; { Running indicator of whether reception is succeeding}
validL ength: Boolean; { Indicator of whether received frame has alength error}
exceedsMaxL ength: Boolean; { Indicator of whether received frame has alength longer than the
maximum permitted length}
extending: Boolean; {Indicates whether the current frame is subject to carrier extension}
extensionOK : Boolean; {Indicates whether any bit errors were found in the extension part of aframe,
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which is not checked by the CRC}
passReceiveFCSM ode: Boolean; { Indicates the desired mode of operation, and enables passing of
the frame check sequence field of all received frames from the
MAC sublayer to the MAC client. passReceiveFCSModeis a

static variable

4.2.7.4 Summary of interlayer interfaces

a) Theinterfacetothe MAC client, defined in 4.3.2, is summarized below:

type
TransmitStatus = (transmitDisabled, transmitOK, excessiveCollisionError, |ateCollisionErrorStatus);
{ Result of TransmitFrame operation, reporting of lateCollisionErrorStatus is
optional for MACs operating at speeds at or below 100Mb/s}
ReceiveStatus = (receiveDisabled, receiveOK, frameTooL ong, frameCheckError, lengthError,
alignmentError); { Result of ReceiveFrame operation}
function TransmitFrame (
destinationParam: AddressValue;
sourceParam: AddressValue;
IengthOrTypeParam LengthOrTypeVal ue;

dataParam DataVaIue

fcsParamVaue: CRCValue;

fcsParamPresent: Bit): TransmitStatus; { Transmits one frame
function ReceiveFrame (

var destinationParam: AddressValue;

var sourceParam: AddressValue;

var IengthOrTypeParam LengthOrTypeVal ue;

var dataParam DataVaIue

var fcsParamVaue: CRCValue;
var fcsParamPresent: Bit): ReceiveStatus; { Receives one frame}

b) Theinterfaceto the Physical Layer, defined in 4.3.3, is summarized in the following:

var
receiveDataValid: Boolean; { Indicates incoming bits}
carrierSense: Boolean; {In half duplex mode, indicates that transmission should defer}
transmitting: Boolean; { Indicates outgoing bits}
collisionDetect: Boolean; {Indicates medium contention}
procedure TransmitBit (bitParam: Physica Bit); { Transmits one bit}
function ReceiveBit: Physica Bit; { Receives one bit}
procedure Wait (bitTimes: integer); { Waits for indicated number of bit times}

4.2.7.5 State variable initialization

The procedure Initialize must be run when the MAC sublayer begins operation, before any of the processes
begin execution. Initialize sets certain crucial shared state variables to their initial values. (All other global
variables are appropriately reinitialized before each use.) Initialize then waits for the medium to be idle, and
starts operation of the various processes.

NOTE—Care should be taken to ensure that the time from the completion of the Initialize process to when the first
packet transmission beginsis at least an interFrameGap.
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If Layer Management isimplemented, the Initialize procedure shall only be called as the result of the initial-
izeMAC action (30.3.1.2.1).

procedure Initialize;
beginbegin
frameWaiting := false;
deferring := false;
newCollision := false;
transmitting := false; {+An interface to Physical Layer; see below}
receiving := falsg;
halfDuplex := ...; {tTrue for haf duplex operation, false for full duplex operation. For operation at
soeeds above 1000 Mb/s, halfDuplex shall alwavs befal se}ha#DleeHs&staHe

bursting := false,

burstMode :=...; {4Truefor half duplex operation at-speeds-abeve100-Mbfs an operating speed of 1000
Mbl/s, when multiple frames' transmission in asingle carrier event is desired and
supported, false otherwise} —burstMedeis-a-static-variable-tsvalue doesnet-change

between-avocations-of-the-tnitialize procedure}l
extending := extend andand halfDuplex;

ifsStretchMode := ...; { True for operating speeds above 1000 Mb/s when lowering the average datarate
of the MAC sublayer (with frame granularity) is desired and supported, false

otherwise}

ifsStretchCount := 0;

ifsStretchSize := 0;

passReceiveFCSMode := ...; { True when enabling the passing of the frame check sequence of all
received frames from the MAC sublayer to the MAC client isdesired and
supported, false otherwise}

if halfDuplex then while carrierSense or receiveDataValid do nothing

else while receiveDataV alid do nothing

{ Start execution of all processes}

end; {Initialize}

4.2.8 Frame transmission
Change subclause 4.2.8 to read as follows:

The agorithms in this subclause define MAC sublayer frame transmission. The function TransmitFrame
implements the frame transmission operation provided to the MAC client:

function TransmitFrame (
destinationParam: AddressValue;
sourceParam: AddressValue;
lengthOrTypeParam: LengthOrTypeValue;
dataParam: DataV alue;
fcsParamVaue: CRCValue;

fcsParamPresent: Bit): TransmitStatus;
procedure TransmitDataEncap; ——r{ Nested procedure; see body below}

begin
if transmitEnabled then
begin
TransmitDataEncap;
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TransmitFrame := TransmitLinkM gmt
end
else TransmitFrame := transmitDisabled

end; { TransmitFrame}

If transmission is enabled, TransmitFrame calls the internal procedure TransmitDataEncap to construct the
frame. Next, TransmitLinkMgmt is called to perform the actual transmission. The TransmitStatus returned
indicates the success or failure of the transmission attempt.

TransmitDataEncap builds the frame and places the 32-bit CRC in the frame check sequence field:

procedure TransmitDataEncap;
begin
with outgoingFrame do
begin {8Assemble frame}
view := fields;
destinationField := destinationParam,;
sourceField := sourceParam,;
lengthOrTypeField := lengthOrTypeParam,;
fecFictd o . ;
if fcsParamPresent then
begin
dataField := dataParam; { No need to generate pad if the FCS is passed from MAC client}
fcsField := fcsParamValue { Use the FCS passed from MAC client}
end
else
begin
dataField := ComputePad(dataParam);
fcsField := CRC32(outgoingFrame)
end;
view := hits
end { sAssembl e frame}
with outgoingHeader do
begin
headerView := headerFields;
preamble := ...; {* *1010...10,’ LSB to MSB*}
sfd:=...; {* 10101011, LSB to MSB*}
headerView := headerBits
end

end; { TransmitDataEncap}

If the MAC client chooses to generate the frame check sequence field for the frame, it passesthisfield to the
MAC sublayer viathe fcsParamV alue parameter. If the fcsParamPresent parameter is true, TransmitDataEn-
cap uses the fcsParamValue parameter as the frame check sequence field for the frame. Such a frame shall
not require any padding, since it is the responsibility of the MAC client to ensure that the frame meets the
minFrameSize constraint. If the fcsParamPresent parameter isfalse, the fcsParamV alue parameter is unspec-

ified. TransmitDataEncap first calls the ComputePad function, followed by a call to the CRC32 function to

generate the padding (if necessary) and the frame check sequence field for the frame internaly to the MAC

sublayer.
ComputePad appends an array of arbitrary bits to the MAC client data to pad the frame to the minimum
frame size::
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function ComputePad(var dataParam: DataV alue): DataV alue;

begin
ComputePad := { Append an array of size padSize of arbitrary bits to the MAC client dataField}
end; { ComputePad}

TransmitLinkMgmt attempts to transmit the frame. In half duplex mode, it first defers to any passing traffic.
In half duplex mode, if a collision occurs, transmission is terminated properly and retransmission is sched-
uled following a suitable backoff interval:

function TransmitLinkMgmt: TransmitStatus;
begin
attempts := 0;
transmitSucceeding ;= false;
lateCollisionCount := 0;
deferred := false; {iInitialize}
excessDefer := fase;
while (attempts < attemptLimit) and (not transmitSucceeding)
and (not extend or lateCollisionCount = 0) do
{ANo retransmission after late collision if operating at-=2386.1000 Mb/s}
begin {}Loop}
if bursting then {tThisis aburst continuation}
frameWaiting := true { sStart transmission without checking deference}
else {aNon bursting case, or first frame of aburst}
begin

if attempts > 0 then BackOff;

frameWaiting := true;

while deferring do { dDefer to passing frame, if any3}

if halfDuplex then deferred := true;
begin

burstStart := true;
if burstMode then bursting := true
end;
lateCollisionError ;= false;
StartTransmit;
frameWaiting := false;
if halfDuplex then
begin
while transmitting do WatchForCollision;
if lateCollisionError then_lateCollisionCount := lateCollisionCount + 1.
. By - ;

3 The Deference process ensures that the reception of traffic does not cause deferring to be true when in full duplex mode. Deferring is
used in full duplex mode to enforce the minimum interpacket gap spacing.
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attempts := attempts + 1
end {hHalf duplex mode}
else while transmitting do nothing {#Full duplex mode}
end; {+Loop}
LayerMgmtTransmitCounters; { uUpdate transmit and transmit error countersin 5.2.4.2}
if transmitSucceeding then
begin
if burstMode then burstStart := false; { Can’t be the first frame anymore}
TransmitLinkMgmt := transmitOK
end
elseif (extend and lateCallisionCount > 0) then TransmitL inkMagmt := lateCallisionErrorStatus;
else TransmitLinkMgmt := excessiveCollisionError
end; { TransmitLinkMgmt}

Each time a frame transmission attempt is initiated, StartTransmit is called to alert the BitTransmitter pro-
cess that bit transmission should begin:

procedure StartTransmit;

begin
currentTransmitBit := 1,
lastTransmitBit := frameSize;
transmitSucceeding := true;
transmitting := true;
lastHeaderBit:=_:= headerSize

end; { StartTransmit}

In half duplex mode, TransmitLinkMgmt monitors the medium for contention by repeatedly calling Watch-
ForCollision, once frame transmission has been initiated:

procedure WatchForCoallision;

begin
if transmitSucceeding and collisionDetect then
begin
if currentTransmitBit > (slotTime — headerSize) then lateCollisionError := true;
o = trues
newCollision := true;
transmitSucceeding := false;
if burstM ode then
begin
bursting := false;
if not burstStart then
lateCollisionError :=true { Every collision is late, unless it hits thefirst framein a burst}
end
end

end; { WatchForCollision}

WatchForCollision, upon detecting a collision, updates newCollision to ensure proper jamming by the Bit-
Transmitter process. The current transmit bit number is checked to seeif thisisalate collision. If the colli-
sion occurs later than a collision window of slotTime bits into the packet, it is considered as evidence of a
late collision. The point at which the collision is received is determined by the network media propagation
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time and the delay time through a station and, as such, is implementation-dependent (see 4.1.2.2). While
operating at speeds of 100 Mb/s or lower, an implementation may optionally elect to end retransmission

attempts after alate collision is detected. While operating at speeds-abeve-106-Mbfs the speed of 1000 Mb/s,
an implementation shall end retransmission attempts after alate collision is detected.

After transmission of the jam has been completed, if TransmitLinkMgmt determines that another attempt
should be made, BackOff is called to schedule the next attempt to retransmit the frame.

function Random (low, high: integer): integer;
begin

Random := ...{"#Uniformly distributed random integer r, such that low < r < high}
end; { Random}

BackOff performs the truncated binary exponential backoff computation and then waitsfor the selected mul-
tiple of the dot time:;

var maxBackOff: 2..1024; { Working variable of BackOff}

procedure BackOff;

begin
if attempts = 1 then maxBackOff := 2
elseif attempts < backOffLimit then maxBackOff := maxBackOff x 2;
Wait(slotTime x Random(0, maxBackOff))

end; { BackOff}

BurstTimer is a process that does nothing unless the bursting variable is true. When bursting is true, Burst-

Timer increments burstCounter until the burstLimit limit is reached, whereupon BurstTimer assigns the
value false to bursting::

process BurstTimer;
begin
cycle
while not bursting do nothing; { Wait for a burst}
Wait(burstLimit);
bursting := false
end { burstM ode cycle}
end; {BurstTimer}

The Deference process runs asynchronously to continuously compute the proper valuefor the variable defer-
ring. In the case of half duplex burst mode, deferring remains true throughout the entire burst._Interframe
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spacing may be used to lower the average data rate of a MAC at operating speeds above 1000 Mb/s in the
full duplex mode, when it is necessary to adapt it to the data rate of a WAN-based physical layer. When
interframe stretching is enabled, deferring remains true throughout the entire extended interframe gap,
which includes the sum of interFrameSpacing and the interframe extension as determined by the BitTrans-
mitter:

process Deference;
var real TimeCounter: integer; wasTransmitting: Boolean;
begin
if halfDuplex then cycle{ hHalf duplex loop}
while not carrierSense do nothing; {wWatch for carrier to appear}
deferring := true; {dDelay start of new transmissions}
wasT ransmitting_:=_transmitting;
while carrierSense or transmitting do_wasT ransmitting := wasT ransmitting or transmitting;

wasTransmittng——wasHransmittng-or-transmitting;

if wasTransmitting then Wait(interFrameSpacingPart1) { Time out first part of interframe gap}
begin

real TimeCounter := interFrameSpacingPart1;

repeat
while carrierSense do real TimeCounter := interFrameSpacingPart1;
Wait(1);
real TimeCounter := rea TimeCounter — 1

until (rea TimeCounter = 0)

deferring—_= false; {aAllow new transmissions to proceed}
while frameWaiting do nothing { aAllow waiting transmission, if any}
end { kHalf duplex loop}
else cycle {#Eull duplex loop}
while not transmitting do nothing; {wWait for the start of a transmission}
deferring := true; {#Lnhibit future transmissions}
while transmitting do nothing; { wWait for the end of the current transmission}

StartRed FHmebelay-{time-eut-antterframegapl

if not frameWaiting then { Don't roll over the remainder into the next frame}
begin
Wait(8);
ifsStretchCount := 0
end
deferring := false {€@Don’t inhibit transmission}
end {fFull duplex loop}
end; { Deference}

Copyright © 2002 IEEE. All rights reserved. DOCUI’%%I’V( Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 04:52:43 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 802.3ae-2002


http://www.avadocuments.com/doc/ieee-802-3ae-2002
http://www.avadocuments.com/doc/ieee-802-3ae-2002

SUPERSEDED

AMENDMENT TO IEEE Std 802.3

IEEE
Std 802.3ae-2002

If the ifsStretchM ode is enabl ed, the Deference process continues to enforce interframe spacing for an addi-
tional number of bit times, after the completion of timing the interFrameSpacing. The additional number of
bit times is reflected by the variable ifsStretchSize. If the variable ifsStretchCount is less than ifsStretchRa-
tio and the next frame is ready for transmission (variable frameWaiting is true), the Deference process
enforces interframe spacing only for the integer number of octets, as indicated by ifsStretchSize, and saves
ifsStretchCount for the next frame's transmission. If the next frame is not ready for transmission (variable
frameWaiting isfalse), then the Deference process initializes the if sStretchCount variable to zero.

The BitTransmitter process runs asynchronously, transmitting bits at a rate determined by the Physical
Layer’s TransmitBit operation:

process BitTransmitter;
begin
cycle {eQuter loop}
if transmitting then
begin {ilnner loop}
extendError ;= false;
if ifsStretchM ode then { Calculate the counter values}
begin
ifsStretchSize := (ifsStretchCount + headerSize + frameSize + interFrameSpacing) div

ifsStretchRatio; { Extension of the interframe spacing}
ifsStretchCount := (ifsStretchCount + headerSize + frameSize + interFrameSpacing)

mod ifsStretchRatio { Remainder to carry over into the next frame’ stransmission}

end;
Physical SignalEncap; { Send preamble and start of frame delimiter}
while transmitting do
begin
if (currentTransmitBit > lastTransmitBit) then TransmitBit(extensionBit)
e seif extendError then TransmitBit(extensionErrorBit) { Jam in extension}
)
S . i) ior)
€l se TransmitBit(outgoi ngFrame[currentTransmitBit]);
—— ; [ Bi):
if newCollision then StartJam else NextBit
end;
if bursting then
begin
InterFrameSignal;
if extendError then

if transmitting then transmitting := fal se{ FransmitFrame-may-have been-
¢ ol
{ TransmitFrame may have been called during InterFrameSignal}
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el se IncL argeCounter(lateCallision);
{ Count late callisions which were missed by TransmitL inkMgmt}
teL-argeCeuinte (IE.EEEEI: SOR) EEE.H.HEEE EGH;S oRSWhieh
bursting := bursting and (frameWaiting eror transmitting)
end
end {#lnner loop}
end { eQuter loop}
end; { BitTransmitter}

The bits transmitted to the physical layer can take one of four values: data zero (0), data one (1), extension-
Bit (EXTEND), or extensionErrorBit (EXTEND_ERROR). The values extensionBit and extensionErrorBit
are not transmitted between the first preamble bit of a frame and the last data bit of a frame under any cir-
cumstances. The BitTransmitter calls the procedure TransmitBit with bitParam = extensionBit only when it
is necessary to perform carrier extension on a frame after all of the data bits of a frame have been transmit-
ted. The BitTransmitter calls the procedure TransmitBit with bitParam = extensionErrorBit only when it is
necessary to jam during carrier extension.

procedure Physical Signa Encap;

begin
while currentTransmitBit < lastHeaderBit do
begin
TransmitBit(outgoingHeader[currentTransmitBit]); { tTransmit header one bit at atime}
currentTransmitBit ;= currentTransmitBit + 1
end;
if newCollision then StartJam else currentTransmitBit := 1

end; { Physical SignalEncap}

The procedure InterFrameSignal fills the interframe interval between the frames of a burst with extension-
Bits. InterFrameSignal also monitors the variable collisionDetect during the interframe interval between the
frames of a burst, and will end a burst if a collision occurs during the interframe interval. The procedural
model is defined such that a MAC operating in the burstMode will emit an extraneous sequence of inter-
FrameSize extensionBits in the event that there are no additional frames ready for transmission after Inter-
FrameSignal returns. Implementations may be able to avoid sending this extraneous sequence of
extensionBits if they have access to information (such as the occupancy of a transmit queue) that is not
assumed to be available to the procedural model.

procedure InterFrameSignal;
var interFrameCount, interFrameTota-: integer;

begin
interFrameCount := 0;

interFrameTotal := interFrameSpacing;
while interFrameCount < interFrameTotal do
begin
if not extendError then_TransmitBit(extensionBit)
else TransmitBit(extensionErrorBit);
- ; it:
interFrameCount := interFrameCount + 1;
if collisionDetect and not extendError then

begin
bursting := false;
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extendError := true;
interFrameCount := 0;
interFrameTotal := jamSize
end
end
end; {InterFrameSignal}

procedure NextBit;
begin
currentTransmitBit := currentTransmitBit_+_1;
if halfDuplex and burstStart and transmitSucceeding then { eCarrier extension may be required}
transmitting := (currentTransmitBit < max(lastTransmitBit, slotTime))
else transmitting := (currentTransmitBit < |astTransmitBit)
end; { NextBit}

procedure StartJam;
begin
extendError ;= currentTransmitBit > lastTransmitBit;
currentTransmitBit :=1;
lastTransmitBit := jamSize;
newCollision := false
end; { StartJam}

BitTransmitter, upon detecting a new collision, immediately enforces it by calling StartJam to initiate the
transmission of the jam. The jam should contain a sufficient number of bits of arbitrary data so that it is
assured that both communicating stations detect the collision. (StartJam uses the first set of bits of the frame
up to jamSize, merely to simplify this program.)

4.2.9 Frame reception

Change subclause 4.2.9 to read as follows:

The agorithms in this subclause define CSMA/CD Media Access sublayer frame reception.

The function ReceiveFrame implements the frame reception operation provided to the MAC client:

function ReceiveFrame (
var destinationParam: AddressValue;
var sourceParam: AddressValue;
var lengthOrTypeParam: LengthOrTypeValue;
var dataParam: DataV alue;
var fcsParamVaue: CRCValue;
var fcsParamPresent: Bit): ReceiveStatus;
function ReceiveDataDecap: ReceiveStatus; —r{ Nested function; see body below}
begin
if receiveEnabled then
repeat
ReceiveLinkMgmt;
RecelveFrame := ReceiveDataDecap;
until receiveSucceeding
else ReceiveFrame := receiveDisabled
end; { RecelveFrame}
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If enabled, ReceiveFrame calls ReceivelinkMgmt to receive the next valid frame, and then calls the internal
function ReceiveDataDecap to return the frame's fields to the MAC client if the frame’s address indicates
that it should do so. The returned ReceiveStatus indicates the presence or absence of detected transmission
errorsin theframe.

function ReceiveDataDecap: ReceiveStatus;
¥ var status-: ReceiveStatus; { RHolds receive status information}

begin
¥  withincomingFrame do
T begin
T view := fields,
¥ receiveSucceeding := LayerM gmtRecognizeA ddress-(destinationField);
if receiveSucceeding then
begin {dDisassemble frame}
destinationParam := destinationField;
sourceParam := sourceField;
lengthOr TypeParam:—=_:= lengthOrTypeField;
dataParam := RemovePad-(lengthOrTypeField, dataField);
fcsParamValue := fcsField;
fcsParamPresent := passReceiveFCSM ode;
exceedsMaxLength :=...; { Check to determineif receive frame size exceeds the maximum
permitted frame size. MAC implementations may use either
maxUntaggedFrameSize or (maxUntaggedFrameSi ze +
gTagPrefixSize) for the maximum permitted frame size,
either as a constant or as afunction of whether the frame being
received isabasic or tagged frame (see 3.2, 3.5). In
implementations that treat this as a constant, it is recommended
that the larger value be used. The use of the smaller value
in this case may result in valid tagged frames exceeding the
maximum permitted frame size:}
if exceedsMaxL ength then status := frameToolLong
elseif fesField = CRC32(incomingFrame) and extensionOK then
i if validL ength then status := receiveOK else status := lengthError
I else if excessBits = 0 or not extensionOK then status := frameCheckError
I €lse status := alignmentError;
oot = - . | .
begin
+ i I _ .
* else status=tengthError
end
else
begin
* if-excessBits=0-or-not-extensionOK-then-status: = frameCheckError
* else status-=alignmentError
%
¥ LayerM gmtReceiveCounters(status); { Update receive countersin 5.2.4.3}
view:—=_= hits

end { éDisassemble frame}
end; {wWith incomingFrame}
RecelveDataDecap := status
end; { ReceiveDataDecap}

+H +
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function L ayerM gmtRecognizeAddress(address: AddressValue): Boolean;

begin
if { promiscuous receive enabled} then L ayerM gmtRecognizeAddress := true;
if address = ... { MAC station address} then L ayerM gmtRecognizeAddress := true;
if address = ... { Broadcast address} then LayerM gmtRecognizeAddress := true;
if address = ... { One of the addresses on the multicast list and multicast reception is enabled} then
L ayerM gmtRecognizeAddress := true;

LayerMgmtRecognizeAddress := false
end; {LayerMgmtRecognizeAddress}

The function RemovePad strips any padding that was generated to meet the minFrameSize constraint, if pos-
sible. When the MAC sublayer operates in the mode that enables passing of the frame check sequence field
of all received frames to the MAC client (passReceiveFCSMode variable is true), it shall not strip the pad-
ding and it shall |eave the data field of the frame intact. L ength checking is provided for Length interpreta-
tions of the Length/Type field. For Length/Type field values in the range between maxValidFrame and
minTypeValue, the behavior of the RemovePad function is unspecified::

function RemovePad(var lengthOrTypeParam: L engthOrTypeValue; dataParam: DataValue): DataValue;

begin
if lengthOrTypeParam > minTypeValue then
begin
validLength_:= true; { Don't perform length checking for Type field interpretations}
RemovePad := dataParam
end
elseif lengthOrTypeParam < maxValidFrame then
begin
HHengthorRypeParam<maxValidFrame then
begin
validLength := {For length interpretations of the L ength/Type field, check to determineif value
represented by Length/Type field matches the received clientDataSize} ;
if validLength_and not passReceiveFCSM ode then
RemovePad := {tTruncate the dataParam (when present) to_the value represented by the
lengthOrTypeParam (in octets) and return the result}
else RemovePad := dataParam
end
end
end; { RemovePad}

RecelveLinkMgmt attempts repeatedly to receive the bits of a frame, discarding any fragments from
collisions by comparing them to the minimum valid frame size;

procedure ReceiveLinkMgmt;
begin
repeat
StartReceive;
while receiving do nothing; {wWait for frame to finish arriving}
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excessBits := frameSize mod 8;
frameSize := frameSize — excessBits; { tTruncate to octet boundary}
receiveSucceeding := receiveSucceeding and (frameSize > minFrameSize)
{¥Reject collision fragments}
until receiveSucceeding
end; { ReceivelinkMgmt}

procedure StartReceive;
begin
receiveSucceeding ;= true;
receiving ;= true
end; { StartReceive}

The BitReceiver process runs asynchronously, receiving bits from the medium at the rate determined by the
Physical Layer’s ReceiveBit operation, partitioning them into frames, and optionally receiving them:

process BitRecelver;
var b-: PhysicalBit;
incomingFrameSize: integer; { €Count of all bits received in frame including extension}
frameFinished: Boolean;
enableBitReceiver: Boolean,
currentReceiveBit: 1..frameSize; { Position of current bit in incomingFrame}
begin
cycle {eQuter loop}
if receiveEnabled then
begin {¥Receive next frame from physical layer}
currentReceiveBit ;= 1;
incomingFrameSize := 0;
frameFinished := falsg;
enableBitReceiver := receiving;
Physical SignalDecap; { Skip idle and extension, strip off preamble and sfd}
if enableBitReceiver then extensionOK := true;
while receiveDataVaid and not frameFinished do
. el  oni ek 9
begin_{Inner loop to receive the rest of an incoming frame}
b := ReceiveBit; { ANext bit from physical medium}
incomingFrameSize := incomingFrameSize + 1,
if b.=_0or b_=1 then {ANormal case}
if enableBitReceiver then {aAppend to frame}
begin
if incomingFrameSize > currentReceiveBit then extensionOK := false;
{ Errorsin the extension get mapped to data bits on input}
incomingFrame[currentReceiveBit] := b;
currentReceiveBit := currentReceiveBit + 1

end
elseif not extending then frameFinished := true; { b must be an extensionBit}

if incomingFrameSize > slotTime then extending := false
end; {lnner loop}
if enableBitReceiver then
begin
frameSize := currentReceiveBit — 1;
receiveSucceeding := not extending;
receiving := false
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end
end { eEnabled}
end { eQuter |oop}
end; { BitReceiver}

The bits received from the physical layer can take one of three values: data zero (0), data one (1), or exten-
sionBit (EXTEND). The value extensionBit will not occur between the first preamble bit of aframe and the
last data bit of a frame in normal circumstances. Extension bits are counted by the BitReceiver but are not
appended to theincoming frame. The BitReceiver checks whether the bit received from the physical layer is
adata bit or an extensionBit before appending it to the incoming frame. Thus, the array of bits in incoming-
Frame will only contain data bits. The underlying Reconciliation Sublayer_ (RS) maps incoming
EXTEND_ERROR bits to normal data bits. Thus, the reception of additional data bits after the frame exten-
sion has started is an indication that the frame should be discarded.

procedure Physical Signal Decap;
begin

{ Receive one bit at atime from physical medium until avalid sfd is detected, discard bits and return:}
end; { Physical SignalDecap}

The process SetExtending controls the extending variable, which determines whether a received frame must
be at least slotTime bitsin length or merely minFrameSize bits in length to be considered valid by the BitRe-
ceiver. SetExtending sets the extending variable to true whenever receiveDatavalid is de-asserted, whilein
half duplex mode at-eperating-speeds-abeve-100-Mb/s. an operating speed of 1000 Mb/s:

process SetExtending;
begin
eyetecycle {{Loop forever}
while receiveDatavalid do nothing;
extending := extend and halfDuplex
end { L oop}
end; { SetExtending}

4.2.10 Common procedures
Change 4.2.10 to read as follows:

The function CRC32 is used by both the transmit and receive algorithms to generate a 32-bit CRC vaue:

function CRC32(f: Frame): CRCVal ue;

begin
CRC32 := { The 32-hit CRC for the entire frame, excluding the FCSfield (if present)}
end; { CRC32}

Purely to enhance readability, the following procedure is a so defined:
procedure nothing; begin end,;

Theidle state of aprocess (that is, while waiting for some event) is cast as repeated calls on this procedure.
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4.3.2 Services provided by the MAC sublayer
Change 4.3.2 to read as follows:

The services provided to the MAC client by the MAC sublayer are transmission and reception of frames.
The interface through which the MAC client uses the facilities of the MAC sublayer therefore consists of a
pair of functions.

Functions:
TransmitFrame
ReceiveFrame

Each of these functions has the components of aframe as its parameters (mput or output) and returns a sta-
tus code as its result.-N ;

NOTE 1—The frame_check_sequence parameter defined in 2.3.1 and 2.3.2 is mapped here into two variables: fcsPar-
amValue and fcsParamPresent. This mapping has been defined for editorial convenience. The fcsParamPresent variable
indicates the presence or absence of the fcsParamValue variable in the two function cals. If the fcsParamPresent variable
is true, the fcsParamValue variable contains the frame check sequence for the corresponding frame. If the fcsParamPre-

sent variable is false, the fcsParamValue variable is unspecified. If the MAC sublayer does not support client-supplied
frame check sequence values, then the fcsParamPresent variable in TransmitFrame shall always be false.

NOTE 2—The mac_service data_unit parameter defined in 2.3.1 and 2.3.2 is mapped here into two variables: |engthOr-
TypeParam and dataParam. This mapping has been defined for editorial convenience. The first two octets of the
mac_service data _unit parameter contain the lengthOrTypeParam variable. The remaining octets of the
mac_service data unit parameter form the dataParam variable.

The MAC client transmits aframe by invoking TransmitFrame:

: . . :
function TransmitFrame (
destinationParam: AddressVal ue;
sourceParam: AddressValue;
lengthOrTypeParam: LengthOrTypeValue;
dataParam: DataV alue;
fcsParamVaue: CRCValue;

fcsParamPresent: Bit): TransmitStatus;

The TransmitFrame operation is synchronous. Its duration is the entire attempt to transmit the frame; when
the operation completes, transmission has either succeeded or failed, as indicated by the resulting status
code:

type TransmitStatus = (transmitOK, excessiveCollisionError, lateCollisionErrorStatus);
1 type TransmitStatus = (transmitDisabled, transmitOK, excessiveCollisionError,
lateCollisionErrorStatus);

The transmitDisabled status code indicates that the transmitter is not enabled. Successful transmission is
indicated by the status code transmitOK3. tThe code excessiveCollisionError indicates that the transmission
attempt was aborted due to excessive collisions, because of heavy traffic or a network failure. MACs operat-
ing_in the half duplex mode at-speeds-abeve-100 at the speed of 1000 Mb/s are required to report lateColli-
sionErrorStatus in response to a late collision; MACs operating_in the half duplex mode at speeds of 100

Mb/s and below are not required to do so._TransmitStatus is not used by the service interface defined in
2.3.1. TransmitStatus may be used in an implementation dependent manner.
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