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Abstract: The media access control characteristics for the Carrier Sense Multiple Access with Collision De-
tection (CSMA/CD) access method for shared mediumilocal area networks are described. The control charac-
teristics for full duplex dedicated channel use are .also described. Specifications are provided for MAU types
1BASES5 at 1 Mb/s; Attachment Unit Interface (AUl)»and MAU types 10BASE5, 10BASE2, FOIRL (fiber optic
inter-repeater link), 10BROAD36, 10BASE-T, 10BASE-FL, 10BASE-FB, and 10BASE-FP at 10 Mb/s; Media
Independent Interface (MIl) and PHY types TB0BASE-T4, 100BASE-TX, 100BASE-FX, and 100BASE-T2 at
100 Mb/s; and the Gigabit MIl (GMII) apd:-1000BASE-X PHY types, 1000BASE-SX, 1000BASE-LX, and
1000BASE-CX, which operate at 1000.Mb/s (Gigabit Ethernet) as well as PHY type 1000BASE-T. Repeater
specifications are provided at each speed. Full duplex specifications are provided at the Physical Layer for
10BASE-T, 10BASE-FL, 100BASE-TX, 100BASE-FX, 100BASE-T2, and Gigabit Ethernet. System consider-
ations for multisegment networks at each speed and management information base (MIB) specifications and
additions to support Virtual Bridged Local Area Networks (VLANSs) as specified in IEEE P802.1Q are also pro-
vided. Also specified is an gptienal Link Aggregation sublayer which multiple physical links to be aggregated
together to form a single logieal link.
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sublayer; PhysicalLayer; physical medium attachment; repeater; type field; VLAN TAG
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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinat-
ing Committees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the
committees serve voluntarily and without compensation. They are not necessarily members of the
Institute. The standards developed within IEEE represent a consensus of the broad expertise on the
subject within the Institute as well as those activities outside of IEEE that have expressed an inter-
est in participating in the development of the standard.

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

Comments for revision of IEEE Standards are welcome from any interested ‘pafty, 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.

Interpretations: Occasionally questions may arise regarding the méaning 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 résponses. Since IEEE Standards rep-
resent a consensus of all concerned interests, it is impartant to ensure that any interpretation has
also received the concurrence of a balance of interests.&or this reason, IEEE and the members of its
societies and Standards Coordinating Committees*are not able to provide an instant response to
interpretation requests except in those cases where the matter has previously received formal
consideration.

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

Secretaty, I[EEE-SA Standards Board
445,Hoes Lane

P.O:Box 1331

Riscataway, NJ 08855-1331

USA

NoterAttention is called to the possibility that implementation of this standard may
requit€ use of subject matter covered by patent rights. By publication of this standard,
ne 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.

IEEE is the sole entity that may authorize the use of certification marks, trademarks, or other desig-
nations to indicate compliance with the materials set forth herein.

Authorization to photocopy portions of any individual standard for internal or personal use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate
fee is paid to Copyright Clearance Center. To arrange for payment of licensing fee, please contact
Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA;
(978) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can also be obtained through the Copyright Clearance Center.
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Introduction to IEEE Std 802.3, 2000 Edition

This standard is part of a family of standards for local and metropolitan area networks. The relationship
between the standard and other members of the family is shown below. (The numbers in the figure refer to
IEEE standard numbers.)
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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 Intercomninection (OSI) Basic Reference Model
(ISO/TEC 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 aboye are as follows:

IEEE Std 802 Overview and Architecture. This standard provides an overview to the
family of JEEE 802 Standards.

* ANSVIEEE 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 ANSVIEEE 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.

* ANSUIEEE 8td802.1E  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.

* ANSIAEEE Std 802.1F  Common Definitions and Procedures for IEEE 802 Management Information.

* ANSVIEEE 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 TANS befow the fevel of the fogical 1INk COntrol protocol.

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

* ANSI/IEEE Std 802.2 Logical Link Control.
[ISO/IEC 8802-2]

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

Copyright © 2000 IEEE. All rights reserved. iii
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* ANSIIEEE Std 802 4 Token Passing Bus Access Method and Physical Layer Specifications.
[ISO/IEC 8802-4]

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

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

o ANSI/IEEE Std 802.10 Interoperable LAN/MAN Security

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

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

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, 1802.3 provides conformance test information for I0BASE-T.

IEEE Std 802.3, 2000 Edition

This standard contains state-of-the-art material, The area covered by this standard is undergoing evolution.
Revisions are anticipated to this standard within the next few years to clarify existing material, to correct
possible errors, and to incorporate new related material. Details on the contents of this standard are provided
on the following pages.

v Copyright © 2000 IEEE. All rights reserved.
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Information technology —
Telecommunications and information exchange between systems—

Local and metropolitan area networks—Specific requirements —

Part 3: Carrier Sense Multiple Access with
Collision Detection (CSMA/CD) access method
and physical layer specifications

1. Introduction

1.1 Overview

This is a comprehensive International Standard for Local-Area Networks (LANs) employing CSMA/CD as
the access method. This International Standard is intended to encompass several media types and techniques
for signal rates from 1 Mb/s to 1000 Mb/s. This edition of the standard provides the necessary specifications
for the following families of systems: a 1 Mb/s baseéband system, 10 Mb/s baseband and broadband systems,
a 100 Mb/s baseband system, and a 1000 Mb/s)baseband system. In addition, it specifies a method for lin-
early incrementing a system’s data rate bylaggregating multiple physical links of the same speed into one
logical link.

1.1.1 Basic concepts

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

1.1.1.1 Half duplex operation

Taholf dalay o da tha CCNAA/CTY cnadia anocacc raathad 1o tha cnaaanc by vplhanh tvgn A g oot chorg
THTo GapProxc oG THe ooV v oo THe G aCeesS OO THStTHETHCA RSOy vy Tty OO HoTe—Statdohs—Sare

a common transmission medium. To transmit, a station waits (defers) for a quiet period on the medium (that
is, no other station is transmitting) and then sends the intended message in bit-serial form. If, after initiating
a transmission, the message collides with that of another station, then each transmitting station intentionally
transmits for an additional predefined period to ensure propagation of the collision throughout the system.
The station remains silent for a random amount of time (backoff) before attempting to transmit again. Each
aspect of this access method process is specified in detail in subsequent clauses of this standard.

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

Copyright © 2000 IEEE. All rights reserved. 1
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1.1.1.2 Full duplex operation

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

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

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

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

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

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

This standard is organized along architectural lines;emphasizing the large-scale separation of the system
into two parts: the Media Access Control (MAC)sublayer of the Data Link Layer and the Physical Layer.
These layers are intended to correspond closely-to the lowest layers of the ISO/IEC Model for Open Systems
Interconnection (see Figure 1-1). (See ISQ/IEC 7498-1: 1994.1) The Logical Link Control (LLC) sublayer
and MAC sublayer together encompass the/functions intended for the Data Link Layer as defined in the OSI
model.

1.1.2.1 Architectural rationale

An architectural organization of the standard has two main advantages:
a)  Clarity. Aclean overall division of the design along architectural lines makes the standard clearer.
b)  Flexibility! Segregation of medium-dependent aspects in the Physical Layer allows the LLC and

MA@ sublayers to apply to a family of transmission media.

Partitioning the Data Link Layer allows various media access methods within the family of LAN standards.

o6 B a—O o a B S o O P a

implementations. One critical aspect of the design, however, shall be addressed largely in terms of the imple-
mentation interfaces: compatibility.

1.1.2.2 Compatibility interfaces

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

For information about references, see 1.3.

2 Copyright © 2000 IEEE. All rights reserved.
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Figure 1-1—LAN standard relationship-to the ISO/IEC Opens Systems Interconnection

a)

b)

(OSl)-reference model

Medium Dependent Interfaces(MDI). To communicate in a compatible manner, all stations shall
adhere rigidly to the exact speeification of physical media signals defined in Clause 8 (and beyond)
in this standard, and to the, procedures that define correct behavior of a station. The medium-inde-
pendent aspects of th¢ BEC sublayer and the MAC sublayer should not be taken as detracting from
this point; communication by way of the ISO/IEC 8802-3 [ANSI/IEEE Std 802.3] Local Area Net-
work requires_complete compatibility at the Physical Medium interface (that is, the physical cable
interface).

Attachment-Unit Interface (AUI). It is anticipated that most DTEs will be located some distance from
their éonnection to the physical cable. A small amount of circuitry will exist in the Medium Attach-
ment(Unit (MAU) directly adjacent to the physical cable, while the majority of the hardware and all
of the software will be placed within the DTE. The AUI is defined as a second compatibility inter-
face. While conformance with this interface is not strictly necessary to ensure communication, it is
highly recommended, since it allows maximum flexibility in intermixing MAUs and DTEs. The AUI

c)

may-be-optional-or-net-speeified-for-some-implementations-of-this-standard-that-are-expeeted-to-be
connected directly to the medium and so do not use a separate MAU or its interconnecting AUI
cable. The PLS and PMA are then part of a single unit, and no explicit AUI implementation is
required.

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

Copyright © 2000 IEEE. All rights reserved. 3
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d)  Gigabit Media Independent Interface (GMII). The GMII is designed to connect a gigabit-capable
MAC or repeater unit to a gigabit PHY. While conformance with implementation of this interface is
not strictly necessary to ensure communication, it is highly recommended, since it allows maximum
flexibility in intermixing PHYs and DTEs at gigabit speeds. The GMII is intended for use as a chip-
to-chip interface. No mechanical connector is specified for use with the GMII. The GMII is optional.

e) Ten-bit Interface (TBI). The TBI is provided by the 1000BASE-X PMA sublayer as a physical
instantiation of the PMA service interface. The TBI is highly recommended for I000BASE-X sys-
tems, since it provides a convenient partition between the high-frequency circuitry associated with
the PMA sublayer and the logic functions associated with the PCS and MAC sublayers. The TBI is

intended for use as a chip-to-chip interface. No mechanical connector is specified for use with the
TBI. The TBI is optional.

1.1.3 Layer interfaces

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

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

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

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

1.1.4 Application areas
The applications environment for the'LAN is intended to be commercial and light industrial. Use of CSMA/

CD LANSs in home or heavy industrial environments, while not precluded, is not considered within the scope
of this standard.

1.2 Notation
1.2.1 State diagram conventions

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

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

All permissible transitions between the states of a function are represented graphically by arrows between

them. A transition that is global in nature (for example, an exit condition from all states to the IDLE or
RESET state) is indicated by an open arrow. Labels on transitions are qualifiers that must be fulfilled before

4 Copyright © 2000 IEEE. All rights reserved.
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...... STATENAME ...
* <\MESSAGE SENT>
TERMSTOENTER |._ _ conprmion) | TERMS TOEXIT
[ACTIONS TAKEN]

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

Figure 1—2—State diagram notation example

the transition will be taken. The label UCT designates an unconditional trangition. Qualifiers described by
short phrases are enclosed in parentheses.

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

Some devices described in this standard (e.g., repeaters)\are allowed to have two or more ports. State dia-
grams that are capable of describing the operation of devices with an unspecified number of ports, required
qualifier notation that allows testing for conditiens 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 proyide 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:

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

b) The character “<=” (eft/arrow) denotes assignment of the value following the arrow to the term pre-

ceding the arrows-

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

The models presented by state diagrams are intended as the primary specifications of the functions to be pro-
vided It is important to distinguish, however, between a model and a real implementation. The models are
optimized for simplicity and clarity of presentation, while any realistic implementation may place heavier

emphasis on eiliciency and sultability to a particular implementation technology. It is the functional behav-
ior of any unit that must match the standard, not its internal structure. The internal details of the model are
useful only to the extent that they specify the external behavior clearly and precisely.

1.2.2 Service specification method and notation
The service of a layer or sublayer is the set of capabilities that it offers to a user in the next higher (sub)layer.

Abstract services are specified here by describing the service primitives and parameters that characterize
each service. This definition of service is independent of any particular implementation (see Figure 1-3).

Copyright © 2000 IEEE. All rights reserved. 5
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LAYER N LAYER N
SERVICE USER SERVICE USER
LAYER N-1

SERVICE PROVIDER

TIME

REQUEST

INDICATION

Figure 1-3—Service primitive notation

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

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

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

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

The service primitives.arelan abstraction of the functional specification and the user-layer interaction. The
abstract definition does-not contain local detail of the user/provider interaction. For instance, it does not indi-
cate the local mechanism that allows a user to indicate that it is awaiting an incoming call. Each primitive
has a set of zefo.0f more parameters, representing data elements that shall be passed to qualify the functions
invoked by.théprimitive. Parameters indicate information available in a user/provider interaction; in any par-
ticular interface, some parameters may be explicitly stated (even though not explicitly defined in the primi-
tive) @r-implicitly associated with the service access point. Similarly, in any particular protocol specification,
functions corresponding to a service primitive may be explicitly defined or implicitly available.

1.2.3 Physical Layer and media notation

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

<data rate in Mb/s> <medium type> <maximum segment length (x 100 m)>

6 Copyright © 2000 IEEE. All rights reserved.



https://standardsiso.com/api/?name=e478a65ce847565635396c364b44a211

ISO/IEC 8802-3: 2000(E)
CSMA/CD IEEE Std 802.3, 2000 Edition

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

1.2.4 Physical Layer message notation

Messages generated within the Physical Layer, either within or between PLS and the MAU (that is, PMA
circuitry), are designated by an italic type to designate either form of physical or logical message used to

execnte the phvsical laver sionaline process (for example input idle or mau available)
1 = = s L —

1.3 Normative references

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

ANSI T1.601-1992, Telecommunications —Integrated Services Digital Network (ISDN)—Basic Access
Interface for Use on Metallic Loops for Application on the Network Side 6fthe NT (Layer 1 Speciﬁcation).2

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

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

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

ANSI/TIA/EIA-568-A, Commercial( Building Telecommunications Cabling Standard.CISPR 22: 1993,
Limits and Methods of Measurenient of Radio Interference Characteristics of Information Technology
Equipment.3

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

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

IEC'60169-8: 1978 and -16: 1982, Radio-frequency connectors, Part 8: R.F. coaxial connectors with inner

diameter of auter conductor 6 5 mm (0 256 in) with bavonet lock— Characteristic imppdnnr‘r—* 50 chms (T\/I\P

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

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

“In the 2000 edition of this standard, IEC publications have been renumbered in accordance with IEC’s revised numbering system. In 1997,
all existing publications were issued a designation in the 60000 series. Thus IEC 60 became IEC 60060, IEC 169-8 became IEC 60169-8,
etc. IEC publications are available from IEC Sales Department, Case Postale 131, 3 rue de Varembé, CH-1211, Geneve 20, Switzerland/
Suisse (www.iec.ch/). IEC publications are also available in the United States from the American National Standards Institute.
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BNC); Part 16: R.F. coaxial connectors with inner diameter of outer conductor 7 mm (0.276 in) with screw
coupling— Characteristic impedance 50 ohms (75 ohms) (Type N).

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

assessed quality.

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

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

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

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

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

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

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

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

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

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

IEC 60950: 1991, Safety ofinfermation technology equipment.

IEC 61000-4-3, Electromagnetic Compatibility (EMC)—Part 4: Testing and measurement techniques — Sec-
tion 3: Radiated, radio-frequency, electromagnetic field immunity test.

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

IEC 61076-3-103 (48B5/5/4/NP), Detail specification for rectangular connectors, with assessed quality, 6
and 8 way, fixed and free shielded connectors with ribbon contacts for high speed data applications.

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

IEC 61754-4: 1997, Fibre optic connector interfaces —Part 4: Type SC connector family.

IEEE Std 802-1990, IEEE Standards for Local and Metropolitan Area Networks: Overview and Architecture.
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IEEE Std 802.1F-1993 (Reaff 1998), IEEE Standards for Local and Metropolitan Area Networks: Common
Definitions and Procedures for IEEE 802 Management Information.

IEEE P802.1Q/D11 (July 30, 1998), Draft Standard for Local and Metropolitan Area Networks: Virtual
Bridged Local Area Networks N

IETF RFC 1155, Structure and Identification of Management Information for TCP/IP-based Internets, Rose,
M., and K. McCloghrie, May 1990.7

IETF REC 1157, A Simple Network Management Protocol (SNMP), Case, J., Fedor, M., Schoffstall, M., and
J. Davin, May 1990.

IETF REC 1212, Concise MIB Definitions, Rose, M., and K. McCloghrie, March 1991.

IETF STD 17, RFC 1213, Management Information Base for Network Management of TCP/IP-based inter-
nets: MIB-II, McCloghrie K., and M. Rose, Editors, March 1991.

IETF RFC 1215, A Convention for Defining Traps for use with the SNMP, M. Rosey March 1991.

IETF RFC 1901, Introduction to Community-based SNMPv2, Case, J., McCloghrie, K., Rose, M., and S.
Waldbusser, January 1996.

IETF RFC 1902, Structure of Management Information for Version 2 of the Simple Network Management
Protocol (SNMPv2), Case, J., McCloghrie, K., Rose, M., and S:\Waldbusser, January 1996.

IETF RFC 1903, Textual Conventions for Version 2 of theSimple Network Management Protocol (SNMPv2),
Case, J., McCloghrie, K., Rose, M., and S. Waldbusser, January 1996.

IETF RFC 1904, Conformance Statements for~Version 2 of the Simple Network Management Protocol
(SNMPv2), Case, J., McCloghrie, K., Rose, M',Jand S. Waldbusser, January 1996.

IETF RFC 1905, Protocol Operationsfor-Version 2 of the Simple Network Management Protocol (SNMPv2),
Case, J., McCloghrie, K., Rose, M., and S. Waldbusser, January 1996.

IETF RFC 1906, Transport Mappings for Version 2 of the Simple Network Management Protocol (SNMPv2),
Case, J., McCloghrie, K., Rose, M., and S. Waldbusser, January 1996.

IETF RFC 2233, The interfaces Group MIB using SMIv2, McCloghrie, K., and F. Kastenholz, November
1997.

IETF RFC-2271, An Architecture for Describing SNMP Management Frameworks, Harrington, D, Presuhn,
R., and B. Wijnen, January 1998.

IETF RFC 2272, Message Processing and Dispatching for the Simple Network Management Protocol

IALD 2

LKA I Al L 1L £ D D 1 R AP Al L 1009
‘ul YIVII /, —AsU, J., Llﬂlllllélull L., TICVSUIIILIN., Al 1J.° VY lJlJ\./ll, Juuucu_y 1 770.
IETF RFC 2273, SNMPv3 Applications, Levi, D., Meyer, P., and B. Stewart, January 1998.

SIEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (standards.ieee.org/).

“Numbers preceded by P are IEEE authorized standards projects that were not approved by the IEEE-SA Standards Board at the time
this publication went to press. For information about obtaining drafts, contact the Institute of Electrical and Electronics Engineers, 445
Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA (http://standards.ieee.org/).

"IEFT RFCs are available from the Internet Engineering Task Force website at http://www.ietf.org/rfc.html.
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IETF RFC 2274, User-based Security Model (USM) for version 3 of the Simple Network Management Pro-
tocol (SNMPv3), Blumenthal, U., and B. Wijnen, January 1998.

IETF RFC 2275, View-based Access Control Model (VACM) for the Simple Network Management Protocol
(SNMP), Wijnen, B., Presuhn, R., and K. McCloghrie, January 1998.

ISO/IEC 15802-1: 1995, Information technology — Telecommunications and information exchange between

systems —Local and metropolitan area networks —Common specifications—Part 1: Medium Access Control
(MACQC) service definition 8

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

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

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

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

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

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

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

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

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

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

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

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

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

81SO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Geneve 20, Swit-
zerland/Suisse (http://www.iso.ch/). ISO publications are also available in the United States from the Sales Department, American
National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA (http://www.ansi.org/).
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ISO/IEC 10165-1: 1993, Information technology —Open Systems Interconnection—Management informa-
tion services— Structure of management information—Part 1: Management Information Model.

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

ISO/IEC 10165-4: 1992, Information technology —Open Systems Interconnection—Management informa-
tion services— Structure of management information—Part 4: Guidelines for the definition of managed
objects.

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

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

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

ISO/IEC 15802-3: 1998 [1IEEE Std 802.1D, 1998 Edition), Information téchnology — Telecommunications
and information exchange between systems—Local and metropolitan-ared networks —Common specifica-
tions —Part 3: Media Access Control (MAC) bridges.9

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

ITU-T Recommendation 1.430 (1995), Basic user-network interface—Layer 1 specification.
MATLAB Matrix Laboratory Software.!!

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

1.4 Definitions
The definitions used ifi-thiS standard are consistent with ISO 2382-9: 1984.

EDITORIAL NOTE - A more specific Part 25 pertaining to LAN systems has been approved since the definitions in this
standard were_established. This standard is ISO/IEC 2382-25: 1992, Information technology — Vocabulary —Part 25:
Local area networks.

1.4.1TOBASE2: IEEE 802.3 Physical Layer specification for a 10 Mb/s CSMA/CD local area network over
RG 58 coaxial cable. (See IEEE 802.3 Clause 10.)

1.4.2 10BASES: IEEE 802.3 Physical Layer specification for a 10 Mb/s CSMA/CD local area network over
coaxial cable (i.e., thicknet). (See IEEE 802.3 Clause 8.)

9As this standard goes to press, IEEE Std 802.1D-1998 is approved but not yet published. The draft standard is, however, available from
the IEEE. It is being prepared as ISO/IEC 15802-3: 1998 [ANSI/IEEE Std 802.1D, 1998 Edition]. The anticipated publication date is
no later than December 1998. Contact the IEEE Standards Department at 1 (732) 562-3800 for status information.

0rTy-T publications are available from the International Telecommunications Union, Place des Nations, CH-1211, Geneva 20, Swit-
zerland (www.itu.int/).

Ror information on MatLab contact: The MathWorks, 24 Park Way, Natick, MA, (www.mathworks.com).
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1.4.3 10BASE-F: IEEE 802.3 Physical Layer specification for a 10 Mb/s CSMA/CD local area network
over fiber optic cable. (See IEEE 802.3 Clause 15.)

1.4.4 10BASE-FB port: A port on a repeater that contains an internal 10BASE-FB Medium Attachment Unit
(MAU) that can connect to a similar port on another repeater. (See IEEE 802.3 Clause 9, Figure 15-1b and 17.3.)

1.4.5 10BASE-FB segment: A fiber optic link segment providing a point-to-point connection between two
10BASE-FB ports on repeaters. (See link segment IEEE 802.3 Figure 15-1b and Figure 15-2.)

1.4.6 10BASE-FL segment: A fiber optic link segment providing point-to-point connection between twe
10BASE-FL Medium Attachment Units (MAUs). (See link segment IEEE 802.3 Figure 15-1c and Figure 45<2.)

1.4.7 10BASE-FP segment: A fiber optic mixing segment, including one 10BASE-FP Star and all of the
attached fiber pairs. (See IEEE 802.3 Figure 15—1a, Figure 1-3, and mixing segment.)

1.4.8 10BASE-FP Star: A passive device that is used to couple fiber pairs together to-form a 10BASE-FP
segment. Optical signals received at any input port of the IOBASE-FP Star are distributed to all of its output
ports (including the output port of the optical interface from which it was received): A 10BASE-FP Star is
typically comprised of a passive-star coupler, fiber optic connectors, and a suitable’mechanical housing. (See
IEEE 802.3,16.5.)

1.4.9 10BASE-T: IEEE 802.3 Physical Layer specification for a J0\Mb/s CSMA/CD local area network
over two pairs of twisted-pair telephone wire. (See IEEE 802.3 Claus¢ 14.)

1.4.10 100BASE-FX: IEEE 802.3 Physical Layer specificatien for a 100 Mb/s CSMA/CD local area net-
work over two optical fibers. (See IEEE 802.3 Clauses 24-and 26.)

1.4.11 100BASE-T: IEEE 802.3 Physical Layer speeification for a 100 Mb/s CSMA/CD local area network.
(See IEEE 802.3 Clauses 22 and 28.)

1.4.12 100BASE-T2: IEEE 802.3 specification for a 100 Mb/s CSMA/CD local area network over two pairs
of Category 3 or better balanced cabling.(See IEEE 802.3 Clause 32.)

1.4.13 100BASE-T4: IEEE 802.3“Physical Layer specification for a 100 Mb/s CSMA/CD local area net-
work over four pairs of Category 3, 4, and 5 unshielded twisted-pair (UTP) wire. (See IEEE 802.3
Clause 23.)

1.4.14 100BASE-FX:-TEEE 802.3 Physical Layer specification for a 100 Mb/s CSMA/CD local area net-
work over two paigsof Category 5 unshielded twisted-pair (UTP) or shielded twisted-pair (STP) wire. (See
IEEE 802.3 Clauses 24 and 25.)

1.4.15 100BASE-X: IEEE 802.3 Physical Layer specification for a 100 Mb/s CSMA/CD local area network
thateuses the Physical Medium Dependent (PMD) sublayer and Medium Dependent Interface (MDI) of the
ISO/TEC 9314 group of standards developed by ASC X3T12 (FDDI). (See IEEE 802.3 Clause 24.)

1.4.16 1000BASE-CX: 1000BASE-X over specialty shielded balanced copper jumper cable assemblies.
(See IEEE 802.3 Clause 39.)

1.4.17 1000BASE-LX: 1000BASE-X using long wavelength laser devices over multimode and single-mode
fiber. (See IEEE 802.3 Clause 38.)

1.4.18 1000BASE-SX: 1000BASE-X using short wavelength laser devices over multimode fiber. (See IEEE
802.3 Clause 38.)
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1.4.19 1000BASE-T: IEEE 802.3 Physical Layer specification for a 1000 Mb/s CSMA/CD LAN using four
pairs of Category 5 balanced copper cabling. (See IEEE 802.3 Clause 40.)

1.4.20 1000BASE-X: IEEE 802.3 Physical Layer specification for a 1000 Mb/s CSMA/CD LAN that uses a
Physical Layer derived from ANSI X3.230-1994 (FC-PH) [B20]'2. (See IEEE 802.3 Clause 36.)

1.4.21 10BROAD36: IEEE 802.3 Physical Layer specification for a 10 Mb/s CSMA/CD local area network
over single broadband cable. (See IEEE 802.3 Clause 11.)

1.4.22 1BASES: IEEE 802.3 Physical Layer specification for a 1 Mb/s CSMA/CD local area network oyer
two pairs of twisted-pair telephone wire. (See IEEE 802.3 Clause 12.)

1.4.23 4D-PAMS: The symbol encoding method used in 1000BASE-T. The four-dimensional quinary sym-
bols (4D) received from the 8B1Q4 data encoding are transmitted using five voltage levels (PAMS). Four
symbols are transmitted in parallel each symbol period. (See IEEE 802.3 Clause 40.)

1.4.24 8B/10B transmission code: A dc-balanced octet-oriented data encoding speeified in Table 36—1a—¢
and Table 36-2.

1.4.25 8B1Q4: For IEEE 802.3, the data encoding technique used by 1000BASE-T when converting GMII
data (8B-8 bits) to four quinary symbols (Q4) that are transmitted during ente clock (1Q4). (See IEEE 802.3
Clause 40.)

1.4.26 ability: A mode that a device can advertise using Auto-Negotiation. For modes that represent a type
of data service, a device shall be able to operate that data service)before it may advertise this ability. A device
may support multiple abilities. (See IEEE 802.3,28.2.1.2.2)

1.4.27 Acknowledge Bit: A bit used by IEEE 802.3 Auto-Negotiation to indicate that a station has success-
fully received multiple identical copies of the LinkéCode Word. This bit is only set after an identical Link
Code Word has been received three times in suecession. (See IEEE 802.3,28.2.1.2.4.)

1.4.28 Actor: The local entity in a Link Aggregation Control Protocol exchange. (See IEEE 802.3 Clause
43)

1.4.29 advertised ability: An operational mode that is advertised using Auto-Negotiation. (See IEEE 802.3,
28.2.122)

1.4.30 agent: A termsed to refer to the managed nodes in a network. Managed nodes are those nodes that
contain a network qnanagement entity (NME), which can be used to configure the node and/or collect data
describing operation of that node. The agent is controlled by a network control host or manager that contains
both an NMEvand network management application (NMA) software to control the operations of agents.
Agents include systems that support user applications as well as nodes that provide communications services
such assfront-end processors, bridges, and routers. (See IEEE 802.3 Clause 30.)

1(4:31 agent code: A term used to refer to network management entity software residing in a node that can

beused 1o Temotely configure te Tost SyStenT based Ol COIIATNS TeCeived TTOMT tie TItWOTK COTITOT TOST,
collect information documenting the operation of the host, and communicate with the network control host.
(See IEEE 802.3 Clause 30.)

1.4.32 Aggregation Key: A parameter associated with each port and with each aggregator of an Aggregation
System identifying those ports that can be aggregated together. Ports in an Aggregation System that share the
same Aggregation Key value are potentially able to aggregate together. (See IEEE 802.3 Clause 43.)

12The numbers in brackets preceded by the letter B correspond to those of the bibliography in Annex A.
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1.4.33 Aggregation Link: An instance of a MAC-Physical Layer-Medium Physical Layer-MAC entity
between a pair of Aggregation Systems. (See IEEE 802.3 Clause 43.)

1.4.34 Aggregation Port: An instance of a MAC-Physical Layer entity within an Aggregation System. (See
IEEE 802.3 Clause 43.)

1.4.35 Aggregation System: A uniquely identifiable entity comprising (among other things) an arbitrary
grouping of one or more ports for the purpose of aggregation. An instance of an aggregated link always
occurs between exactly two Aggregation Systems. A physical device may comprise a single Aggregation
System or more than one Aggregation System. (See IEEE 802.3 Clause 43.)

1.4.36 agile device: A device that supports automatic switching between multiple Physical Layer téchnolo-
gies. (See IEEE 802.3 Clause 28.)

1.4.37 arbitration: In 1000BASE-X, Auto-Negotiation process that ensures proper sequencing of configu-
ration information between link partners using the Physical Coding Sublayer (PCS) Fransmit and Receive
functions. (See IEEE 802.3 Clauses 36 and 37.)

1.4.38 Attachment Unit Interface (AUI): In 10 Mb/s CSMA/CD, the interface between the Medium
Attachment Unit (MAU) and the data terminal equipment (DTE) within a data‘station. Note that the AUI car-
ries encoded signals and provides for duplex data transmission. (See IEEE.802.3 Clauses 7 and 8.)

1.4.39 Auto-Negotiation: The algorithm that allows two devices dtkeither end of a link segment to negotiate
common data service functions. (See IEEE 802.3 Clause 28.)

1.4.40 balanced cable: A cable consisting of one or more metallic symmetrical cable elements (twisted
pairs or quads). (From ISO/IEC 11801.)

1.4.41 baseband coaxial system: A system wheteby information is directly encoded and impressed upon
the transmission medium. At any point on the ‘medium only one information signal at a time can be present
without disruption.

1.4.42 Base Link Code Word: The first 16-bit message exchanged during IEEE 802.3 Auto-Negotiation.
(See IEEE 802.3,28.2.1.2.)

1.4.43 Base Page: See: Base Link Code Word.

1.4.44 baud: A unit ofSignaling speed, expressed as the number of times per second the signal can change
the electrical state of the transmission line or other medium. Nofe—Depending on the encoding strategies, a
signal event may-represent a single bit, more, or less that one bit. Contrast with: bit rate; bits per second.
(From IEEE'Std 610.7-1995 [B26].)

1.4.45Binary Phase Shift Keying (Binary PSK or BPSK): A form of modulation in which binary data are
transmitted by changing the carrier phase by 180 degrees. (See IEEE 802.3 Clause 11.)

1.4.46 bit cell: The time interval used for the transmission of a single data (CDO or CD1) or control (CVH or
CVL) symbol.

1.4.47 bit error ratio (BER): The ratio of the number of bits received in error to the total number of bits
received.

1.4.48 bit rate (BR): The total number of bits per second transferred to or from the Media Access Control
(MAC). For example, l00BASE-T has a bit rate of one hundred million bits per second (108 b/s).
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1.4.49 bit rate (BR)/2: One-half of the BR in hertz.

1.4.50 bit time (BT): The duration of one bit as transferred to and from the Media Access Control (MAC).
The bit time is the reciprocal of the bit rate. For example, for I0OBASE-T the bit rate is 108 s or 10 ns.

1.4.51 BR/2: See: bit rate (BR)/2.

1.4.52 branch cable: In I0BROAD36, the Attachment Unit Interface (AUI) cable interconnecting the data ter-

minal equipment and Medium Attachment Unit (MAL) system components

1.4.53 bridge: A layer 2 interconnection device that does not form part of a CSMA/CD collision domain-but
conforms to the ISO/IEC 15802-3: 1998 [ANSI/IEEE 802.1D, 1998 Edition] International Standard. A
bridge does not form part of a CSMA/CD collision domain but, rather appears as a Media Access’ Control
(MAC) to the collision domain. (See also IEEE Std 100-1996.)

1.4.54 broadband local area network (LAN): A local area network in which informationis transmitted on
modulated carriers, allowing coexistence of multiple simultaneous services on a single physical medium by
frequency division multiplexing. (See IEEE 802.3 Clause 11.)

1.4.55 bundle: A group of signals that have a common set of characteristic.and differ only in their informa-
tion content.

1.4.56 carrier extension: The addition of nondata symbols to thé.end of frames that are less than slotTime
bits in length so that the resulting transmission is at least one slotFime in duration.

1.4.57 carrier sense: In a local area network, an ongoing(activity of a data station to detect whether another
station is transmitting. Note—The carrier sense signaliindicates that one or more DTEs are currently trans-
mitting.

1.4.58 Category 3 balanced cabling: Balanced 100 Q and 120 Q cables and associated connecting hard-
ware whose transmission characteristics ate specified up to 16 MHz (i.e., performance meets the require-
ments of a Class C link as per ISO/IEC 11801: 1995). Commonly used by IEEE 802.3 10BASE-T
installations. In addition to the requirements outlined in ISO/IEC 11801: 1995, IEEE 802.3 Clauses 14, 23,
and 32 specify additional requirements for cabling when used with 10BASE-T, 100BASE-TX, and
1000BASE-T.

1.4.59 Category 4 balanced cabling: Balanced 100 Q and 120 Q cables and associated connecting hard-
ware whose transmission characteristics are specified up to 20 MHz as per ISO/IEC 11801: 1995. In addi-
tion to the requirentents outlined in ISO/IEC 11801: 1995, IEEE 802.3 Clauses 14, 23, and 32 specify
additional requirements for this cabling when used with 10BASE-T, 100BASE-T4, and 100BASE-T2,
respectively,

1.4.60/Category 5 balanced cabling: Balanced 100 Q and 120 Q cables and associated connecting hard-
ware wWhose transmission characteristics are specified up to 100 MHz (i.e., cabling components meet the per-

formmance specified T ISOAEC 1801 1995)Imaddition tothe Tequitermentsouttimed Tm ISOAEC 11801
1995, IEEE 802.3 Clauses 14, 23, 25, and 40 specify additional requirements for this cabling when used
with 10BASE-T and 100BASE-T.

1.4.61 CATV-type broadband medium: See: Community Antenna Television (CATV)-type broadband
medium.

1.4.62 center wavelength: The average of two optical wavelengths at which the spectral radiant intensity is
50% of the maximum value. (See IEEE 802.3 Clause 11.)
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1.4.63 channel: A band of frequencies dedicated to a certain service transmitted on the broadband medium.
(See IEEE 802.3 Clause 11.)

1.4.64 channel insertion loss: As used in Clause 38 for fiber optic links, the static loss of a link between a
transmitter and receiver. It includes the loss of the fiber, connectors, and splices.

1.4.65 circuit: The physical medium on which signals are carried across the Attachment Unit Interface
(AUI) for 10BASE-T or Media Independent Interface (MII) for I0O0OBASE-T. For 10BASE-T, the data and

cantrol circuits consist of an A circuit and a B circuit formine a balanced transmission system so that the sjo-
(=4 [=J

nal carrier on the B circuit is the inverse of the signal carried on the A circuit.

1.4.66 Class I repeater: A type of 100BASE-T repeater set with internal delay such that only one-repeater
set may exist between any two DTEs within a single collision domain when two maximum length copper
cable segments are used. (See IEEE 802.3 Clause 27.)

1.4.67 Class II repeater: A type of IEEE 802.3 100BASE-T repeater set with internal delay such that only
two or fewer such repeater sets may exist between any two DTEs within a single collision domain when two
maximum length copper cable segments are used. (See IEEE 802.3 Clause 27.)

1.4.68 Clocked Data One (CD1): A Manchester-encoded data 1. A CD1 isiencoded as a LO for the first half
of the bit-cell and a HI for the second half of the bit-cell. (See IEEE 802.3 Clause 12.)

1.4.69 Clocked Data Zero (CD0): A Manchester-encoded data. 0. A CDO is encoded as a HI for the first half
of the bit-cell and a LO for the second half of the bit-cell. (See IEEE 802.3 Clause 12.)

1.4.70 Clocked Violation HI (CVH): A symbol that déliberately violates Manchester-encoding rules, used
as a part of the Collision Presence signal. A CVH is-encoded as a transition from LO to HI at the beginning
of the bit cell, HI for the entire bit cell, and a transition from HI to LO at the end of the bit cell. (See IEEE
802.3 Clause 12.)

1.4.71 Clocked Violation LO (CVL): ‘A.symbol that deliberately violates Manchester-encoding rules, used
as a part of the Collision Presence signal. A CVL is encoded as a transition from HI to LO at the beginning
of the bit cell, LO for the entire bit cell, and a transition from LO to HI at the end of the bit cell. (See IEEE
802.3 Clause 12.)

1.4.72 coaxial cable: X two-conductor (center conductor, shield system), concentric, constant impedance
transmission line used7as the trunk medium in the baseband system.

1.4.73 coaxial ¢able interface: The electrical and mechanical interface to the shared coaxial cable medium
either contained within or connected to the Medium Attachment Unit (MAU). Also known as the Medium
Dependeéntnterface (MDI).

14.74 coaxial cable section: A single length of coaxial cable, terminated at each end with a male BNC con-

'S Cabl $1 o0 o tarnad-t tlh s N | fromc o DN o] /. toola 1 oo T ad 4
TCCTOT T aoTC-SCCHOTISar O JOTnCOTO-OCT CaotC-SCCtOS v I DTy O Prog TeCOptatiCoarrCr O 1y pO—T atGapterss

1.4.75 coaxial cable segment: A length of coaxial cable made up from one or more coaxial cable sections
and coaxial connectors, and terminated at each end in its characteristic impedance.

1.4.76 code-bit: Within IEEE 802.3, in 100BASE-T, the unit of data passed across the Physical Medium
Attachment (PMA) service interface, and the smallest signaling element used for transmission on the
medium. A group of five code-bits constitutes a code-group in the 100BASE-X Physical Coding Sublayer
(PCS). (See IEEE 802.3, Clause 24.)
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1.4.77 code-group: For IEEE 802.3, a set of encoded symbols representing encoded data or control informa-
tion. For 100BASE-T4, a set of six ternary symbols that, when representing data, conveys an octet. For
100BASE-TX and 100BASE-FX, a set of five code-bits that, when representing data, conveys a nibble. For
100BASE-T2, a pair of PAM5x5 symbols that, when representing data, conveys a nibble. For I000BASE-X, a
set of ten bits that, when representing data, conveys an octet. For I000BASE-T, a vector of four 8B1Q4 coded
quinary symbols that, when representing data, conveys an octet. (See IEEE 802.3, Clauses 23, 24, 32, 36,
and 40.)

1.4.78 code-group alignment: In 1000BASE-X, the receiver action that resets the existing code-group bound-

ary to that of the comma or K28.5 character currently being received. (See IEEE 802.3 Clause 36)

1.4.79 code-group slipping: In 1000BASE-X, the receiver action to align the correct receive clo¢ckand
code-group containing a comma. (See IEEE 802.3 Clause 36)

1.4.80 Code Rule Violation (CRV): An analog waveform that is not the result of the valid” Manchester-
encoded output of a single optical transmitter. The collision of two or more 10BASE-FB-optical transmis-
sions will cause multiple CRVs. The preamble encoding of a single 10BASE-FP optical transmission con-
tains a single CRV. (See IEEE 802.3,16.3.1.1.)

1.4.81 collision: A condition that results from concurrent transmissions from multiple data terminal equip-
ment (DTE) sources within a single collision domain.

1.4.82 collision domain: A single, half duplex mode CSMA/CB nétwork. If two or more Media Access
Control (MAC) sublayers are within the same collision domaiizand both transmit at the same time, a colli-
sion will occur. MAC sublayers separated by a repeater are ‘in-the same collision domain. MAC sublayers
separated by a bridge are within different collision domainsi{See IEEE 802.3.)

1.4.83 collision presence: A signal generated withinghe Physical Layer by an end station or hub to indicate that
multiple stations are contending for access to the transmission medium. (See IEEE 802.3 Clauses 8 and 12.)

1.4.84 comma: In 1000BASE-X, the seven=bit sequence that is part of an 8B/10B code-group that is used
for the purpose of code-group alignment.\(See IEEE 802.3 Clause 36)

1.4.85 comma-: In 1000BASE-X\'the seven-bit sequence (1100000) of an encoded data stream. (See IEEE
802.3 Clause 36)

1.4.86 comma-+: In 1000BASE-X, the seven-bit sequence (0011111) of an encoded data stream. (See IEEE
802.3 Clause 36)

1.4.87 common=mode voltage: The instantaneous algebraic average of two signals applied to a balanced
circuit, with\both signals referenced to a common reference. Also called longitudinal voltage in the tele-
phone industry.

1:4.88 Community Antenna Television (CATV)-type broadband medium: A broadband system compris-

Mg coaxiat cabies, taps, SPHETS, ampiifiers; amd CONMECtors e sare a5 tose used i CAT V- orcabte televi=
sion installations. (See IEEE 802.3 Clause 11.)

1.4.89 compatibility interfaces: The Medium Dependent Interface (MDI) cable, the Attachment Unit Inter-
face (AUI) branch cable, and the Media Independent Interface (MII); the three points at which hardware
compatibility is defined to allow connection of independently designed and manufactured components to a

baseband transmission medium. (See IEEE 802.3 Clause 8.)

1.4.90 continuous wave (CW): A carrier that is not modulated or switched.
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1.4.91 Control mode: In 1000BASE-T, the period of operation in which the PHY is transmitting code-
groups that represent control information. The end of a frame is accompanied by a transition to the Control
mode, which immediately follows the Data mode and precedes the Idle mode. This occurs when the GMII
signal TX_EN is set FALSE. During this time, several control fields are transmitted as code-groups to com-
plete a stream. These include two convolutional encoder reset code-groups, two End-of-Stream delimiter
(ESD) code-groups and, possibly, carrier extend code-groups. (See IEEE 802.3 Clause 40.)

1.4.92 Control Signal One (CS1): An encoded control signal used on the Control In and Control Out cir-
cuits. A CS1 is encoded as a signal at half the bit rate (BR)/2). (See IEEE 802.3 Clause 12.)

1.4.93 Control Signal Zero (CS0): An encoded control signal used on the Control In and Control Oug.cit-
cuits. A CSO is encoded as a signal at the bit rate (BR). (See IEEE 802.3 Clause 12.)

1.4.94 Conversation: A set of MAC frames transmitted from one end station to another, where all of the
MAC frames form an ordered sequence, and where the communicating end stations requiré-the ordering to
be maintained among the set of MAC frames exchanged. (See IEEE 802.3 Clause 43.)

1.4.95 cross connect: A group of connection points, often wall- or rack-mounted in\a’wiring closet, used to
mechanically terminate and interconnect twisted-pair building wiring.

1.4.96 data frame: Consists of the Destination Address, Source Address¢Length Field, logical link control
(LLC) Data, PAD, and Frame Check Sequence.

1.4.97 Data mode: In 1000BASE-T, the period of operation in:which the PHY is transmitting code-groups
that represent data. This mode is preceded by a start of a frame _during which the GMII signal TX_EN is set
TRUE for data transmission. This mode begins with trangmission of two Start-of-Stream delimiter code-
groups followed by code-groups encoded from the data octets arriving on TXD<7:0> via the GMII. (See
IEEE 802.3 Clause 40.)

1.4.98 data terminal equipment (DTE): Any seurce or destination of data connected to the local area network.

1.4.99 dBmV: Decibels referenced to 1:0(mV measured at the same impedence. Used to define signal levels
in Community Antenna Television (CATV)-type broadband systems. (See IEEE 802.3 Clause 11.)

1.4.100 dedicated service: A-CSMA/CD network in which the collision domain consists of two and only
two DTEs so that the totalmetwork bandwidth is dedicated to supporting the flow of information between
them.

1.4.101 differential-mode voltage: The instantaneous algebraic difference between the potential of two sig-
nals applied to.the two sides of a balanced circuit. Also called metallic voltage in the telephone industry.

1.4.102 differential skew: The difference in time between the midpoint voltage crossings of the true and
complement components of a differential signal.

1.4:103 dispersion slope: The rate of change of the chromatic dispersion of a fiber with wavelength.

1.4.104 drop cable: In 10BROAD36, the small diameter flexible coaxial cable of the broadband medium
that connects to a Medium Attachment Unit (MAU). (See: trunk cable.)

1.4.105 dual duplex: Within IEEE 802.3, a signaling system that supports simultaneous duplex communica-
tion over two cabling pairs.

1.4.106 duplex channel: Within IEEE 802.3, a communications channel capable of simultaneous duplex
communication.

18 Copyright © 2000 IEEE. All rights reserved.


https://standardsiso.com/api/?name=e478a65ce847565635396c364b44a211

ISO/IEC 8802-3: 2000(E)
CSMA/CD IEEE Std 802.3, 2000 Edition

1.4.107 eight-pin modular: An eight-wire connector. (From ISO/IEC 8877: 1992.)

1.4.108 encapsulation: In 1000BASE-X, the process by which a MAC packet is enclosed within a PCS
code-group stream. (See IEEE 802.3 Clause 36)

1.4.109 End_of_Packet Delimiter (EPD): In 1000BASE-X, a defined sequence of three single code-group
8B/10B ordered_sets used to delineate the ending boundary of a data transmission sequence for a single
packet. (See IEEE 802.3 Clause 36)

1.4.110 End-of-Stream Delimiter (ESD): Within IEEE 802.3, a code-group pattern used to terminate a nex-
mal data transmission. For 100BASE-T4, the ESD is indicated by the transmission of five predefined ternary
code-groups named eop1-5. For 100BASE-X, the ESD is indicated by the transmission of the code-greup/T/R.
For 100BASE-T2, the ESD is indicated by two consecutive pairs of predefined PAMS5x5 symbols (see
Table 32—15) which are generated using unique Start-of-Stream Delimiter (SSD)/ESD coding, rules. For
1000BASE-T, the ESD is indicated by two consecutive vectors of four quinary symbols as speeified in Table
40-1. (See IEEE Std 802.3, Clauses 22, 23, 32, and 40.)

1.4.111 end station: A system attached to a LAN that is an initial source or a final destination of MAC
frames transmitted across that LAN. A Network layer router is, from the perspective of the LAN, an end sta-
tion; a MAC Bridge, in its role of forwarding MAC frames from one LAN to,another, is not an end station.
(See IEEE 802.3 Clause 43.)

1.4.112 Exception Window: A time interval during which the impedance of a mated connector and associ-
ated transmission line is allowed to exceed the impedance tolerance specification for signals passed through
that connector.

1.4.113 extension bit: A bit decoded from the received*Carrier stream that does not map into the data space
but nonetheless denotes the presence of carrier for theipurposes of CSMA/CD.

1.4.114 Extinction Ratio: The ratio of the low-eptical power level to the high optical power level on an opti-
cal segment. (See IEEE 802.3 Clause 15.)

1.4.115 eye-opening penalty: The difference, in dB, between (a) the optical power measured at the center of
the data eye, and (b) the optical power measured at a point defined by the total worst-case peak-to-peak jitter
at the receiver.

1.4.116 Fast Link Pulse-(FLCP) Burst: A group of no more than 33 and not less than 17 10BASE-T compat-
ible link integrity test_puilSes. Each FLP Burst encodes 16 bits of data using an alternating clock and data
pulse sequence. (Seée-Figure 14—14, IEEE 802.3 Clause 14 and Figure 28—4, IEEE 802.3 Clause 28)

1.4.117 Fast Iiink Pulse (FLP) Burst Sequence: The sequence of FLP Bursts transmitted by the local sta-
tion. This(term is intended to differentiate the spacing between FLP Bursts from the individual pulse spac-

ings within'an FLP Burst. (See IEEE 802.3 Clause 28)

1.4:118 fiber optic cable: A cable containing one or more optical fibers as specified in IEEE 802.3, 15.3.1.

1.4.119 Fiber Optic Inter-Repeater Link (FOIRL): A Fiber Optic Inter-Repeater Link segment and its
two attached Medium Attachment Units (MAUs). (See IEEE 802.3 Clause 15)

1.4.120 Fiber Optic Inter-Repeater Link (FOIRL) bit error rate (BER): For 10BASE-F, the mean bit
error rate of the FOIRL. (See IEEE 802.3 Clause 9)

1.4.121 Fiber Optic Inter-Repeater Link (FOIRL) collision: For 10BASE-F, the simultaneous transmis-
sion and reception of data in a Fiber Optic Medium Attachment Unit (FOMAU). (See IEEE 802.3 Clause 9)
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1.4.122 Fiber Optic Inter-Repeater Link (FOIRL) Compatibility Interface: For I0BASE-F, the FOMDI
and Attachment Unit Interface (AUI) (optional); the two points at which hardware compatibility is defined to
allow connection of independently designed and manufactured components to the baseband optical fiber
cable link segment. (See IEEE 802.3 Clause 9)

1.4.123 Fiber Optic Inter-Repeater Link (FOIRL) Segment: A fiber optic link segment providing a point-
to-point connection between two FOIRL Medium Attachment Units (MAUSs) or between one FOIRL MAU
and one 10BASE-FL MAU. See: link segment.

1.4.124 Fiber Optic Medium Attachment Unit (FOMAU): A MAU for fiber applications. (See IEEE
802.3 Clause 9)

1.4.125 Fiber Optic Medium Attachment Unit’s (FOMAU’s) Receive Optical Fiber: For 10BASE-F, the
optical fiber from which the local FOMAU receives signals. (See IEEE 802.3 Clause 9)

1.4.126 Fiber Optic Medium Attachment Unit’s (FOMAU’s) Transmit Optical Fiber: For 10BASE-F,
the optical fiber into which the local FOMAU transmits signals. (See IEEE 802.3 Clatise 9)

1.4.127 Fiber Optic Medium Dependent Interface (FOMDI): For 10BASE-F) the mechanical and optical
interface between the optical fiber cable link segment and the Fiber Optic Medium Attachment Unit
(FOMAU). (See IEEE 802.3 Clause 9.)

1.4.128 Fiber Optic Physical Medium Attachment (FOPMA):For 10BASE-F, the portion of the Fiber
Optic Medium Attachment Unit (FOMAU) that contains the functional circuitry. (See IEEE 802.3 Clause 9)

1.4.129 fiber pair: Optical fibers interconnected to provide two continuous light paths terminated at each
end in an optical connector. Any intermediate optical.¢ennections must have insertion and return loss charac-
teristics that meet or exceed IEEE 802.3, 15.3.2.1\and 15.3.2.2, respectively. (See IEEE 802.3,15.3.1.)

1.4.130 Fibre Channel (FC-PH): Name (used to refer to ANSI X3.230-1994 [B20]. (See IEEE 802.3
Clause 36)

1.4.131 Fibre Distributed Data\Interface (FDDI): A 100 Mb/s, fiber optic-based, token-ring local area
network standard (ISO/IEC 9314, formerly X3.237-1995).

1.4.132 FLP Burst: Seé: Fast Link Pulse (FLP) Burst.
1.4.133 FOIRL;-S¢e: Fiber Optic Inter-Repeater Link (FOIRL).
1.4.134 FOMAU: See: Fiber Optic Medium Attachment Unit (FOMAU).

1.4.135ull duplex: A mode of operation of a network, DTE, or Medium Attachment Unit (MAU) that sup-
ports*duplex transmission as defined in IEEE Std 100-1996. Within the scope of this standard, this mode of
belatiuu a}lUWD fUl aiulukaupuun \,Uuuuuuiuaﬁuu b\,tvv\.,uu a l.}ail Uf ataﬁuua, PlUVidbd that th\.z Ph)’ niua}
Layer is capable of supporting simultaneous transmission and reception without interference. (See IEEE
802.3.)

1.4.136 Gigabit Media Independent Interface (GMII): The interface between the Reconciliation sublayer
and the physical coding sublayer (PCS) for 1000 Mb/s operation. (See IEEE 802.3 Clause 35.)

1.4.137 group: A repeater port or a collection of repeater ports that can be related to the logical arrangement
of ports within a repeater.
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1.4.138 group delay: In 10BROAD36, the rate of change of total phase shift, with respect to frequency,
through a component or system. Group delay variation is the maximum difference in delay as a function of
frequency over a band of frequencies. (See IEEE 802.3 Clause 11.)

1.4.139 half duplex: A mode of operation of a CSMA/CD local area network (LAN) in which DTEs con-
tend for access to a shared medium. Multiple, simultaneous transmissions in a half duplex mode CSMA/CD
LAN result in interference, requiring resolution by the CSMA/CD access control protocol. (See IEEE
802.3.)

1.4.140 headend: In I0BROAD36, the location in a broadband system that serves as the root for the branch<
ing tree comprising the physical medium; the point to which all inbound signals converge and the pointfrom
which all outbound signals emanate. (See IEEE 802.3 Clause 11.)

1.4.141 header hub (HH): The highest-level hub in a hierarchy of hubs. The HH broadcasts-signals trans-
mitted to it by lower-level hubs or DTEs such that they can be received by all DTEs that may(be connected to
it either directly or through intermediate hubs. (See IEEE 802.3, 12.2.1 for details.)

1.4.142 hub: A device used to provide connectivity between DTEs. Hubs perferm the basic functions of
restoring signal amplitude and timing, collision detection, and notification afid-signal broadcast to lower-
level hubs and DTEs. (See IEEE 802.3 Clause 12)

1.4.143 idle (IDL): A signal condition where no transition occurs gn the transmission line, that is used to
define the end of a frame and ceases to exist after the next LO or HI transition on the Attachment Unit Inter-
face (AUI) or Media Independent Interface (MII) circuits. An IDL always begins with a HI signal level. A
driver is required to send the IDL signal for at least 2 bit times\and a receiver is required to detect IDL within
1.6 bit times. (See IEEE 802.3, 7.3 and 12.3.2.4 4 for additional details.)

1.4.144 Idle mode: In 1000BASE-T, the period of gperation in which the PHY is transmitting special code-
groups that use only the values {2,0,-2}. Idle mede occurs during start-up when the PHY's at each end of a
link are attempting to establish adaptive filterparameters and then synchronize both phase and timing so that
normal operation can begin. Idle mode alse occurs during normal operation between frames. Idle mode
occurs after a control mode ends and befere another Data mode begins. The Idle mode is not used between
frames in a packet burst. (See IEEE.802.3 Clause 40.)

1.4.145 in-band signaling: The transmission of a signal using a frequency that is within the bandwidth of
the information channel. Confrast with: out-of-band signaling. Syn: in-channel signaling. (From IEEE Std
610.7-1995 [B26].)

1.4.146 intermediate hub (IH): A hub that occupies any level below the header hub in a hierarchy of hubs.
(See IEEE 802.3512.2.1 for details.)

1.4.147 Inter-Packet Gap (IPG): A delay or time gap between CSMA/CD packets intended to provide
interframe recovery time for other CSMA/CD sublayers and for the Physical Medium. (See IEEE 802.3,
42.32.1 and 4.2.3.2.2.) For example, for I0BASE-T, the IPG is 9.6 us (96 bit times); for I00BASE-T, the

A0V AalPNAWAY 4 LO6 Tzt 2 AV
IO 15 U.J0 MD (ZU UIU UIIILS .
1.4.148 Inter-Repeater Link (IRL): A mechanism for connecting two and only two repeater sets.

1.4.149 intersymbol interference penalty: The power penalty due to the finite bandwidth of the link. (See
IEEE 802.3 Clause 38.)

1.4.150 jabber: A condition wherein a station transmits for a period of time longer than the maximum per-
missible packet length, usually due to a fault condition.
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1.4.151 Jabber function: A mechanism for controlling abnormally long transmissions (i.e., jabber).

1.4.152 Jumper Cable Assembly: An electrical or optical assembly, used for the bidirectional transmission
and reception of information, consisting of a pair of transmission lines terminated at their ends with plug
connectors. This assembly may or may not contain additional components, located between the plug connec-
tors, to perform equalization. (See IEEE 802.3 Clause 39.)

1.4.153 link: The transmission path between any two interfaces of generic cabling. (From ISO/IEC 11801.)

1.4.154 Link Aggregation Group: A group of links that appear to a MAC Client as if they were a single
link. All links in a Link Aggregation Group connect between the same pair of Aggregation Systems. One'or
more conversations may be associated with each link that is part of a Link Aggregation Group. (Sé¢ TEEE
802.3 Clause 43.)

1.4.155 Link Code Word: The 16 bits of data encoded into a Fast Link Pulse (FLP) Burst.(See IEEE 802.3
Clause 28.)

1.4.156 link partner: The device at the opposite end of a link segment from the localstation. The link part-
ner device may be either a DTE or a repeater. (See IEEE 802.3 Clause 28.)

1.4.157 link penalties: For fiber optic links, the power penalties of a linknot attributed to link attenuation.
These power penalties include modal noise, relative intensity noise (RIN), intersymbol interference (ISI),
mode partition noise, extinction ratio, and eye-opening penalties.

1.4.158 link pulse: Communication mechanism used in 10BASE-T and 100BASE-T networks to indicate
link status and (in Auto-Negotiation-equipped devices) to,communicate information about abilities and
negotiate communication methods. I0BASE-T uses Notmal Link Pulses (NLPs), which indicate link status
only. 10BASE-T and 100BASE-T nodes equipped with*Auto-Negotiation exchange information using a Fast
Link Pulse (FLP) mechanism that is compatible with’NLP. (See IEEE 802.3 Clauses 14 and 28.)

1.4.159 link segment: The point-to-point full-duplex medium connection between two and only two
Medium Dependent Interfaces (MDIs).

1.4.160 Link Segment Delay Value (LSDV): A number associated with a given segment that represents the
delay on that segment used to-assess path delays for 100 Mb/s CSMA/CD networks. LSDV is similar to
SDV; however, LSDV values do not include the delays associated with attached end stations and/or repeat-
ers. (See IEEE 802.3,29:3))

1.4.161 local ability: See: ability.

1.4.162 local device: The local device that may attempt to perform Auto-Negotiation with a link partner. The
local deviceéymay be either a DTE or repeater. (See IEEE 802.3 Clause 28.)

1.44163 Management Information Base (MIB): A repository of information to describe the operation of a
specific network device.

1.4.164 management interface: An interface provided by both the Media Independent Interface (MII) or
Gigabit Media Independent Interface (GMII) that provides access to management parameters and services.

1.4.165 master Physical Layer (PHY): Within IEEE 802.3, in a 100BASE-T2 or 1000BASE-T link con-
taining a pair of PHYSs, the PHY that uses an external clock for generating its clock signals to determine the
timing of transmitter and receiver operations. It also uses the master transmit scrambler generator polyno-
mial for side-stream scrambling. Master and slave PHY status is determined during the Auto-Negotiation
process that takes place prior to establishing the transmission link. See also: slave Physical Layer (PHY).
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1.4.166 maximum differential input: The largest value of peak-to-peak differential (ppd) amplitude at
which a receiver is expected to operate, under worst-case conditions, without exceeding the objective bit
error ratio.

1.4.167 Media Access Control (MAC): The data link sublayer that is responsible for transferring data to
and from the Physical Layer.

1.4.168 Media Independent Interface (MII): A transparent signal interface at the bottom of the Reconcili-
ation sublayer. (See IEEE 802.3 Clause 22.)

1.4.169 Medium Attachment Unit (MAU): A device containing an Attachment Unit Interface (AUI),Phys-
ical Medium Attachment (PMA), and Medium Dependent Interface (MDI) that is used to connect a repeater
or data terminal equipment (DTE) to a transmission medium.

1.4.170 Medium Dependent Interface (MDI): The mechanical and electrical interface between the trans-
mission medium and the Medium Attachment Unit (MAU) (10BASE-T) or PHY (100BASE-T, 1000BASE-
X, or I000BASE-T).

1.4.171 Message Code (MC): The predefined 12-bit code contained in an AutosNegotiation Message Page.
(See IEEE 802.3 Clause 28.)

1.4.172 Message Page (MP): An Auto-Negotiation Next Page encoding that contains a predefined 12-bit
Message Code. (See IEEE 802.3 Clause 28.)

1.4.173 minimum differential sensitivity: The smallest valteof peak-to-peak differential (ppd) amplitude
at which a receiver is expected to operate, under worst-cas¢’conditions, without exceeding the objective bit

error ratio.

1.4.174 mixing segment: A medium that may be-¢onnected to more than two Medium Dependent Interfaces
(MDIs).

1.4.175 multiport device: A device with'multiple instances of MDI. (See IEEE 802.3 Clause 40.)

1.4.176 network control host: A network management central control center that is used to configure
agents, communicate with agents, and display information collected from agents.

1.4.177 Next Page: General class of pages optionally transmitted by Auto-Negotiation able devices follow-
ing the base Link Code“Word negotiation. (See IEEE 802.3 Clause 28.)

1.4.178 Next‘Page Algorithm (NPA): The algorithm that governs Next Page communication. (See IEEE
802.3 Clausg(28.)

1.4479 Next Page Bit: A bit in the Auto-Negotiation base Link Code Word or Next Page encoding(s) that
indicates that further Link Code Word transfer is required. (See IEEE 802.3 Clause 28.)

1.4.180 nibble: A group of four data bits. The unit of data exchange on the Media Independent Interface
(MII). (See IEEE 802.3 Clause 22.)

1.4.181 NLP: See: Normal Link Pulse (NLP).
1.4.182 Non-Return-to-Zero, Invert on Ones (NRZI): An encoding technique used in FDDI (ISO/

IEC 9314-1: 1989, ISO/IEC 9314-2: 1989, ISO/IEC 9314-3: 1989) where a polarity transition represents a
logical ONE. The absence of a polarity transition denotes a logical ZERO.

Copyright © 2000 IEEE. All rights reserved. 23


https://standardsiso.com/api/?name=e478a65ce847565635396c364b44a211

ISO/IEC 8802-3: 2000(E)
IEEE Std 802.3, 2000 Edition LOCAL AND METROPOLITAN AREA NETWORKS:

1.4.183 Non-Return-to-Zero, Invert on Ones (NRZI)-bit: A code-bit transferred in NRZI format. The unit
of data passed across the Physical Medium Dependent (PMD) service interface in I00BASE-X.

1.4.184 normalized amplitude: The amplitude of a signal when driving its steady-state value; i.e., not
under the influence of ringing or other dynamic influences.

1.4.185 Normal Link Pulse (NLP): An out-of-band communications mechanism used in 10BASE-T to
indicate link status. (See IEEE 802.3 Figure 14—12.)

1.4.186 Normal Link Pulse (NLP) Receive Link Integrity Test function: A test function associated with
Auto-Negotiation that allows backward compatibility with the 10BASE-T Link Integrity Test function-of
IEEE 802.3 Figure 14-6. (See IEEE 802.3 Clause 28)

1.4.187 Normal Link Pulse (NLP) sequence: A Normal Link Pulse sequence, defined_in\IEEE 802.3,
14.2.1.1 as TP_IDL.

1.4.188 NRZI: See: Non-Return-to-Zero, Invert on Ones.

1.4.189 offline: In 1000BASE-X, a DTE in its nonfunctional state. (See IEEE-802.3 Clause 37)

1.4.190 optical fiber: A filament-shaped optical waveguide made of dielectric materials.

1.4.191 Optical Fiber Cable Interface: See: Fiber Optic Medium Dependent Interface (FOMDI).
1.4.192 Optical Fiber Cable Link Segment: A length of éptical fiber cable that contains two optical fibers
and is comprised of one or more optical fiber cable sections and their means of interconnection, with each

optical fiber terminated at each end in the optical connector plug. (See IEEE 802.3,9.9.5.1 and 9.9.5.1.)

1.4.193 Optical Idle Signal: The signal transmitted by the Fiber Optic Medium Attachment Unit (FOMAU)
into its transmit optical fiber during the idlestate of the DO circuit. (See IEEE 802.3 Clause 9)

1.4.194 Optical Interface: The optical input and output connection interface to a I0BASE-FP Star. (See
IEEE 802.3 Clause 15.)

1.4.195 ordered_set: As used in the 1000BASE-X PCS, a single special code-group, or a combination of
special and data code-gtoups, used for the delineation of a packet and synchronization between the transmit-
ter and receiver circnifs-at opposite ends of a link. (See IEEE 802.3 Clause 36.)

1.4.196 out-of-band signaling: The transmission of a signal using a frequency that is within the pass band
of the tramsmgission facility but outside a frequency range normally used for data transmission. Contrast
with: in-band signaling. (From IEEE Std. 610.7-1995 [B26].)

14.197 overfilled launch: The overfilled launch condition that excites both radial and azimuthal modes

1.0 = ANQIITIA/TIA 458 S 4 A 1000-FR&S1
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1.4.198 packet: Consists of a data frame as defined previously, preceded by the Preamble and the Start
Frame Delimiter, encoded, as appropriate, for the Physical Layer (PHY) type.

1.4.199 page: In Auto-Negotiation, the encoding for a Link Code Word. Auto-Negotiation can support an
arbitrary number of Link Code Word encodings. The base page has a constant encoding as defined in
28.2.1.2. Additional pages may have a predefined encoding (see: Message Page) or may be custom encoded
(see: Unformatted Page).
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1.4.200 PAMS5x5: Within IEEE 802.3, a block coding technique utilizing a 5x5 matrix (representing two 5-
level signals) to generate pairs of quinary codes representing data nibbles and control characters. In
100BASE-T2, PAM5x5 code pairs are sent in parallel across two wire pairs. (See IEEE 802.3, Clause 32.)

1.4.201 parallel detection: In Auto-Negotiation, the ability to detect I00BASE-TX and 100BASE-T4 tech-
nology specific link signaling while also detecting the Normal Link Pulse (NLP) sequence or Fast Link
Pulse (FLP) Burst sequence. (See IEEE 802.3 Clause 28.)

1.4.202 Partner: The remote entity in a Link Aggregation Control Protocol exchange. (See IEEE 802.3
Clause 43.)

1.4.203 Passive-Star Coupler: A component of a 10BASE-FP fiber optic mixing segment that(divides
optical power received at any of N input ports among all N output ports. The division of opticalpower is
approximately uniform. (See IEEE 802.3 Clause 15.)

1.4.204 patch cord: Flexible cable unit or element with connectors(s) used to establish{connections on a
patch panel. (From ISO/IEC 11801: 1995.)

1.4.205 patch panel: A cross-connect designed to accommodate the use of patch cords. It facilitates admin-
istration for moves and changes. (From ISO/IEC 11801: 1995.)

1.4.206 path: The sequence of segments and repeaters providing the‘connectivity between two DTEs in a
single collision domain. In CSMA/CD networks there is one and only,one path between any two DTEs.

1.4.207 Path Delay Value (PDV): The sum of all Segment Delay Values for all segments along a given path.
(See IEEE 802.3 Clauses 13 and 29.)

1.4.208 Path Variability Value (PVV): The sum of all'Segment Variability Values for all the segments along
a given path. (See IEEE 802.3 Clause 13.)

1.4.209 pause: A mechanism for full duplex flow control. (See IEEE 802.3Annex 31B.)

1.4.210 Physical Coding Sublayer (PCS): Within IEEE 802.3, a sublayer used in I00BASE-T, 1000BASE-
X, and 1000BASE-T to couple the Media Independent Interface (MII) or Gigabit Media Independent Inter-
face (GMII) and the PhysicalMedium Attachment (PMA). The PCS contains the functions to encode data
bits into code-groups that can be transmitted over the physical medium. Three PCS structures are defined for
100BASE-T—one for JOOBASE-X, one for 100BASE-T4, and one for 100BASE-T2.(See IEEE 802.3,
Clauses 23, 24, and 32.),One PCS structure is defined for I000BASE-X and one PCS structure is defined for
1000BASE-T. (Se¢IEEE 802.3 Clauses 36 and 40.)

1.4.211 Physical Layer entity (PHY): Within IEEE 802.3, the portion of the Physical Layer between the
Medium Dependent Interface (MDI) and the Media Independent Interface (MII), or between the MDI and
GMII, consisting of the Physical Coding Sublayer (PCS), the Physical Medium Attachment (PMA), and, if
presenf, the Physical Medium Dependent (PMD) sublayers. The PHY contains the functions that transmit,
réeeive, and manage the encoded signals that are impressed on and recovered from the physical medium.

(See IEEE 802.3 Clauses 23-26, 32, 56, and 40.)

1.4.212 Physical Medium Attachment (PMA) sublayer: Within 802.3, that portion of the Physical Layer
that contains the functions for transmission, reception, and (depending on the PHY) collision detection,
clock recovery and skew alignment. (See IEEE 802.3, Clauses 7, 12, 14, 16, 17, 18, 23, 24,32, 36 and 40.)

1.4.213 Physical Medium Dependent (PMD) sublayer: In 100BASE-X, that portion of the Physical Layer

responsible for interfacing to the transmission medium. The PMD is located just above the Medium Depen-
dent Interface (MDI). (See IEEE 802.3 Clause 24.)
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1.4.214 Physical Signaling Sublayer (PLS): In 10BASE-T, that portion of the Physical Layer contained
within the data terminal equipment (DTE) that provides the logical and functional coupling between the
Medium Attachment Unit (MAU) and the Data Link Layer.

1.4.215 port: A segment or Inter-Repeater Link (IRL) interface of a repeater unit.

1.4.216 postamble: In 10BROAD36, the bit pattern appended after the last bit of the Frame Check
Sequence by the Medium Attachment Unit (MAU). The Broadband End-of-Frame Delimiter (BEOFD). (See
TIEEE K02 3 Clause 11)

1.4.217 power budget: The minimum optical power available to overcome the sum of attenuatiofi~plus
power penalties of the optical path between the transmitter and receiver calculated as the difference between
the transmitter launch power (min) and the receive power (min).

1.4.218 prepend: To append to the beginning. For example, a Media Access ControD{MAC) frame is
prepended with a preamble, and appended with a frame check sequence (FCS).

1.4.219 priority resolution: A mechanism that allows a local device and its link partner to resolve to a single
mode of operation given a set of prioritized rules governing resolution. (See IEEE)802.3 Clauses 28 and 37.)

1.4.220 Priority Resolution Table: The look-up table used by Auto-Negotiation to select the network con-
nection type where more than one common network ability exists (L00BASE-TX, 100BASE-T4, 10BASE-
T, etc.) The priority resolution table defines the relative hierarchy of connection types from the highest com-
mon denominator to the lowest common denominator. (See IEEE 802.3 Clause 28.)

1.4.221 Q: In the context of a fiber optic communication system, one-half of the ratio of peak-to-peak signal
to rms noise.

1.4.222 QTag Prefix: The first four octets of an Ethernet-encoded Tag Header. The Ethernet-encoded Tag
Header is defined in IEEE P802.1Q.

1.4.223 quad: See: star quad.
1.4.224 quinary: Five-level.

1.4.225 quinary symbal: In 1000BASE-T, one of five numeric values corresponding to five voltage levels
on a single balanced\twisted pair. The values come from the set {2, 1,0, -1, -2}. Table 40-1 lists groups of
four quinary symbols. Idle is a special case where numeric values are limited to the set {2, 0, and —2}. (See
IEEE 802.3 Clause 40.)

1.4.226 radial overfilled launch: A launch condition created when a multimode optical fiber is illuminated
by th&seoherent optical output of a source operating in its lowest-order transverse mode in a manner that
excites predominantly the radial modes of the multimode fiber.

1.4.227 receiver training: Within IEEE 802.3, a start-up routine in 100BASE-T2 and 1000BASE-T used to
acquire receiver parameters and synchronize the scramblers of two connected Physical Layers (PHYs).

1.4.228 Reconciliation Sublayer (RS): A 100BASE-T mapping function that reconciles the signals at the
Media Independent Interface (MII) to the Media Access Control (MAC)-Physical Signaling Sublayer (PLS)
service definitions. (See IEEE 802.3 Clause 22.)

1.4.229 relative intensity noise: The ratio of the variance in the optical power to the average optical power.
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1.4.230 remote fault: The generic ability of a link partner to signal its status even in the event that it may not
have an operational receive link. (See IEEE 802.3 Clauses 28 and 37.)

1.4.231 renegotiation: Restart of the Auto-Negotiation algorithm caused by management or user interac-
tion. (See IEEE 802.3 Clause 28.)

1.4.232 repeater: Within IEEE 802.3, a device as specified in Clauses 9 and 27 that is used to extend the
length, topology, or interconnectivity of the physical medium beyond that imposed by a single segment, up
to the maximum allowable end-to-end transmission line length. Repeaters perform the basic actions of
restoring signal amplitude, waveform, and timing applied to the normal data and collision signals. For wired
star topologies, repeaters provide a data distribution function. In 100BASE-T, a device that allows the infer-
connection of 100BASE-T Physical Layer (PHY) network segments using similar or dissimilar PHY 1mple-
mentations (e.g., I00BASE-X to 100BASE-X, 100BASE-X to 100BASE-T4, etc.). Repeaters afé-only for
use in half duplex mode networks. (See IEEE 802.3, Clauses 9 and 27.)

1.4.233 repeater port: See: port.

1.4.234 repeater set: A repeater unit plus its associated Physical Layer interfaces¥[Medium Attachment
Units (MAUs) or PHYs] and, if present, Attachment Unit (AU) or Media Independent (MI) interfaces (i.e.,
AUIs, MIIs).

1.4.235 repeater unit: The portion of a repeater that is inboard of its Physical Medium Attachment (PMA)/
Physical Signaling Sublayer (PLS), or PMA/Physical Coding Sublayer (PCS) interfaces.

1.4.236 retraining: Within IEEE 802.3, the process of re-acquiring receiver parameters and synchronizing the
scramblers of two connected I00BASE-T2 PHYs or 1000BASE-T. See: receiver training, blind mode.

1.4.237 Return Loss: In 10BROAD36, the ratio in déeibels of the power reflected from a port to the power
incident to the port. An indicator of impedance matching in a broadband system. (See IEEE 802.3 Clause 11.)

1.4.238 rms Spectral Width: The optical wavelength range as measured by ANSI/EIA/TIA 455-127-1991
(FOTP-127) [B8].

1.4.239 router: A layer 3 interconnection device that appears as a Media Access Control (MAC) to a
CSMA/CD collision domain. (See' IEEE Std 610.7-1995 [B26].)

1.4.240 run length: The-niimber of consecutive identical bits in a code-group. For example, the pattern
0011111010 has a runJength of five. (See IEEE 802.3 Clause 36.)

1.4.241 run-length-limited code: Any transmission code that has limited run-length for its transmission.
(See IEEE 8023 Clause 36.)

1.4.242running disparity: A binary parameter having a value of + or -, representing the imbalance between
theqiumber of ones and zeros in a sequence of 8B/10B code-groups. (See IEEE 802.3 Clause 36.2.4.3.)

1.4.243 Seed: In IOBROAD?36, the 23 bits residing 1n the scrambler shitt register prior to the transmission of
a packet. (See IEEE 802.3 Clause 11.)

1.4.244 segment: The medium connection, including connectors, between Medium Dependent Interfaces
(MDIs) in a CSMA/CD local area network.

1.4.245 Segment Delay Value (SDV): A number associated with a given segment that represents the delay

on that segment including repeaters and end stations, if present, used to assess path delays for 10 Mb/s
CSMA/CD networks. (See IEEE 802.3,13.4.)
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1.4.246 Segment Variability Value (SVV): A number associated with a given segment that represents the
delay variability on that segment (including a repeater) for 10 Mb/s CSMA/CD networks. The SVVs for dif-
ferent segment types are specified in IEEE 802.3 Table 13-3. (See IEEE 802.3, 13.4.)

1.4.247 Selector field: A five-bit field in the Base Link Code Word encoding that is used to encode up to 32
types of messages that define basic abilities. For example, selector field 00001 indicates that the base tech-
nology is IEEE 802.3. (See IEEE 802.3 Clause 28.)

4248 sh ed_service: A MA D _netwa in hich the co

DTEs so that the total network bandwidth is shared among them.

1.4.249 shielded twisted-pair (STP) cable: An electrically conducting cable, comprising one or.more ele-
ments, each of which is individually shielded. There may be an overall shield, in which case.the’cable is
referred to as shielded twisted-pair cable with an overall shield (from ISO/IEC 11801: 1995), Specifically
for IEEE 802.3 100BASE-TX, 150 Q balanced inside cable with performance characteristics specified to
100 MHz (i.e., performance to Class D link standards as per ISO/IEC 11801: 199%).,In addition to the
requirements specified in ISO/IEC 11801: 1995, IEEE 802.3 Clauses 23 and 25 provide additional perfor-
mance requirements for I0OBASE-T operation over STP.

1.4.250 side stream scrambling: A data scrambling technique, used by 100BASE-T2 and 1000BASE-T to
randomize the sequence of transmitted symbols and avoid the presence, of‘spectral lines in the signal spec-
trum. Synchronization of the scrambler and descrambler of connected PHY's is required prior to operation.

1.4.251 Simplex Fiber Optic Link Segment: A single fiber path between two Medium Attachment Units
(MAUs) or PHYs, including the terminating connectors, consisting of one or more fibers joined serially with
appropriate connection devices, for example, patch cable$ and wall plates. (See IEEE 802.3 Clause 15.)

1.4.252 simplex link segment: A path between two' Medium Dependent Interfaces (MDIs), including the
terminating connectors, consisting of one or mere segments of twisted pair cable joined serially with appro-
priate connection devices, for example, patch eords and wall plates. (See IEEE 802.3 Figure 14-2.)

1.4.253 single-port device: A devicelwijth a single instance of MDI. (See IEEE 802.3 Clause 40.)

1.4.254 skew between pairs; The difference in arrival times of two initially coincident signals propagated
over two different pairs, a§ m€asured at the receiving end of the cable. Total skew includes contributions
from transmitter circuits’as well as the cable.

1.4.255 slave Physical Layer (PHY): Within IEEE 802.3, in a 100BASE-T2 or 1000BASE-T link contain-
ing a pair of PHY's, the PHY that recovers its clock from the received signal and uses it to determine the tim-
ing of transmiitter operations. It also uses the slave transmit scrambler generator polynomial for side-stream
scrambling,/Master and slave PHY status is determined during the Auto-Negotiation process that takes place
prior to_establishing the transmission link. See also: master Physical Layer (PHY).

1 4256 sliver: A pn]cr—- with a duration less than that QPP(‘iﬁPd for that qignn] (e g truncated clock qignn]\

1.4.257 special link (SL): A transmission system that replaces the normal medium. (See IEEE 802.3, 12.8.)

1.4.258 Spectral Width, Full-Width Half Maximum (FWHM): The absolute difference between the
wavelengths at which the spectral radiant intensity is 50% of the maximum. (See IEEE 802.3 Clause 15.)

1.4.259 spectrum mask: A graphic representation of the required power distribution as a function of fre-
quency for a modulated transmission.
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1.4.260 star quad: A cable element that comprises four insulated connectors twisted together. Two diamet-
rically facing conductors form a transmission pair. Note—Cables containing star quads can be used inter-
changeably with cables consisting of pairs, provided the electrical characteristics meet the same
specifications. (From ISO/IEC 11801.)

1.4.261 Start_of_Packet Delimiter (SPD): In I000BASE-X, a single code-group 8B/10B ordered_set used
to delineate the starting boundary of a data transmission sequence for a single packet. (See IEEE 802.3
Clause 36.)

1.4.262 Start-of-Stream Delimiter (SSD): Within IEEE 802.3, a pattern of defined code words used(fo
delineate the boundary of a data transmission sequence on the Physical Layer stream. The SSD is unique‘in
that it may be recognized independent of previously defined code-group boundaries and it defines jsubse-
quent code-group boundaries for the stream it delimits. For I00BASE-T4, SSD is a pattern of three pre-
defined sosb code-groups (one per wire pair) indicating the positions of the first data codesgrotp on each
wire pair. For 100BASE-X, SSD consists of the code-group sequence /J/K/. For I00BASE-T2, the SSD is
indicated by two consecutive pairs of predefined PAMS5x5 symbols (+2, +2) (+2, O)rwhich are generated
using unique SSD/ESD coding rules. For I000BASE-T, the SSD is indicated by twoconsecutive vectors of
four quinary symbols as specified in Table 40-1.

1.4.263 stream: The Physical Layer (PHY) encapsulation of a MediakAccess Control (MAC) frame.
Depending on the particular PHY, the MAC frame may be modified or have information appended or
prepended to it to facilitate transfer through the Physical Medium Attachment (PMA). Any conversion from
a MAC frame to a PHY stream and back to a MAC frame is_tfansparent to the MAC. (See IEEE 802.3
Clauses 23 and 24.)

1.4.264 switch: A layer 2 interconnection device that conforms to the ISO/IEC 10038 [ANSI/IEEE 802.1D-
1990] International Standard. Syn: bridge.

1.4.265 symbol: Within IEEE 802.3, the smallest unit of data transmission on the medium. Symbols are
unique to the coding system employed. lQ0BASE-T4 uses ternary symbols; I0BASE-T uses Manchester
symbols; 100BASE-X uses binary symbols or code bits; I00BASE-T2 and 1000BASE-T uses quinary
symbols.

1.4.266 symbol period: In 1O00BASE-T, the time interval for transmission of one code-group. This is
equivalent to eight nanoseconds. (See IEEE 802.3 Clause 40.)

1.4.267 symbol rate (SR): Within IEEE 802.3, the total number of symbols per second transferred to or
from the Medium ‘Dependent Interface (MDI) on a single wire pair. For I00BASE-T4, the symbol rate is
25 MBd; for L0OBASE-X, the symbol rate is 125 MBd; for 100BASE-T2, the symbol rate is 25 MBaud; for
1000BASE-F;.the symbol rate is 125 MBaud.

1.4.268.symbol time (ST): The duration of one symbol as transferred to and from the Medium Dependent
Interface (MDI) via a single wire pair. The symbol time is the reciprocal of the symbol rate.

1.4.269 tagged MAC frame: A frame that contains a QTag Prefix.

1.4.270 Technology Ability Field: Within IEEE 802.3, an eight-bit field in the Auto-Negotiation base page
that is used to indicate the abilities of a local station, such as support for 10BASE-T, 100BASE-T4, and
100BASE-TX, as well as full duplex.

1.4.271 ternary symbol: In 100BASE-T4, a ternary data element. A ternary symbol can have one of three
values: —1, 0, or +1. (See IEEE 802.3 Clause 23.)
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1.4.272 transition density: The number of times the stream of bits within an 8B/10B code-group changes
its value. (See IEEE 802.3 Clause 36.)

1.4.273 translation: In a single-cable I0BROAD36 system, the process by which incoming transmissions at
one frequency are converted into another frequency for outgoing transmission. The translation takes place at
the headend. (See IEEE 802.3 Clause 11.)

1.4.274 truncation loss: In a modulated data waveform, the power difference before and after implementa-
tion filtering necessary to constrain its spectrum to a specified frequency band.

1.4.275 trunk cable: The main (often large diameter) cable of a coaxial cable system. (See: drop cable:)

1.4.276 twisted pair: A cable element that consists of two insulated conductors twisted together in"a regular
fashion to form a balanced transmission line. (From ISO/IEC 11801: 1995.)

1.4.277 twisted-pair cable: A bundle of multiple twisted pairs within a single protectiye sheath. (From ISO/
IEC 11801: 1995.)

1.4.278 twisted-pair cable binder group: A group of twisted pairs within aeable that are bound together.
Large telephone cables have multiple binder groups with high interbinder group'near-end crosstalk loss.

1.4.279 twisted-pair link: A twisted-pair cable plus connecting hardware. (From ISO/IEC 11801: 1995.)
(See also 14.1.2.)

1.4.280 twisted-pair link segment: In 100BASE-T, a twistédpair link for connecting two Physical Layers
(PHY35s). (See also 14.1.2.)

1.4.281 Unformatted Page (UP): A Next Page encading that contains an unformatted 12-bit message field.
Use of this field is defined through Message Codes and information contained in the UP. (See IEEE 802.3,
28.2.1.2)

1.4.282 unshielded twisted-pair cable (UTP): An electrically conducting cable, comprising one or more
pairs, none of which is shielded. There) may be an overall shield, in which case the cable is referred to as
unshielded twisted-pair with overall shield. (From ISO/IEC 11801: 1995.)

1.4.283 weight of 6T codé group: The algebraic sum of the logical ternary symbol values listed in the
100BASE-T4 8B6T codetable. (See IEEE 802.3 Clause 23.)

1.4.284 worst-case-modal bandwidth (WCMB): The lowest value of the modal bandwidth found when
measured using,either an overfilled launch (OFL) or a radial overfilled launch (ROFL).

1.4.285 Zero dispersion wavelength: That wavelength where the chromatic dispersion of a fiber is at its
minimum.

1 5 AI.I. HP H
. ICvIAdliVITo

This standard contains the following abbreviations:

8802-3 ISO/IEC 8802-3 (IEEE Std 802.3)

8802-5 ISO/IEC 8802-5 (IEEE Std 802.5)

ANSI American National Standards Institute

ASIC application-specific integrated circuit

ASN.1 abstract syntax notation one as defined in ISO/IEC 8824: 1990
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AUI attachment unit interface

BER bit error ratio

BPSK binary phase shift keying

BR bit rate

BT bit time

CAT3 Category 3 balanced cable

CAT4 Category 4 balanced cable

CATS Category 5 balanced cable

CDO clocked data zero

CD1 clocked data one

CMIP common management information protocol as defined in ISO/IEC 9596-1: 1991
CMIS common management information service as defined in ISO/IEC 9595: 1991
CMOS complimentary metal oxide semiconductor
CRC cyclic redundancy check

CRV code rule violation

CSO control signal zero

CS1 control signal one

CVH clocked violation high

CVL clocked violation low

Cw continuous wave

DFE distributed feedback equilizer

DTE data terminal equipment

EIA Electronic Industries Association

ELFEXT equal-level far-end crosstalk

EMI Electromagnetic Interference

EPD End_of Packet delimiter

ESD end of stream delimiter

FC-PH Fibre Channel —Physical and Sighaling Interface
FCS frame check sequence

FDDI fibre distributed data interface

FEXT far-end crosstalk

FIFO first in, first out

FLP fast link pulse

FOIRL fiber optic inter-repeater link

FOMAU fiber optic-medium attachment unit

FOMDI fiber optic-medium dependent interface
FOPMA fiber-optic physical medium attachment
FOTP fiber optic test procedure

GMII Gigabit Media Independent Interface

HH header hub

IEC International Electrotechnical Commission
IH intermediate hub

IPG inter-packet gap

IRE inter-repeater link

ISFpenalty intersymbol interference penalty

ISO International Organization for Standardization
LACP Link Aggregation Control Protocol

LACPDU Link Aggregation Control Protocol Data Unit
LAG Link Aggregation Group

LAGID Link Aggregation Group Identifier

LAN local area network

LLC logical link control

LSDV link segment delay value

MAC medium access control
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MAU medium attachment unit

MC message code

MDELFEXT multiple-disturber equal-level far-end crosstalk
MDFEXT multiple-disturber far-end crosstalk
MDI medium dependent interface
MDNEXT multiple-disturber near-end crosstalk
MIB management information base

MII media independent interface

MMF multimode fiber

MP message page

Mux Multiplexer

NEXT near-end crosstalk

NLP normal link pulse

NPA next page algorithm

NRZI non return to zero and invert on ones
NTT Need To Transmit

OFL overfilled launch

OFSTP optical fiber system test procedure
PCS physical coding sublayer

PDU Protocol Data Unit

PDV path delay value

PHY Physical Layer entity sublayer

PICS protocol implementation conformance statement
PLS physical signaling sublayer

PMA physical medium attachment

PMD physical medium dependent

PMI physical medium independent

ppd peak-to-peak differential

PVV path variability value

RD running disparity

RFI radio frequency interference

RIN relative intensity noise

ROFL radial overfilled launch

RS reconciliatien\sublayer

SDV segment.delay value

SFD start-of*frame delimiter

SMF single-mode fiber

SPD Start_of Packet delimiter

SR symbol rate

SSD start-of-stream delimiter

ST symbol time

STA station management entity

STP shielded twisted pair (copper)

SVY segment variability value

TBT Termr Bittmterface

TDR time domain reflectometer

TIA Telecommunications Industry Association
TLV Type/Length/Value

UCT unconditional transition

UP unformatted page

UTP unshielded twisted pair

VLAN Virtual Bridged Local Area Network (see IEEE P802.1Q)
WCMB worst-case modal bandwidth
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2. Media Access Control (MAC) service specification

2.1 Scope and field of application

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 client) (see Figure 2—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 2-2). 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 Clauses 4 and 31.

LAN
osl CSMA/CD
REFERENCE LAYERS
MODEL ‘ ‘
LAYERS ‘ HIGHER LAYERS ‘
| |
APPLICATION / LLC—LOGICAL LINK CONTROL
/
PRESENTATION / MAC CONTROL (OPTIONAL)
L L L L L L L L L L L L L LLLLLLLLLLLLLL L L LLLLLLLLL
/ s 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 77 Y 77777 7777 77 7.
SESSION / MAC—MEDIA ACCESS CONTROL
TRANSPORT | !/ p,s | | REcONCILIATION | | RECONGILIATION | |  RECONCILIATION
/
I MIl —<p :]I GMIl —p
NETWORK |/ 7
DATA LINK /AUl —> PMA PMA
PHYSICAL MAU {l PuA || | PMD PMb
~wmo —»| | voi —» | voi —>| | MDI —
§ MEDIUM § § MEDIUM § MEDIUM 2~ MEDIUM
1 Mb/s, 10 Mb/s 1Q Mb/s 100 Mb/s 1000 Mb/s
AUl = ATTACHMENT UNIT INTERFAGE PLS = PHYSICAL LAYER SIGNALING
MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
MIl = MEDIA INDEPENDENT.INFERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
GMII = GIGABIT MEDIA INDEPENDENT INTERFACE ~ PHY = PHYSICAL LAYER DEVICE
MAU = MEDIUM ATTACHNENT UNIT PMD = PHYSICAL MEDIUM DEPENDENT

Figure.2—1—Service specification relation to the LAN model

2.2 Overview. of the service
2.2.1 General description of services provided by the layer

The'services provided by the MAC sublayer allow the local MAC client entity to exchange LLC data units
with peer LLC sublayer entities. Optional support may be provided for resetting the MAC sublayer entity to
a known state.

The optional MAC control sublayer provides an additional service for controlling MAC operation. This may
be used to provide flow control between peer MAC client entities across the underlying channel.

2.2.2 Model used for the service specification

The model used in this service specification is identical to that used in 1.2.
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MAC client * +
MA_DATA.indication MA_CONTROL.indication
(optional)
MA_DATA.request MA?CC()glthﬁ?jlé.lgequest

Y Y

MAC Control Sublayer

{optional)
At g 7

MAC I |
TransmitFrame ReceiveFrame
(DA, SA, length/type, data) (DA, SA, length/type, data)
Medium Access Control

variables * functions &
carrierSense TransmitBit procedures

receiveDataValid !

ReceiveBit

collisionDetect
transnyitting Wait

e B B T A T

Figure 2—2—Service specification primitive relationships
(optional MAC control sublayer implemented)

2.2.3 Overview of interactions

MA_DATA request
MA_DATA .indication
MA_CONTROL . .request (used by optional MAC Control sublayer)

MA_CONTROL.ifidication (used by optional MAC Control sublayer)

2.2.4 Basic services.and options

The MA_DATA.request and MA_DATA .indication service primitives described in this subclause are manda-
tory. The MA~CONTROL request and MA_CONTROL .indication service primitives are mandatory if the
optional MAC Control sublayer is implemented.

2.3 Detailed service specification

2.3.1 MA_DATA.request

2.3.1.1 Function

This primitive defines the transfer of data from a MAC client entity to a single peer entity or multiple peer
entities in the case of group addresses.
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2.3.1.2 Semantics of the service primitive
The semantics of the primitive are as follows:

MA_DATA request (
destination_address,
source_address,
m_sdu,

. 1
STIVICC__CUId>S

)

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 indi-
vidual MAC address. If the source_address parameter is omitted, the local MAC sublayer‘entity will insert a
value associated with that entity. The m_sdu parameter specifies the MAC service data\unit to be transmitted
by the MAC sublayer entity. There is sufficient information associated with m_sdu‘fér the MAC sublayer
entity to determine the length of the data unit. The service_class parameter indicates a quality of service
requested by the MAC client (see 2.3.1.5).

2.3.1.3 When generated

This primitive is generated by the MAC client entity whenever:data shall be transferred to a peer entity or
entities. This can be in response to a request from higher protocol layers or from data generated internally to
the MAC client, such as required by Type 2 LLC service.

2.3.1.4 Effect of receipt

The receipt of this primitive will cause the MAE entity to insert all MAC specific fields, including DA, SA,
and any fields that are unique to the particular'media access method, and pass the properly formed frame to
the lower protocol layers for transfer tothe’peer MAC sublayer entity or entities.

2.3.1.5 Additional comments

The CSMA/CD MAC protacol provides a single quality of service regardless of the service_class requested.
2.3.2 MA_DATA.indication

2.3.2.1 Function

This primitive defines the transfer of data from the MAC sublayer entity (through the optional MAC Control
sublayer; if implemented) to the MAC client entity or entities in the case of group addresses.

2:3-2:2-Semanties-of-the-serviece-primitive
T ulmu I VILVG PIIIIIIIIVG

The semantics of the primitive are as follows:

MA_DATA .indication (
destination_address,
source_address,
m_sdu,
reception_status

)
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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 parameter specifies the MAC service data unit as received by the
local MAC entity. The reception_status parameter is used to pass status information to the MAC client entity.

2.3.2.3 When generated

The MA_DATA .indication is passed from the MAC sublayer entity (through the optional MAC Control sub-
layer, if implemented) to the MAC client entity or entities to indicate the arrival of a frame to the local MAC
sublayer entity that is destined for the MAC client. Such frames are reported only if they are validly forméd,
received without error, and their destination address designates the local MAC entity. Frames destined forthe
optional MAC Control sublayer are not passed to the MAC client if the MAC Control sublayer is implemented.

2.3.2.4 Effect of receipt
The effect of receipt of this primitive by the MAC client is unspecified.
2.3.2.5 Additional comments

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 uniqué 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 inclading the station that generated the request).

2.3.3 MA_CONTROL.request

This primitive defines the transfer of control requests from the MAC client to the MAC Control sublayer.
Implementation of the MA_CONTROL request primitive is mandatory if the optional MAC Control sub-
layer is implemented in a device.

2.3.3.1 Function

This primitive defines the transfer of control commands from a MAC client entity to the local MAC Control
sublayer entity.

2.3.3.2 Semantics. of)ithe service primitive
The semantics 0f the primitive are as follows:
MA_CONTROL.request (

destination_address,
opcode,

-~ 11 s
ITCUUCST_UpPTIalll_TISt

)

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. The opcode specifies the control operation requested by the MAC client entity. The
request_operand_list is an opcode-specific set of parameters.

The valid opcodes and their respective meanings are defined in Clause 31.
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2.3.3.3 When generated

This primitive is generated by a MAC client whenever it wishes to use the services of the optional MAC
Control sublayer entity.

2.3.3.4 Effect of receipt

The effect of receipt of this primitive by the MAC Control sublayer is opcode-specific. (See Clause 31.)

2.3.4 MA_CONTROL.indication

2.3.4.1 Function

This primitive defines the transfer of control status indications from the MAC Control sublayet t6 the MAC
client. Implementation of the MA_CONTROL .indication primitive is mandatory if the optional MAC Con-
trol sublayer is implemented in a device.

2.3.4.2 Semantics of the service primitive
The semantics of the primitive are as follows:
MA_CONTROL .indication (
opcode,

indication¥operand_list

)

The elements of the indication_operand_list are opcode:specific, and specified in the annexes to Clause 31.
2.3.4.3 When generated

The MA_CONTROL .indication is generated>by’the MAC Control sublayer under conditions specific to each
MAC Control operation.

2.3.4.4 Effect of receipt

The effect of receipt of this pfimitive by the MAC client is unspecified.
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3. Media access control frame structure

3.1 Overview

This clause defines in detail the frame structure for data communication systems using the CSMA/CD MAC.
It defines the syntax and semantics of the various components of the MAC frame.

Too-frame-formats-are-specifiedin-this-clayse:
P g

a) A basic MAC frame format, and

b)  An extension of the basic MAC frame format for Tagged MAC frames, i.e., frames that carry’ QTag
Prefixes.

3.1.1 MAC frame format

Figure 3—1 shows the nine fields of a frame: the preamble, Start Frame Delimiter(SFD), the addresses of the
frame’s source and destination, a length or type field to indicate the length orgprotocol type of the following
field that contains the MAC Client data, a field that contains padding if requiréd, the frame check sequence
field containing a cyclic redundancy check value to detect errors in a recéived frame, and an extension field
if required (for 1000 Mb/s half duplex operation only). Of these nine.fields, all are of fixed size except for
the data, pad, and extension fields, which may contain an integer_ himber of octets between the minimum
and maximum values that are determined by the specific implementation of the CSMA/CD MAC. See 4.4
for particular implementations.

7 OCTETS PREAMBLE
1 OCTET SFD
6 OCTETS DESTINATION'ADDRESS
6 OCTETS SOURCE ADDRESS OCTETS WITHIN
FRAME TRANSMITTED
2 OCTETS LENGTH/TYPE TOP TO BOTTOM
: MAC CLIENT DATA :
461500 OCTETS < fana\e oo m oo e oo e .
: PAD .
4 OCTETS FRAME CHECK SEQUENCE
: EXTENSION ! |
ts8 [T T T T T T T ] wss
b0 b’

‘ BITS WITHIN
FRAME TRANSMITTED—»
LEFT TO RIGHT

Figure 3—1—MAC frame format

The minimum and maximum frame size limits in 4.4 refer to that portion of the frame from the destination
address field through the frame check sequence field, inclusive.

Relative to Figure 3—1, the octets of a frame are transmitted from top to bottom, and the bits of each octet are
transmitted from left to right.
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3.2 Elements of the MAC frame
3.2.1 Preamble field

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

3.2.2 Start Frame Delimiter (SFD) field

The SFD field is the sequence 10101011. It immediately follows the preamble pattern and indicates the start
of a frame.

3.2.3 Address fields

Each MAC frame shall contain two address fields: the Destination Address field and theSource Address
field, in that order. The Destination Address field shall specify the destination addressee(s) for which the
frame is intended. The Source Address field shall identify the station from which ¢he frame was initiated.
The representation of each address field shall be as follows (see Figure 3-2):

a)  Each address field shall be 48 bits in length. While IEEE 802 specifies-the use of either 16- or 48-bit
addresses, no conformant implementation of IEEE 802.3 uses 16-bit addresses. The use of 16-bit
addresses is specifically excluded by this standard.

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

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

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

WG U/L 46-BIT ADDRESS

I/G = 0 INDIVIDUAL ADDRESS

1/G =1 GROUP ADDRESS

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

Figure 3—2—Address field format

-3:2:3-t Addressdesignation
A MAC sublayer address is one of two types:

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

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

The address space shall also be partitioned into locally administered and globally administered addresses.
The nature of a body and the procedures by which it administers these global (U) addresses is beyond the
scope of this standard.'3

3.2.4 Destination Address field

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

3.2.5 Source Address field

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

3.2.6 Length/Type field

This two-octet field takes one of two meanings, depending on.its numeric value. For numerical evaluation,
the first octet is the most significant octet of this field.

a)  If the value of this field is less than or equal to the. value of maxValidFrame (as specified in 4.2.7.1),
then the Length/Type field indicates the number of MAC client data octets contained in the subse-
quent data field of the frame (Length interpfetation).

b) If the value of this field is greater than-or equal to 1536 decimal (equal to 0600 hexadecim&l), then
the Length/Type field indicates the patare of the MAC client protocol (Type interpretation).

The Length and Type interpretatiéns of this field are mutually exclusive.

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

Regardless of the interpretation of the Length/Type field, if the length of the data field is less than the mini-
mum required for propér operation of the protocol, a PAD field (a sequence of octets) will be added at the
end of the data field butprior to the FCS field, specified below. The procedure that determines the size of the
PAD field is speeified in 4.2.8. The Length/Type field is transmitted and received with the high order octet
first.

3.2.7 Data’and PAD fields

The'ddta field contains a sequence of n octets. Full data transparency is provided in the sense that any arbi-
trary sequence of octet values may appear in the data field up to a maximum number specified by the imple-
mentation of the standard that is used. A minimum frame size is required for correct CSMA/CD protocol
operation and is specified by the particular implementation of the standard. If necessary, the data field is
extended by appending extra bits (that is, a pad) in units of octets after the data field but prior to calculating
and appending the FCS. The size of the pad, if any, is determined by the size of the data field supplied by the

13For information on how to use MAC addresses, see IEEE Std 802-1990, Overview and Architecture. To apply for an Organizationally
Unique Identifier for building a MAC address, contact the Registration Authority, IEEE Standards Department, P.O. Box 1331, 445
Hoes Lane, Piscataway, NJ 08855-1331, USA; +1 732 562 3813; fax +1 732 562 1571. URL:http://standards.ieee.org/.

14Type field assignments are administered by the Registration Authority, IEEE Standards Department (see Footnote 13 for address).
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MAC client and the minimum frame size and address size parameters of the particular implementation. The
maximum size of the data field is determined by the maximum frame size and address size parameters of the
particular implementation.

The length of PAD field required for MAC client data that is n octets long is max [0, minFrameSize — (8 x n
+ 2 x addressSize + 48)] bits. The maximum possible size of the data field is maxUntaggedFrameSize — (2 x
addressSize + 48)/8 octets. See 4.4 for a discussion of implementation parameters; see 4.2.3.3 for a discus-
sion of the minFrameSize.

3.2.8 Frame Check Sequence (FCS) field

A cyclic redundancy check (CRC) is used by the transmit and receive algorithms to generate a CRC value
for the FCS field. The frame check sequence (FCS) field contains a 4-octet (32-bit) cyclic redundan¢y check
(CRC) value. This value is computed as a function of the contents of the source address, destination address,
length, LLC data and pad (that is, all fields except the preamble, SFD, FCS, and extension).{The encoding is
defined by the following generating polynomial.

G(x) = x32 + x26 + x23 4+ x22 4 x16 4 x12 4 x11 4 x10 4 x8 4+ X7 + x5+ x¥ + x2 x|
Mathematically, the CRC value corresponding to a given frame is defined By the following procedure:

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

b)  The n bits of the frame are then considered to be the coefficients of a polynomial M(x) of degree n—1.
(The first bit of the Destination Address field corresponds to the x(™1) term and the last bit of the
data field corresponds to the x0 term.)

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

d) The coefficients of R(x) are considered to be.a-82-bit sequence.

e) The bit sequence is complemented and the\tesult is the CRC.

The 32 bits of the CRC value are placed in the frame check sequence field so that the x3! term is the left-
most bit of the first octet, and the x° termis the right most bit of the last octet. (The bits of the CRC are thus
transmitted in the order x3!, x30,..., XL, x0.) See reference [B37].

3.2.9 Extension field

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

The Extension-field may have a length of greater than zero under the conditions that are described in 4.2.3 4.
The length of the Extension field will be zero under all other conditions. Implementations defined in 4.4.2
may ignore this field altogether if the number of bit times in the slotTime parameter is equal to the number
of-bits'in the minFrameSize parameter.

3.3 Order of bit transmission

Each octet of the MAC frame, with the exception of the FCS, is transmitted low-order bit first.

3.4 Invalid MAC frame

An invalid MAC frame shall be defined as one that meets at least one of the following conditions:
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a)  The frame length is inconsistent with a length value specified in the length/type field. If the length/
type field contains a type value as defined by 3.2.6, then the frame length is assumed to be consistent
with this field and should not be considered an invalid frame on this basis.

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

¢) The bits of the incoming frame (exclusive of the FCS field itself) do not generate a CRC value iden-
tical to the one received.

15
The contents of invalid MAC frames shall not be passed to the LLC or MAC Control sublayers. The occur-
rence of invalid MAC frames mayv be communicated to network management

3.5 Elements of the Tagged MAC Frame

Figure 3-3 shows the format of a Tagged MAC Frame. This format is an extension of the MAC Frame spec-
ified in 3.1.1 and 3.2. The octet and bit ordering of the fields are identical to that specifieddn*3.1.1 and 3.3.
The extensions for tagging are as follows:

a) A 4-octet QTag Prefix is inserted between the end of the Source Address”and the MAC Client
Length/Type field of the MAC frame. The QTag Prefix comprises two fields:
1) A 2-octet constant Length/Type field value consistent with the Type interpretation and equal to

the value of the 802.1Q Tag Protocol Type (802.1QTagType,See 3.54).

2) A 2-octet field containing Tag Control Information.

b) Following the QTag Prefix is the MAC Client Length/Type field, MAC Client Data, Pad (if
necessary), FCS, and Extension (if necessary) fields of the basic MAC frame.

¢) The length of the frame is extended by 4 octets by the\QTag Prefix.

8 7 6 5 4 3 2 1

7 OCTETS PREAMBLE 1 0 0 0 0 O O 1 [firstoctet
SFD
1 OCTET 000O0O0OOOOO second octet
6 OCTETS DESTINATIONJADDRESS
user i
6 OCTETS SOUREE ADDRESS priority [CFl first octet
2 OCTETS | LENGTH/TYPE = 802.1QTagType VLAN IDENTIFIER (VID, 12 bits)| gacond octet
QTag Prefix
20CTETS | (TAG CONTROL INFORMATION
2 OCTETS MAC CLIENT LENGTH/TYPE
; MAC CLIENT DATA : Tag Control Information (informative)

42-1500 OCTETS” J .\ ... .. - . .. :

4 OCTETS FRAME CHECK SEQUENCE

' EXTENSION .

Figure 3—3—Tagged MAC frame format

NOTE—The normative definition of the Tag Control Information field shown in Figure 3-3 can be found in IEEE
P802.1Q. Also, while Figure 3—1 uses the convention that the most significant bit of an octet is the rightmost bit, Figure
3-3 uses the opposite convention, i.e., the most significant bit is shown in the leftmost position. The latter convention is
consistent with the specification of IEEE P802.1Q. This is a pictorial difference only; there is no difference in the actual
order of bits transmitted on the LAN.

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

42 Copyright © 2000 IEEE. All rights reserved.


https://standardsiso.com/api/?name=e478a65ce847565635396c364b44a211

ISO/IEC 8802-3: 2000(E)
CSMA/CD IEEE Std 802.3, 2000 Edition

3.5.1 Preamble field

The Preamble field is identical in structure and semantics to the Preamble field of the basic MAC frame,
described in 3.2.1.

3.5.2 Start Frame Delimiter (SFD) field

The SFD field is identical in structure and semantics to the SFD field of the basic MAC frame, described in
322.

3.5.3 Address fields

The address fields (both Destination address and Source address) are identical in structure and sémantics to
the address fields of the basic MAC frame, described in 3.2.3,3.2.4,and 3.2.5.

3.5.4 Length/Type field

The Length/Type field of a tagged MAC frame always uses the Type interpretationand contains the 802.1Q
Tag Protocol Type: a constant equal to 0x81-00. MAC Control frames shall not bear QTag Type field.

3.5.5 Tag Control Information field (informative)
The Tag Control Information field is subdivided as follows:

a) A 3-bit User Priority field,

b) A Canonical Format Indicator (CFI), and

¢) A 12-bit VLAN Identifier.
The structure and semantics within the Tag ContrelInformation field are defined in IEEE P802.1Q.
3.5.6 MAC Client Length/Type field
The MAC Client Length/Type field contains the original Length/Type field from the MAC frame prior to
insertion of the QTag Prefix. The QTag Prefix offsets this field exactly 4 octets from its position in an
untagged MAC frame.
3.5.7 Data and PAD fields
The Data and PAID’fields are identical in structure and semantics to the Data and PAD fields of the basic
MAC frame deseribed in 3.2.7, except in the following respect: For tagged MAC frames, the value of n in
the PAD field €alculation may be either the length of the MAC Client Data or the combined length of MAC
Client Dafa‘and QTag Prefix.

3.58'Frame Check Sequence (FCS) field

I'he FCS tield 1s 1identical 1n structure and semantics to the FCS field ot the basic MAC trame, described n
32.8.

3.5.9 Extension field

The Extension field is identical in structure and semantics to the Extension field of the basic MAC frame,
described in 3.2.9.
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4. Media Access Control

4.1 Functional model of the MAC method
4.1.1 Overview

The architectural model described in Clause 1 is used in this clause to provide a functional description of the
LAN CSMA/CD MAC sublayer.

The MAC sublayer defines a medium-independent facility, built on the medium-dependent physical faéility
provided by the Physical Layer, and under the access-layer-independent LAN LLC sublayer (or othet MAC
client). It is applicable to a general class of local area broadcast media suitable for use with the média access
discipline known as Carrier Sense Multiple Access with Collision Detection (CSMA/CD).

The LLC sublayer and the MAC sublayer together are intended to have the same function-as that described
in the OSI model for the Data Link Layer alone. In a broadcast network, the notion’of-a data link between
two network entities does not correspond directly to a distinct physical connection\Nevertheless, the parti-
tioning of functions presented in this standard requires two main functions generally associated with a data
link control procedure to be performed in the MAC sublayer. They are as follows:

a)  Data encapsulation (transmit and receive)

1) Framing (frame boundary delimitation, frame synchronization)

2) Addressing (handling of source and destination addresses)

3) Error detection (detection of physical medium trahsmission errors)
b) Media Access Management

1) Medium allocation (collision avoidance)

2) Contention resolution (collision handling)

An optional MAC control sublayer, architecturally positioned between LLC (or other MAC client) and the
MAC, is specified in Clause 31. This MAC €ontrol sublayer is transparent to both the underlying MAC and
its client (typically LLC). The MAC sublayer operates independently of its client; i.e., it is unaware whether
the client is LLC or the MAC Control sublayer. This allows the MAC to be specified and implemented in one
manner, whether or not the MAC Control sublayer is implemented. References to LLC as the MAC client in
text and figures apply equally(to)the MAC Control sublayer, if implemented.

This standard provides.for'two modes of operation of the MAC sublayer:

a)  In half daplex mode, stations contend for the use of the physical medium, using the CSMA/CD algo-
rithms spécified. Bidirectional communication is accomplished by rapid exchange of frames, rather
than full duplex operation. Half duplex operation is possible on all supported media; it is required on
those media that are incapable of supporting simultaneous transmission and reception without inter-
ference, for example, I0BASE2 and 100BASE-T4.

b)* The full duplex mode of operation can be used when all of the following are true:

11) TilC pilybibdi lllCL‘liLllll ib papabic Uf SUPPUI lillg billluildllCUUb LlallblllibbiUll dlld ICLCPLiUll Wilh—
out interference (e.g., I0BASE-T, 10BASE-FL, and 100BASE-TX/FX).

2) There are exactly two stations on the LAN. This allows the physical medium to be treated as a
full duplex point-to-point link between the stations. Since there is no contention for use of a
shared medium, the multiple access (i.e., CSMA/CD) algorithms are unnecessary.

3) Both stations on the LAN are capable of and have been configured to use full duplex operation.

The most common configuration envisioned for full duplex operation consists of a central bridge (also
known as a switch) with a dedicated LAN connecting each bridge port to a single device.
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The formal specification of the MAC in 4.2 comprises both the half duplex and full duplex modes of opera-
tion. The remainder of this clause provides a functional model of the CSMA/CD MAC method.

4.1.2 CSMA/CD operation

This clause 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 operations
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—1 provides the architectural model described functionally in the sub-
clauses that follow.

osl LAN
REFERENCE CSMA/CD
MODEL : LAYERS ‘
| |
LAYERS | HIGHER LAYERS |
APPLICATION / LLC—LOGICAL LINK CONTROL
/
PRESENTATION / MAC CONTROL (OPTIONAL)
/ / ////////////////
LSS S S L 4
TRANSPORT // _ps | | mreconciuiaTiON | | RECONCILIATION | | RECONCILIATION
/ Mil —y:]j_‘ GMII —p
NETWORK [/ 7
/ PCS PCS PHY
DATALINK |,/ AUl —> PMA PMA
MAU{ | PMA | | PMA | PMD PMD
PHYSICAL
v —»[ | vmoi—»| | MDI —» MDI—>
é MEDIUM § é MEDIUM § MEDIUM MEDIUM
1 Mb/s, 10 Mb/s 10 MBS 100 Mb/s 1000 Mb/s
AUI = ATTACHMENT UNIT INTERFACE PLS = PHYSICAL LAYER SIGNALING
MDI = MEDIUM DEPENDENT INTERFACE PCS = PHYSICAL CODING SUBLAYER
MIl = MEDIA INDEPENDENT INTERFACE PMA = PHYSICAL MEDIUM ATTACHMENT
GMII = GIGABIT MEDIA INDEPENDENT INTERFACE ~ PHY = PHYSICAL LAYER DEVICE
MAU = MEDIUM ATTACHMENT UNIT PMD = PHYSICAL MEDIUM DEPENDENT

Figure 4-1—MAC sublayer partitioning, relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model

The Physical Eayer Signaling (PLS) component of the Physical Layer provides an interface to the MAC sub-
layer for the”serial transmission of bits onto the physical media. For completeness, in the operational
description.that follows some of these functions are included as descriptive material. The concise specifica-
tion,ofsthese functions is given in 4.2 for the MAC functions and in Clause 7 for PLS.

Transmit frame aperations are independent from the receive frame operations A transmitted frame
addressed to the originating station will be received and passed to the MAC client at that station. This char-

acteristic of the MAC sublayer may be implemented by functionality within the MAC sublayer or full
duplex characteristics of portions of the lower layers.
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4.1.2.1 Normal operation
4.1.2.1.1 Transmission without contention

When a MAC client requests the transmission of a frame, the Transmit Data Encapsulation 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 appends a 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. The frame is then handed to the Transmit Media Access Management component in. the
MAC sublayer for transmission.

In half duplex mode, Transmit Media Access Management attempts to avoid contention with ether traffic on
the medium by monitoring the carrier sense signal provided by the Physical Layer Signalifigy(PLS) compo-
nent 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 physical
medium). The MAC sublayer then provides a serial stream of bits to the Physical Layeér for transmission.

In half duplex mode at operating speeds above 100 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-fo{frames which are less than slotTime
bits in length so that the duration of the resulting transmission is suffieient to ensure proper operation of the
CSMA/CD protocol.

In half duplex mode at operating speeds above 100 Mb/sythe 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.be initiated after the interframe delay, regardless of the pres-
ence of receive activity. In full duplex mode, the MAC sublayer does not perform either carrier extension or
frame bursting.

The Physical Layer performs the task of generating the signals on the medium that represent the bits of the
frame. Simultaneously, it monifors*the medium and generates the collision detect signal, which in the con-
tention-free case under discussion, remains off for the duration of the frame. A functional description of the
Physical Layer is given in Clduse 7 and beyond.

When transmissionhas 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

At €ach 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.
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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 Type/Length field, and the data to the MAC client along with an appropriate status code indicating
reception_complete or reception_too_long. 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 a valid FCS may also be checked for proper octet boundary
alignment.

In half duplex mode at operating speeds above 100 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.

4.1.2.2 Access interference and recovery

In half duplex mode, if multiple stations attempt to transmit at the same time, it is possible forthem to inter-
fere with each other’s transmissions, in spite of their attempts to avoid this by deferring. When transmissions
from two stations overlap, the resulting contention is called a collision. Collisions oecur/only in half duplex
mode, where a collision indicates that there is more than one station attempting_to\use the shared physical
medium. In full duplex mode, two stations may transmit to each other simultaneously without causing inter-
ference. The Physical Layer may generate a collision indication, but this is ignored by the full duplex MAC.

A given station can experience a collision during the initial part of itSAransmission (the collision window)
before its transmitted signal has had time to propagate to all statiesis,on the CSMA/CD medium. Once the
collision window has passed, a transmitting station is said to haveracquired the medium; subsequent colli-
sions are avoided since all other (properly functioning) stations can be assumed to have noticed the signal
and to be deferring to it. The time to acquire the medium is¢thus based on the round-trip propagation time of
the Physical Layer whose elements include the PLS, PMA, and physical medium.

In the event of a collision, the transmitting station’§“Physical Layer initially notices the interference on the
medium and then turns on the collision detect\signal. In half duplex mode, this is noticed in turn by the
Transmit Media Access Management component of the MAC sublayer, and collision handling begins. First,
Transmit Media Access Management enférces the collision by transmitting a bit sequence called jam. In 4.4,
implementations that use this enforcement procedure are provided. This ensures that the duration of the col-
lision is sufficient to be noticed by the other transmitting station(s) involved in the collision. After the jam is
sent, Transmit Media Access Management terminates the transmission and schedules another transmission
attempt after a randomly seleeted time interval. Retransmission is attempted again in the face of repeated
collisions. Since repeated-collisions indicate a busy medium, however, Transmit Media Access Management
attempts to adjust to thesmedium load by backing off (voluntarily delaying its own retransmissions to reduce
its load on the mediim). This is accomplished by expanding the interval from which the random retransmis-
sion time is sele€ted on each successive transmit attempt. Eventually, either the transmission succeeds, or the
attempt is abandoned on the assumption that the medium has failed or has become overloaded.

In full duplex mode, a station ignores any collision detect signal generated by the Physical Layer. Transmit
Media‘Access Management in a full duplex station will always be able to transmit its frames without conten-
tion, so there is never any need to jam or reschedule transmissions.

At the receiving end, the bits resulting from a collision are received and decoded by the PLS just as are the
bits of a valid frame. Fragmentary frames received during collisions are distinguished from valid transmis-
sions by the MAC sublayer’s Receive Media Access Management component.

4.1.3 Relationships to the MAC client and Physical Layers

The CSMA/CD MAC sublayer provides services to the MAC client required for the transmission and recep-
tion of frames. Access to these services is specified in 4.3. The CSMA/CD MAC sublayer makes a best effort
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to acquire the medium and transfer a serial stream of bits to the Physical Layer. Although certain errors are
reported to the client, error recovery is not provided by MAC. Error recovery may be provided by the MAC
client or higher (sub)layers.

4.1.4 CSMA/CD access method functional capabilities

The following summary of the functional capabilities of the CSMA/CD MAC sublayer is intended as a quick
reference guide to the capabilities of the standard, as shown in Figure 4-2:

MAC CLIENT SUBLAYER

ACCESS TO MAC CLIENT

\
TRANSMIT RECEIVE
DATA ENCAPSULATION DATA DECAPSULATION
at b2 b3
A
TRANSMIT MEDIA RECEIVE MEDIA
ACCESS MANAGEMENT ACCESS MANAGEMENT
a2cdfghikm bléjln
A

ACCESS TO PHYSICAL INTERFACE

Y

TRANSMIT RECEIVE
DATA ENCODING DATA DECODING

PHYSICAL LAYER SIGNALING

NOTE—at, b2, etc., refer to functions listed in 4.1.4.

Figure-4-2—CSMA/CD Media Access Control functions

a)  For Frame Transmission
1) Accepts data from the MAC client and constructs a frame
2). \Presents a bit-serial data stream to the Physical Layer for transmission on the medium
NOTE — Assumes data passed from the client sublayer are octet multiples.

b)  For Frame Reception
1) Receives a bit-serial data stream from the Physical Layer

7y Presents to the MAU client sublayer frames that are either broadcast Irames or directly
addressed to the local station
3) Discards or passes to Network Management all frames not addressed to the receiving station
¢) In half duplex mode, defers transmission of a bit-serial stream whenever the physical medium is
busy
d) Appends proper FCS value to outgoing frames and verifies full octet boundary alignment
e)  Checksincoming frames for transmission errors by way of FCS and verifies octet boundary alignment
f)  Delays transmission of frame bit stream for specified interframe gap period
g) Inhalf duplex mode, halts transmission when collision is detected
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h)  In half duplex mode, schedules retransmission after a collision until a specified retry limit is reached

i)  In half duplex mode, enforces collision to ensure propagation throughout network by sending jam
message

j)  Discards received transmissions that are less than a minimum length

k)  Appends preamble, Start Frame Delimiter, DA, SA, Length/Type field, and FCS to all frames, and
inserts PAD field for frames whose data length is less than a minimum value

D Removes preamble, Start Frame Delimiter, DA, SA, Length/Type field, FCS, and PAD field (if nec-
essary) from received frames

m) _Appends extension bits to the first (or only) frame of a burst if it is less than slotTime bits in length

when in half duplex mode at speeds above 100 Mb/s.
n) Strips extension bits from received frames when in half duplex mode at speeds above 100 Mb/s.

4.2 CSMA/CD Media Access Control (MAC) method: Precise specification
4.2.1 Introduction

A precise algorithmic definition is given in this subclause, providing procedural thodel for the CSMA/CD
MAC process with a program in the computer language Pascal. See references [B I)I'] and [B34] for resource
material. Note whenever there is any apparent ambiguity concerning the definition of some aspect of the
CSMA/CD MAC method, it is the Pascal procedural specification in 4.2 7 through 4.2.10 which should be
consulted for the definitive statement. Subclauses 4.2.2 through 4.2.6 grovide, in prose, a description of the
access mechanism with the formal terminology to be used in the remhaining subclauses.

4.2.2 Overview of the procedural model

The functions of the CSMA/CD MAC method are presented below, modeled as a program written in the
computer language Pascal. This procedural model is intended as the primary specification of the functions to
be provided in any CSMA/CD MAC sublayer implementation. It is important to distinguish, however,
between the model and a real implementation. The model is optimized for simplicity and clarity of presenta-
tion, while any realistic implementation shall\place heavier emphasis on such constraints as efficiency and
suitability to a particular implementation,'technology or computer architecture. In this context, several
important properties of the procedural model shall be considered.

4.2.2.1 Ground rules for the;procedural model

a)  First, it shall be ,emphasized that the description of the MAC sublayer in a computer language is in
no way intended-to imply that procedures shall be implemented as a program executed by a com-
puter. The gmplementation may consist of any appropriate technology including hardware, firmware,
softwaré, Or any combination.

b)  Similarly, it shall be emphasized that it is the behavior of any MAC sublayer implementations that
shall‘match the standard, not their internal structure. The internal details of the procedural model are
useful only to the extent that they help specify that behavior clearly and precisely.

¢) Y The handling of incoming and outgoing frames is rather stylized in the procedural model, in the
sense that frames are handled as single entities by most of the MAC sublayer and are only serialized

for presentation to the Physical Layer. In reality, many implementations will instead handle irames
serially on a bit, octet or word basis. This approach has not been reflected in the procedural model,
since this only complicates the description of the functions without changing them in any way.

d) The model consists of algorithms designed to be executed by a number of concurrent processes;
these algorithms collectively implement the CSMA/CD procedure. The timing dependencies intro-
duced by the need for concurrent activity are resolved in two ways:

1)  Processes Versus External Events. It is assumed that the algorithms are executed “very fast” rel-
ative to external events, in the sense that a process never falls behind in its work and fails to
respond to an external event in a timely manner. For example, when a frame is to be received, it
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2)

is assumed that the Media Access procedure ReceiveFrame is always called well before the
frame in question has started to arrive.

Processes Versus Processes. Among processes, no assumptions are made about relative speeds
of execution. This means that each interaction between two processes shall be structured to
work correctly independent of their respective speeds. Note, however, that the timing of inter-
actions among processes is often, in part, an indirect reflection of the timing of external events,
in which case appropriate timing assumptions may still be made.

It is intended that the concurrency in the model reflect the parallelism intrinsic to the task of implementing the

MAC client and MAC procedures, although the actual parallel structure of the implementations is likely to vary.

4.2.2.2 Use of Pascal in the procedural model

Several observations need to be made regarding the method with which Pascal is used for the‘model. Some
of these observations are as follows:

a)

b)

Some limitations of the language have been circumvented to simplify the specification:

1)

2)

3)

4)

The elements of the program (variables and procedures, for examplé) are presented in logical
groupings, in top-down order. Certain Pascal ordering restrictions-have thus been circumvented
to improve readability.

The process and cycle constructs of Concurrent Pascal, a Rascal derivative, have been intro-
duced to indicate the sites of autonomous concurrent activity. As used here, a process is simply
a parameterless procedure that begins execution at “the,/beginning of time” rather than being
invoked by a procedure call. A cycle statement represents the main body of a process and is
executed repeatedly forever.

The lack of variable array bounds in the language has been circumvented by treating frames as
if they are always of a single fixed size (whigh is never actually specified). The size of a frame
depends on the size of its data field, hence'the value of the “pseudo-constant” frameSize should
be thought of as varying in the long tétm, even though it is fixed for any given frame.

The use of a variant record to represent a frame (as fields and as bits) follows the spirit but not
the letter of the Pascal Report,since it allows the underlying representation to be viewed as two
different data types.

The model makes no use of any explicit interprocess synchronization primitives. Instead, all inter-
process interaction is done by way of carefully stylized manipulation of shared variables. For exam-
ple, some variables are-set by only one process and inspected by another process in such a manner
that the net result ig"independent of their execution speeds. While such techniques are not generally
suitable for the eonstruction of large concurrent programs, they simplify the model and more nearly
resemble the methods appropriate to the most likely implementation technologies (microcode, hard-
ware state Machines, etc.)

4.2.2.3 Organization of the procedural model

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
ihclude 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)
b)
c)
d)
€)
f)
g)

50

Frame Transmitter process
Frame Receiver process
Bit Transmitter process
Bit Receiver process
Deference process
BurstTimer process
SetExtending process
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This organization of the model is illustrated in Figure 4-3 and reflects the fact that the communication of entire
frames is initiated 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-Layer-dependent bit time.

|

I I A

,
T
|

TramsmitFrame * T Receiveframe
| Y
|
|
|

FRAMING
TransmitDataEncap ReceiveDataDecap
ComputePad CRC32 RecognizeAddress RemovePad

|
| | v T
TransmitLinkMgmt | ReceiveLinkMgmt
' oo . f

TWatchForCollision TBackOff MEDIA ACCESS SUBLAYER StartReceive
StartTransmit tRandom (*BurstTimer) MEDIUM
MANAGEMENT

( BitTransmitter >

|
I
I
I
| {SetExtendin@ @itReceiveD
* I
I
I
I
I
I
I
I
I

*InterFrameSignal

PhysicalSignalEncap RealTimeDelay PhysicalSignalDecap
tStartJam NextBit
TransmitBit Wait PHYSICAL LAYER ReceiveBit
I
TRANSMIT >|< RECEIV

1 Not applicable to full duplex operation
* Applicable only to half duplex operation at > 100 Mb/s

Figure 4-3—Relationship among CSMA/CD procedures

Figure 4-3 depicts the static structure of the procedural model, showing how the various processes and pro-
cedures interact by invoking each other. Figures 4-4a, 4-4b, 4-5a, and 4-5b summarize the dynamic behav-
ior 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 variables is not depicted in the fig-
ures, but is described in the comments and prose in the following subclauses.
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Figure 4—4a—Control flow summary
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Figure 4-4b—Control flow summary
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4.2.2.4 Layer management extensions to procedural model
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Figure 4-5a—Control flow
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In order to incorporate network management functions, this Procedural Model has been expanded beyond
that provided in ISO/IEC 8802-3: 1990. Network management functions have been incorporated in two
ways. First, 4.2.7-4.2.10, 4.3 .2, Figure 4—4a, and Figure 4-4b 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 Clauses 4 and 5. Within the Pascal descriptions provided in Clause 4, a “%” 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-PLS interfaces of ISO/IEC 8802-3: 1990.

The Pascal procedural specification shall be consulted for the definitive statement when there is 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 managenient'defini-
tions provide the ability to manipulate management counters and initiate actions within the layers. The man-
aged objects within this standard are defined as sets of attributes, actions, notifications, @nd’behaviors in
accordance with IEEE Std 802.1F-1993, and ISO/IEC International Standards for networkirthanagement.

4.2.3 Frame transmission model
Frame transmission includes data encapsulation and Media Access management aspects:
a)  Transmit Data Encapsulation includes the assembly of the outgding frame (from the values provided
by the MAC client) and frame check sequence generationy
b) Transmit Media Access Management includes carrier deferénce, interframe spacing, collision detec-
tion and enforcement, collision backoff and retransmission, carrier extension and frame bursting.
4.2.3.1 Transmit data encapsulation
4.2.3.1.1 Frame assembly
The fields of the CSMA/CD MAC frame afe set to the values provided by the MAC client as arguments to
the TransmitFrame operation (see 4.3).with the following exceptions: the padding field, the extension field,
and the frame check sequence. The padding field is necessary to enforce the minimum frame size. The exten-
sion field is necessary to enforce the minimum carrier event duration on the medium in the half duplex mode
at operating speeds above 100~Mb/s. The frame check sequence is set to the CRC value generated by the
MAC sublayer.

4.2.3.1.2 Frame check sequence generation

The CRC value defined in 3.2.8 is generated and inserted in the frame check sequence field, following the
fields supplied-by the MAC client.

4.2.3:2 Transmit media access management

4.2:3.2.1 Deference

When a frame is submitted by the MAC client for transmission, the transmission is initiated as soon as pos-
sible, but in conformance with the rules of deference stated below. The rules of deference differ between half
duplex and full duplex modes.

a)  Half duplex mode

Even when it has nothing to transmit, the CSMA/CD MAC sublayer monitors the physical medium
for traffic by watching the carrierSense signal provided by the PLS. Whenever the medium is busy,
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the CSMA/CD MAC defers to the passing frame by delaying any pending transmission of its own.
After the last bit of the passing frame (that is, when carrierSense changes from true to false), the
CSMA/CD MAC continues to defer for a proper interFrameSpacing (see 4.2.3.2.2).

If, at the end of the interFrameSpacing, a frame is waiting to be transmitted, transmission is initiated
independent of the value of carrierSense. When transmission has completed (or immediately, if there
was nothing to transmit) the CSMA/CD MAC sublayer resumes its original monitoring of carri-
erSense.

NOTE —It is possible for the PLS carrier sense indication to fail to be asserted briefly during a collision on the

media. If the Deference process simply times the interframe gap based on this indication it is possible fora
short interframe gap to be generated, leading to a potential reception failure of a subsequent frame. To enhanee
system robustness the following optional measures, as specified in 4.2.8, are recommended'\ when
interFrameSpacingPart] is other than zero:

Start the timing of the interFrameSpacing as soon as transmitting and carrierSense(ate’both false.
Reset the interFrameSpacing timer if carrierSense becomes true during the first 2/3 of the inter-
FrameSpacing timing interval. During the final 1/3 of the interval, the timeyshall not be reset to
ensure fair access to the medium. An initial period shorter than 2/3 of thé nterval is permissible
including zero.

b)  Full duplex mode

In full duplex mode, the CSMA/CD MAC does not defer pending transmissions based on the carri-
erSense signal from the PLS. Instead, it uses the internal~yariable transmitting to maintain proper
MAC state while the transmission is in progress. Afterthe last bit of a transmitted frame, (that is,
when transmitting changes from true to false), th&<MAC continues to defer for a proper inter-
FrameSpacing (see 4.2.3.2.2).

4.2.3.2.2 Interframe spacing

As defined in 4.2.3.1.1, the rules for deferring to passing frames ensure a minimum interframe spacing of
interFrameSpacing seconds. This is intendéd to provide interframe recovery time for other CSMA/CD sub-
layers and for the physical medium.

Note that interFrameSpacing is_the minimum value of the interframe spacing. If necessary for implementa-
tion reasons, a transmitting subldyer 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.

4.2.3.2.3 Collision. handling (half duplex mode only)

Once a CSMA/CD sublayer has finished deferring and has started transmission, it is still possible for it to
experience.contention for the medium. Collisions can occur until acquisition of the network has been accom-

plished through the deference of all other stations’ CSMA/CD sublayers.

The dynamics of collision handling are largely determined by a single parameter called the slot time. This

sitifile parameter-describes-three-importantaspects-of collision-handlina:
sitileparameter deseribes-three-importantaspects-of collision-handhn :
a) It is an upper bound on the acquisition time of the medium.
b) Itis an upper bound on the length of a frame fragment generated by a collision.
c¢) Itis the scheduling quantum for retransmission.

To fulfill all three functions, the slot time shall be larger than the sum of the Physical Layer round-trip prop-
agation time and the Media Access Layer maximum jam time. The slot time is determined by the parameters
of the implementation, see 4.4.
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4.2.3.2.4 Collision detection and enforcement (half duplex mode only)

Collisions are detected by monitoring the collisionDetect signal provided by the Physical Layer. When a col-
lision is detected during a frame transmission, the transmission is not terminated immediately. Instead, the
transmission continues until additional bits specified by jamSize have been transmitted (counting from the
time collisionDetect went on). This collision enforcement or jam guarantees that the duration of the collision
is sufficient to ensure its detection by all transmitting stations on the network. The content of the jam is
unspecified; it may be any fixed or variable pattern convenient to the Media Access implementation, how-
ever, the implementation shall not be intentionally designed to be the 32-bit CRC value corresponding to the

(partial) frame transmitted prior to the jam.
4.2.3.2.5 Collision backoff and retransmission (half duplex mode only)

When a transmission attempt has terminated due to a collision, it is retried by the transmitting CSMA/CD
sublayer until either it is successful or a maximum number of attempts (attemptLimit) have*been made and
all have terminated due to collisions. Note that all attempts to transmit a given frame are‘completed before
any subsequent outgoing frames are transmitted. The scheduling of the retransmissions/is determined by a
controlled randomization process called “truncated binary exponential backoff.” At the end of enforcing a
collision (jamming), the CSMA/CD sublayer delays before attempting to retransmit the frame. The delay is
an integer multiple of slotTime. The number of slot times to delay before the nth retransmission attempt is
chosen as a uniformly distributed random integer r in the range:

0=r<?2k

where
k = min (n, 10)

If all attemptLimit attempts fail, this event is reparted as an error. Algorithms used to generate the integer r
should be designed to minimize the correlation, between the numbers generated by any two stations at any
given time.

Note that the values given above define the most aggressive behavior that a station may exhibit in attempting
to retransmit after a collision. In the course of implementing the retransmission scheduling procedure, a sta-
tion may introduce extra delays that will degrade its own throughput, but in no case may a station’s retrans-
mission scheduling result jin‘a’lower average delay between retransmission attempts than the procedure
defined above.

4.2.3.2.6 Full duplex transmission

In full duplex ‘mode, there is never contention for a shared physical medium. The Physical Layer may indi-
cate to the MAC that there are simultaneous transmissions by both stations, but since these transmissions do
not interfere with each other, a MAC operating in full duplex mode must not react to such Physical Layer
indications. Full duplex stations do not defer to received traffic, nor abort transmission, jam, backoff, and
réschedule transmissions as part of Transmit Media Access Management. Transmissions may be initiated
whenever the station has a irame queued, subject only to the inferirame spacing required to allow recovery
for other sublayers and for the physical medium.

4.2.3.2.7 Frame bursting (half duplex mode only)

At operating speeds above 100 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
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its transmission, provided that it does not allow 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 a specified limit,
referred to as burstLimit, is reached. The value of burstLimit is specified in 4.4.2.4. Figure 4-6 shows an
example of transmission with frame bursting.

The first frame of a burst will be extended, if necessary, as described in 4.2.3.4. Subsequent frames within a
burst do not require extension. In a properly configured network, and in the absence of errors, collisions can-

not occur during a burst at any time after the first frame of a burst (including any extension) has been trans-
mitted. 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, as a late collision.

| MAC Frame w/ Extension | InterFrame | MAC Frame| InterFrame | // | "OMAC Frame |
|-t burstLimit |l
|-t Duration of Carrier Event |

Figure 4-6—Frame bursting

4.2.3.3 Minimum frame size

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
bits in units of octets, after the end of the MAC client:data field but prior to calculating, and appending, the
FCS. The number of extra bits shall be sufficient to.€dsure that the frame, from the DA field through the FCS
field inclusive, is at least minFrameSize bits. The Content of the pad is unspecified.

4.2.3.4 Carrier extension (half duplex'mode only)

At operating speeds above 100 Mb/$, the slotTime employed at slower speeds is inadequate to accommodate
network topologies of the desiréd-physical extent. Carrier Extension provides a means by which the slotTime
can be increased to a suffieient value for the desired topologies, without increasing the minFrameSize
parameter, as this would-have deleterious effects. Nondata 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 EXténsion can be performed only if the underlying physical layer is capable of sending and
receiving symbagls)that are readily distinguished from data symbols, as is the case in most physical layers
that use a blocKencoding/decoding scheme. The maximum length of the extension is equal to the quantity
(slotTime~~minFrameSize). Figure 4-7 depicts a frame with carrier extension.

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

4.2.4 Frame reception model

CSMA/CD MAC sublayer frame reception includes both data decapsulation and Media Access management
aspects:
a) Receive Data Decapsulation comprises address recognition, frame check sequence validation, and
frame disassembly to pass the fields of the received frame to the MAC client
b) Receive Media Access Management comprises recognition of collision fragments from incoming
frames and truncation of frames to octet boundaries

Copyright © 2000 IEEE. All rights reserved. 59


https://standardsiso.com/api/?name=e478a65ce847565635396c364b44a211

ISO/IEC 8802-3: 2000(E)

IEEE Std 802.3, 2000 Edition LOCAL AND METROPOLITAN AREA NETWORKS:
Preamble | SFD [ DA | SA | TypelLength | Data/PAD | FCS |  Extension |
|-t minFrameSize |
|-t slotTime |
|-t FCS Coverage -
f late collision threshold (slotTime) |
|-t Duration of Carrier Event |

Figure 4—7—Frame with carrier extension

4.2.4.1 Receive data decapsulation
4.2.4.1.1 Address recognition
The CSMA/CD MAC sublayer is capable of recognizing individual and group addresses)

a) Individual Addresses. The CSMA/CD MAC sublayer recognizes and accepts any frame whose DA
field contains the individual address of the station.

b)  Group Addresses. The CSMA/CD MAC sublayer recognizes and aceepts any frame whose DA field
contains the Broadcast address.

The CSMA/CD MAC sublayer is capable of activating some number of group addresses as specified by
higher layers. The CSMA/CD MAC sublayer recognizes and,accepts any frame whose Destination Address
field contains an active group address. An active group address may be deactivated.

4.2.4.1.2 Frame check sequence validation

FCS validation is essentially identical to FCS generation. If the bits of the incoming frame (exclusive of the
FCS field itself) do not generate a CRC valueidentical to the one received, an error has occurred and the
frame is identified as invalid.

4.2.4.1.3 Frame disassembly,

Upon recognition of the Start-Frame Delimiter at the end of the preamble sequence, the CSMA/CD MAC
sublayer accepts the frame. If there are no errors, the frame is disassembled and the fields are passed to the
MAC client by way of the’output parameters of the ReceiveFrame operation.

4.2.4.2 Receive media access management

4.2.4.2.1/Framing

The! CSMA/CD sublayer recognizes the boundaries of an incoming frame by monitoring the receiveData-
Valid signal provided by the Physical Layer. Two possible length errors can occur that indicate ill-framed

data: the frame may be too long, or its Iength may not be an integer number of octets.

a)  Maximum Frame Size. The receiving CSMA/CD sublayer is not required to enforce the frame size
limit, but it is allowed to truncate frames longer than maxUntaggedFrameSize octets and report this
event as an (implementation-dependent) error. A receiving CSMA/CD sublayer that supports tagged
MAC frames (see 3.5) may similarly truncate frames longer than (maxUntaggedFrameSize + qTag-
PrefixSize) octets in length, and report this event as an (implementation-dependent) error.

b)  Integer Number of Octets in Frame. Since the format of a valid frame specifies an integer number of
octets, only a collision or an error can produce a frame with a length that is not an integer multiple of
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8 bits. Complete frames (that is, not rejected as collision fragments; see 4.2.4.2.2) that do not contain
an integer number of octets are truncated to the nearest octet boundary. If frame check sequence val-
idation detects an error in such a frame, the status code alignmentError is reported.

When a burst of frames is received while operating in half duplex mode at speeds above 100 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 bits. Once the collision filtering requirements for a given frame,
as described in 4.2.4.2.2, have been satisfied, the receipt of an extension bit can be used as an indication that
all of the data bits of the frame have been received.

4.2.4.2.2 Collision filtering

In the absence of a collision, the shortest valid transmission in half duplex mode must be at least-one slot-
Time in length. Within a burst of frames, the first frame of a burst must be at least slotTime bitsiin length in
order to be accepted by the receiver, while subsequent frames within a burst must be at leastminFrameSize
in length. Anything less is presumed to be a fragment resulting from a collision, and is discarded by the
receiver. In half duplex mode, occasional collisions are a normal part of the Media Access management pro-
cedure. The discarding of such a fragment by a MAC is not reported as an error.

The shortest valid transmission in full duplex mode must be at least minFrameSize in length. While colli-
sions do not occur in full duplex mode MACs, a full duplex MAC nevertheless discards received frames con-
taining less than minFrameSize bits. The discarding of such a frame®by a MAC is not reported as an error.

4.2.5 Preamble generation

In a LAN implementation, most of the Physical Layer components are allowed to provide valid output some
number of bit times after being presented valid input-signals. Thus it is necessary for a preamble to be sent
before the start of data, to allow the PLS circuitcy; to reach its steady state. Upon request by TransmitLink-
Mgmt to transmit the first bit of a new frame( PhysicalSignalEncap shall first transmit the preamble, a bit
sequence used for physical medium stabilization and synchronization, followed by the Start Frame Delim-
iter. If, while transmitting the preamble.or-Start Frame Delimiter, the collision detect variable becomes true,
any remaining preamble and Start Frame Delimiter bits shall be sent. The preamble pattern is:

10101010 10101010 10101010 10101010 10101010 10101010 10101010

The bits are transmitted.in order, from left to right. The nature of the pattern is such that, for Manchester
encoding, it appears ‘as”a periodic waveform on the medium that enables bit synchronization. It should be
noted that the pr€amble ends with a “0.”

4.2.6 Startjframe sequence

The'teceiveDataValid signal is the indication to the MAC that the frame reception process should begin.
Upon reception of the sequence 10101011 following the assertion of receiveDataValid. PhysicalSignalDe-
cap shall begin passing successive bits to ReceiveLinkMgmt for passing to the MAC client.

4.2.7 Global declarations

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.
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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 bits in compliance with 3.2.3}
lengthOrTypeSize = 16; {in bits}
clientDataSize = ...; {in bits, MAC client Data, see 4.2.2.2, (1)(c)}

padSize = ...; {in bits, = max (0, minFrameSize — (2 X addressSize
+ lengthOrTypeSize + clientDataSize + crcSize))}
dataSize = ...; {in bits, = clientDataSize + padSize}

crcSize = 32; {32 bit CRC =4 octets}
frameSize = ...; {in bits, = 2 X addressSize + lengthOrTypeSize + dataSize + crcSize, se¢ 42.2.2,(1)}
minFrameSize = ... ; {in bits, implementation-dependent, see 4.4}
maxUntaggedFrameSize = ... ; {in octets, implementation-dependent, see 4.4}
qTagPrefixSize = 4; {in octets, length of QTag Prefix, see 3.5}
extend = ...; {Boolean, true if (slotTime — minFrameSize) > 0, false otherwise}
extensionBit = ...; {a nondata value which is used for carrier extension-and interframe during bursts}
extensionErrorBit = ...; {a nondata value which is used to jam during carrier extension}
minTypeValue = 1536; {minimum value of the Length/Type field for Type interpretation}
max ValidFrame = 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, a$ a function of other constants}
slotTime = ... ; {unit of time for collision handling,@mplementation-dependent, see 4.4}
preambleSize = ...; {56 bits, see 4.2.5}
sfdSize = 8; {8 bit start frame delimiter}
headerSize = ...; {64 bits, sum of preambleSiZe and sfdSize}

type

Bit=0..1;

PhysicalBit = 0,1, extensionBit, ekxtensionErrorBit; {bits transmitted to the Physical
Layer can(bejeither 0, 1, extensionBit or extensionErrorBit.
Bits received from the Physical Layer can be either 0, 1 or extensionBit.}

AddressValue = array [F:addressSize] of Bit;

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

DataValue = array, [I".dataSize] of Bit;

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

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

SfdValué = array [1..sfdSize] of Bit;

ViewPaiit = (fields, bits); {Two ways to view the contents of a frame}

HeaderViewPoint = (headerFields, headerBits);

Frame = record {Format of Media Access frame}

case view: ViewPoint of
fields: (

62

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

Header = record {Format of preamble and start frame delimiter}
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case headerView : HeaderViewPoint of
headerFields : (
preamble : PreambleValue;
sfd : SfdValue);
headerBits : (
headerContents : array [1..headerSize] of Bit)
end; {defines header for MAC frame}

Yar

halfDuplex: Boolean; {Indicates the desired mode. halfDuplex is a static variable; its value does
not change between invocations of the Initialize procedure}

4.2.7.2 Transmit state variables

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

const
interFrameSpacing = ... ; {minimum time between frames. Equal to«interFrameGap, see 4.4}
interFrameSpacingPart1 = ... ; {duration of first portion of interErameSpacing. In range 0
up to 2/3 interFrameSpacing}
interFrameSpacingPart2 = ... ; {duration of remainder of\interFrameSpacing. Equal to
interFrameSpacing — intefFrameSpacingPart1}
interFrameSize = ... ; {in bits, length of interframe-fill during a burst. Equal to interFrameGap
divided by the bit period}
attemptLimit = ... ; {Max number of times tO’attempt transmission}
backOffLimit = ... ; {Limit on number of times to back off}
burstLimit= ... ; {in bits: Limit for initiation of frame transmission in Burst Mode,
implementation dependent, see 4.4}
jamSize = ... ; {in bits: the value)depends upon medium and collision detect implementation}
var

outgoingFrame: Framé; {The frame to be transmitted}
outgoingHeader: Header;
currentTransmitBit, lastTransmitBit: 1..frameSize;

{Positions of current and last outgoing bits in outgoingFrame?}
lastHeaderBit: 1..headerSize;
defefring: 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
multiple frames in a single carrier event. burstMode is a static variable; its
value does not change between invocations of the Initialize procedure.}

bursting: Boolean; {In 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 is in progress}
extendError: Boolean; {Indicates a collision occurred while sending extension bits}
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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 is in progress}
excessBits: 0..7; {Count of excess trailing bits beyond octet boundary}
receiveSucceeding: Boolean; {Running indicator of whether reception is succeeding}

validLength: Boolean; {Indicator of whether received frame has a length error}
exceedsMaxLength: Boolean; {Indicator of whether received frame has a length
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 a frame,
which is not checked by the CRC}

4.2.7.4 Summary of interlayer interfaces

a) The interface to the MAC client, defined in 4.3.2, is summarized below:

type
o TransmitStatus = (transmitDisabled, transmitOK, excessiveCollisionError, lateCollisionErrorStatus);
{Result of TransmitFrame operation, reperting of lateCollisionErrorStatus is
optional for MACs operating at speedsfat or below 100 Mb/s}
oo ReceiveStatus = (receiveDisabled, receiveOK, frameToolong, frameCheckError, lengthError,
alignmentError); {Result of ReceiveFrame operation}
function TransmitFrame (
destinationParam: AddressValue;
sourceParam: AddressValue;
lengthOrTypeParam: LengthOrTypeValues
dataParam: DataValue): TransmitStatus; {Transmits one frame}
function ReceiveFrame (
var destinationParam: AddressV-alue;
var sourceParam: AddressValue;
var lengthOrTypeParam: IlengthOrTypeValue;
var dataParam: DataValue): ReceiveStatus; {Receives one frame}

b) The interface tolthe 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 transmissions should defer}
transmitting: Boolean; {Indicates outgoing bits}
collisionDetect: Boolean; {Indicates medium contention}

procedure TransmitBit (bitParam: PhysicalBit); {Transmits one bit}

function ReceiveBit: PhysicalBit; {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.
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NOTE—Care should be taken to ensure that the time from the completion of the Initialize process to when the first
packet transmission begins is at least an interFrameGap.

If Layer Management is implemented, the Initialize procedure shall only be called as the result of the initial-
izeMAC action (30.3.1.2.1).

procedure Initialize;
begin
frameWaiting := false;

deferring = false;

newCollision := false;

transmitting := false; {In interface to Physical Layer; see below}

receiving := false;

halfDuplex := ...; {true for half duplex operation, false for full duplex operation. halfDuplex is a
static variable; its value does not change between invocations of-theInitialize
procedure}

bursting := false;

burstMode := ...; { true for half duplex operation at speeds above 100 Mb/s'whén multiple frames’
transmission in a single carrier event is desired, falselotherwise. burstMode
is a static variable; its value does not change between' invocations of the
Initialize procedure.}

extending := extend and halfDuplex;

while carrierSense or receiveDataValid do nothing

{Start execution of all processes}

end; {Initialize}

4.2.8 Frame transmission

The algorithms 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;L.engthOrTypeValue;
dataParam: DataValue): TransmitStatus;
procedure TransmifDataEncap; ... {nested procedure; see body below}
begin
if transmitEnabled then
begin
TransmitDataEncap;
TransmitFrame := TransmitLinkMgmt
end
else TransmitFrame := transmitDisabled

end, { Itansmitbrame )
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;
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begin

with outgoingFrame do

begin {assemble frame}
view := fields;
destinationField := destinationParam;
sourceField := sourceParam;
lengthOrTypeField := lengthOrTypeParam;
dataField := ComputePad (dataParam);
fcsField := CRC32(outgoingFrame);

view := bits
end {assemble frame}
with outgoingHeader do

begin
headerView := headerFields;
preamble := ...; {* ‘1010...10,” LSB to MSB*}

sfd :=...; {* ‘10101011, LSB to MSB*}
headerView := headerBits
end

end; {TransmitDataEncap}

ComputePad appends an array of arbitrary bits to the MAC client data to pad the frame to the minimum
frame size.

Sfunction ComputePad(
var dataParam: DataValue): DataValue;
begin
ComputePad := {Append an array of size padSize of arbitrary bits to the MAC client dataField}

end;{ComputePadParam}

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; fransmission is terminated properly and retransmission is sched-
uled following a suitable backoff intefval:

| function TransmitLinkMgmt: TransmitStatus;
begin
attempts := 0;
transmitSucceeding.:= false;
lateCollisionCoeunt”.= 0;
deferred :=<{alge; {initialize}
excessDefer-= false;
while~@aftempts < attemptLimit) and (not transmitSucceeding)
and’(not extend or lateCollisionCount = 0) do
{no retransmission after late collision if operating at > 100 Mb/s}
begin {loop}

ifburstmgtherr<thts tsaburstcontmuations
frameWaiting := true {start transmission without checking deference}
else {non bursting case, or first frame of a burst}
begin
if attempts>0 then BackOff;
if halfDuplex then frameWaiting := true;

while deferring do {defer to passing frame, if any16}
begin
nothing;
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¥ if halfDuplex then deferred := true
end;
burstStart := true;
if burstMode then bursting := true
end,

lateCollisionError := false;

StartTransmit;

if halfDuplex then

begin

frameWaiting := false;
while transmitting do WatchForCollision;
if lateCollisionError then
lateCollisionCount := lateCollisionCount + 1;
attempts := attempts + 1
end {half duplex mode}
else while transmitting do nothing {full duplex mode}
end; {loop}
LayerMgmtTransmitCounters; {update transmit and transmit error countersn\>:2.4.2}
if transmitSucceeding then
begin
if burstMode then burstStart := false; {Can’t be the first frame anymore}
TransmitLinkMgmt := transmitOK
end
else if (extend and lateCollisionCount > 0) then
TransmitLinkMgmt := lateCollisionErrorStatus;
else TransmitLinkMgmt := excessiveCollisionErref
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 :=.ttue;
lastHeaderBit: =headerSize

end; {StartPransmit}

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

procedure WatchForCollision;

bogin
begin
if transmitSucceeding and collisionDetect then
begin
if currentTransmitBit > (slotTime — headerSize) then
lateCollisionError := true;
newCollision := true;

16 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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transmitSucceeding := false;
if burstMode then
begin
bursting := false;
if not burstStart then
lateCollisionError := true {Every collision is late, unless it hits the first frame in 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 see if this is a late collision. If the eolli-
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
time and the delay time through a station and, as such, is implementation-dependent (se€4+1.2.2). While
operating at speeds of 100 Mb/s or lower, an implementation may optionally elect to énd retransmission
attempts after a late collision is detected. While operating at speeds above 100 Mb/s,/an implementation
shall end retransmission attempts after a late 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 retransmmit-the frame.

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

Random := ...{uniformly distributed random integer risuch that low = r < high
end; {Random}

BackOff performs the truncated binary exponential backoff computation and then waits for the selected mul-
tiple of the slot time.

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

procedure BackOff;

begin
if attempts = 1 then maxBackOff := 2
else if attempts < backOffEimit then maxBackOff := maxBackOff x 2;
Wait(slotTime x Randem(0, maxBackOff))

end; {BackOff}

BurstTimer is a process that does nothing unless the bursting variable is true. When bursting is true, Burst-
Timer incremerts burstCounter until the burstLimit limit is reached, whereupon BurstTimer assigns the
value false to_bursting.

process BurstTimer;
var burstCounter: integer;
begin
cycle
while not bursting do nothing; {wait for a burst}
burstCounter :=0;
while bursting and (burstCounter < burstLimit) do
begin
Wait (1);
burstCounter := burstCounter +1
end,
bursting := false
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end {burstMode cycle}
end; {BurstTimer}

The Deference process runs asynchronously to continuously compute the proper value for the variable defer-
ring. In the case of half duplex burst mode, deferring remains true throughout the entire burst.

process Deference;
begin
if halfDuplex then cycle{half duplex loop}

while not carrierSense do nothing; {watch for carrier to appear}
deferring := true; {delay start of new transmissions}
wasTransmitting:=transmitting;
while carrierSense or transmitting do
wasTransmitting: = wasTransmitting or transmitting;
if wasTransmitting then
begin
StartRealTimeDelay; {time out first part interframe gap}
while RealTimeDelay(interFrameSpacingPart1) do nothing
end
else
begin
StartRealTimeDelay;
repeat
while carrierSense do StartRealTimeDelay
until not RealTimeDelay(interFrameSpacingRart1)
end,
StartRealTimeDelay; {time out second part interframe gap}
while RealTimeDelay(interFrameSpacingPart2) do nothing;
deferring: = false; {allow new transmissions to proceed}
while frameWaiting do nothing {allew waiting transmission if any}
end {half duplex loop}
else cycle {full duplex loop}
while not transmitting do.nothing; {wait for the start of a transmission}
deferring := true; {inhibit future transmissions}
while transmitting donothing; {wait for the end of the current transmission}
StartRealTimeDelay; {time out an interframe gap}
while Real TimeDelay(interFrameSpacing) do nothing;
deferring-’=+false {don’t inhibit transmission}
end {full/duplex loop}
end; {Deference}

precedure StartRealTimeDelay
begin
{reset the realtime timer and start it timing}

rQ B = T
ernd, WUAIRedI THICDCIdy ¢

function RealTimeDelay (usec:real): Boolean;
begin
{return the value true if the specified number of microseconds have
not elapsed since the most recent invocation of StartRealTimeDelay,
otherwise return the value false}
end; {RealTimeDelay}
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The BitTransmitter process runs asynchronously, transmitting bits at a rate determined by the Physical
Layer’s TransmitBit operation:

process BitTransmitter;
begin
cycle {outer loop}
if transmitting then
begin {inner loop}
extendError := false;
PhysicalSignalEncap; {Send preamble and start of frame delimiter}
while transmitting do
begin
if (currentTransmitBit > lastTransmitBit) then TransmitBit(extensionBit)
else
if extendError then
TransmitBit(extensionErrorBit) {jam in extension}
else
TransmitBit(outgoingFrame[currentTransmitBit]); {send next'bit to Physical Layer}
if newCollision then StartJam else NextBit
end,
if bursting then
begin
InterFrameSignal;
if extendError then
if transmitting then transmitting := false { TransmitFrame may have been
called during InterFrameSignal}

else
IncLargeCounter(lateCollisiony); {count late collisions which
were missed by TransmitLinkMgmt}
bursting := bursting and-(frameWaiting or transmitting)
end
end {inner loop}
end {outer 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 BitEransmitter calls the procedure TransmitBit with bitParam = extensionErrorBit only when it is
necessarysto jam during carrier extension.

procedure PhysicalSignalEncap;
begim
while currentTransmitBit < lastHeaderBit do
begin
TransmitBit(outgoingHeader[currentTransmitBit]); {transmit header one bit at a time}
currentTransmitBit := currentTransmitBit + 1
end;
if newCollision then StartJam else
currentTransmitBit := 1
end; {PhysicalSignalEncap}
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The procedure InterFrameSignal fills the interframe interval between the frames of a burst with extensionBits.
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 burstMode will emit an extraneous sequence of interFrameSize exten-
sionBits in the event that there are no additional frames ready for transmission after InterFrameSignal 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, interFrameTotal : integer;
begin
interFrameCount := 0;
interFrameTotal := interFrameSize;
while interFrameCount < interFrameTotal do
begin
if not extendError then
TransmitBit(extensionBit)
else
TransmitBit(extensionErrorBit);
interFrameCount := interFrameCount + 1;
if collisionDetect and not extendError then
begin
bursting := false;
extendError := true;
interFrameCount := 0;
interFrameTotal := jamSize
end
end
end; {InterFrameSignal}

procedure NextBit;
begin
currentTransmitBit :=CurrentTransmitBit+1;
if halfDuplex and burstStart and transmitSucceeding then {carrier extension may be required}
transmitting ‘= (currentTransmitBit = max(lastTransmitBit, slotTime))
else
transmitfing := (currentTransmitBit < lastTransmitBit)
end; {NexXtBit}

procedure StartJam;
begin
extendError := currentTransmitBit > lastTransmitBit;

LullClllTldllbllliLBiL o— 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.)
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4.2.9 Frame reception

The algorithms 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 sonrceParam: AddressValne:

var lengthOrTypeParam: LengthOrTypeValue;
var dataParam: DataValue): ReceiveStatus;
function ReceiveDataDecap: ReceiveStatus; ... {nested function; see body below}
begin
if receiveEnabled then
repeat
ReceiveLinkMgmt;
ReceiveFrame := ReceiveDataDecap;
until receiveSucceeding
else
ReceiveFrame := receiveDisabled
end; {ReceiveFrame}

If enabled, ReceiveFrame calls ReceiveLinkMgmt to receive thewnext 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
errors in the frame.

function ReceiveDataDecap: ReceiveStatus;

o var status : ReceiveStatus; {holds receive status information}
begin
¥ with incomingFrame do
¥ begin
oo view := fields;
receiveSucceeding(=RecognizeAddress (incomingFrame, destinationField);
¥ receiveSucceeding 1= LayerMgmtRecognizeAddress (destinationField);

if receiveSucceeding then
begin {disaSsemble frame}
destinationParam := destinationField;
sourceParam := sourceField;
lengthOrTypeParam: = lengthOrTypeField;
dataParam := RemovePad (lengthOrTypeField, dataField);
exceedsMaxLength := ...; {{Check to determine if receive frame size exceeds the maximum
permitted frame size. MAC implementations may use either maxUntaggedFrameSize or

\llldAUllldgngFlalllCSiLC T+ qugPleiASiLU} fUl LIIC 1114Ai1uu1u pcuuiucd fl dllc biLC, CililCl
as a constant or as a function of whether the frame being received is a basic 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 exceedsMaxLength then status := frameTooLong

else

if fcsField = CRC32 (incomingFrame) and extensionOK then

begin
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¥ if validLength then status: = receiveOK
kS else status: = lengthError

end

else

begin
¥ if excessBits = 0 or not extensionOK then status:= frameCheckError
¥ else status := alignmentError

end,
o LayerMgmtReceiveCounters(status);

{update receive and receive error counters in 5.2.4.3}
view: = bits

end {disassemble frame}

end; {with incomingFrame}

ReceiveDataDecap := status
end; {ReceiveDataDecap}

+

Sfunction RecognizeAddress (address: AddressValue): Boolean;
begin
RecognizeAddress := ... {Returns true for the set of physical, broadcast,
and multicast-group addresses corresponding
to this station}
end;{Recognize Address}

The function RemovePad strips any padding that was generated.to meet the minFrameSize constraint, if pos-
sible. Length checking is provided for Length interpretations ©f the Length/Type field. For Length/Type field
values in the range between max ValidFrame and minTypeValue, the behavior of the RemovePad function is
unspecified.

Sfunction RemovePad(
var lengthOrTypeParam:LengthOrTypeValue; dataParam:DataValue):DataValue;
begin
if lengthOrTypeParam = minTypeValue then
begin
validLength:= true; {Don’t perform length checking for Type field interpretations}
RemovePad := dataParam
end
else
begin
if lengthOrTypeParam < maxValidFrame then
begin
validLength := {For length interpretations of the Length/Type field, check to determine if
value represented by Length/Type field matches the received
clientDataSize};
if validLength then
RemovePad:={truncate the dataParam (when present) to value represented by

IengthOrTypeParam (1n octets) and return the result}
else
RemovePad:=dataParam
end
end
end; {RemovePad}

ReceiveLinkMgmt attempts repeatedly to receive the bits of a frame, discarding any fragments from colli-
sions by comparing them to the minimum valid frame size:
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procedure ReceiveLinkMgmt;
begin
repeat
StartReceive;
while receiving do nothing; {wait for frame to finish arriving}
excessBits := frameSize mod 8§;

frameSize := frameSize — excessBits;{truncate to octet boundary}
receiveSucceeding := receiveSucceeding and (frameSize = minFrameSize)

[raiaot 1licion feagaaaantc

frejeet-colistonfrasments)
until receiveSucceeding
end; {ReceiveLinkMgmt}

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

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

process BitReceiver;
var b : PhysicalBit;
incomingFrameSize: integer; {count of all bits received in frame including extension}
frameFinished: Boolean,;
enableBitReceiver: Boolean;
currentReceiveBit: 1..frameSize; {Position0f current bit in incomingFrame}
begin
cycle {outer loop}
if receiveEnabled then
begin {receive next frame from-physical layer}
currentReceiveBit := 1;
incomingFrameSize := 0
frameFinished := false;
enableBitReceiver:= receiving;
PhysicalSignalPecap; {Skip idle and extension, strip off preamble and sfd}
if enableBitReceiver then extensionOK := true;
whilereceiveDataValid and not frameFinished do
{innerloop to receive the rest of an incoming frame}
bégin
b := ReceiveBit; {next bit from physical medium}
incomingFrameSize := incomingFrameSize + 1;
if b=0 or b= 1 then {normal case}
if enableBitReceiver then {append to frame}

begin
if incomingFrameSize > currentReceiveBit then extensionOK := false;
{Errors in the extension get mapped to data bits on input}
incomingFrame[currentReceiveBit] := b;
currentReceiveBit := currentReceiveBit + 1
end
else {b must be an extensionBit}
if not extending then frameFinished := true;
if incomingFrameSize = slotTime then extending := false
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end; {inner loop}

if enableBitReceiver then

begin
frameSize := currentReceiveBit — 1;
receiveSucceeding := not extending;
receiving := false

end

end {enabled}

endtouterloonl
< rJ

end; {BitReceiver}

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

procedure PhysicalSignalDecap;

begin
{Receive one bit at a time from physical medium until a<valid sfd is detected,
discard bits and return.}

end; {PhysicalSignalDecap}

The process SetExtending controls the extending variable, which determines whether a received frame must
be at least slotTime bits in length or merely mintFrameSize bits in length to be considered valid by the
BitReceiver. SetExtending sets the extending-variable to true whenever receiveDataValid is de-asserted,
while in half duplex mode at operating speeds‘above 100 Mb/s.

process SetExtending;
begin
cycle {loop forever}
while receiveDataValid do nothing;
extending := extend and halfDuplex
end {loop}
end; {SetExtending }

4.2.10 Common procedures

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

Afunction CRC32 (f: Frame): CRCValue;

begin
CRC32 := {The 32-bit CRC}
end; {CRC32}
Purely to enhance readability, the following procedure is also defined:

procedure nothing; begin end;

The idle state of a process (that is, while waiting for some event) is cast as repeated calls on this procedure.
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4.3 Interfaces to/from adjacent layers
4.3.1 Overview

The purpose of this clause is to provide precise definitions of the interfaces between the architectural layers
defined in Clause 1 in compliance with the Media Access Service Specification given in Clause 2. In addi-
tion, the services required from the physical medium are defined.

he notation ed here i he Pa a anouaoe |A“||:.l ne proced al Na e Q0 he precise MA
sublayer specification (see 4.2). Each interface is described as a set of procedures or shared variables,(0r
both, that collectively provide the only valid interactions between layers. The accompanying text describes
the meaning of each procedure or variable and points out any implicit interactions among them.

Note that the description of the interfaces in Pascal is a notational technique, and in no way impli€s that they
can or should be implemented in software. This point is discussed more fully in 4.2, that provides complete
Pascal declarations for the data types used in the remainder of this clause. Note alsosthat the synchronous
(one frame at a time) nature of the frame transmission and reception operations is a property of the architec-
tural interface between the MAC client and MAC sublayers, and need not be refleeted in the implementation
interface between a station and its sublayer.

4.3.2 Services provided by the MAC sublayer

The services provided to the MAC client by the MAC sublayer are fransmission 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 component$-of a frame as its parameters (input or output), and returns a sta-
tus code as its result. Note that the service_class defined in 2.3.1 is ignored by CSMA/CD MAC.

The MAC client transmits a frame, by invoking TransmitFrame:

function TransmitFranie’(
destinationPatram: AddressValue;
sourceParam» AddressValue;
lengthOrTypeParam: LengthOrTypeValue;
dataParam: DataValue): 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
cade:

type TransmitStatus = (transmitOK, excessiveCollisionError, lateCollisionErrorStatus);
T 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 transmitOK; the code excessiveCollisionError indicates that the transmission
attempt was aborted due to excessive collisions, because of heavy traffic or a network failure. MACs
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operating at speeds above 100 Mb/s are required to report lateCollisionErrorStatus in response to a late col-
lision; MACs operating at speeds of 100 Mb/s and below are not required to do so.

The MAC client accepts incoming frames by invoking ReceiveFrame:

function ReceiveFrame (
var destinationParam: AddressValue;

var sonrceParam- AddressValne:

var lengthOrTypeParam: LengthOrTypeValue;

var dataParam: DataValue): ReceiveStatus;

The ReceiveFrame operation is synchronous. The operation does not complete until a frame has been
received. The fields of the frame are delivered via the output parameters with a status code;

type ReceiveStatus = (receiveOK, lengthError, frameCheckError, alignmentError);

T type ReceiveStatus = (receiveDisabled, receiveOK, frameTooLong, frameCheckError,
lengthError, alignmentError);

The receiveDisabled status indicates that the receiver is not enabled..Suecessful reception is indicated by the
status code receiveOK. The frameTooLong error indicates that a frame was received whose frameSize was
beyond the maximum allowable frame size. The code frameCheckError indicates that the frame received
was damaged by a transmission error. The lengthError indicates-the lengthOrTypeParam value was both con-
sistent with a length interpretation of this field (i.e., its value’was less than or equal to maxValidFrame), and
inconsistent with the frameSize of the received frame. The code alignmentError indicates that the frame
received was damaged, and that in addition, its length*was not an integer number of octets.

Note that maxValidFrame represents the maximum number of octets that can be carried in the MAC Client
Data field of a frame and is a constant, regardless of whether the frame is a basic or tagged frame (see 3.2
and 3.5). The maximum length of asframe (including all fields from the Destination address through the
FCS, inclusive) is either maxUntaggedFrameSize (for basic frames) or (maxUntaggedFrameSize +
qTagPrefixSize), for tagged frames:

4.3.3 Services required from the physical layer

The interface through which the CSMA/CD MAC sublayer uses the facilities of the Physical Layer consists
of a function, ajpair of procedures and four Boolean variables:

Function Procedures Variables
ReceiveBit TransmitBit collisionDetect
Wait carrierSense
receiveDataValid
transmitting

During transmission, the contents of an outgoing frame are passed from the MAC sublayer to the Physical
Layer by way of repeated use of the TransmitBit operation:

procedure TransmitBit (bitParam: PhysicalBit);
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Each invocation of TransmitBit passes one new bit of the outgoing frame to the Physical Layer. The
TransmitBit operation is synchronous. The duration of the operation is the entire transmission of the bit. The
operation completes, when the Physical Layer is ready to accept the next bit and it transfers control to the
MAC sublayer.

The overall event of data being transmitted is signaled to the Physical Layer by way of the variable transmit-
ting:

var transmitting: Boolean;

Before sending the first bit of a frame, the MAC sublayer sets transmitting to true, to inform the Physical
Media Access that a stream of bits will be presented via the TransmitBit operation. After the last bit)of the
frame has been presented, the MAC sublayer sets transmitting to false to indicate the end of the frame.

The presence of a collision in the physical medium is signaled to the MAC sublayerby the variable
collisionDetect:

var collisionDetect: Boolean;
The collisionDetect signal remains true during the duration of the collisiong

NOTE—1In full duplex mode, collision indications may still be generated-by, the Physical Layer; however, they are
ignored by the full duplex MAC.

The collisionDetect signal is generated only during transmission and is never true at any other time; in
particular, it cannot be used during frame reception to deteet collisions between overlapping transmissions
from two or more other stations.

During reception, the contents of an incoming frame are retrieved from the Physical Layer by the MAC
sublayer via repeated use of the ReceiveBit operation:

function ReceiveBit: PhysicalBit;

Each invocation of ReceiveBit retrieves one new bit of the incoming frame from the Physical Layer. The
ReceiveBit operation is synchron@us. Its duration is the entire reception of a single bit. Upon receiving a bit,
the MAC sublayer shall immédiately request the next bit until all bits of the frame have been received. (See
4.2 for details.)

The overall event of 'data being received is signaled to the MAC sublayer by the variable receiveDataValid:
var receiveDataValid: Boolean;
When the Physical Layer sets receiveDataValid to true, the MAC sublayer shall immediately begin retriev-

ing tHerincoming bits by the ReceiveBit operation. When receiveDataValid subsequently becomes false, the
MAGC sublayer can begin processing the received bits as a completed frame. If an invocation of ReceiveBit is

ppn{"nﬂ when receiveDataValid becomes FQ]QP’ ReceiveBit returns anundefined v‘:ﬂnp’ which should be dis
1=}

carded by the MAC sublayer. (See 4.2 for details.)

NOTE—When a burst of frames is received in half duplex mode at operating speeds above 100 Mb/s, the variable
receiveDataValid will remain true throughout the burst. Furthermore, the variable receiveDataValid remains true
throughout the extension field. In these respects, the behavior of the variable receiveDataValid is different from the
underlying GMII signal RX_DV, from which it may be derived. See 35.2.1.7.

The overall event of activity on the physical medium is signaled to the MAC sublayer by the variable carri-
erSense:
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var carrierSense: Boolean;

In half duplex mode, the MAC sublayer shall monitor the value of carrierSense to defer its own transmis-
sions when the medium is busy. The Physical Layer sets carrierSense to true immediately upon detection of
activity on the physical medium. After the activity on the physical medium ceases, carrierSense is set to
false. Note that the true/false transitions of carrierSense are not defined to be precisely synchronized with the
beginning and the end of the frame, but may precede the beginning and lag the end, respectively. (See 4.2 for
details.) In full duplex mode, carrierSense is undefined.

The Physical Layer also provides the procedure Wait:
procedure Wait (bitTimes: integer),

This procedure waits for the specified number of bit times. This allows the MAC sublayer to measure time
intervals in units of the (physical-medium-dependent) bit time.

Another important property of the Physical Layer, which is an implicit part of the interface presented to the
MAC sublayer, is the round-trip propagation time of the physical medium. Its value represents the maximum
time required for a signal to propagate from one end of the network to the other,\and for a collision to propa-
gate back. The round-trip propagation time is primarily (but not entirely) a function of the physical size of
the network. The round-trip propagation time of the Physical Layer is defined in 4.4 for a selection of physi-
cal media.

4.4 Specific implementations
4.4.1 Compatibility overview

To provide total compatibility at all levels of the standard, it is required that each network component imple-
menting the CSMA/CD MAC sublayer procedure adheres rigidly to these specifications. The information
provided in 4.4.2 provides design parameters<for specific implementations of this access method. Variations
from these values result in a system implementation that violates the standard.

A DTE shall be capable of operating in‘half duplex mode, full duplex mode, or both. In any given instantia-
tion of a network conforming to\this standard, all stations shall be configured to use the same mode of
operation, either half duplex ¢r full duplex.

All DTEs connected tofa repeater or a mixing segment shall be configured to use the half duplex mode of
operation. When a pait.éf DTEs are connected to each other with a link segment, both devices shall be con-
figured to use the-same mode of operation, either half duplex or full duplex.
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4.4.2 Allowable implementations

4.4.2.1 Parameterized values

The following table identifies the parameter values that shall be used in the 10 Mb/s implementation of a
CSMA/CD MAC procedure:

Parameters Values
slotTime 512 bit times
interFrameGap 9.6 us
attemptLimit 16
backoffLimit 10
jamSize 32 bits
maxUntaggedFrameSize 1518 octets
minFrameSize 512 bits (64 octets)
burstLimit not applicable

NOTE —The spacing between two successive noncolliding packets, from stast of idle at the end of the first packet to start
of preamble of the subsequent packet, can have a minimum value of 47 bit times, at the AUI receive line of the DTE.
This InterFrameGap shrinkage is caused by variable network delays, added preamble bits, and clock skew.

WARNING

Any deviation from the above values specified for 210 Mb/s system may affect proper operation of the LAN.

4.4.2.2 Parameterized values

The following parameter values shall be used for IBASES implementations:

Parameters Values
slotTime 512 bit times
interFrameGap 96 us
attemptLimit 16
backoffLimit 10
jamSize 32 bits
maxFrameSize 1518 octets
minFrameSize 512 bits (64 octets)
burstLimit not applicable

See also DTE Deference Delay in 12.9.2.

WARNING

Any deviation from the specified values may affect proper operation of the network.
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4.4.2.3 Parameterized values

The following parameter values shall be used for 100 Mb/s implementations:

Parameters Values
slotTime 512 bit times
interFrameGap 0.96 us
attemptLimit 16
BacKorTLimit T0
jamSize 32 bits
maxUntaggedFrameSize 1518 octets
minFrameSize 512 bits (64 octets)
burstLimit not applicable

WARNING

Any deviation from the above specified values may affect proper operation of the network.

4.4.2.4 Parameterized values

The following parameter values shall be used for 1000 Mb/s implenientations:

Parameters Values
slotTime 4096 bit times
interFrameGap 0.096 us
attemptLimit 16
backoffLimit 10
jamSize 32 bits
maxUntaggedFrameSize 1518 octets
minFrameSize 512 bits (64 octets)
burstLimit 65 536 bits

NOTE —The spacing between/twe-noncolliding packets, from the last bit of the FCS field of the first packet to the first
bit of the preamble of the second packet, can have a minimum value of 64 BT (bit times), as measured at the GMII
receive signals at the DTE, This InterFrameGap shrinkage may be caused by variable network delays, added preamble
bits, and clock tolerances.

WARNING

Any deviation from the above specified values may affect proper operation of the network.
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4.4.3 Configuration guidelines

The operational mode of the MAC may be determined either by the Auto-Negotiation functions specified in
Clause 28 and Clause 37, or through manual configuration. When manual configuration is used, the devices
on both ends of a link segment must be configured to matching modes to ensure proper operation. When
Auto-Negotiation is used, the MAC must be configured to the mode determined by Auto-Negotiation before
assuming normal operation.

NOTE —Improper configuration of duplex modes may result in improper network behavior.
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5. Layer Management

All parts of Clause 5, except for 5.2.4 and its subclauses, are deprecated by Clause 30.

5.1 Introduction

This clause provides the Layer Management specification for DTEs based on the CSMA/CD access method.
It defines facilities comprised of a set of statistics and actions needed to provide .ayer Management ser-

vices. The information in this clause should be used in conjunction with the Procedural Model defined(in
4.2.7-4.2.10. The Procedural Model provides a formal description of the relationship between the CSMA/
CD Layer Entities and the Layer Management facilities.

This Layer Management specification has been developed in accordance with the OSI manag€ment architec-
ture as specified in the ISO Management Framework document, ISO/IEC 7498-4: 1989. Itjis.independent of
any particular management application or management protocol.

The management facilities defined in this standard may be accessed both locally\and remotely. Thus, the
Layer Management specification provides facilities that can be accessed frém within a station or can be
accessed remotely by means of a peer management protocol operating between application entities. The
encoding appropriate for use with ISO CMIP and ISO/IEC 15802<2:1995 protocols can be found in
Annex H.

In CSMA/CD no peer management facilities are necessary, fopinitiating or terminating normal protocol
operations or for handling abnormal protocol conditions. The*monitoring of these activities is done by the
carrier sense and collision detection mechanisms. Since\the€se activities are necessary for normal operation
of the protocol, they are not considered to be a function of Layer Management and are therefore not dis-
cussed in this clause.

Implementation of DTE Management is not a‘t€équirement for conformance to Clause 4 and Clause 7.
5.1.1 Systems Management overview

Within the ISO/IEC Open Systenis Interconnection (OSI) architecture, the need to handle the special prob-
lems of initializing, termindting, and monitoring ongoing activities and assisting in their harmonious opera-
tions, as well as handling abnormal conditions, is recognized. These needs are collectively addressed by the
systems management‘eomponent of the OSI architecture.

A Management Protocol is required for the exchange of information between systems on a network. This
Layer Management clause is independent of any particular Management Protocol.

This Layer Management clause, in conjunction with the Layer Management standards of other layers, pro-
vides.the means to perform various management functions. Layer Management collects information needed

fram the MAC and Physical T avers It also prnvideq a means to exercise control aver those lavers

The relationship between the various management entities and the layer entities according to the ISO model
is shown in Figure 19-1.

5.1.2 Layer Management model

The Layer Management facilities provided by the CSMA/CD MAC and Physical Layer management defini-
tions provide the ability to manipulate management counters and initiate actions within the layers.
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The managed objects within this standard are defined as sets of attributes, actions, notifications, and behav-
iors in accordance with IEEE Std 802-1990 and ISO/IEC International Standards for network management.

The precise semantics of the relationship between the CSMA/CD Layer Entities and the Layer Management
facilities are defined in 4.2.7-4.2.10 and in 5.2.4.

5.1.3 Packages

This standard and ISO/TEC guidelines make provision for gronping attributes _operations and natifications in
implementation groups or “packages” within each managed object class. DTE Management has two packs
ages that are required for management at the minimum conformance configuration. The basic packageis
also useful for system configurations that wish to implement MAU Management without DTE Management.
The packages for DTE Management are specified in Table 5-1.

5.1.4 Conformance requirements

Implementation of both the basic and the mandatory package of the MAC entity are/the minimum require-
ments for claiming conformance to DTE Management.

5.2 Management facilities
5.2.1 Introduction

This subclause of the standard defines the Layer Management facilities for the ISO/IEC 8802-3 CSMA/CD
MAC and Physical Layers. The intent of this subclause is-to/furnish a management specification that can be
used by the wide variety of different DTE devices that may be attached to a network specified by this stan-
dard. Thus, a comprehensive list of management fagilities is provided.

The improper use of some of the facilities deScribed in this subclause may cause serious disruption of the
network. In accordance with ISO management architecture, any necessary security provisions should be pro-
vided by the Agent in the Local Systent\Environment. This can be in the form of specific security features or
in the form of security features provided by the peer communication facilities.

All counters defined in this specification are assumed to be wraparound counters. Wraparound counters are
those that automatically go'frém their maximum value (or final value) to zero and continue to operate. These
unsigned counters do not provide for any explicit means to return them to their minimum (zero), i.e., reset.
Because of their natur€, wraparound counters should be read frequently enough to avoid loss of information.

5.2.2 DTE MACSublayer Management facilities

This subelatise defines the Layer Management facilities specific to the MAC sublayer Managed Object
ClassiNote that with regard to reception-related error statistics, a hierarchical order has been established
such'that when multiple error statuses can be associated with one frame, only one status is returned to the

oSS CoaTt

frameTooLong
alignmentError
frameCheckError

lengthError
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The counters are primarily incremented based on the status returned to the LLC, and therefore the hierarchi-
cal order of the counters is determined by the order of the status. Frame fragments are not included in any of
the statistics unless otherwise stated. In implementing any of the specified actions, receptions and transmis-
sions that are in progress are completed before the action takes effect.

Table 5-1—Packages

Excessive Deferral Package (Optional)
Array Package (Optional)
Optional Package (Optional)
Recommended Package (Optional)
Mandatory Package (Mandatory)
Basic Package (Mandatory)
oMAC-entity managed object class
aMACID ATTRIBUTEGET X
aFramesTransmittedOK ATTRIBUTEGET X
aSingleCollisionFrames ATTRIBUTEGET X
aMultipleCollisionFrames ATTRIBUTEGET X
aFramesReceivedOK ATTRIBUTEGET X
aFrameCheckSequenceErrors ATTRIBUTEGET X
aAlignmentErrors ATTRIBUTEGET X
aclnitializeMAC ACTION X
aOctetsTransmittedOK ATTRIBUTEGET X
aFramesWithDeferredXmissions ATTRIBUTEGEFT X
alLateCollisions ATTRIBUTEGET X
aFramesAbortedDueToXSColls ATTRIBUTEGET X
aFramesLostDueToIntM ACXmitError ATTRIBUTEGET X
aCarrierSenseErrors ATTRIBUTEGET X
aOctetsReceivedOK ATTRIBUTEGET X
aFramesLostDueToIntMACRcvVError ATTRIBUTEGET X
aPromiscuousStatus ATTRIBUTEGET-SET X
aReadMulticastAddressList ATTRIBUTEGET X
acAddGroupAddress ACTION X
acDeleteGroupAddress ACTION X
aMulticastFramesXmittedOK ATTRIBUTEGET X
aBroadcastFramesXmittedOK ATTRIBUTEGET X
aFramesWithExcessiveDeferral ATTRIBUTEGET X
aMulticastFramesReceived QK ATTRIBUTEGET X
aBroadcastFramesReceiyedOK ATTRIBUTEGET X
alnRangeLengthErrors ATTRIBUTEGET X
aOutOfRangeLengthField ATTRIBUTEGET X
aFrameTooLongErrers ATTRIBUTEGET X
aMACEnableStatus ATTRIBUTEGET-SET X
aTransmitEnableStatus ATTRIBUTEGET-SET X
aMulticastReceiveStatus ATTRIBUTEGET-SET X
aReadWiiteMACAddress ATTRIBUTEGET-SET X
acExecuteSelfTest ACTION X
aCollisionFrames ATTRIBUTEGET X
npesnnrnprl‘yppin managtsd nhjphf class
aResourceTypeIDName ATTRIBUTEGET X
aResourcelnfo ATTRIBUTEGET X
oPHY-entity managed object class
aPHYID ATTRIBUTEGET X
aSQETestErrors ATTRIBUTEGET X
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5.2.2.1 DTE MAC sublayer attributes
5.2.2.1.1 aMACID

ATTRIBUTE

APPROPRIATE SYNTAX:
INTEGER

RIIIANZIOLID DD TINITIN A C

The value of aMACID is assigned so as to uniquely identify a MAC ameng
the subordinate managed objects of the containing object.

5.2.2.1.2 aFramesTransmittedOK

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counteT has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that are successfully transmitted. This counter is
incremented when the TransmitStatus is reported as transmitOK. The

actual update occurs in the LayerMgmtTransmitCounters procedure
(5.24.2).

5.2.2.1.3 aSingleCollisionFrames

ATTRIBUTE

APPROPRIATE SYNTAX:
Genetalized nonresettable counter. This counter has a maximum increment
rate.of 13 000 counts per second.

BEHAVIOUR DEFINED.AS:
A count of frames that are involved in a single collision and are
subsequently transmitted successfully. This counter is incremented when
the result of a transmission is reported as transmitOK and the attempt value

is 2. The actual update occurs in the LayerMgmtTransmitCounters
procedure (5.2.4.2).

5.2.2.1.4-aMultipleCollisionFrames

ATTRIBUTE

APPROPRIATE SYNTAX:

Generalized nonresettable counter. This counter has a maximum increment
rate of 11 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that are involved in more than one collision and are
subsequently transmitted successfully. This counter is incremented when
the TransmitStatus is reported as transmitOK and the value of the attempts
variable is greater than 2 and less or equal to attemptLimit. The actual
update occurs in the LayerMgmtTransmitCounters procedure (5.2.4.2).
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5.2.2.1.5 aFramesReceivedOK

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that are successfully received (receiveOK). This does

not include frames received with frame-too-long, FCS, length or alignment
errors, or frames lost due to internal MAC sublayer error. This counter.is

incremented when the ReceiveStatus is reported as receiveOK. The actual
update occurs in the LayerMgmtReceiveCounters procedure (5:24.3).

5.2.2.1.6 aFrameCheckSequenceErrors

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that are an integral number of octets in length and do not
pass the FCS check. This counter is incremented when the ReceiveStatus
is reported as frameCheckError. The actual update occurs in the
LayerMgmtReceiveC@unters procedure (5.2.4.3).

5.2.2.1.7 aAlignmentErrors

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that are not an integral number of octets in length and do
not pass the FCS check. This counter is incremented when the
ReceiveStatus is reported as alignmentError. The actual update occurs in
the LayerMgmtReceiveCounters procedure (5.2.4.3).

5.2.2.1.8.a0ctetsTransmittedOK

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 1 230 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of data and padding octets of frames that are successfully
transmitted. This counter is incremented when the TransmitStatus is
reported as transmitOK. The actual update occurs in the
LayerMgmtTransmitCounters procedure (5.2.4.2).
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5.2.2.1.9 aFramesWithDeferredXmissions

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 13 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames whose transmission was delayed on its first attempt

‘UdeubC LhC lllCL'liU.lll Wdd 'Uley. Tilib COUIICT ib illblClllClllCL‘l WhCll l‘llC
boolean variable deferred has been asserted by the TransmitLinkMgmt
function (4.2.8). Frames involved in any collisions are not counted. The
actual update occurs in the LayerMgmtTransmitCounters procedure

(5242).
5.2.2.1.10 aLateCollisions
ATTRIBUTE
APPROPRIATE SYNTAX:

Generalized nonresettable counter. This countér has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of the times that a colliSion’has been detected later than 512 bit
times into the transmitted packet. A late collision is counted twice, i.e.,
both as a collision and as a IateCollision. This counter is incremented when
the lateCollisionCount yatiable is nonzero. The actual update is
incremented in the LayerMgmtTransmitCounters procedure (5.2.4.2).

5.2.2.1.11 aFramesAbortedDueToXSColls

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 3255 counts per second.

BEHAVIOUR DEFINED AS:
A count of the frames that due to excessive collisions are not transmitted
successfully. This counter is incremented when the value of the attempts
variable equals attemptLimit during a transmission. The actual update
occurs in the LayerMgmtTransmitCounters procedure (5.2.4.2).

5.2.2.1.12 aFramesLostDueTolntMACXmitError

ATTRIBUTE

APPROPRIATE-STYINTASE
Generalized nonresettable counter. This counter has a maximum increment

rate of 75 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that would otherwise be transmitted by the station, but
could not be sent due to an internal MAC sublayer transmit error. If this
counter is incremented, then none of the other counters in this subclause are
incremented. The exact meaning and mechanism for incrementing this
counter is implementation dependent.
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5.2.2.1.13 aCarrierSenseErrors

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of times that the carrierSense variable was not asserted or was
deasserted during the transmission of a frame without collision (see

7.2.4.6). This counter is incremented when the carrierSenseFailure flags
true at the end of transmission. The actual update occurs in the
LayerMgmtTransmitCounters procedure (5.2.4.2).

5.2.2.1.14 aOctetsReceivedOK

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has'd maximum increment
rate of 1 230 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of data and padding octets in frames that are successfully received.
This does not include octets in framgsreceived with frame-too-long, FCS,
length or alignment errors, or frames'lost due to internal MAC sublayer
error. This counter is incremented*when the result of a reception is reported
as a receiveOK status. Thetactual update occurs in the
LayerMgmtReceiveCounters procedure (5.2.4.3).

5.2.2.1.15 aFramesLostDueTolntMACRcVError:

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
raté of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that would otherwise be received by the station, but
could not be accepted due to an internal MAC sublayer receive error. If this
counter is incremented, then none of the other counters in this subclause are
incremented. The exact meaning and mechanism for incrementing this
counter is implementation dependent.

5.2.2.1.16 aPfomiscuousStatus
ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
A GET operation returns the value true for promiscuous mode enabled, and
false otherwise.
Frames without errors received solely because this attribute has the value
true are counted as frames received correctly; frames received in this mode
that do contain errors update the appropriate error counters.
A SET operation to the value true provides a means to cause the
LayerMgmtRecognizeAddress function to accept frames regardless of
their destination address.
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A SET operation to the value false causes the MAC sublayer to return to
the normal operation of carrying out address recognition procedures for
station, broadcast, and multicast group addresses
(LayerMgmtRecognizeAddress function).;

5.2.2.1.17 aReadMulticastAddressList

ATTRIBUTE

APPROPRIATE SYNTAX:
Sequence of MAC addresses.

BEHAVIOUR DEFINED AS:
Return the current multicast address list.;

5.2.2.1.18 aMulticastFramesXmittedOK

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This countér has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that are succéssfully transmitted, as indicated by the
status value transmitOK, to a.group destination address other than
broadcast. The actual update.occurs in the LayerMgmtTransmitCounters
procedure (5.2.4.2).

5.2.2.1.19 aBroadcastFramesXmittedOK

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEEINED AS:
A count of the frames that were successfully transmitted, as indicated by
the TransmitStatus transmitOK, to the broadcast address. Frames
transmitted to multicast addresses are not broadcast frames and are
excluded. The actual update occurs in the LayerMgmtTransmitCounters
procedure (5.2.4.2).

5.2.2.1520 aFramesWithExcessiveDeferral

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 412 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that deferred for an excessive period of time. This
counter may only be incremented once per LLC transmission. This counter
is incremented when the excessDefer flag is set. The actual update occurs
in the LayerMgmtTransmitCounters procedure (5.2.4.2).
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5.2.2.1.21 aMulticastFramesReceivedOK

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that are successfully received and are directed to an

active-nonbroadecast SEOUP- address—Ihis-doesnotinclude-framestreceived
with frame-too-long, FCS, length, or alignment errors, or frames lost die
to internal MAC sublayer error. This counter is incremented as indicated
by the receiveOK status, and the value in the destinationField. The actual
update occurs in the LayerMgmtReceiveCounters procedure (5.24.3).

5.2.2.1.22 aBroadcastFramesReceivedOK

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that are successfully received and are directed to the
broadcast group address. This:does not include frames received with
frame-too-long, FCS, length, or alignment errors, or frames lost due to
internal MAC sublayer error. This counter is incremented as indicated by
the receiveOK status,»and the value in the destinationField. The actual
update occurs in thé:LayerMgmtReceiveCounters procedure (5.2.4.3).

5.2.2.1.23 alnRangeLengthErrors

ATTRIBUTE

APPROPRIATE SYNTAX:
Geheralized nonresettable counter. This counter has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames with a length field value between the minimum
unpadded LLC data size and the maximum allowed LLC data size,
inclusive, that does not match the number of LLC data octets received. The
counter also contains frames with a length field value less than the
minimum unpadded LLC data size. The actual update occurs in the
LayerMgmtReceiveCounters procedure (5.2.4.3).

5:2.2.1.24 aOutOfRangeLengthField

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 16 000 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames with a length field value greater than the maximum
allowed LLC data size. The actual update occurs in the
LayerMgmtReceiveCounters procedure (5.2.4.3).
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5.2.2.1.25 aFrameTooLongErrors

ATTRIBUTE

APPROPRIATE SYNTAX:
Generalized nonresettable counter. This counter has a maximum increment
rate of 815 counts per second.

BEHAVIOUR DEFINED AS:
A count of frames that are received and exceed the maximum permitted
frame size. This counter is incremented when the status of a frame

reception is frameTooLong. The actual update occurs in the
LayerMgmtReceiveCounters procedure (5.2.4.3).

5.2.2.1.26 aMACEnableStatus

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
True if MAC sublayer is enabled, and false df-diSabled. This is
accomplished by setting or checking the yalues of the receiveEnabled and
transmitEnabled variables.;
Setting to true provides a means to-ecause the MAC sublayer to enter the
normal operational state at idle <Phe¢’PLS is reset by this operation (see
7.2.2.2.1). This is accomplished by setting receiveEnabled and
transmitEnabled to true.
Setting to false causes:th¢-MAC sublayer to end all transmit and receive
operations, leaving it iira disabled state. This is accomplished by setting
receiveEnabled.and transmitEnabled to false.

5.2.2.1.27 aTransmitEnableStatus

ATTRIBUTE

APPROPRIATE SYNTAX:
BOOLEAN

BEHAVIOUR DEFINED AS:
True if transmission is enabled, and false otherwise. This is accomplished
by setting or checking the value of the transmitEnabled variable.
Setting this to true provides a means to enable MAC sublayer frame
transmission (TransmitFrame function). This is accomplished by setting
transmitEnabled to true.
Setting this to false will inhibit the transmission of further frames by the
MAC sublayer (TransmitFrame function). This is accomplished by setting
transmitEnabled to false.

ATTRIBUTE
APPROPRIATE SYNTAX:
BOOLEAN
BEHAVIOUR DEFINED AS:
True if multicast receive is enabled, and false otherwise.;
Setting this to true provides a means to cause the MAC sublayer to return
to the normal operation of multicast frame reception.
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Setting this to false will inhibit the reception of further multicast frames by
the MAC sublayer.

5.2.2.1.29 aReadWriteMACAddress
ATTRIBUTE

APPROPRIATE SYNTAX:
MACAddress

BEHAVIOUR DEFINED AS:
Read the MAC station address or change the MAC station address t0'the
one supplied (RecognizeAddress function). Note that the supplied station
address shall not have the group bit set and shall not be the null,address.

5.2.2.1.30 aCollisionFrames

ATTRIBUTE

APPROPRIATE SYNTAX:
A SEQUENCE of 32 generalized nonreséttable counters. Each counter has
a maximum increment rate of 13 000-counts per second.

BEHAVIOUR DEFINED AS:
A histogram of collision activity<The indices of this array (1 to
attemptLimit—1) denote the number of collisions experienced in
transmitting a frame. Each element of this array contains a counter that
denotes the number of frames that have experienced a specific number of
collisions. When the{IransmitStatus is reported as transmitOK and the
value of the attempts variable equals n, then collisionFrames[n—1] counter
is incremented. The elements of this array are incremented in the
LayerMgmtTtansmitCounters procedure (5.2.4.2).

5.2.2.2 DTE MAC Sublayer actions
5.2.2.2.1 aclnitializeMAC

ACTION

APPROPRIATE SYNTAX:
None required

BEHAVIOUR DEFINED AS:
This action provides a means to call the Initialize procedure (4.2.7.5). This
action also results in the initialization of the PLS.

ACTION

APPROPRIATE SYNTAX:
MACAddress

BEHAVIOUR DEFINED AS:
Add the supplied multicast group address to the address recognition filter
(RecognizeAddress function).
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5.2.2.2.3 acDeleteGroupAddress

ACTION

APPROPRIATE SYNTAX:
MACAddress

BEHAVIOUR DEFINED AS:
Delete the supplied multicast group address from the address recognition
filter (RecognizeAddress function).

5.2.2.2.4 acExecuteSelfTest

ACTION

APPROPRIATE SYNTAX:
None required

BEHAVIOUR DEFINED AS:
Execute a self-test and report the results (success or failure). The actual
mechanism employed to carry out the self-test is not defined in this
standard.

5.2.2.3 ResourceTypelD Managed Object Class
5.2.2.3.1 ResourceTypelD

Implementation of this managed object in accordance with the.definition contained in IEEE Std 802.1F-
1993 is a conformance requirement of this standard. A single instance of the Resource Type ID managed
object exists within the DTE-MAC managed object class»The managed object itself is contained in IEEE
Std 802.1F-1993; therefore, only the name binding appears in this standard.

5.2.3 DTE Physical Sublayer Management-facilities

This subclause defines the Layer Managenient facilities specific to the Physical Layer Signalling (PLS) sub-
layer Managed Object Class. The PLS-is'required to be within a managed CSMA/CD port of a DTE. Man-
agement of that portion of the physical sublayer whose physical containment within the DTE is optional is
outside the scope of this subclause:

5.2.3.1 DTE Physical Sublayer attributes
5.2.3.1.1 aPHYID

ATTRIBUTE
APRROPRIATE SYNTAX:
INTEGER
BEHAVIOUR DEFINED AS:
The value of aPHYID is assigned so as to uniquely identify a PHY , i.e.,

Physicat Eayeramong the subordimate Tmamaged objects of SystenT

(systemID and system are defined in ISO/IEC 10165-2: 1992).;
5.2.3.1.2 aSQETestErrors
ATTRIBUTE
APPROPRIATE SYNTAX:

Generalized nonresettable counter. This counter has a maximum increment
rate of 16 000 counts per second.
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BEHAVIOUR DEFINED AS:
A count of times that the SQE_TEST_ERROR was received. The
SQE_TEST_ERROR is set in accordance with the rules for verification of
the SQE detection mechanism in the PLS Carrier Sense Function (see
72.4.6).

5.2.4 DTE Management procedural model

The following model provides the descriptions for Layer Management facilities.

5.2.4.1 Common constants and types
The following are the common constants and types required for the Layer Management procedurés:

const
maxUntaggedFrameSize = ... ; {in octets, implementation-dependent, see 4.4}
maxDeferTime = ...; {2 x (maxUntaggedFrameSize x 8), for operating speeds'of 100 Mb/s and
below, and 2 x (burstLimit + maxUntaggedFrameSize'x 8 + headerSize) for
operating speeds greater than 100 Mb/s, in bits; error timer limit for
maxDeferTime}

maxLarge = 4294967295; {maximum value (232 — 1) of wraparound 32-bit counter}

max64 = 18446744073709551615; {maximum value (264 — ) of wraparound 64-bit counter}
oneBitTime = 1; {the period it takes to transmit one bit}

type
CounterLarge = 0..maxLarge--See footnote.;

5.2.4.2 Transmit variables and procedures
The following items are specific to frame transmission:

var
excessDefer: Boolean; {set imr process DeferTest}
carrierSenseFailure: Boolean; {set in process CarrierSenseTest}
transmitEnabled: Boolean; {set by MAC action}
lateCollisionError;-Boolean; {set in Section 4 procedure WatchForCollision}
deferred: Boolean;{set in Section 4 function TransmitLinkMgmt}
carrierSenseFestDone: Boolean; {set in process CarrierSenseTest}
lateCollisionCount: 0..attemptLimit — 1; {count of late collision that is used in Clause 4
TransmitLinkMgmt and BitTransmitter}
{MAGECtransmit counters }
framesTransmittedOK: CounterLarge; {mandatory}
sirigleCollisionFrames: CounterLarge; {mandatory}
multipleCollisionFrames: CounterLarge; {mandatory}
collisionFrames: array [1..attemptLimit — 1] of CounterLarge; {recommended}

octets TramsmittedOR T Coumnterarge; {recommended
deferredTransmissions: CounterLarge; {recommended}
multicastFramesTransmittedOK: CounterLarge; {optional}
broadcastFramesTransmittedOK: CounterLarge; {optional }
{MAC transmit error counters}

lateCollision: CounterLarge; {recommended}
excessiveCollision: CounterLarge; {recommended}
carrierSenseErrors: CounterLarge; {optional }
excessiveDeferral: CounterLarge; {optional}
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halfDuplex: Boolean; {Indicates the desired mode. halfDuplex is a static variable; its value does
not change between invocations of the Initialize procedure}

Procedure LayerMgmtTransmitCounters is invoked from the TransmitLinkMgmt function and from the Bit-
Transmitter process in 4.2.8 to update the transmit and transmit error counters.

procedure LayerMgmtTransmitCounters;
begin
if halfDuplex then
while not carrierSenseTestDone do nothing;
if transmitSucceeding then
begin
IncLargeCounter(framesTransmittedOK);
SumLarge(octetsTransmittedOK, dataSize/8); {dataSize (in bits) is defined in 4.2.7.1}

if destinationField = ... {check to see if to a multicast destination}
then IncLargeCounter(multicastFramesTransmittedOK);
if destinationField = ... {check to see if to a broadcast destination}

then IncLargeCounter(broadcastFramesTransmittedOK);

if attempts > 1 then
begin {transmission delayed by collision}
if attempts = 2 then
IncLargeCounter(singleCollisionFrames) {delay-by.1 collision}
else {attempts > 2, delayed by multiple collisions}
IncLargeCounter(multipleCollisionFrames)
IncLargeCounter(collisionFrames[attempts &1 ])
end {delay by collision}
end; {transmitSucceeding}

if deferred and (attempts = 1) then
IncLargeCounter(deferredTransmissions);

if lateCollisionCount > 0 then. {test if late collision detected}
SumLarge(lateCollision, lateCollisionCount);

if attempts = attemptLimit and not transmitSucceeding then
IncLargeCounter(excessiveCollision);

if carrierSenseFailure-then
IncLargeCountert{(carrierSenseErrors);

if excessDefer-then
IncreméntLargeCounter(excessiveDeferral)

end; {LayerMgmtTransmitCounters}

The DeferTest process sets the excessDefer flag if a transmission attempt has been deferred for a period of
time longer than maxDeferTime.

process DeferTest;
var deterBitlimer: 0..maxDeterlime;
begin
cycle
begin
deferCount :=0;
while frameWaiting and not excessDefer do
begin
Wait(oneBitTime); {see 4.3.3}
if deferBitTimer = maxDeferTime then
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excessDefer := true
else
deferBitTimer := deferBitTimer + 1
end; {while}
while transmitting do nothing
end {cycle}
end; {DeferTest}

The CarrierSenseTest process sets the carrierSenseFailure flag if carrier sense disappears while transmitting
or if it never appears during an entire transmission.

process CarrierSenseTest;
var
carrierSeen: Boolean; {Running indicator of whether or not carrierSense has be¢n true at any
time during the current transmission}
collisionSeen: Boolean; {Running indicator of whether or not the collisionDetect asserted any
time during the entire transmission}
begin
cycle {main loop}
while not transmitting do nothing; {wait for start of transmission’}
carrierSenseFailure := false;
carrierSeen := false;
collisionSeen := false;
carrierSenseTestDone := false;
while transmitting do
begin {inner loop}
if carrierSense then
carrierSeen := true;
else
if carrierSeen then {carrierSense disappeared before end of transmission}
carrierSenseFailure, ;= true;
if collisionDetect then
collisionSeen := true
end; {inner loop}
if not carrierSeen then
carrierSenseFajlure := true {carrier sense never appeared}
else
if collisienSeen then
carrierSenseFailure := false;
carrierSenseTestDone := true
end-{fain loop}
end; {CarrierSenseTest}

5.2(4.3 Receive variables and procedures

I'he Tollowing items are specific to frame reception:

var
receiveEnabled: Boolean; {set by MAC action}
{MAC receive counters}
framesReceivedOK: CounterLarge; {mandatory}
octetsReceivedOK: CounterLarge; {recommended}

{MAC receive error counters}
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frameCheckSequenceErrors: CounterLarge; {mandatory}
alignmentErrors: CounterLarge; {mandatory}
inRangeLengthErrors: CounterLarge; {optional}
outOfRangeLengthField: CounterLarge; {optional}
frameTooLongErrors: CounterLarge; {optional}

{MAC receive address counters}
multicastFramesReceivedOK: CounterLarge; {optional}
broadcastFramesReceivedOK: CounterLarge; {optional }

Procedure LayerMgmtReceiveCounters is called by the ReceiveDataDecap function in 4.2.9 and increnients
the appropriate receive counters.

procedure LayerMgmtReceiveCounters (status: ReceiveStatus);
begin
case status of
receiveDisabled:
begin
nothing
end;, {receiveDisabled}
receiveOK:
begin
IncLargeCounter(framesReceivedOK);
SumLarge(octetsReceivedOK, dataSize/8); {dataSize (in bits) is defined in 4.2.7.1}

if destinationField = ... {check to see if to a multicast destination}
then IncLargeCounter(multicastFramesReceivedOK);
if destinationField = ... {check to see if to'a broadcast destination}

then IncLargeCounter(broadcastFramesReceivedOK)
end; {receiveOK}
frameTooLong:
begin
IncLargeCounter(frameTool.ongErrors)
end; {frameTooLong}
frameCheckError:
begin
IncLargeCounter(frameCheckSequenceErrors)
end; {frameCheckError}
alignmentError:
begin
InclhargeCounter(alignmentErrors)
end; {alignmentError}
lengthError:
begin
if {length field value is between the minimum unpadded LLCDataSize and maximum
allowed LLCDataSize inclusive, and does not match the number of LLC data

octets recerved;y or {length field value 1s Iess than the minimum allowed unpadded
LLC data size and the number of LLC data octets received is greater than the
minimum unpadded LLCDataSize} then
IncLargeCounter(inRangeLengthError);
if {length field value is greater than the maximum allowed LLCDataSize} then
IncLargeCounter(outOfRangeLengthField)
end {lengthError}
end {case status}
end; {LayerMgmtReceiveCounters}
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Function LayerMgmtRecognizeAddress checks if reception of certain addressing types has been enabled.
Note that in Pascal, assignment to a function causes the function to return immediately.

Sfunction LayerMgmtRecognize Address(address: AddressValue): Boolean;
begin
if {promiscuous receive enabled} then
LayerMgmtRecognizeAddress := true;
if address = ... {MAC station address} then
La_y ClIVIéllltRChUélliLCAL‘ldlCDD -— tl uc,
if address = ... {broadcast address} then
LayerMgmtRecognize Address := true;
if address = ... {one of the addresses on the multicast list and multicast reception is enabled} then
LayerMgmtRecognizeAddress := true;
LayerMgmtRecognizeAddress := false
end; {LayerMgmtRecognizeAddress}

5.2.4.4 Common procedures

Procedure LayerMgmtlInitialize initializes all the variables and constants required to implement Layer Man-
agement.

procedure LayerMgmtlnitialize;
begin
{initialize flags for enabling/disabling transmission and reception}
receiveEnabled := true;
transmitEnabled := true;
{initialize transmit flags for DeferTest and CatrierSenseTest}
deferred := false;
lateCollisionError := false;
excessDefer := false;
carrierSenseFailure := false;
carrierSenseTestDone := falSe

{Initialize all MAC subldyer management counters to zero}
end; {LayerMgmtlnitialize}

Procedure IncLargeCounter increments a 32-bit wraparound counter.
procedire IncLargeCounter (var counter: CounterLarge);
begini
{increment the 32-bit counter}
end; {IncLargeCounter}

Procedure SumLarge adds a value to a 32-bit wraparound counter.
procedure SumLarge (
var counter: CounterLarge;
var offset: Integer);
begin
{add offset to the 32-bit counter}
end; {SumLarge}
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6. Physical Signaling (PLS) service specifications

6.1 Scope and field of application

This clause specifies the services provided by the PLS sublayer to the MAC sublayer for the CSMA/CD
clause of this LAN standard, Figure 6—1. The services are described in an abstract way and do not imply any
particular implementation.

L AN

osl CSMA/CD
REFERENCE LAYERS
MODEL | :
LAYERS | HIGHER LAYERS ,
1\
APPLICATION Clause 6 applies to this LLC—LOGICAL LINK CONTROL
interface only
PRESENTATION / \ MAC CONTROL (OPTIONAL)
/
SESSION / \ MAC—MEDIA ACCESS CONTROL
TRANSPORT ry [ ReconciLiaTioN | [ REcoNCILIATION ([7]\ RECONCILIATION
/
Iy Ml —p GMII —»
NETWORK [/ ¢
/ PCS PCS PHY
DATALINK |,” AUl —» PMA PMA
— mau {[ Pma_ ] | PMA | PMD PMD
~ mo —»[ | voi—» | voL—»] | MDI —»
MEDIUM § MEDIUM § MEDIUM < MEDIUM -
1 Mb/s, 10 Mb/s 10 Mb/s 100 Mb/s 1000 Mb/s

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

MAU = MEDIUM ATTACHMENT UNIT

GMIl = GIGABIT MEDIA INDEPENDENT INTERFACE

PLS = PHYSICAL LAYER SIGNALING
PCS = PHYSICAL CODING SUBLAYER
PMA = PHYSICAL MEDIUM ATTACHMENT
PHY = PHYSICAL LAYER DEVICE

PMD = PHYSICAL MEDIUM DEPENDENT

Figure 6—1-Service specification relationship to
the IEEE 802.3 CSMA/CD LAN model

6.2 Overview of the service
6.2.1 General description of services provided by the layer

The services\provided by the PLS sublayer allow the local MAC sublayer entity to exchange data bits (PLS
data_units)with peer MAC sublayer entities.

6:2.2 Model used for the service specification

The model used in this service specification is identical to that used in 1.2.2.1.
6.2.3 Overview of interactions
The primitives associated with the MAC sublayer to PLS sublayer interface fall into two basic categories:

a)  Service primitives that support MAC peer-to-peer interactions.
b)  Service primitives that have local significance and support sublayer-to-sublayer interactions.
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The following primitives are grouped into these two categories:

a) Peer-to-Peer
PLS_DATA request
PLS_DATA .indication

b)  Sublayer-to-Sublayer
PLS_CARRIER .indication
PLS_SIGNAL .indication

PLS_DATA_VALID.mdication

The PLS_DATA primitives support the transfer of data from a single MAC sublayer entity to all other-peer
MAC sublayer entities contained within the same LAN defined by the broadcast medium.

NOTE —In half duplex mode, all bits transferred from a MAC sublayer entity will in turn be received ®y, the entity itself.

The PLS_CARRIER, PLS_DATA_VALID, and the PLS_SIGNAL primitives provide_information needed
by the local MAC sublayer entity to perform the media access functions.

6.2.4 Basic services and options

All of the service primitives described in this subclause are considered\thandatory.

6.3 Detailed service specification
6.3.1 Peer-to-peer service primitives
6.3.1.1 PLS_DATA.request
6.3.1.1.1 Function
This primitive defines the transfer of dafa from the MAC sublayer to the local PLS entity.
6.3.1.1.2 Semantics of the service primitive
The primitive shall provide the following parameters:
PLS_DATA .request (OUTPUT_UNIT)

The OUTPUT-UNIT parameter can take on one of three values: ONE, ZERO, or DATA_COMPLETE and
representa.single data bit. The DATA_COMPLETE value signifies that the Media Access Control sublayer
has ngmtore data to output.

This primitive is generated by the MAC sublayer to request the transmission of a single data bit on the phys-
ical medium or to stop transmission.

6.3.1.1.4 Effect of receipt

The receipt of this primitive will cause the PLS entity to encode and transmit either a single data bit or to
cease transmission.
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6.3.1.2 PLS_DATA.indication

6.3.1.2.1 Function

This primitive defines the transfer of data from the PLS sublayer to the MAC sublayer.
6.3.1.2.2 Semantics of the service primitive

The semantics of the service primitive are as follows:

PLS_DATA. indicate (INPUT_UNIT)
The INPUT_UNIT parameter can take one of two values each representing a single bit: ONE or ZERO.
6.3.1.2.3 When generated

The PLS_DATA .indicate is generated to all MAC sublayer entities in the network aftér'aPLS_DATA request
is issued.

NOTE—In half duplex mode, an indication is also presented to the MAC entity that issuéd the request.
6.3.1.2.4 Effect of receipt

The effect of receipt of this primitive by the MAC sublayer is unspecified.

6.3.2 Sublayer-to-sublayer service primitives

6.3.2.1 PLS_CARRIER.indication

6.3.2.1.1 Function

This primitive transfers the status of the activity on the physical medium from the PLS sublayer to the MAC
sublayer.

6.3.2.1.2 Semantics of the service primitive
The semantics of the primitive are as follows:
PLS_CARRIER ndication (CARRIER_STATUS)

The CARRIER_STATUS parameter can take one of two values: CARRIER_ON or CARRIER_OFF. The
CARRIER™ON value indicates that the DTE Physical Layer had received an input message or a
signal quality_error message from the MAU. The CARRIER_OFF value indicates that the DTE Physical
Layer\had received an input_idle message and is not receiving an SQE signal_quality_error message from
theeMAU.

6.3.2.1.3 When generated

The PLS_CARRIER .indication service primitive is generated whenever CARRIER_STATUS makes a tran-
sition from CARRIER_ON to CARRIER_OFF or vice versa.

6.3.2.1.4 Effect of receipt

The effect of receipt of this primitive by the MAC sublayer is unspecified.
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6.3.2.2 PLS_SIGNAL.indication
6.3.2.2.1 Function

This primitive transfers the status of the Physical Layer signal quality from the PLS sublayer to the MAC
sublayer.

6.3.2.2.2 Semantics of the service primitive

The semantics of the service primitive are as follows:

PLS_SIGNAL.indication (SIGNAL_STATUS)
The SIGNAL_STATUS parameter can take one of two values: SIGNAL_ERROR or NO_SIGNAL_ERROR.
The SIGNAL_ERROR value indicates to the MAC sublayer that the PLS ~has™ received a
signal_quality_error message from the MAU. The NO_SIGNAL_ERROR value indicates-that the PLS has
ceased to receive signal_quality_error messages from the MAU.

6.3.2.2.3 When generated

The PLS_SIGNAL .indication service primitive is generated whenever, SIGNAL_ STATUS makes a transi-
tion from SIGNAL_ERROR to NO_SIGNAL_ERROR or vice versa:

6.3.2.2.4 Effect of receipt
The effect of receipt of this primitive by the MAC sublayerds unspecified.
6.3.2.3 PLS_DATA_VALID.indication
6.3.2.3.1 Function
This primitive provides a facility for transferring framing information to the MAC sublayer.
6.3.2.3.2 Semantics of the service primitive
The semantics of the service-primitive are as follows:
PLS_DATA-VALID.indication (DATA_VALID_STATUS)
The DATA ‘VALID_STATUS parameter can take one of two values: DATA_VALID or
DATA_NOTYVALID. The DATA_VALID value indicates that the INPUT_UNIT parameter of the
PLS_DATAX indicate primitive contains valid data of an incoming frame. The DATA_NOT_VALID value

indicates that the INPUT_UNIT parameter of the PLS_DATA .indicate primitive does not contain valid data
of’an‘incoming frame.

6.3.2.3.3 When generated

The PLS_DATA_VALID.indication service primitive is generated whenever the DATA_VALID_STATUS
parameter makes a transition from DATA_VALID to DATA_NOT_VALID or vice versa.

6.3.2.3.4 Effect of receipt

The effect of receipt of this primitive by the MAC sublayer is unspecified.
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7. Physical Signaling (PLS) and Attachment Unit Interface (AUI)
specifications

7.1 Scope

This clause defines the logical, electrical, and mechanical characteristics for the PLS and AUI between Data
Terminal Equipment and Medium Attachment Units used in CSMA/CD local area networks. The relation-
ship of this specification to the entire IEEE LAN standard is shown in Figure 7—1. The purpose of this inter-
face is to provide an interconnection that is simple and inexpensive and that permits the development(of
simple and inexpensive MAUS.

osl LAN
REFERENCE CSMA/
MODEL ‘ |
LAYERS ‘ HIGHER LAYERS ‘
APPLICATION / LLC—LOGICAL LINK CONTROL
/
/
PRESENTATION ,/ MAC CONTROL (OPTIONAL)
/
SESSION / MAC—MEDIA ACCESS CONTROL
/
TRANSPORT / L PLS—PHYSICALLAYER SIGNALING
/ ’
/ e
NETWORK |/~ .7
/ .
DATALINK | .7 A= | |
’ wy { [
PHYSICAL
,,,,,,,,,,,,, woi —»| |

AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUMCAFTACHMENT UNIT

MDI = MEDIUM.DEPENDENT INTERFACE
PMA = RHYSICAL MEDIUM ATTACHMENT

NOTE—For an exposed AUI residing below an MIl, see 22.5.

Figure 7-1—Physical layer partitioning, relationship to the ISO/IEC Open Systems
Interconnection (OSI) reference model

This interface has the following characteristics:

a) Capable of supporting one or more of the specified data rates

b)  Capable of driving up to 50 m (164 ft) of cable

¢) «.Permits the DTE to test the AUI, AUI cable, MAU, and the medium itself

d)\ " Supports MAU s for baseband coax, baseband twisted-pair, broadband coax, and baseband fiber

7.1.1 Definitions
See 1.4.
7.1.2 Summary of major concepts

a)  Each direction of data transfer is serviced with two (making a total of four) balanced circuits: “Data”
and “Control.”
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b) The Data and Control circuits are independently self-clocked, thereby, eliminating the need for sep-
arate timing circuits. This is accomplished with encoding of all signals. The Control circuit signaling
rate is nominally (but not of necessity exactly) equal to the Data circuit signaling rate.

c¢) The Data circuits are used only for data transfer. No control signals associated with the interface are
passed on these circuits. Likewise, the Control circuits are used only for control message transfer.
No data signals associated with the interface are passed on these circuits.

7.1.3 Application

This standard applies to the interface used to interconnect Data Terminal Equipment (DTE) to a MAU thatis
not integrated as a physical part of the DTE. This interface is used to

a) Provide the DTE with media independence for baseband coax, baseband twisted pair, broadband
coax, and baseband fiber media so that identical PLS, MAC, and MAC clients may be-tised with any
of these media.

b) Provide for the separation, by cable of up to 50 m (164 ft), of the DTE and the MAU.

7.1.4 Modes of operation

The AUI can operate in two different modes. All interfaces shall support, th¢'normal mode. The monitor
mode is optional.

When the interface is being operated in the normal mode, the AUD is’logically connected to the MDI. The
DTE is required to follow the media access algorithms, which ptevide a single access procedure compatible
with all LAN media, to send data over the AUI. The MAU always sends back to the DTE whatever data the
MAU receives on the MDI.

When the interface is in the optional monifor modeythe MAUSs transmitter is logically isolated from the
medium. The MAU, in this mode, functions as an\observer on the medium. Both the input function and the

signal quality error function are operational (s€¢the MAU state diagrams for specific details).

The PLS and AUI as specified here are.able to support DTEs and MAUSs operating in either half duplex or
full duplex modes without change to the PLS or AUI. Full duplex MAUs do not support the monitor mode.

7.1.5 Allocation of function
The allocation of functions in the AUI is such that the majority of the functionality required by the interface
can be provided by th€)DTE, leaving the MAU as simple as possible. This division of functions is based

upon the recognitiomof the fact that since, in many cases, the MAU may be located in an inaccessible loca-
tion adjacent toythe physical medium, service of the MAU may often be difficult and expensive.

7.2 Functional specification

The AUI is designed to make the differences among the various media as transparent as possible to the DTE.

The selection ot logical control signals and the functonal procedures are all designed to this end. Figure /-2
is a reference model, a generalized MAU as seen by the DTE through the AUI.

Many of the terms used in this subclause are specific to the interface between this sublayer and the MAC
sublayer. These terms are defined in the Service Specification for the PLS sublayer.

7.2.1 PLS-PMA (DTE-MAU) Interface protocol

The DTE and MAU communicate by means of a simple protocol across the AUI.
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NOTE—The AUI (comprised of DO, DI,
CO, Cl circuits) is not exposed when the
MAU is, optionally, part of the DTE.

Figure 7-2—Generalized MAU model

7.2.1.1 PLS to PMA messages

The following messages can be sent by PLS subldyer entities in the DTE to PMA sublayer entities in the
MAU:

Message Meaning
output Output information
output_idle No data to be output
normal Cease to isolate the MAU
(Optional)
isoldte Isolate MAU
mau_request Request that the MAU be made available

7:2,1.1.1 output message

The PLS sublayer sends an output message to the PMA sublayer when the PLS sublayer receives an
OUTPUT_UNIT from the MAC sublayer.

The physical realization of the output message is a CDO or a CD1 sent by the DTE to the MAU on the Data
Out circuit. The DTE sends a CDO if the OUTPUT_UNIT is a ZERO or a CD1 if the OUTPUT_UNIT is a
ONE. This message is time coded —that is, once this message has been sent, the function is not completed
over the AUI until one bit time later. The output message cannot be sent again until the bit cell being sent as
a result of sending the previous output message is complete.
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7.2.1.1.2 output_idle message

The PLS sublayer sends an output_idle message to the PMA sublayer at all times when the MAC sublayer is
not in the process of transferring output data across the MAC to PLS interface. The output_idle message is
no longer sent (and the first OUTPUT_UNIT is sent using the output message) as soon after the arrival of the
first OUTPUT_UNIT as the MAU can be made available for data output. The output_idle message is again
sent to the MAU when the DATA_COMPLETE is received from the MAC sublayer. The detailed usage of
the output_idle message is shown in Figure 7-5.

The physical realization of the output_idle message is IDL sent by the DTE to the MAU on the Data Qut
circuit.

7.2.1.1.3 normal message

The PLS sublayer sends a normal message to the PMA sublayer after it receives the PLS st@rt message from
the PLS Reset and Identify function. The normal message is also sent after receipt of
RESET_MONITOR_MODE from the management entity. The normal message is sent.¢ontinuously by the
PLS sublayer to the MAU, unless the PLS Output function requires that the mau_regirest message be sent to
permit data output. If mau_request is sent during data output, the sending of normal will be resumed when
the PLS Output function returns to the IDLE state. The normial- signal is reset by the
SET_MONITOR_MODE (this reset function is described more fully by Higure 7—4).

7.2.1.1.4 isolate message (optional)

The PLS sublayer sends an isolate message to the PMA (in theYMAU) whenever the PLS sublayer receives
SET_MONITOR_MODE from the management entity. In response to the isolate message, the MAU causes
the means employed to impress data on the physical miedium to be positively prevented from affecting the
medium. Since signaling and isolation techniques differ from medium to medium, the manner in which this
positive isolation of the transmitting means is accomplished is specified in the appropriate MAU subclause.
However, the intent of this positive isolation of\the transmitter is to ensure that the MAU will not interfere
with the physical medium in such a way as to affect transmissions of other stations even in the event that the
means normally employed to prevent thé transmitter from affecting the medium have failed to do so. The
specification of positive isolation is not to be construed to preclude use of either active or passive devices to
accomplish this function.

The physical realization of the-isolate message is a CSO signal sent by the DTE to the MAU over the Control
Out circuit.

7.2.1.1.5 mau_request message (optional)

The PLS sublager senses the mau_request message to the PMA sublayer if the PMA sublayer is sending the
mau_notavailable message and the MAC sublayer has sent the first OUTPUT_UNIT of a new transmis-
sion. The*PLS sublayer continues to send the mau_request message to the MAU until the MAC sublayer
sends \the DATA_COMPLETE request to the PLS sublayer across the MAC to PLS interface. See Figures
7=3), 7-5, and 7-9 for details.

In addition, the mau_request message is used by the Reset and Identify function in the IDENTIFY 3 state to
determine whether the MAU has the Isolate function.

The physical realization of mau_request is a CS1 sent by the DTE to the MAU on the Control Out circuit.
The physical realization of the normal message is the IDL signal sent by the DTE to the MAU on the Con-

trol Out circuit. In the absence of the CO circuit, MAUs implementing the Isolate function shall act as if the
normal message is present. The CO circuit components may be absent from the DTE, AUI, or MAU.
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rPowerOn + RESET_REQUEST

........... INITIALIZE DTE has CO =* Identify IDENTIFYZ
® pls_reset @ isolate
[
DTE has CO = Identify mau_available
IDENTIFY 1
.................................... mqu___not__qvqilqb]e mau_not_ovailqble
® normal
mau_.available CONDITIONED MAU
WITH ISOLATE
® pis_start
UNCONDITIONED or HALT (See Fig 7-9)
.N_._.._S__IM?.FE”M_A}{ ............................................ [Operation Condiﬁoned]
® pis_start [Incompatiblel
(See Fig 8-3)
(See Fig 8-2)
[Operation Simplel
IDENTIFY . 3
timer_done # mau_available['g mou_request """""" mau_not_available
\l/ [start timer} \I/
SIMPLE MAU UNCONDITIONED MAU
..................................... WlTH lsoLATE
o pls_start | ok [
(See Fig 8-3) ® pis_start
[Operation Simplel (See Fig 8-3)
OPERATE [Operation Isolatel
.pls_start ..................
Identify.

NOTES: (1)-All'states may be omitted except INITIALIZE and OPERATE

(2) “ldentify” means DTE canrecognize uniquely all Cl messages and the entire function has been
implemented

(3) \PIdentify” with bar means DTE fails to recognize mau_not_available or has a partial imple-
mentation of the function

Figure 7-3—PLS Reset and Identify function
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RESET ‘ pls_reset

®normal

pls_start

NORMAL

® normal

SET_ | MONITOR_.MODE

RESET_MONITOR_.MODE

MONITOR

® isolate

NOTE: Monitor State is optional

Figure 7-4—PLS Mode function

7.2.1.2 PMA to PLS interface

The following messages can be sent by the Physical Medium Attachment sublayer entities in the MAU to the
PLS sublayer entities in the DTE:

Message Meaning
input Input information
input_idle No input information
signal_quality_error Error detected by MAU
mau-available MAU is available for output
(Optional)
mau_not_available MAU is not available for output

In systems operating in full duplex mode, it is permitted, but not required, to implement the
signal_quality_error message.

7.2.1.2.1 input message

The PMA sublayer sends an input message to the PLS sublayer when the MAU has received a bit from the
medium and is prepared to transfer this bit to the DTE. The actual mapping of the signals on the medium to
the type of input message to be sent to the DTE is contained in the specifications for each specific MAU
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NOTE: UCT = unconditional transition

Figure 7-5—PLS Output function

type. In general, when the signal_quality_error message is being sent by the MAU, the symmetry specifica-

tions for circuit DI are not guaranteed to be met.

The physical realization of the input message consists of CDO or CD1 waveforms. If the
signal_quality_error message is being sent from the MAU, the input waveform is unpredictable.

NOTE —This signal is not necessarily retimed by the MAU. Consult the appropriate MAU specification for timing and

jitter.
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7.2.1.2.2 input_idle message

The PMA sublayer sends an input_idle message to the PLS sublayer when the MAU does not have data to
send to the DTE.

The physical realization of the input_idle message is an IDL sent by the MAU to the DTE on the Data In
circuit.

7.2.1.2.3 signal_quality_error message

The PMA sublayer sends a signal_quality_error message to the PLS sublayer in response to any of-three
possible conditions. These conditions are improper signals on the medium, collision on the mediami;’and
reception of the output_idle message. They are described in the lettered paragraphs that follow. Thé-physical
realization of the signal_quality_error message is a CSO sent by the MAU to the DTE on the Control In cir-
cuit.

In systems operating in half duplex mode, the MAU is required to assert the signal_gualify_error message at
the appropriate times whenever the MAU is powered, and not just when the DTE\is.réquesting data output.
In systems operating in full duplex mode, it is permitted, but not required, to implement the
signal_quality_error message. See Figures 7-9, 8-2, and 8-3 for details.

a)  Improper Signals on the Medium. The MAU may send the signal_quality_error message at any time
due to improper signals on the medium. The exact natureyof/these improper signals are medium-
dependent. Typically, this condition might be caused:by*a malfunctioning MAU (for example,
repeater or head-end) connected to the medium or byta.break or short in the medium. See the appro-
priate MAU specification for specific conditions’that may cause improper signals on a given
medium.

b) Collision. Collision occurs when more than'one MAU is transmitting on the medium. The local
MAU shall send the signal_quality_error~message in every instance when it is possible for it to
ascertain that more than one MAU is transmitting on the medium. The MAU shall make the best
determination possible. The MAU.,shal not send the signal_quality_error message when it is unable
to determine conclusively that mdre'than one MAU is transmitting.

c) signal_quality_error Message Test. The MAU sends the signal_quality_error message at the com-
pletion of the Output function. See Figure 7-9 and Clause 8 for a more complete description of this
test.

7.2.1.2.4 mau_available message

The PMA sublayef_seénds the mau_available message to the PLS sublayer when the MAU is available for
output. The mai. available message is always sent by a MAU that is always prepared to output data except
when it is required to signal the signal_quality_error message. Such a MAU does not require mau_request
to prepare itself for data output. See Figures 7-3, 7-5, and 7-9 for details.

Thelphysical realization of the mau_available message is an IDL sent by the MAU to the DTE on the Con-
ttehIn circuit.

7.2.1.2.5 mau_not_available message (optional)

The PMA sublayer sends a mau_not_available message to the PLS sublayer when the MAU is not available
for output. Figure 7-5 shows the relationship of mau_not_available to the Output function.

The mau_not_available message is also used by a MAU that contains the Isolate function and does not need

to be conditioned for output to signal the presence of the Isolate function during the PLS Reset function (see
Figures 7-3 and 8-3).
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The physical realization of the mau_not_available message is a CS1 sent by the MAU to the DTE on the
Control In circuit.

7.2.2 PLS interface to MAC and management entities

The PLS sublayer interfaces described here are for reference only. This clause specifies the services sent
between the MAC sublayer and the PLS sublayer.

7.2.2.1 PLS-MAC interface

The following messages can be sent between PLS sublayer entities and MAC sublayer entities:

Message Meaning
OUTPUT_UNIT Data sent to the MAU
OUTPUT_STATUS Response to OUTPUT_UNIT
INPUT_UNIT Data received from the MAU
CARRIER_STATUS Indication of channel activity
SIGNAL_STATUS Indication of error/n@ etror condition
DATA_VALID_STATUS Indication of ifiput activity

7.2.2.1.1 OUTPUT_UNIT

The MAC sublayer sends the PLS sublayer an OUTPUT_UNIT every time the MAC sublayer has a bit to
send. Once the MAC sublayer has sent an OUTPUT: UNIT to the PLS sublayer, it may not send another
OUTPUT_UNIT until it has received an OUTPUT_STATUS message from the PLS sublayer. The
OUTPUT_UNIT is a ONE if the MAC sublayer’wants the PLS sublayer to send a CD1 to the PMA sublayer,
a ZERO if a CDO is desired, or a DATA_ COMPLETE if an IDL is desired.

7.2.2.1.2 OUTPUT_STATUS

The PLS sublayer sends the,. MAC sublayer OUTPUT_STATUS in response to every OUTPUT_UNIT
received by the PLS sublayer. OUTPUT_STATUS sent is an OUTPUT_NEXT if the PLS sublayer is ready
to accept the next OUTRPUT_UNIT from the MAC sublayer, or an OUTPUT_ABORT if the PLS sublayer
was not able to process’the previous OUTPUT_UNIT. (The purpose of OUTPUT_STATUS is to synchro-
nize the MAC sublayer data output with the data rate of the physical medium.)

7.2.2.1.3INPUT_UNIT

The PES sublayer sends the MAC sublayer an INPUT_UNIT every time the PLS receives an input message
ftom'the PMA sublayer. The INPUT_UNIT is a ONE if the PLS sublayer receives a CD1 from the PMA

3 e EPE RS =% =) 13 : SN o 1 DAL A 13
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7.2.2.1.4 CARRIER_STATUS

The PLS sublayer sends the MAC sublayer CARRIER_STATUS whenever the PLS sublayer detects a
change in carrier status. The PLS sublayer sends CARRIER_ON when it receives an input or
signal_quality_error message from the PMA and the previous CARRIER_STATUS that the PLS sublayer
sent to the MAC sublayer was CARRIER_OFF. The PLS sublayer sends CARRIER_OFF when it receives
an input_idle from the PMA sublayer, no signal_quality_error (either mau_available or mau_not_available)
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message and the previous CARRIER_STATUS that the PLS sublayer sent to the MAC sublayer was
CARRIER_ON."”

7.2.2.1.5 SIGNAL_STATUS

The PLS sublayer sends the MAC sublayer SIGNAL_STATUS whenever the PLS sublayer detects a change
in the signal quality (as reported by the PMA). The PLS sublayer sends SIGNAL_ERROR when it receives
a signal_quality_error message from the PMA sublayer and the previous SIGNAL_STATUS the PLS sub-

1 NO _CQIONTATL RRAOD Tl DG lal da DO _CIONTAL 2RDDAOD 1
Tayct sent-was1vo ITOINAA T ERNNON T TIIO T O SUUTA y LT SUITUS TV O O TO TN YD EININO TN WITCIT ttreeerves o

signal_quality_error (either mau_available or mau_not_available) message from the PMA sublayer and-the
previous CARRIER_STATUS that the PLS sent to the MAC sublayer was SIGNAL_ERROR.18

7.2.2.1.6 DATA_VALID_STATUS

The PLS sublayer sends the MAC sublayer DATA_VALID_STATUS whenever the PLS sublayer detects a
change in receive data status. The PLS sublayer sends DATA_VALID when it receives an input message
from the PMA and the previous DATA_VALID_STATUS that the PLS sublayer sent’to the MAC sublayer
was DATA_NOT_VALID. The PLS sublayer sends DATA_NOT_VALID when.it' is not receiving an input
message from the PMA and the previous DATA_VALID_STATUS that the RES sublayer sent to the MAC
sublayer was DATA_VALID.

7.2.2.2 PLS-management entity interface

The following messages may be sent between the PLS sublayer entities and intralayer or higher layer man-
agement entities:

Message Meaning
RESET_REQUEST Reset PLS to initial “Power On” state
RESET_RESPONSE Provides operational information
MODE_CONTROL Control operation
SQE_TEST Signal Quality Error test results

7.2.2.2.1 RESET-REQUEST

The management entity sends the PLS sublayer RESET_REQUEST when the PLS sublayer needs to be
reset to alknown state. Upon receipt of RESET_REQUEST, the PLS sublayer resets all internal logic and
restarts<all functions. See Figure 7-3 for details.

1z Formerly, the Carrier Sense function described in Figure 7-8 generated the CARRIER_STATUS message described above. For the sake
"OT COMSISIENCy WitlT COMIMON implementation practice, the variablc CarTicrSense (see 4.3.3) 15 generated directly by the Carrier Sense 1unc-

tion in recent editions of the standard.

The mapping between the CARRIER_STATUS message and the carrierSense variable is as follows. When the carrierSense variable
changes from False to True, the CARRIER_STATUS message is sent with the parameter CARRIER_ON. When the value of the carri-
erSense variable changes from True to False, the CARRIER_STATUS message is sent with the parameter CARRIER_OFF.
18Formerly, the PLS Error Sense function described in Figure 7-7 generated the SIGNAL_STATUS message described above. For the
sake of consistency with common implementation practice, the variable collisionDetect (see 4.3.3) is generated directly by the PLS
Error Sense function in recent editions of the standard.

The mapping between the SIGNAL_STATUS message and the collisionDetect variable is as follows. When the collisionDetect variable
changes from False to True, the SIGNAL_STATUS message is sent with the parameter SIGNAL_ERROR. When the value of the colli-
sionDetect variable changes from True to False, the SIGNAL_STATUS message is sent with the parameter NO_SIGNAL_ERROR.
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7.2.2.2.2 RESET_RESPONSE

The PLS sublayer sends the management entity RESET_RESPONSE upon completion of the Reset and
Identify function (see Figure 7-3 and 7.2.4.1) whether invoked due to power on or due to a
RESET_REQUEST. Which RESET_RESPONSE was sent is determined by the Reset and Identify function.
A RESET_RESPONSE of OPERATION SIMPLE, OPERATION ISOLATE, or OPERATION CONDI-
TIONED is sent if the MAU is compatible with the DTE and the MAU is simple (no isolate) or if the DTE
does not support Isolate even if Isolate is supported by the MAU, supports Isolate but does not require condi-
tioning, or supports Isolate and does require conditioning to output. A RESET_RESPONSE of INCOMPAT,
IBLE is sent if the MAU is not compatible with the DTE (that is, the MAU requires conditioning but the
DTE does not support conditioning).

7.2.2.2.3 MODE_CONTROL

The management entity sends MODE_CONTROL to the PLS sublayer toscontrol PLS functions.
MODE_CONTROL capabilities are as follows:

Message Meaning
ACTIVATE PHYSICAL Supply powerdn circuit VP
DEACTIVATE PHYSICAL Remove power from circuit VP
SET_MONITOR_MODE Send Isolate to MAU
RESET_MONITOR_MODE Send Normal to MAU

7.2.2.2.4 SQE_TEST

The PLS sublayer sends SQE:TEST to the management entity at the conclusion of each
signal_quality_error test (see Output Function, 7.2.4.3). The PLS sublayer sends SQE_TEST_ERROR if the
signal_quality_error test fails;of SQE_TEST_OK if the signal_quality_error test passes.

In systems operating.in’ full duplex mode, it is permitted, but not required, to implement the SQE_TEST

message.19

7.2.3 Frame structure

Framies transmitted on the AUI shall have the following structure:

<silence><preamble><sfd><data><etd><silence>

19Formerly, the PLS Carrier Sense function described in Figure 7-8 generated the SQE_TEST message described above. For the sake
of consistency with common implementation practice, the variable SQETestError is generated directly by the PLS Carrier Sense func-
tion in recent editions of the standard.

The mapping between the SQE_TEST message and the PLS Carrier Sense function described in Figure 7-8 is as follows. When the transi-
tion from the state WAIT 1 to the state FAILURE occurs, the SQE_TEST message is sent with the parameter SQE_TEST_ERROR. When
the transition from either the state WAIT 1 or the state ABORT_TEST to the state WAIT 2 occurs, the SIGNAL_STATUS message is sent
with the parameter NO_SIGNAL_ERROR.
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The frame elements shall have the following characteristics:

Element Characteristics
<silence> = no transitions
<preamble> = alternating (CD1) and (CDO) | 56 bit times (ending in CDO)
<sfd> = (CD1)(CDO0)(CD1)(CD0)(CD1)(CD0)(CD1)(CD1)
<data> = 8 x N instances of CDO or CD1
<etd> =1DL

7.2.3.1 Silence

The <silence> delimiter provides an observation window for an unspecified period of time.during which no
transitions occur on the AUI. The minimum length of this period is specified by the aceess procedure.

7.2.3.2 Preamble

The <preamble> delimiter begins a frame transmission and provides a signial for receiver synchronization.
The signal shall be an alternating pattern of (CD1) and (CDO). This pattern shall be transmitted on the Data
Out circuit by the DTE to the MAU for a minimum of 56 bit timesyat,the beginning of each frame. The last
bit of the preamble (that is, the final bit of preamble before the start-of frame delimiter) shall be a CDO.

The DTE is required to supply at least 56 bits of preamblédn order to satisfy system requirements. System
components consume preamble bits in order to perform their functions. The number of preamble bits
sourced ensures an adequate number of bits are provided to each system component to correctly implement
its function.

7.2.3.3 Start of Frame Delimiter (SFD)

The <sfd> indicates the start of a frame, and follows the preamble. The <sfd> element of a frame shall be
(CD1)(CDO)(CD1)(CDO)(CD1)(CD0)(CD1)(CD1)

7.2.3.4 Data

The <data> in\dtransmission shall be in multiples of eight (8) encoded data bits (CDOs and CD1s).

7.2.3.5End of transmission delimiter

The <etd> delimiter indicates the end of a transmission and serves to turn off the transmitter. The signal shall

be start of IDL.

7.2.4 PLS functions

The PLS sublayer functions consist of a Reset and Identify function and five simultaneous and asynchronous
functions. These functions are Output, Input, Mode, Error Sense, and Carrier Sense. All of the five functions
are started immediately following the completion of the Reset and Identify function. These functions are
depicted in the state diagrams shown in Figures 7-3 through 7-8, using notation described in 1.2.1.
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7.2.4.1 Reset and Identify function

The Reset and Identify function is executed any time either of two conditions occur. These two conditions
are “power on” and the receipt of RESET_REQUEST from the management entity. The Reset and Identify
function initializes all PLS functions, and (optionally) determines the capability of the MAU attached to the
AUI. Figure 7-3 is the state diagram of the Reset and Identify function. The Identify portion of the function
is optional.

7.2.4.2 Mode function

The MAU functions in two modes: normal and monitor. The monitor mode is optional. The state diagram of
Figure 74 depicts the operation of the Mode function. When the MAU is operating in the normal“mode, it
functions as a direct connection between the DTE and the medium. Data sent from the DTE ar¢ impressed
onto the medium by the MAU and all data appearing on the medium are sent to the DTE by-the MAU. When
the MAU is operating in the monitor mode, data appearing on the medium is sent to thé DTE by the MAU as
during the normal mode. signal_quality_error is also asserted on the AUI as during @peration in the normal
mode. However, in the monitor mode, the means employed to impress data on the\physical medium is posi-
tively prevented from affecting the medium. Since signaling and isolation teehtiiques differ from medium to
medium, the manner in which this positive isolation of the transmitting means 1s accomplished is specified in
the appropriate MAU document. However, the intent of this positive isolation of the transmitter is to ensure
that the MAU will not interfere with the physical medium in such.@ way as to affect transmission of other
stations even in the event of failure of the normal transmitter disabling control paths within the transmitting

mechanism of the MAU.
pls_reset l
RESET INITIALIZE
DATA_VALID_STATUS = [N=1]
DATA_NOT_VALID
Input (bit N)
pls_start
v A
v INPUT HOLD
BITBUCKET )" | = prrmmmmmmmmmmmmmmmmmms
CARRIER_OFF Input (bit N+1)
SQE * input_idle = ¢ v
\ 2 l INPUT DATA
........ IBXLDLE .. Input-Unit (N)
DATA_VALID \STATUS =
DATA_NQT_VALID ucT
CARRIER_ON INCREMENT
DISCARD TRASH (N=N+1]
[Discard the first 15 bits received] UCT
DATA_VALID_STATUS =
DATA_NOT_VALID
Input '

Figure 7-6—PLS Input and Data_Valid function

The monitor mode is intended to permit a network station to determine if it is the source of interference
observed on the medium.
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NOTE—The monitor mode is intended to be used only by Network Management for fault isolation and network opera-
tion verification. It is intended that the isolate message provide direct control over the mode function so that these tasks
can be performed. IMPROPER USE OF THE ISOLATE FUNCTION CAN CAUSE ERRONEOUS FRAMES.
Clause 5, Layer Management, provides details on the proper use of this function.

7.2.4.3 Output function

The PLS sublayer Output function transparently performs the tasks of conditioning the MAU for output and
data transfer from the MAC sublayer to the MAU. The state diagram of Figure 7-5 depicts the Output func-

tion-operation

At the conclusion of the Output function, if a collision has not occurred, a test is performed to verify Opera-
tion of the signal quality detection mechanism in the MAU and to verify the ability of the AUI to-pass the
signal_quality_error message to the PLS sublayer. The operation of this test in the DTE .is, shown in
Figure 7-8.

NOTE—In systems operating in full duplex mode, it is permitted, but not requirgd, fo implement the
signal_quality_error message test.

7.2.4.4 Input function

The PLS sublayer Input function transparently performs the task of data trfansfer from the MAU to the MAC
sublayer. Additionally, the Input function sends DATA_VALID_STATUS to the MAC sublayer, as appropri-
ate. The state diagram of Figure 7—6 depicts the Input function opetation.

7.2.4.5 Error Sense function

The PLS sublayer Error Sense function performs the task of sending collisionDetect to the MAC sublayer

whenever the PLS receives the signal_quality_errorsmessage from the PMA sublayer. The state diagram of
Figure 7-7 depicts the Error Sense function operation.
*pls_reset

v pls_start

NO ERROR

« collisionDetect

SQE

NOTE—SQE = signal_quality_error

Figure 7-7—PLS Error Sense function
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7.2.4.6 Carrier Sense function

The PLS sublayer Carrier Sense function performs the task of sending carrierSense and sqeTestError to the
MAC sublayer. The state diagram of Figure 7-8 depicts the Carrier Sense function operation.20

Verification of the signal_quality_error detection mechanism occurs in the following manner (in the absence
of a fault on the medium):

) At the conclusion of the ﬂntpnt function the DTE opens a time window dnring which it expects to
see the signal_quality_error message asserted on the Control In circuit. The time window begins
when carrierSense de-asserts and the variable transmitting is false. The duration of the window-shall
be at least 40 pus but no more than 8.0 pus. During the time window (depicted as
carrier_inhibit_timer, Figure 7-8) the carrierSense function is inhibited.

b) The MAU, upon waiting Tw after the conclusion of output, activates as (muCh of the
signal_quality_error detecting mechanism as is possible without placing signals on the medium,
thus sending the signal_quality_error message across the AUI for 10 + 5 bit times (10/BR + 5/BR
seconds).

c) The DTE interprets the reception of the signal_quality_error message from ‘the MAU as indication
that the signal_quality_error detecting mechanism is operational and(he signal_quality_error mes-
sage may be both sent by the MAU and received by the DTE.

NOTE 1—The occurrence of multiple (overlapping) transmitters on the medinm during the time that the test window is
open, as specified above, will satisfy the test and will verify proper operation*of the signal quality error detecting mech-
anism and sending and receiving of the appropriate physical error message.

NOTE 2—1If signal_quality_error exists at the DTE before CARRIER_OFF occurs, then the Collision Presence test
sequence within the PLS as described in 7.2.4.3 above shall be.aborted as shown in Figure 7-8.

NOTE 3—In systems operating in full duplex medé, it is permitted, but not required, to implement the
signal_quality_error message test.

7.3 Signal characteristics
7.3.1 Signal encoding

Two different signal encoding mechanisms may be used by the AUI. One of the mechanisms is used to
encode data, the other td encode control.

7.3.1.1 Data encoding

Manchester, encoding is used for the transmission of data across the AUI. Manchester encoding is a binary
signaling\iechanism that combines data and clock into “bit-symbols.” Each bit-symbol is split into two
halyeswith the second half containing the binary inverse of the first half; a transition always occurs in the
middle of each bit-symbol. During the first half of the bit-symbol, the encoded signal is the logical comple-

ment-of-the-bit-value-being-encoded—During—thesecond-half-of-the-bit-symbelthe-encodedsignal-is—the
uncomplemented value of the bit being encoded. Thus, a CDO is encoded as a bit-symbol in which the first
half is HI and the second half is LO. A CD1 is encoded as a bit-symbol in which the first half is LO and the
second half is HI. Examples of Manchester waveforms are shown in Figure 7-10.

20Formerly, this function utilized the variable output_in_progress generated by the PLS output function described in Figure 7-5. For the
sake of consistency with common implementation practice, the variable transmitting (see 4.3.3) is utilized directly by the PLS Carrier
Sense function in recent editions of the standard.

The mapping between variable output_in_progress and the variable transmitting is as follows. When output_in_progress is true,
transmitting is true; when output_in_progress is false, transmitting is false.
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NOTE 1—UCT is unconditional transition; SQE is signal_quality_error.

NOTE 2—States within the dotted box are not implemented for the PLS sublayer within a repeater port.

Figure 7-8—PLS Carrier Sense function
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mau_request

a)

Figure 7-9—Interface function for MAU with conditioning

The line condition IDL is also used as an encoded signal. An IDL always starts with a HI signal level. Since
IDL always starts with a HI signal, an additional transition will be added to the data stream if the last bit sent
was a zero. This transition cannot be confused with clocked data (CDO or CD1) since the transition will
occur at the start of a bit cell. There will be no transition in the middle of the bit cell. The IDL condition, as
sent by a driver, shall be maintained for a minimum of 2 bit times. The IDL condition shall be detected
within 1.6 bit times at the receiving device.
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\t/ output_idle uct

OUTPUT IDLE \|/
® not_positive_disable | | | ... SQE TEST !
® dlsqble"d.?v;r ® positive__disable
¢ mau_avariab’e. ® disable_driver

(if no_collision) e SQE
® SQE (if collision)

Tw test_timer_done

STARTTESTTIMER 2 | 1 | e WA T e

® not_positive_disable ® positive_disable
® disable_driver ® disable_.driver
[ ] mcu_ovc”able e mau_available

(if no_collision) mau (if no_collision)
® SQE (if collision) _request | ® SQE (if collision)

UcT

SQE TEST

® not_positive_disable
® disable_driver
® SQE

test_.timer_done

WAIT 2

® not_positive_disable
@ disable_driver
e mau_available

(if no_collision) mau_request
® SQE (if collision)

NOTE—See Figures 8—2"and 8-3 for simple and isolate type MAUs.
b)
Figure 79> (Continued) Interface function for MAU with conditioning
a)  System jitfer)considerations make detection of IDL (etd, end transmission delimiter) earlier than 1.3

b)

bit times.impractical. The specific implementation of the phase-locked loop or equivalent clock
recoyery mechanism determines the lower bound on the actual IDL detection time. Adequate margin
between lower bound and 1.6 bit times should be considered.

Recovery of timing implicit in the data is easily accomplished at the receiving side of the interface
because of the wealth of binary transitions guaranteed to be in the encoded waveform, independent
of the data sequence. A phase-locked loop or equivalent mechanism maintains continuous tracking

7.3.1.2 Control encoding

of the phase of the information on the Data circuit.

A simpler encoding mechanism is used for control signaling than for data signaling. The encoded symbols
used in this signaling mechanism are CS0, CS1, and IDL. The CSO signal is a signal stream of frequency
equal to the bit rate (BR). The CS1 signal is a signal stream of frequency equal to half of the bit rate (BR/2).
If the interface supports more then one bit rate (see 4.2), the bit rate in use on the data circuits is the one to
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ONE BIT PERIOD

ENCODED WAVEFORM — CONSTANT "CD1"

_ | L | | |

| ¢+ | o | 1 ] o | 1 | o | 1

ENCODED WAVEFORM — ALTERNATING "CDO", "CDt"

ENCODED WAVEFORM — RANDOM DATA

Figure 7-10—Examples of Manchester waveforms

which the control signals are referenced. The IDL signaluised on the control circuits is the same as the IDL
signal defined for the data circuits (see 7.3.1.1). The Cantrol Out circuit is optional (O) as is one message on
Control In.

The frequency tolerance of the CS1 and CS0signals on the CO circuit shall be +5% and that of the CS1 sig-
nal on the CI circuit shall be £15%. The duty cycle of the above signals is nominally 50%/50% and shall be
no worse than 60%/40%. The CSO0 signal on the CI circuit shall have a frequency tolerance of BR +25%,
—15% with the pulse widths no less-than 35 ns and no greater than 70 ns at the zero crossing points.

The meaning of the signals of the Control Out circuit (DTE to MAU) are as follows:

Signal Message Description
IDL normal Instructs the MAU to enter (remain in) normal mode
CS1 mau_request (O) Requests that the MAU should be made available
CS0O isolate (O) Instructs the MAU to enter (remain in) monitor mode

Théumeaning of the signals on the Control In circuit (MAU to DTE) are as follows:

Signal Message Description
IDL mau_available Indicates that the MAUs ready to output data
CS1 mau_not_available Indicates that the MAU is not ready to output data
CSO signal_quality_error | Indicates that the MAU has detected an error output data
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7.3.2 Signaling rate

Multiple signaling rates are encompassed by this standard. The signaling rate specified here is 10 million
bits per second +0.01%.

It is intended that a given MDI operate at a single data rate. It is not precluded that specific DTE and MAU
designs be manually switched or set to alternate rates. A given local network shall operate at a single signal-
ing rate. To facilitate the configuration of operational systems, DTE and MAU devices shall be labeled with
the actual signaling rate used with that device

7.3.3 Signaling levels

Exact voltage and current specifications are listed in 7.4.

7.4 Electrical characteristics

Terms BR and BR/2 have very specific meaning as used in this subclause. The term*\BR is used to mean the
bit rate of the highest signaling rate supported by any one implementation of this4nterface, BR/2 is used to
mean half the bit rate of the lowest signaling rate supported by any one implementation of this interface (see
7.3.2). An interface may support one or more signaling rates.

NOTE —The characteristics of the driver and receiver can be achieved with standard ECL logic with the addition of an
appropriate coupling network; however, this implementation is not mandatory.

7.4.1 Driver characteristics

The driver is a differential driver capable of driving the specified 78 Q interface cable. Only the parameters
necessary to ensure compatibility with the specified receiver and to assure personnel safety at the interface
connector are specified in the following subclauses.

7.4.1.1 Differential output voltage,loaded

Drivers shall meet all requiremerits of this subclause under fwo basic sets of test conditions (that is, each of
two resistive values). For drivers located within a DTE, a combined inductive load of 27 uH + 1% and either
a 73 Q or 83 Q + 1% resistive load shall be used. For a driver located within a MAU, a combined inductive
load of 50 pH + 1% and either 73 Q or 83 Q + 1% resistive load shall be used.

The differential eutput voltage, V4, is alternately positive and negative in magnitude with respect to zero
voltage. The value’of V,, into either of the two test loads identified above (R =73 Q or 83 Q = 1%) at the
interface cofinector of the driving unit shall satisfy conditions defined by values V,;, and V., shown in
Figure 7<1) for signals in between BR and BR/2 meeting the frequency and duty cycle tolerances specified
for the.signal being driven. The procedure for measuring and applying the test condition is as follows:

) Constrict a template errPQPnﬁng the shaded area of Figan 7—11_Once constriucted the thplate

may be shifted along the time axis in order to accommodate differences in the 10% to 50% and 50%
to 90% transition times of the driver waveform.

b)  Find the peak value of V4. This is V.

c) Find the minimum value of V4, during the period between the shaded regions for the waveform’s
rising and falling transitions (time T1 in Figure 7-11). This minimum value is V ;.

d)  Vax shall be < 1315 mV, V;,, shall be > 450 mV, and V ,,,/V i, shall be < 1.37.

e) Vg shall remain < 1170 mV 24 ns after a zero crossing.

f)  The waveform shall remain within the shaded area limits.
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The differential output voltage magnitude, V4, into either of the two test loads identified above, at the inter-
face connector of the driving unit during the idle state shall be within 40 mV of 0 V. The current into either
of the two test loads shall be limited to 4 mA.

When a driver, connected to the appropriate two test loads identified above, enters the idle state, it shall
maintain a minimum differential output voltage of at least 380 mV for at least 2 bit times after the last low to
high transition.

2494 NS |
1315 mV — |
max ——
1170 mV —
Vmin_
450 mV — s\\
Q o)
T4
t]t t |t
T

t=3.5 ns at 1-10 MHz data rates
T,=(BT or BT/2) £2 x Tj, where Tj is the amount of MAU-DTE permissible

edge jitter
T,=T, - 7.0.ns
* +
A A
B [ \l/ _

Figure 7-11—Differential output voltage, loaded

For drivers on either the CO or CI circuits, the first transition or the last positive going transition may occur
asynchronously with respect to the timing of the following transitions or the preceding transition(s),
respectively.
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SIREE

+V

dm

_Vdm
< g
Tq = 200 ns MINIMUM
T, = 80 BIT TIMES MAXIMUM
U = —100 mV MAXIMUM UNDERSHOOT
E = STEADY STATE OFFSET INTO SPECIFIED TEST LOAD

+/~ 40 mV MAX
+/— 4 mA MAX

R = RINGING SHALL BE <200 mV PK-PK
AFTER Ty AND BEFORE Ty

Figure 7-12—Generalized-driver waveform

7.4.1.2 Requirements after idle

When the driver becomes nonidle after a period of idle on the interface circuit, the differential output voltage
at the interface connector shall meet the' requirements of 7.4.1.1 beginning with the second bit transmit-
ted.The first bit sent over the driver circuit may contain phase violations or invalid data.

7.4.1.3 AC common-made output voltage

The magnitude of the.ac component of the common-mode output voltage of the driver, measured between
the midpoint of @ test load consisting of a pair of matched 39 Q + 1% resistors and circuit VC, as shown in
Figure 7-13, Shall not exceed 2.5 V peak from 30 Hz to 40 kHz and 160 mV peak from 40 kHz to BR.

7.4.1:4 Differential output voltage, open circuit

Thedifferemtiat output volitage TIo 2 OperT CITCUIt, Measured at HIe el face COMector of e driving Tt
shall not exceed 13 V peak.

7.4.1.5 DC common-mode output voltage

The magnitude of the dc component of the common-mode output voltage of the driver, measured between

the midpoint of a test load consisting of a pair of matched 39 Q + 1% resistors and circuit VC, as shown in
Figure 7-13, shall not exceed 5.5 V.
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FAULT  SWITCH SETTINGS
CONDITION LEAD A LEAD B

A 1 1 1
2 4 3
3 3 4
B 4 4 4
5 2 3
6 3 2
7 2 2
8 3 3

.

®s 16 VOLTS
vC
., ~

Figure 7-13—Common-mode output voltage

7.4.1.6 Fault tolerance

Any single driver in the interface, when idle or driving any permissible signal;-shall tolerate the application
of each of the faults specified by the switch settings in Figure 7—-14 indefinitely; and after the fault condition
is removed, the operation of the driver, according to the specifications.0f 7.4.1.1 through 7.4.1.5, shall not be
impaired.

In addition, the magnitude of the output current from either output of the driver under any of the fault condi-
tions specified shall not exceed 150 mA.

FAULT  SWITCH SETTINGS

CONDITION LEAD A LEAD B
1 1

oy}
[ ]

0N PDWN =

W OGN A& WS
WRN WA

Ve 3 16 VOLTS

Figure 7-14—Driver fault conditions

7.4.2 Receiver characteristics

The receiver specified terminates the interface cable in its characteristic impedance. The receiver shall func-
tion normally over the specified dc and ac common-mode ranges.

7.4.2.1 Receiver threshold levels

When the receiving interface circuit at the interface connector of the receiving equipment is driven by a dif-
ferential input signal at either BR or BR/2 meeting the frequency and duty cycle tolerances specified for the
receiving circuit, when the A lead is 160 mV positive with respect to the B lead, the interface circuit is in the
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HI state, and when the A lead is 160 mV negative with respect to the B lead, the interface circuit is in the LO
state. The receiver output shall assume the intended HI and LO states for the corresponding input conditions.

If the receiver has a squelch feature, the specified receive threshold levels apply only when the squelch is
allowing the signal to pass through the receiver.

NOTE—The specified threshold levels do not take precedence over the duty cycle and jitter tolerance specified else-
where. Both sets of specifications must be met.

The ac differential input impedance for AUI receivers located in MAUs shall have a real part of 7783 +
6%, with the sign of the imaginary part positive, and the phase angle of the impedance in degrees less.than or
equal to 0.0338 times the real part of the impedance, when measured with a 10 MHz sine wave:.

The ac differential input impedance for AUI receivers located in the DTE shall have a real{patrt of 77.95 Q +
6%, with the sign of the imaginary part positive, and the phase angle of the impedance in degrees less than or
equal to 0.0183 times the real part of the impedance, when measured with a 10 MHzsihe wave.

A 78 Q + 6% resistor in parallel with an inductance of greater than 27 yH or §0H for receivers in the MAU
and DTE respectively, satisfies this requirement.

7.4.2.3 AC common-mode range

When the receiving interface circuit at the receiving equipment is driven by a differential input signal at
either BR or BR/2 meeting the frequency and duty cycle tolerances specified for the circuit being driven, the
receiver output shall assume the proper output state assspecified in 7.4.2.1, in the presence of a peak com-
mon-mode ac sine wave voltage either of from 30 Hzsto 40 kHz referenced to circuit VC in magnitude from
0to 3V, or in magnitude 0 to 200 mV for ac voltages of from 40 kHz to BR as shown in Figure 7-15.

Figure 7-15—Common-mode input test

7.4,2.4 Total common-mode range

When the receiving interface circuit at the receiving equipment is driven by a differential input signal at
either BR or BR/2 meeting the frequency and duty cycle tolerances specified for the circuit being driven, the
receiver output shall assume the intended output state as specified in 7.4.2.1 in the presence of a total com-
mon-mode voltage, dc plus ac, referenced to circuit VC in magnitude from O to 5.5 V, as shown in the test
setup of Figure 7-15. The ac component shall not exceed the requirements of 7.4.2.3.

The receiver shall be so designed that the magnitude of the current from the common-mode voltage source
used in the test shall not exceed 1 mA.
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7.4.2.5 Idle input behavior

When the receiver becomes nonidle after a period of idle on the interface circuit, the characteristics of the
signal at the output of the receiver shall stabilize within the startup delay allowed for the device incorporat-
ing the receiver so that it is not prevented from meeting the jitter specifications established for that device.

The receiving unit shall take precautions to ensure that a HI to idle transition is not falsely interpreted as an
idle to nonidle transition, even in the presence of signal droop due to ac coupling in the interface driver or
receiver circuits.

7.4.2.6 Fault tolerance

Any single receiver in the interface shall tolerate the application of each of the faults specified by the switch
settings in Figure 7-16 indefinitely, and after the fault condition is removed, the operation of the receiver
according to the specifications of 7.4.2.1 through 7.4.2.6 shall not be impaired.

In addition, the magnitude of the current into either input of the receiver under-any of the fault conditions
specified shall not exceed 3 mA.

T ®
i
5 ®
_.
¢ A
FAULT SWITCH SETTINGS
B CONDITION LEAD A LEAD B
1 T T
3 _ 2 4 3
1 3 3 4
° 4 4 4
2 5 2 3
: 5@ 6 3 2
vC 7 2 2
16 VOLTS - 4@ 8 5 5

\%

Figure 7-16 —Receiver fault conditions

7.4.3 AUl cable characteristics

The, ifiterface cable consists of individually shielded twisted pairs of wires with an overall shield covering

pair are electrically isolated from the outer shield but not necessarily from each other.

The overall shield shall be returned to the MAU and DTE Units via the AUI connector shell as defined in
7.6.2 and 7.6.3. If a common drain wire is used for all the signal pair shields, then it shall be connected to pin
4 and pin 1. Individual drain wire returns for each signal pair may be used (see 7.6.3). It is recommended
that individual drain wires be used on all control and data circuit shields to meet satisfactory crosstalk levels.
If individual drain wires are used, they shall be interconnected within the AUI cable at each end and shall be
connected at least to pin 4 and pin 1 at each end of the cable.
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The presence of the Control Out signal pair is optional. If driver or receiver circuit components for CO are
not provided, consideration should be given to properly terminating the CO signal pair within the DTE and
MAU to preclude erroneous operation.

7.4.3.1 Conductor size

The dc power pair in the interconnecting cable, voltage common and voltage minus, shall be composed of a
twisted pair of sufficient gauge stranded wires to result in a nominal dc resistance not to exceed 1.75 Q per

canductor

Conductor size for the signal pairs shall be determined according to the ac related parametérs-in
7432-743.6.

7.4.3.2 Pair-to-pair balanced crosstalk

The balanced crosstalk from one pair of wires to any other pair in the same cable sheath)(when each pair is
driven per 7.4.1.1-7.4.1.5) shall have a minimum value of 40 dB of attenuation medsured over the range of
BR/2 to BR.

7.4.3.3 Differential characteristic impedance

The differential characteristic impedance for all signal pairs shall be‘equal within 3 € and shall be 78 £ 5 Q
measured at a frequency of BR.

7.4.3.4 Transfer impedance

a) The common-mode transfer impedance shall not exceed the values shown in Figure 7-17 over the
indicated frequency range.

b)  The differential mode transfer impedance for all pairs shall be at least 20 dB below the common-
mode transfer impedance.

100 i

10

m{/m
"N

10K 100K ™ 10M 100M
FREQUENCY (Hz)

Figure 7-17—Common-mode transfer impedance
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7.4.3.5 Attenuation

Total cable attenuation levels between driver and receiver (at separate stations) for each signal pair shall not
exceed 3 dB over the frequency range of BR/2 to BR (Hz) for sinewave measurements.

7.4.3.6 Timing jitter

Cable meetina this snecification-shall exhibit edae utter of nomore-than1l S nsatthe recervana end when-the
t=3 r o J t=3

longest legal length of the cable as specified in 7.4.3.1 through 7.4.3.7 is terminated in a 78 Q + 1% resistoy
at the receiving end and is driven with pseudorandom Manchester encoded binary data from a data generator
which exhibits no more than 0.5 ns of edge jitter on half bit cells of exactly 1/2 BT and whose output,meets
the specifications of 7.4.1.1 through 7.4.1.5. This test shall be conducted in a noise-free environment. The
above specified component is not to introduce more than 1 ns of edge jitter into the system.

NOTE — Special attention will have to be applied to the cable characteristics and length at 20 Mb/s}

7.4.3.7 Delay

Total signal delay between driver and receiver (at separate stations) for ‘each signal pair shall not exceed
257 ns.

7.5 Functional description of interchange circuits

7.5.1 General

The AUI consists of either three or four differential signal circuits, power, and ground. Two of the circuits
carry encoded data and two carry encodedteontrol information. Circuits DO (Data Out) and CO (Control
Out) are sourced by the DTE, and cireuits DI (Data In) and CI (Control In) are sourced by the MAU. The
interface also provides for power transfer from the DTE to the MAU. The CO circuit is optional.

7.5.2 Definition of interchange circuits

The following circuitsare defined by this specification:

Signal direction

Circuit Name to MAU 1{2‘:{} Remarks
DO Data Out X Encoded Data
DI Data In X Encoded Data
(6(0] Control Out X Encoded Control
CI Control In X Encoded Control
VP Voltage Plus X 12V
VC Voltage Common X Return for VP
PG Protective Ground X Shield

130
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7.5.2.1 Circuit DO-Data Out

The Data Out (DO) circuit is sourced by the DTE. It is a differential pair consisting of DO-A (Data Out cir-
cuit A) and DO-B (Data Out circuit B).

The signal transferred over this circuit is Manchester encoded. An output message containing a one bit is
encoded as CD1. An output_idle message is encoded as an IDL.

The follovwinge summetry reauirements—shall be met when the DTE transfers nseudorandom - Manchester
o J J he r

encoded binary data over a DO circuit loaded by the test load specified in 7.4.1.1.

Bit cells generated internal to the DTE are required to be 1 BT within the permitted tolerance on data rate
specified in 7.3.2. Half bit cells in each data bit are the be exactly 1/2 BT (that is, the reference point-for edge
jitter measurements) within the permitted tolerance on the data rate specified in 7.3.2. Each tfansition on the
DO circuit is permitted to exhibit edge jitter not to exceed 0.5 ns in each direction. This means that any tran-
sition may occur up to 0.5 ns earlier or later than this transition would have occurged, had no edge jitter
occurred on this signal.

7.5.2.2 Circuit DI-Data In

The Data In (DI) circuit is sourced by the MAU. It is a differential pair<€onSisting of DI-A (Data In circuit A)
and DI-B (Data In circuit B).

The signal transferred over this circuit is Manchester encodedyAn input message containing a zero bit is
encoded as CDO. An input message containing a one bitsis ‘encoded as CD1. An input_idle message is
encoded as an IDL.

A DTE meeting this specification shall be able totéceive, on the DI circuit without a detectable FCS error,
normal preamble data arranged in legal length packets as sent by another station to the DTE. The test gener-
ator for the data on the DI circuit shall meet the requirements for drivers in MAUSs specified in 7.4.1.1
through 7.4.1.5 and shall drive the DI cir€uit through a zero length AUI cable. Random amounts of edge jit-
ter from O to 12 ns on either side of €ach transition shall be added by the test generator to transitions in bits
in the preamble, and random amaunts of edge jitter of from O to 18 ns on either side of each transition shall
be added to the transitions in all'bits in the frame. Preamble length from the test generator shall be 47 bits of
preamble, followed by the &bit-SFD.

NOTE— A significant portion of the system jitter may be nonrandom in nature and consists of a steady-state shift of the
midbit transitions in€ither direction from their nominal placement. A 16.5 ns edge jitter is expected on the transmitted
signal at the receiving’ DTE, worst case. The difference between 16.5 ns and 18 ns jitter represents receiver design
margin.

7.5.2.3 Circuit CO-Control Out (optional)

The €ontrol Out (CO) circuit is sourced by the DTE. It is a differential pair consisting of CO-A (Control Out

cereuit-A-and-CO-B-(Control-Out-circuit- B
HSHH )i B0 ettt

HeHoT o

The signal transferred over this circuit is encoded as described in 7.3.1.2. A mau_request message is
encoded as CS1. A normal message is encoded as IDL. An isolate message is encoded as CSO.

7.5.2.4 Circuit ClI-Control In

The Control In (CI) circuit is sourced by the MAU. It is a differential pair consisting of CI-A (Control In cir-
cuit A) and CI-B (Control In circuit B).
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The signal transferred over this circuit is encoded as described in 7.3.1.2. A mau_available message is
encoded as IDL. A mau_not_available message is encoded as CS1. A signal_quality_error message is
encoded as a CSO.

7.5.2.5 Circuit VP-Voltage Plus

The Voltage Plus (VP) circuit is sourced from the DTE. It shall be capable of operating at one fixed level
between + 12V dc — 6% and + 15 V dc + 5% with respect to circuit VC at the DTE AUI for all currents from

0 to 500 mA _The source shall provide protection far this circuit against an overload condition The method
of overload protection is not specified; however, under no conditions of operation, either normal or overload
shall the source apply a voltage to circuit VP of less than O or greater than + 15.75 V dc as specified above.
MAU designers are cautioned that protection means employed by power sources may cause the voltage at
signal VP to drop below the minimum operational voltage specified without going completely to,zéro volts
when loads drawing in excess of the current supplied are applied between VP and VC. Adequate’provisions
shall be made to ensure that such a condition does not cause the MAU to disrupt the mediun:

7.5.2.6 Circuit VC-Voltage Common

Circuit VC is the ground return to the power source for circuit VP, capable of-sinking 2.0 A. Also, all com-
mon-mode terminators for AUI circuits shall be made to circuit VC.

7.5.2.7 Circuit PG—Protective Ground

Circuit PG shall be connected to chassis ground through a maximum dc resistance of 20 m€2 at the DTE end.
7.5.2.8 Circuit shield terminations

Individual pin terminations shall meet the following requirements:

a) Pins 1,4,8, 11, 14 connected to logic ground in the DTE
b) Pins 1,4,8, 11, 14 capacitively coupled to VC in MAU

c¢) Impedance to ground < 5 €2 at'the lowest operational BR/2 in the MAU and at the highest BR in the
DTE

7.6 Mechanical characteristics
7.6.1 Definition-ofmechanical interface

All conneetors used shall be as specified in 7.6.2. The DTE shall have a female connector and the MAU shall
have amal€ connector. The MAU may be plugged directly into the DTE or may be connected by one or
more ‘cable segments whose total length is less than or equal to 50 m. All cable segments shall have a male

connector on one end and a female connector on the other end. All female connectors shall have the slide
1Q 7 .10 A 720\

lafal d a1l 1 'S Lboll L thal Jos to ( daf A 2 T 7
TatCT— antaT Trarc—C O CTOT S STIrdiT TIa v Ot CTO UK S~ POSTS Tas Ot U T g ures—7— 10, 7 L 75 anda—7 I as

the retention system.
7.6.2 Line interface connector

A 15-pole connector having the mechanical mateability dimensions as specified in IEC 60807-2: 1992 with
gold-plated contacts shall be used for the line interface connector. The shells of these connectors shall be tin
plated to ensure the integrity of the cable shield to chassis current path. The resistance of the cable shield to
equipment chassis shall not exceed 5 mQ, after a minimum of 500 cycles of mating and unmaking.
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In order to ensure intermateability of connectors obtained from different manufacturers, the connector with
female contacts shall conform to IEC 60807-2: 1992 and have gold-plated contacts and tin-plated shells. All
additions to provide for female shell to male shell conductivity shall be on the shell of the connector with
male contacts. There should be multiple contact points around the sides of this shell to provide for shield
continuity.

NOTE—Use of similar metallic surfaces on connector conductors and similar metallic surfaces on the connector shells
minimizes galvanic action and reduced performance.

Theconmector IS ot specified to prevent Operator CONtact WitlT te SHietd, ard-precautions sitatt be taker at
installation time to ensure that the installer is warned that the shield is not to be brought into contact with-any
hazardous voltage while being handled by operating personnel. See reference [B30].

7.6.3 Contact assignments

The following table shows the assignment of circuits to connector contacts.

Contact | Circuit Use

3 DO-A Data Out circuit A

10 DO-B Data Out circuit B

11 DO-S Data Out circuit shield

5 DI-A Data In circuit A

12 DI-B Data In circuit B

4 DI-S Data In circuit shield

7 CO-A Control Qutcircuit A

15 CO-B Control Out circuit B

8 CO-S Control Out circuit shield
2 CI-A Control in circuit A

9 CI:B Control In circuit B

1 CI-S Control In circuit shield
6 vC Voltage Common

13 VP Voltage Plus

14 A Voltage Shield

Shell PG Protective Ground (Conductive Shell)

NOTE — Voltage Plus and Voltage Common use a single twisted pair in the
AUI cable.

As indicated in 7.4.2.1, the A lead of a circuit is positive relative to the B lead for a HI signal and negative for
a LO signal.
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8. Medium Attachment Unit and baseband medium specifications, type
10BASE5

8.1 Scope
8.1.1 Overview

This standard defines the functional, electrical, and mechanical characteristics of the MAU and one specific
medium for use with local networks. The relationship of this specification to the entire ISO/IEC Local Net-
work International Standard is shown in Figure 8—1. The purpose of the MAU is to provide a simple, inex=
pensive, and flexible means of attaching devices to the local network medium.

osl LAN
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLICATION HIGHER LAYERS
PRESENTATION / LLC
LOGICAL LINK CONTROL
/
/ MAC
SESSION , MEDIA ACCESS CONTROL] S—DTE S pre
; (AUI not
PLS exposed)
TRANSPORT r, /1 PHYSICAL SIGNALING
r 0 RS T
NETWORK /o, : :
: 4—ul
/ : :
DATA LINK / :
MAU
PHYSICAL |
— Al MDI
AUN * = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT

Figure 821 —Physical Layer partitioning, relationship to the ISO/IEC
Open Systems Interconnection (OSI) reference model

8.1.1.1 Medium Attachment Unit

The{MAU has the following general characteristics:

a)  Enables coupling the PLS by way of the AUI o the explicit baseband coaxial transmission system
defined in this clause of the standard.

b)  Supports message traffic at a data rate of 10 Mb/s (alternative data rates may be considered in future
additions to the standard).

¢) Provides for driving up to 500 m (1640 ft) of coaxial trunk cable without the use of a repeater.

d) Permits the DTE to test the MAU and the medium itself.

e) Supports system configurations using the CSMA/CD access mechanism defined with baseband
signaling.

f)  Supports a bus topology interconnection means.
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8.1.1.2 Repeater unit

The repeater unit is used to extend the physical system topology, has the same general characteristics as
defined in 8.1.1.1, and provides for coupling together two or more 500 m (1640 ft) coaxial trunk cable seg-
ments. Multiple repeater units are permitted within a single system to provide a maximum trunk cable con-
nection path of 2.5 km (8200 ft) between any two MAUS.

8.1.2 Definitions

See 1.4.
8.1.3 Application perspective: MAU and MEDIUM objectives

This subclause states the broad objectives and assumptions underlying the specifications defined throughout
this subclause of the standard.

8.1.3.1 Object
a)  Provide the physical means for communication between local network-data link entities.

NOTE —This standard covers a portion of the physical layer as defined in the OSIReference Model and, in addition, the
physical medium itself, which is beyond the scope of the OSI Reference Modéle

b) Define a physical interface that can be implemented independently among different manufacturers
of hardware and achieve the intended level of compatibility when interconnected in a common local
network.

¢) Provide a communication channel capable of high bandwidth and low bit error rate performance.
The resultant mean bit error rate, at the physieal layer service interface should be less than one part
in 103 (on the order of one part in 109 at th&link level).

d) Provide for ease of installation and service.

e) Provide for high network availability¢ability of a station to gain access to the medium and enable
the data link connection in a timely) fashion).

f)  Enable relatively low-cost implementations.

8.1.3.2 Compatibility considerations

All implementations of this baseband coaxial system shall be compatible at the MDI.

This standard provides one explicit trunk cable medium specification for the interconnection of all MAU
devices. The médium itself, the functional capability of the MAU, and the AUI are defined to provide the
highest possible level of compatibility among devices designed by different manufacturers. Designers are
free to implement circuitry within the MAU in an application-dependent manner provided the MD Interface

and AUI-specifications are satisfied.

Subsystems based on this specification may be implemented in several different ways provided compatibil-

1Ty at the medium 1s maintained. It 1s possible, 1or example, o design an integrated station where the MAU 15
contained within a physical DTE system component, thereby eliminating the AUI cable. The device designer
(and system user) shall then consider such factors as topological flexibility, system availability, and
configurability.

8.1.3.3 Relationship to PLS and AU interface

This subclause defines the primary physical layer for the LAN, a layer comprised of both the physical
medium and the rudimentary circuitry necessary to couple a station’s message path directly to/from the
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medium. The complete logical physical layer of the LAN may reside physically in two distinct locations, the
MAU and the DTE. Therefore, a close relationship exists between this subclause and Clause 7. This
subclause specifies all of the physical medium parameters, all of the PMA logical functions residing in the
physical MAU, and references the AUI associated with and defined throughout Clause 7.

NOTE—The design of a physical MAU component requires the use of both this subclause and Clause 7 for the PLS and
AUI specifications.

8.1.3.4 Modes of operation

The MAU is capable of operating in either a “Normal” mode or an optional “Monitor”” mode.

a)  Normal mode. The MAU functions as a direct connection between the baseband medium, and the
DTE. Data output from the DTE is output to the coaxial trunk medium and all data_omn the coaxial
trunk medium is input to the DTE. This mode is the “normal” mode of operationcfor’the intended
message traffic between stations.

b)  Monitor mode. The MAU Transmit function is disabled to prevent data from.being output on the
trunk coaxial medium while the receive function and collision presence funetion remain active for
purposes of monitoring medium message traffic. This mode also serves ‘asa limited test mode at the
same time it isolates the MAU transmitter from the medium. Under most local (that is, intrastation)
fault conditions the monitor mode enables continued use of the nétwork while the local station is
being serviced.

8.2 MAU functional specifications

The MAU component provides the means by which signals on the four physically separate AUI signal
circuits to/from the DTE and their associated interlayer messages are coupled to the single coaxial cable
baseband signal line. To achieve this basic objectivé;the MAU component contains the following functional
capabilities to handle message flow between the DTE and the baseband medium:

a)  Transmit function. The ability to transmit serial data bit streams on the baseband medium from the
local DTE entity and to one or'more remote DTE entities on the same network.

b)  Receive function. The ability to receive serial data bit streams over the baseband medium.

c) Collision Presence function. The ability to detect the presence of two or more stations’ concurrent
transmissions.

d)  Monitor function(Optional). The ability to inhibit the normal transmit data stream to the medium at
the same time-the-normal receive function and collision presence function remain operational.

e) Jabber function. The ability to automatically interrupt the transmit function and inhibit an abnor-
mally lofig)output data stream.

8.2.1 MAU\Physical Layer functions

8.211 Transmit function requirements

At the start of a frame transmission on the coaxial cable, no more than 2 bits (2 full bit cells) of information
may be received from the DO circuit and not transmitted onto the coaxial medium. In addition, it is permis-
sible for the first bit sent to contain encoded phase violations or invalid data; however, all successive bits of
the frame shall be reproduced with no more than the specified amount of jitter. The second bit cell transmit-
ted onto the coaxial cable shall be carried from the DO signal line and transmitted onto the coaxial trunk
cable medium with the correct timing and signal levels. The steady-state propagation delay between the DO
circuit receiver input and the coaxial cable output shall not exceed one-half bit cell. At the start of transmis-
sion, the MAU bit loss plus steady-state propagation delay between the DO and the coaxial cable shall vary
by less than 2 bits between successive packets separated by 96 bit times or less. There shall be no logical
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signal inversions between the branch cable DO circuit and the coaxial trunk cable (for example, a “high”
logic level input to the MAU shall result in the less negative current flow value on the trunk coaxial
medium). A positive signal on the A signal lead of the DO circuit shall result in a more positive voltage level
on the trunk coaxial medium. It is assumed that the AUI shall provide adequate protection against noise. It is
recommended that the designer provide an implementation in which a minimum threshold signal is required
to establish a transmit bit stream.

The Transmit function shall output a signal on the trunk coaxial medium whose levels and waveform comply
with 8.3.1.3.

In addition, when the DO circuit has gone idle after a frame is output, the MAU shall then activaté, the
collision presence function as close to the trunk coaxial cable as possible without introducing an extraneous
signal on the trunk coaxial medium. The MAU shall initiate the collision presence state within 9.6 us to
1.6 us after the start of the output idle signal and shall maintain an active collision presence state for a time
equivalent to 10 + 5 bit cells.

8.2.1.2 Receive function requirements

The signal from the coaxial trunk cable shall be directly coupled to the receiver.and subsequently ac coupled
before reaching the receive circuit connected to the DTE. The receive function-shall output a signal onto the
DI circuit of the AUI cable that complies with the AUI specification for drivers in MAUE .

At the start of a frame reception from the coaxial cable, no more thamd/bits (five full bit cells) of information
may be received from the coaxial cable and not transmitted onto the receive (DI) circuit. In addition, it is
permissible for the first bit sent over the receive circuit to contdin encoded phase violations or invalid data;
however, all successive bits of the frame shall reproduce the incoming signal with no more than the above
specified amount of jitter. This implies that the second bit.Cell sent onto the DI circuit presents valid data to
the branch cable. The steady-state propagation delay.between the coaxial cable and the receive (DI) circuit
output shall not exceed one-half bit cell. At the starf-of reception, the MAU bit loss plus steady-state propa-
gation delay between the coaxial cable and the DI circuit shall vary by less than 5 bits between successive
packets separated by 96 bit times or less whenthe signal level on the coaxial cable is constant (that is, when
both packets are transmitted by the sameAU). There are no logical signal inversions between the coaxial
(trunk) cable and the MAU (branch) ¢able receive circuit.

A MAU meeting this specification shall exhibit edge jitter into the DI pair when terminated in the appropri-
ate test load specified in 7.4:3:6; of no more than 8.0 ns in either direction when it is installed on the distant
end of all lengths between 275 m and 500 m of the cable specified in 8.4.1.1 through 8.4.2.1.5 terminated at
both ends with terminators meeting the impedance requirements of 8.5.2.1 and driven at one end with pseu-
dorandom Manchester encoded binary data from a data generator that exhibits no more than 1.0 ns of edge
jitter in either direction on half-bit cells of exactly 1/2 BT and whose output meets the specifications of
8.3.1.3 except that the risetime of the signal must be 30 ns + 0, — 2 ns. This test shall be conducted in a noise-
free environment. The combination of coaxial cable and MAU receiver introduce no more than 6 ns of edge
jitter into-the system.

The local transmit and receive functions shall operate simultaneously while connected to the medium oper-

ating 1n the half duplex operafing mode.
8.2.1.3 Collision Presence function requirements

The signal presented to the CI circuit in the absence of a collision shall be the IDL signal except when the
MAU is required to signal the CS1 signal.

The signal presented to the CI circuit during the presence of a collision shall be the CSO signal encoded as
specified in 7.3.1.2. Under no conditions shall the collision presence function generate an output when only

Copyright © 2000 IEEE. All rights reserved. 139



https://standardsiso.com/api/?name=e478a65ce847565635396c364b44a211

ISO/IEC 8802-3: 2000(E)
IEEE Std 802.3, 2000 Edition LOCAL AND METROPOLITAN AREA NETWORKS:

one MAU is transmitting. Table 8—1 summarizes the allowable conditions under which collisions shall be
detected.

a)  Collision Assertion

1) In the case where the MAU has been transmitting for at least 20 bit times before the arrival at
the MAU on the coaxial cable of a transmission from another MAU, the CSO signal shall be
presented to the CI circuit no more than 17 bit times after the arrival at the MAU on the MDI of
a transmission from another MAU. Arrival at the MAU shall be considered to be the time when
the transmission of the other MAU causes the dc level on the MDI to become more negative

2) In all other cases where the MAU is transmitting, the CSO signal shall be presented to the CI
circuit no more than 29 bit times after the later of start of transmission by the MAU and the
arrival of a transmission from another MAU.

b) Collision De-assertion

1) In the case where a collision has occurred between the MAU and one other MAU) the IDL sig-
nal shall be presented to the CI circuit no more than 17 bit times after eithep-the end of trans-
mission by the MAU or the arrival of the end of transmission from the other MAU, whichever
occurs earlier. The arrival of the end of transmission from the other MIAU shall be the time
when the cessation of transmission causes the dc level on the MDI fo\become less negative.

2) In the case where a collision has occurred between more than two_MAUs, the IDL signal shall
be presented to the CI circuit no more than 29 bit times after the arrival of the end of transmis-
sion from all but one MAU.

These timing conditions shall be met for all data bit patterns and combinations of MDI, MAU transmit lev-
els, and MAU locations on the segment.

The collision presence function may, in some implementations, be able to sense an abnormal (for example,
open) medium.

Table 8-1—Generation of collision presence signal

MAU Numbers of transmitters
<2 =2 >2
Transmitting N Y Y
Not fransmitting N Y Y

Y= shall generate SQE message
N= shall not generate SQE message

8.2.1.4 Monitor function requirements (optional)

Upon receipt of the isolate message the MAU shall, within 20 ms (implementations: solid-state preferred,
rélay switched permitted), disable the transmit function in such a way as to prevent both the transmission of|
signals on the trunk coaxial medium and any abnormal loading by the disabled transmitter on the trunk coax-
ial medium itself. The monitor function is intended to prevent a malfunctioning active component (for exam-
ple, transmit driver) from bringing down the network. The isolate message shall not interact with the receive
or collision presence functions, thus permitting the normal operational mode wherein all data appearing on
the trunk coaxial medium are carried to the DTE on the DI signal circuit.

NOTE — Verification for successful execution of the isolate message requires use of the trunk coaxial medium itself.
This level of guaranteed performance requires use of system layers above the physical layer and implies some interrup-
tion of normal trunk coaxial medium message traffic.
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8.2.1.5 Jabber function requirements

The MAU shall contain a self-interrupt capability to inhibit transmit data from reaching the medium. Hard-
ware within the MAU (with no external message other than the detection of output data, bits, or leakage, by
way of the transmit function) shall provide a nominal window of at least 20 ms to at most 150 ms during
which time a normal data link frame may be transmitted. If the frame length exceeds this duration, the jabber
function shall inhibit further output data from reaching the medium.

When the transmit function has been positively disabled, the MAU shall then activate the collision presenece
function as close to the trunk coaxial medium as possible without introducing an extraneous signal on the
trunk coaxial medium. A MAU without the monitor function may reset the jabber and collision presence
functions on power reset. Alternatively, a MAU without the monitor function may reset these functions after
a period of 0.5 s + 50% if the monitor function has not been implemented. If the monitor function has been
implemented then it shall be used to reset the collision presence and jabber functions.

8.2.2 MAU interface messages

8.2.2.1 DTE physical layer to MAU physical layer messages

The following messages can be sent by the DTE physical layer entities to the MAU physical layer entities:

Message Circuit Signal Meaning
output DO CD1, CD(.\ | Output information
output_idle DO IDL No data to be output
normal Cco IDL Assume the nonintrusive state on the

trunk coaxial medium

(Optional circuit)

isolate co CSO(BR) Posmvely dlsab.le the trunk coaxial
medium transmitter

8.2.2.2 MAUphysical layer to DTE physical layer

The folewing messages can be sent by the MAU physical layer entities to the DTE physical layer entities:

Message Circuit Signal Meaning
input DI CD1, CDO Input information
input_idle DI IDL No information to be input
mau_available CI IDL MAU is available for output
signal_quality_error CI CSO0 Error detected by MAU
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8.2.2.2.1 input message

The MAU physical layer sends an input message to the DTE physical layer when the MAU has a bit of data
to send to the DTE. The physical realization of the input message is a CDO or CD1 sent by the MAU to the
DTE on the data in circuit. The MAU sends CDO if the input bit is a zero or CD1 if the input bit is a one. No
retiming of the CD1 or CDO signals takes place within the MAU.

8.2.2.2.2 input_idle message

The MAU physical layer sends an input_idle message to the DTE physical layer when the MAU does not
have data to send to the DTE. The physical realization of the input_idle message is the IDL signal sent by.the
MAU to the DTE on the data in circuit.

8.2.2.2.3 mau_available message

The MAU physical layer sends the mau_available message to the DTE physical layer when the MAU is
available for output. The mau_available message is always sent by a MAU that is alfyays prepared to output
data unless the signal_quality_error message shall be sent instead. Such ,a,\MAU does not require
mau_request to prepare itself for data output. The physical realization of theuu_available message is an
IDL signal sent by the MAU to the DTE on the control in circuit.

8.2.2.2.4 signal_quality_error message
The signal_quality_error message shall be implemented in the following fashion:

a)  The signal_quality_error message shall not be setit'by the MAU if no MAU or only one MAU is
transmitting on the trunk coaxial medium in the normal mode.

b) If two or more remote MAUS are transmitting on the trunk coaxial medium, but the MAU connected
to the local node is not transmitting, then\the local MAU shall send the signal_guality_error mes-
sage.

c)  When the local MAU is transmitting on the trunk coaxial medium, all occurrences of one or more
additional MAUSs transmitting-shall cause the signal_quality_error message to be sent by the local
MAU to its DTE.

d) When the MAU has completed each output frame it shall perform an SQE test sequence, as defined
in Figures 8-2 and 8-3.

e)  When the MAU has-inhibited the transmit function it shall send the signal_quality_error message in
accordance with.the jabber function requirements of 8.2.1.5.

The physical realization of the signal_quality_error message is the CSO signal sent by the MAU to the DTE
on the controldin-circuit. See 8.2.1.3 for timing requirements on the assertion and de-assertion of the CSO
signal in a~eollision.

Note that the MAU is required to assert the signal_quality_error message at the appropriate times whenever
the-MAU is powered and not just when the DTE is providing output data.

8.2.3 MAU state diagrams

The state diagrams, Figures 8-2 (a—d), 8-3, and 8—4, depict the full set of allowed MAU state functions rela-
tive to the control circuits of the DTE-MAU interface for MAUs without conditioning requirements. Mes-
sages used in these state diagrams are explained below:

a)  positive_disable. Activates the positive means provided in the MAU transmitter to prevent interfer-
ence with the trunk coaxial medium.
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b) enable_driver. Activates the path employed during normal operation to cause the MAU transmitter
to impress data onto the trunk coaxial medium.

c) disable_driver. Deactivates the path employed during normal operation to cause the MAU transmit-
ter to impress data onto the trunk coaxial medium.

d) no_collision. Signifies that the condition of multiple transmitters simultaneously active on the trunk
coaxial medium does not exist.

e) collision. Signifies that the condition of multiple transmitters simultaneously active on the trunk
coaxial medium does exist.

Ty nol_positive_disable. Deactivates the positive means provided in the MAU Transmitter t0 prevent
interference with the trunk coaxial medium.

When no state is asserted the messages signal_quality_error, MAU _input_idle are sent.

8.3 MAU-medium electrical characteristics
8.3.1 MAU-to-coaxial cable interface

The following subclauses describe the interface between the MAU and the coaxial cable. Negative current is
defined as current into the MAU (out of the center conductor of the cable):

8.3.1.1 Input impedance

The shunt capacitance presented to the coaxial cable by the.MAU circuitry (not including the means of
attachment to the coaxial cable) is recommended to be.no¢greater than 2 pF. The resistance to the coaxial
cable shall be greater than 100 k€2.

The total capacitive load due to MAU circuitry and'the mechanical connector as specified in 8.5.3.2 shall be no
greater than 4 pF.

These conditions shall be met-in.the power-off and power-on, not transmitting states (over the frequencies
BR/2 to BR).

The magnitude of the-feflection from a MAU shall not be more than that produced by a 4 pF capacitance
when measured by-both a 25 ns rise time and 25 ns fall time waveform. This shall be met in both the power
on and power offynot transmitting states.

8.3.1.2 Bias current

The MAU shall draw (from the cable) between +2 p A and —25 u A in the power-off and the power-on, not

trancpaatting ctataoc
tra S S StatesT

8.3.1.3 Coaxial cable signaling levels

The signal on the coaxial cable due to a single MAU as measured at the MAU transmitter output is com-
posed of an ac component and an offset component. Expressed in terms of current immediately adjacent to
the MAU connection (just prior to splitting the current flow in each direction) the signal has an offset com-
ponent (direct current including the effects of timing distortion) of from —37 mA minimum to —-45 mA max-
imum and an ac component from +28 mA up to the offset value.
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The current drive limit shall be met even in the presence of one other MAU transmitter. A MAU shall be
capable of maintaining at least 2.2 V of average dc level on the coaxial cable in the presence of two or more
other MAUSs transmitting concurrently. The MAU shall, in addition, sink no more than 250 A when the
voltage on the center conductor of the cable drops to —10 V when the MAU is transmitting.

The MAU shall sink no more than —25 y A when the voltage on the center conductor of the cable drops to
—7V when the MAU is transmitting.

POWER ON
PowerOK PowerOn
. . —————
« disable_receiver
«input_idle
RECEIVER IDLE RECEIVER ACTIVE
medium_active
« disable_receiver * enable_receiver
«input_idle * Input
medium_idle
a) Receive-function state diagram
POWER ON
PowerOK PowerOn
————
No Collision Collision on Medium
collision
-
* signal_quality_error
no_collision

b) Collision Presence function state diagram

Figure 8—2—Interface function: Simple MAU without isolate capability
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PowerOn

Transmitter Idle

output

« disable_driver

Transmitter Active

» enable_driver

output_idle

c) Transmit function state diagram

POWER ON
PowerOK PowerOn
D EEE—
Idle Transmitting

output

-
- disable_driver
test_timer_done output_idle
SQE Test Wait
twDone
» signal_quality_error a star T

- start_test_timer

d) SQE test state diagram

Figure 8—2—(Continued)
Interface function: Simple MAU without isolate capability
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\I/ PowerOn

ISOLATED T | .. MAU IDENTIFY |
"o positive_ disable ""'| mau—request @ bositive. disable
@ disable_driver @ disable_driver
® mau_available ® mau_not_available

(if no_collision)

mau__request

® SQE (if collision)
normal N - ISOLATED OUTPUT |
isolate @ positive__disable
NOT 1SOLATED tout @ crnabte_—driver
.................. T outpu ® mau_available
® not_positive_disable . . -
. . (if no_collision)
@ disable_.driver . ..
. ® SQE (if collision)
@ mau_available
(if no_collision) \]/ Output_ldle
® SQE (if collision) OUTPUT IDLE
"@ positive_disable”
\J/ output @ disable_driver
............ OUTPUT . ® SQE (if collision)
® not_positive__disable ® mau_.available
@ enable_driver (if nozeollision)
® mou._avolloble. - \l/ Tw
. (if no_collision) START<TEST TIMER 2
SQE (if collision) ‘o positivedisable
\’/ output_idle ®. disable_driver
®/SQE (if collision)
... OUTPUT IDLE | ® mau__available
® not_positive_disable (if no_coliision)
® disable_driver [start_test_timer]
: SQE (if c.olhsnon) \l/ UcT
mau._ovculoble‘ . e y SQE TEST 2
(if no_collision) SNtimer—done @ positive__disable
\]/ Tw ® disable_driver
. START TEST TMER 1 _ ® see
® not_positive_disable
® disable_driver SQE TEST 1
. 3 . . S vmmr A Prterrresseriscicitteriertatscanatnans
SQE (if C?[IISIOH) test_timer_done ® not_positive_disable
¢ mou.__ovmlable' P ucT ® disable_driver
(if no_scollision) ® SQE

[start_test_ timer)

NOTE: UCT = unconditional transition
Tw = walif time, see 8.2.1.1

Eigure 8-3—Interface function: Simple MAU with isolate capability

The actwal‘current measured at a given point on the cable is a function of the transmitted current and the
cable 10ss to the point of measurement. Negative current is defined as current out of the center conductor of
the-cable (into the MAU). The 10-90% rise/fall times shall be 25 + 5 ns at 10 Mb/s. The rise and fall times
Sttt mmatch withi 2 s~ Figures 8=5amd-8—6 Stows typical wave oIS PIesent OlT thie cabie. HATTIOIIT CoM-
tent generated from the BR fundamental periodic input shall meet the following requirements:

2nd and 3rd Harmonics:at least 20 dB below fundamental
4th and 5th Harmonics:at least 30 dB below fundamental
6th and 7th Harmonics:at least 40 dB below fundamental
All higher Harmonics:at least 50 dB below fundamental

NOTE—Even harmonics are typically much lower.
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Power On

NO OUTPUT

freset frame timer]
freset unjab timer)

MAU TRANSMITTER ACTIVE

START TIMER

[start frame_timenr]

UcT

LEGAL—LENGTH OUTPUT
(MAU TRANSMIT]’ER .............................................

NOT ACTIVE)

(MAU TRANSMITTER ACTIVE) | * frame_timer_done

isolate * (MAU HAS | "¢ 'SqF
MONITOR FUNCTION) | @ positive_disable

output_idle * | (MAU WITHOUT MONITOR FUNCTION) =
(MAU WITH UNJAB TIMER)

START. UNJAB (TIMER

@ positive_disgble
® SQE | )
{start unjab=timen)

(if self<powered MAU)
UcT

UNJAB WAIT

® positive__disable output
® SQE

unjab_timgrixdone ‘

Figure 8—4—Jabber function

The above spécifications concerning harmonics cannot be satisfied by a square-wave with a single-pole fil-
ter, nor camthey be satisfied by an output waveform generator employing linear ramps without additional
waveshaping. The signals as generated from the encoder within PLS shall appear on the coaxial cable with-
outany inversions (see Figure 8-6).

8.3- T4 Transmitoutput fevels symmetry

Signals received from the AUI DO circuit shall be transmitted onto the coaxial cable with the characteristics
specified in 8.3.1.3. Since the coaxial cable proceeds in two directions from the MAU, the current into the
MAU is nominally twice the current measured on the coaxial cable.

The output signal of a MAU meeting this specification shall exhibit edge jitter of no more than 2.5 ns into a

25 Q + 1% resistor substituted for the connection to the coaxial cable when the DO circuit into the MAU is
driven through a zero length AUI cable with pseudorandom Manchester encoded binary data from a data
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NOTES: (1) Voltages given are nominal, for a single transmitter
(2) Rise and fall time is 25 ns nominal at 10 Mb/s rate
(3) Voltages are measured on terminated coaxial cable adjacent to transmitting/MAU
(4) Manchester coding

Figure 8-5—Typical coaxial trunk cable signal waveform

-17 mA 2 mA
-41+ 4 mA

—-65 mA

-90 mA

Figure 8—-6—Recommended driver current signal levels

generator that exhibits no more than 0.5 ns of edge jitter on half bit cells of exactly 1/2 BT whose output
meets the specificationsiofl 7.4.1.1 through 7.4.1.5. The above specified component is not to introduce more
than 2 ns of edge jitterdnto the system.

The MAU shall not transmit a negative going edge after cessation of the CD output data stream on DO or
before the first edge of the next frame on the DO circuit.

8.3.1.5 Collision detect thresholds

Receive mode collision detection indicates that a nontransmitting MAU has the capability to detect colli-
sions when two or more MAUSs are transmitting simultaneously. For receive mode collision detection, the
MAU’s collision detection threshold shall be within the range —1448 mV to —1590 mV. The actual dc voltage
on the cable during a noncollision transmission has a maximum value of —1293 mV. The lower threshold
limit of —1448 mV allows 55 mV for sending end overshoot during preamble and filter impulse response
during the remainder of the packet. These limits take account of up to 12% collision detect filter impulse
response. If a specific filter implementation has a higher value of impulse response, the lower threshold limit
of 1448 mV shall be replaced by 1293 mV x [1 + impulse response].
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All MAUs are required to implement receive mode collision detection.

NOTE —The above threshold limits are measured at the coaxial cable center conductor with respect to the shield at the
MAU connector. The MAU designer must take into account circuit offsets, low-frequency noise (for example, 50 Hz,
60 Hz), and 5 MHz ripple at the filter output in determining the actual internal threshold value and its tolerance.

8.3.2 MAU electrical characteristics

8.3.2.1 Electrical isolation

The MAU must provide isolation between the AUI cable and the coaxial trunk cable. This isolation shall
withstand at least one of the following electrical strength tests:

a) 1500 V rms at 50 to 60 Hz for 60 s, applied as specified in 5.3.2 of IEC 60950: 1991.
b) 2250 Vdc for 60 s, applied as specified in 5.3.2 of IEC 60950: 1991.
c) A sequence of ten 2400 V impulses of alternating polarity, applied at intervals.ofnot less than 1 s.

The shape of the impulses shall be 1.2/50 us (1.2 us virtual front time, 5Q’y's-virtual time of half
value), as defined in IEC 60060.

There shall be no isolation breakdown, as defined in 5.3.2 of IEC 60950:1991, during the test. The resis-
tance after the test shall be at least 2 MQ, measured at 500 Vdc. In addition, the isolation impedance
between the DTE and the coaxial cable shield shall be less than 15 Q-bétween 3 MHz and 30 MHz.

8.3.2.2 Power consumption

The current drawn by the MAU shall not exceed 0.5 A.aspowered by the AUI source. The MAU shall be
capable of operating from all possible voltage sources,as-supplied by the DTE through the resistance of all
permissible AUI cables. The MAU shall not disruptthe trunk coaxial medium should the DTE power source
fall below the minimum operational level under abnormal MAU load conditions.

The MAU shall be labeled externally to identify the maximum value of current required by the device at any
specified input voltage.

8.3.2.3 Reliability

The MAU shall be designed.to provide an MTBF of at least 1 million hours of continuous operation without
causing communication\failure among other stations attached to the local network medium. Component fail-
ures within the MAW-electronics should not prevent communication among other MAUs on the coaxial
cable. Connectors-and other passive components comprising the means of connecting the MAU to the coax-
ial cable shalldbe.designed to minimize the probability of total network failure.

It should*be’noted that a fault condition that causes a MAU to draw in excess of 2 mA may cause communi-
cation failure among other stations.

The electrical characteristics for the driver and receiver components connected to the branch cable within the
MAU shall be identical to those as specified in Clause 7 of this standard.

8.3.4 MAU-DTE mechanical connection

The MAU shall be provided with a 15-pin male connector as specified in detail in the AUI specification,
Clause 7.
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8.4 Characteristics of the coaxial cable

The trunk cable is of constant impedance, coaxial construction. It is terminated at each end by a terminator
(see 8.5.2), and provides the transmission path for MAU device connection. Coaxial cable connectors are
used to make the connection from the cable to the terminators, and between cable sections (if needed). The
cable has various electrical and mechanical requirements that shall be met to ensure proper operation.

8.4.1 Coaxial cable electrical parameters

8.4.1.1 Characteristic impedance

The average characteristic cable impedance shall be 50 + 2 ©, measured at 10 MHz according to IEC 60096-
1: 1986 and Amd. 2: 1993. Periodic variations in impedance along a single piece of cable may be up'to +£3 Q
sinusoidal centered around the average value, with a period of less than 2 m.

NOTE —If the requirements of 8.4.2.1.1 b), 8.4.2.1.2,84.2.1.3,8.4.2.1.4 b) are met, then it is eXpected that the charac-
teristic impedance periodicity requirement shall be considered met.

8.4.1.2 Attenuation

The attenuation of a 500 m (1640 ft) cable segment shall not exceed 8.5.dB (17 dB/km) measured with a
10 MHz sine wave, nor 6.0 dB (12 dB/km) measured with a 5 MHz siné wave.

8.4.1.3 Velocity of propagation
The minimum required velocity of propagation is 0.77 ¢
8.4.1.4 Edge jitter, untapped cable

Untapped coaxial cable meeting this specification shall exhibit edge jitter of no more the 8.0 ns in either
direction at the receiving end when 500 m"of the cable is terminated at both ends with terminators meeting
the impedance requirements of 8.5.2717and is driven at one end with pseudorandom Manchester-encoded
binary data from a data generator that €xhibits no more than 1.0 ns of edge jitter in either direction on half bit
cells of exactly 1/2 BT and whese output meets the specifications of 8.3.1.3 except that the rise time of the
signal must be 30 ns + 0, — 2 ns)and no offset component in the output current is required. This test shall be
conducted in a noise-free environment. The above specified component is not to introduce more than 7 ns of
edge jitter into the system.

8.4.1.5 Transferimpedance

The coaxial\¢able medium shall provide sufficient shielding capability to minimize its susceptibility to exter-
nal noiseand also to minimize the generation of interference by the medium and related signals. While the
cable ‘construction is not mandated, it is necessary to indicate a measure of performance expected from the
cable' component. A cable’s EMC performance is determined, to a large extent, by the transfer impedance

1 £ .1 A | Q £, [anYaYa¥!
vdaiut Ul UIC LAUIC. SCU IUVICICIILC TD LT,

The transfer impedance of the cable shall not exceed the values shown in Figure 8—7 as a function of
frequency.

8.4.1.6 Cable dc loop resistance

The sum of the center conductor resistance plus the shield resistance, measured at 20 °C, shall not exceed
10 mQ/m.
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Figure 8—7—Maximum coaxial cable transfer impedance

8.4.2 Coaxial cable properties
8.4.2.1 Mechanical requirements

The cable used should be suitable for routing in varigus environments, including but not limited to, dropped
ceilings, raised floors, cable troughs, and throughout open floor space. The jacket shall provide insulation
between the cable sheath and any building structural metal. Also, the cable shall be capable of accepting
coaxial cable connectors, described in 8.5.The cable shall conform to the following requirements.

8.4.2.1.1 General construction

a) The coaxial cable shall consist of a center conductor, dielectric, shield system, and overall insulating
jacket.

b) The concentricity’(for example, positional relationship between center conductor to shield system
and outer jackef) of the coaxial cable elements shall be greater than 92% as measured in accordance
with thedfollowing general configuration:

(jacketradius) — (center offset)
jacket radius

x 100 = 92%

It"is assumed that the offset and radius values are worst case at any point within the measured
system.

¢) The coaxial cable jacket, shield system, and dielectric material shall be pierceable either by means
of the connector type specified in 8.5.3.2 or by an external core tool. Overall cable system pierce-
ability (the ability of a tap probe to pierce the jacket, shields, and dielectric cable system without
substantial dielectric deformation and without causing a short circuit between center conductor and
shield system) is a vital parameter affecting tap connection reliability.

Pierceability of the cable system can be measured in terms of the probe’s load versus displacement
signature. A pierceable cable exists where the displacement is = 1.52 mm (0.06 in) between rupture
(piercing) of the shield system and contact with the center conductor.

d) The coaxial cable shall be sufficiently flexible to support a bend radius of 254 mm (10 in).

Copyright © 2000 IEEE. All rights reserved. 151



https://standardsiso.com/api/?name=e478a65ce847565635396c364b44a211

ISO/IEC 8802-3: 2000(E)
IEEE Std 802.3, 2000 Edition LOCAL AND METROPOLITAN AREA NETWORKS:

8.4.2.1.2 Center conductor

The center conductor shall be 2.17 mm + 0.013 mm (0.0855 + 0.0005 in) diameter tinned or plain solid cop-
per.

8.4.2.1.3 Dielectric material

The dielectric may be of any type provided the conditions of 8.4.1.2,8.4.1.3, and 8.4.2.1.1d) are met.

8.4.2.1.4 Shielding system

a)  The shielding system may contain both braid and foil elements sufficient to meet the transfer imped-
ance of 8.4.1.5 and the EMC specifications of 8.7.2.

b) The inside diameter of the innermost shield shall be 6.00 mm (0.236 in) minimum.

¢) The outside diameter of the outermost shield shall be 8.00 mm + 0.40 mm (0.315 07016 in).

d) The outermost shield shall be a tinned copper braid. The percent coverage shall be sufficient to meet
84.15,84.1.6,8.5.3.2.3,and 8.7.2.

8.4.2.1.5 Overall jacket

a)  Any one of several jacket materials shall be used provided thesspecifications of 8.4.1 and 8.4.2 are
met.
b)  Either of two jacket dimensions may be used for the two broad classes of materials, provided the
specification of 8.4.2.1.1 are met:
1) Polyvinyl Chloride (for example, PVC) or_equivalent having an OD of 10.3 mm + 0.25 mm
(0.406 nominal + 0.010 in).
2) Fluoropolymer (for example, FEP, E-CTFE) or equivalent having an OD of 9.525 mm =+
0.254 mm (0.375 nominal + 0.010 in).

The cable shall meet applicable flammability and smoke criteria and local and national codes for the
installed environment. See 8.7 4. Different types of cable sections (for example, polyvinyl chloride and fluo-
ropolymer dielectric) may be intercennected, while meeting the sectioning requirements of 8.6. See
references [B18] and [B39].

8.4.2.2 Jacket marking

The cable jacket shall be marked in a color contrasting with the background color of the jacket. The mark-
ings shall be spaced-at 2.5 m + 5 cm regularly along the entire length of the cable. It is permissible for the
2.5 m spacing(to-be interrupted at discontinuities between cable sections joined by connectors. (See 8.6.2.2
for MAU placement rules that mandate cable markings.) It is recommended that the base color of the jacket
itself be ‘a bright color (for example, yellow) other than that normally used for power mains.

8:4.3 Total segment dc loop resistance

The sum of the center conductor, connectors, and shield resistance shall not exceed 5 Q total per segment.
Each in-line connector pair or MAU shall be no more than 10 mQ. Use of these components reduces the
overall allowable segment length accordingly. Values given above are at 20 °C. For temperature variations,

cable length shall be adjusted accordingly such that the 5 € total is not exceeded.

If a trunk coaxial cable segment consists of several cable sections, then all connectors and internal resistance
of the shield and center conductor shall be included in the loop resistance measurement.
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8.5 Coaxial trunk cable connectors

The trunk coaxial medium requires termination and may be extended or partitioned into sections. Devices to
be attached to the medium as MAUSs require a means of connection to the medium. Two basic connector
types provide the necessary connection means:

a)  Standard Type N connectors (IEC 60169-16)
b) A coaxial “tap” connector

All Type N connectors shall be of the 50 Q constant impedance type. Since the frequencies present in the
transmitted data are well below UHF range (being band-limited to approximately 20 MHz), high-quality
versions of the connectors are not required (but are recommended).

All of the coaxial tap connectors shall follow the requirements as defined in 8.5.3.
8.5.1 Inline coaxial extension connector

All coaxial cables shall be terminated with the Type N plug connectors. A means-shall be provided to ensure
that the connector shell (which connects to the cable sheath) does not make contact with any building metal
or other unintended conductor. An insulating sleeve or boot slipped over the connector at installation time is
suitable.

Inline coaxial extensions between two sections of coaxial cable shall be made with a pair of Type N recepta-
cle connectors joined together to form one “barrel.” An insulating.sleeve or boot shall also be provided with
each barrel assembly.

8.5.2 Coaxial cable terminator
8.5.2.1 Termination

Coaxial cable terminators are used to provide a termination impedance for the cable equal in value to its
characteristic impedance, thereby minimiiZing reflection from the ends of the cables. Terminators shall be
packaged within an inline female receptacle connector. The termination impedance shall be 50 Q + 1% mea-
sured from 0 — 20 MHz, with the magnitude of the phase angle of the impedance not to exceed 5°. The termi-
nator power rating shall be 1 Wor greater.

8.5.2.2 Earthing

Either the coaxial~cable terminator or inline extension connector provides a convenient location for meeting
the earth grounding requirement of 8.6.2.3. It is recommended that a ground lug with current rating of at
least 1500.ampacity be provided on one of the two terminators or on one extension connector used within a
cable segment.

NOTE 1— A single ground return lug on an inline connector located in the center of the cable transmission system may
be.used to satisfy this requirement.

NOTE 2— Alternatively, terminators might be supplied in pairs, one with and one without the ground lug connection
point.

8.5.3 MAU-to-coaxial cable connection
A means shall be provided to allow for attaching a MAU to the coaxial cable. The connection shall not dis-

turb the transmission line characteristics of the cable significantly; it shall present a predictably low shunt
capacitance, and therefore a negligibly short stub length. This is facilitated by the MAU being located as
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close to its cable connection as possible; the MAU and connector are normally considered to be one assem-
bly. Long (greater than 30 mm) connections between the coaxial cable and the input of the MAU jeopardize
this objective.

Overall system performance is dependent largely on the MAU-to-coaxial cable connection being of low
shunt capacitance.

If the design of the connection is such that the coaxial cable is to be severed to install the MAU, the coaxial
cable segment shall still meet the sectioning requirements of 8 6.2.1. Coaxial connectors used on a severed

cable shall be Type N, as specified in 8.5.1.

The Type N connectors selected should be of high quality (that is, low contact resistance) to minimize the
impact on system performance.

If the design of the connection is such that the piercing tap connector is to be used without severing the
cable, then the tap connector and cable assembly shall conform to the mechanical afd electrical require-
ments as defined throughout 8.5.3.1 and 8.5.3.2.

8.5.3.1 Electrical requirements
Requirements for the coaxial tap connector are as follows:
a)  Capacitance: 2 pF nominal connector loading measured.at\l0 MHz.

NOTE —Total capacitance of tap and active circuitry connected directly shall be no greater than 4 pF. Specific imple-
mentations may allocate capacitance between tap and circuitry. as‘deemed appropriate.

b) Contact resistance (applies to center conductor and shield contacts): 50 m&2 maximum for both
shield and center conductor over useful connector lifetime.

c) Contact material: surface material, onsignal probe or shield sufficient to meet contact resistance
requirements in environment and©yer time.

d) Voltage rating: 600 V dc or aC rms maximum.

e) Insulation: dc leakage resistance of tap housing shall be higher than 1 GQ between braid and exter-
nal conductors in the nermal operating environment.

f)  Probe current ratirig:0.1 A per contact (probe and shield)
g)  Shield current rating: 1 A surge for 1 s

8.5.3.2 Mechanical requirements
8.5.3.2.1 Connector housing

Shielding characteristics: > 40 dB at 50 MHz.

-8-5:3:2.2 Contactretiability

Overall performance of the LAN system depends to a large extent on the reliability of the coaxial cable
medium and the connection to that medium. Tap connection systems should consider the relevant electrical
and mechanical parameters at the point of electrical connection between tap probe and cable center conduc-
tor to ensure that a reliable electrical contact is made and retained throughout the useful life of these compo-
nents. It is recommended that some means be provided to ensure relatively constant contact loading over
time, with creep, in temperature, and typical environment. Typical coaxial tap connector configurations are
shown in Figures 8-8 and 8-9. See references [B1], [B32], and [B33].
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Figure 8-8 —Coaxial tap connector configuration concepts
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Figure 8-9—Typical coaxial tap connection circuit
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8.5.3.2.3 Shield probe characteristics

The shield probe shall penetrate the cable jacket and outer layer(s) of the shield system to make effective
capture of the outer braid (pick 2 or more typical strands).

8.6 System considerations

8.6.1 Transmission system model

The maximum configuration for the physical transmission system is as follows:

a)

b)

c)

A trunk coaxial cable, terminated in its characteristic impedance at each end, constitutes)a coaxial
cable segment. A coaxial cable segment may contain a maximum of 500 m of coaxialjcable and a
maximum of 100 MAUSs. The propagation velocity of the coaxial cable is assumed to'be 0.77 ¢ min-
imum (c = 300 000 km/s). The maximum end-to-end propagation delay for a coadxial cable segment
is 2165 ns.

Repeater sets are required for segment interconnection. Repeater sets ocetipy MAU positions on
coaxial cable segments and count toward the maximum number of MAUS on a coaxial cable seg-
ment. Repeater sets may be located in any MAU position on a coaxial €able segment.

The repeater unit specified in Clause 9 provides the means for cennecting 10 Mb/s baseband seg-
ments into a CSMA/CD network. The proper operation of a CSMA/CD network requires network
size to be limited to control round-trip propagation delay to.meet the requirements of 4.2.3.2.3 and
4.4.2.1, and the number of repeaters between any two DTES.to be limited in order to limit the shrink-
age of interpacket gap as it travels through the network \Configuration rules, which ensure that these
limits are not exceeded, are given in Clause 13.

8.6.2 Transmission system requirements

8.6.2.1 Cable sectioning

The 500 m (1640 ft) maximum length coaxial cable segment need not be made from a single, homogeneous
length of cable. The boundary between two cable sections (joined by coaxial connectors: two male plugs and
a barrel) represents a signal reflection point due to the impedance discontinuity caused by the batch-to-batch
impedance tolerance of the cables Since the worst-case variation from 50 Q is 2 Q, a possible worst-case
reflection of 4% may resultfrom the joining of two cable sections. The configuration of long cable segments
(up to 500 m) from smaller se€ctions must be made with care. The following recommendations apply, and are
given in order of preference:

a)

b)

If possible) the total segment should be made from one homogeneous (no breaks) cable. This is fea-
sible for short segments, and results in minimal reflections from cable impedance discontinuities.

If/cable segments are built up from smaller sections, it is recommended that all sections come from
the’same manufacturer and lot. This is equivalent to using a single cable, since the cable discontinu-
ities are due to extruder limitations, and not extruder-to-extruder tolerances. There are no restrictions
in cable sectioning if this method is used. However, if a cable section in such a system is later

c)

156

replaced, 1t shall be replaced either with another cable rom the same manufacturer and Iot, or with
one of the standard lengths described below.

If uncontrolled cable sections must be used in building up a longer segment, the lengths should be
chosen so that reflections, when they occur, do not have a high probability of adding in phase. This
can be accomplished by using lengths that are odd integral multiples of a half wavelength in the
cable at 5 MHz; this corresponds to using lengths of 23.4 m,70.2 m, and 117 m (+ 0.5 m) for all sec-
tions. These are considered to be the standard lengths for all cable sections. Using these lengths
exclusively, any mix or match of cable sections may be used to build up a 500 m segment without
incurring excessive reflections.
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NOTE—If cable segments are to be added to existing installations, then care shall be taken (explicit physical or TDR
measurements) to ensure that no more than a 500 m cable segment results.

d) As a last resort, an arbitrary configuration of cable sections may be employed, if it has been
confirmed by analysis or measurement that the worst-case signal reflection due to the impedance
discontinuities at any point on the cable does not exceed 7% of the incident wave when driven by a
MAU meeting these specifications.

8.6.2.2 MAU placement

MAU components and their associated connections to the cable cause signal reflections due to their néninfi-
nite bridging impedance. While this impedance shall be implemented as specified in Clause 7, placemént of
MAUSs along the coaxial cable must also be controlled to ensure that reflections from the MAU donot add in
phase to a significant degree.

Coaxial cables marked as specified in 8.4.2.2 have marks at regular 2.5 m spacing; @ MAU shall only be
placed at a mark on the cable. This guarantees both a minimum spacing between MAUs of 2.5 m, and con-
trolling the relative spacing of MAUs to ensure nonalignment on fractional wavélength boundaries.

The total number of MAUS on a cable segment shall not exceed 100.
8.6.2.3 Trunk cable system grounding

The shield conductor of each coaxial cable segment shall make electrical contact with an effective earth
reference (see [B12], Articles 250 and 800) at one point and shall not make electrical contact with earth
elsewhere on such objects as building structural metaly ducting, plumbing fixture, or other unintended con-
ductor. Insulators may be used to cover any coaxial Connectors used to join cable sections and terminators, to
ensure that this requirement is met. A sleeve or boot attached at installation time is acceptable.

This specification is intended for use (Within (intraplant) buildings. Applications requiring interplant
connections by way of external (outd0ors) means may require special consideration beyond the scope of the
standard.

The sheath conductor of th¢ AUI cable shall be connected to the earth reference or chassis of the DTE.
8.6.3 Labeling

It is recommended that each MAU (and supporting documentation) be labeled in a manner visible to the user
with at least these parameters:

a)_\ Data rate capability in megabits per second

b)  Power level in terms of maximum current drain

c) Safety warning (for example, shock hazard)

8.7 Environmental specifications
8.7.1 General safety requirements

All stations meeting this standard shall conform to IEC 60950: 1991.
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8.7.2 Network safety requirements

This subclause sets forth a number of recommendations and guidelines related to safety concerns, the list is
neither complete nor does it address all possible safety issues. The designer is urged to consult the relevant
local, national, and international safety regulations to ensure compliance with the appropriate standards.
References [B12] and [B21] provide additional guidance.

LAN trunk cable systems as described in this standard are subject to at least four direct electrical safety haz-

v P | . oo Tl L =
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a)  Direct contact between local network components and power or lighting circuits.
b)  Static charge buildup on local network cables and components.
c) High-energy transients coupled onto the local network cabling system.

d) Potential differences between safety grounds to which various network components ate connected.

These electrical safety hazards, to which all similar cabling systems are subject, showld be alleviated prop-
erly for a local network to perform properly. In addition to provisions for properly handling these faults in an
operational system, special measures must be taken to ensure that the intended safety features are not
negated during installation of a new network or during modification of an eXisting network.

Proper implementation of the following provisions will greatly deerease the likelihood of shock hazards to
persons installing and operating the LAN.

8.7.2.1 Installations

Sound installation practice, as defined by applicable’local codes and regulations, shall be followed in every
instance in which such practice is applicable.

8.7.2.2 Grounding

The shield of the trunk coaxial cable.shall be effectively grounded at only one point along the length of the
cable. Effectively grounded means permanently connected to earth through a ground connection of suffi-
ciently low impedance and/aving sufficient ampacity to prevent the building up of voltages that may result
in undue hazard to conneeted equipment or to persons.

8.7.2.3 Safety

All portions 'of-the trunk cabling system that are at the same potential as the trunk cable shall be insulated by
adequate\means to prevent their contact by either persons or by unintended conductors or grounds. The insu-
lationemployed shall provide the same or greater dielectric resistance to current flow as the insulation
required between the outermost shield of the trunk cable and the above-mentioned unintended conductors.
The nse of insnlating hoots is permitted provided that snch boats (or sleeves) are mechanically and electri-

cally equivalent to the trunk cable outer insulation characteristics and are not removed easily (that is, they
shall prevent inadvertent removal by a system operator).

The MAU shall be so designed that the provisions of 8.7.2.3 and 8.7.2.4 are not defeated if the connector
affixing the AUI cable to the MAU is removed.

Portions of the trunk cabling system that may become live during the dissipation of a high-energy transient
by the cabling system shall also be insulated as described in 8.7.2.3.
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8.7.2.4 Breakdown path

MAUS meeting this standard should provide a controlled breakdown path that will shunt high-energy tran-
sients to an effective ground either through a separate safety ground connection or through the overall shield
of the branch cable. The breakdown voltage of this controlled breakdown path must meet the isolation
requirements for the MAU specified in 8.3.2.1.

8.7.2.5 Isolation boundary

The isolation boundary between the branch cable and trunk cable specified in 8.3.2.1 shall be maintained to
properly meet the safety requirements of this standard.

WARNING

It is assumed that the DTE equipment is properly earthed and not left floating or serviced by “deubly insulated ac
power distribution system.” The use of floating or insulated DTEs is beyond the scope of this standard.

8.7.2.6 Installation and maintenance guidelines

a)  When exposing the shield of the trunk coaxial cable for any reason,'care shall be exercised to ensure
that the shield does not make electrical contact with any unint¢nded conductors or grounds. Person-
nel performing the operation should not do so if dissipation @f a high energy transient by the cabling
system is likely during the time the shield is to be exposed. Personnel should not contact both the
shield and any grounded conductor at any time.

b) Before breaking the trunk coaxial cable for any reason, a strap with ampacity equal to that of the
shield of the coaxial cable shall be affixed to the eable shield in such a manner as to join the two
pieces and to maintain continuity when the shield of the trunk cable is severed. This strap shall not
be removed until after normal shield continuity has been restored.

c) At no time should the shield of any portion of the coaxial trunk cable to which an MAU or MAUs
are attached be permitted to float without an effective ground connection. If a section of floating
cable is to be added to an existing ¢able system, the installer shall take care not to complete the cir-
cuit between the shield of the¢ fleating cable section and the grounded cable section through body
contact.

d) The installation instructiens for network components shall contain language which familiarizes the
installer with the cautions mentioned in the above paragraphs.

e) Network components’shall contain prominent warning labels that refer installers and service person-
nel to the safety.notes in the installation instructions.

8.7.3 Electromagnetic environment
8.7.3.1 Susceptibility levels

Soutces of interference from the environment include electromagnetic fields, electrostatic discharge, tran-
sient voltages between earth connections, and similar interference. Multiple sources of interference may

contribute to voltage buildup between the coaxial cable and the earth connection of a D1E.

The physical channel hardware shall meet its specifications when operating in either of the following
conditions:

a) Ambient plane wave field of 2 V/m from 10 kHz through 30 MHz, 5 V/m from 30 MHz through 1
GHz.

NOTE—Levels typically 1 km from broadcast stations.
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b) Interference voltage of 1 V/ns peak slope, between coaxial cable shield and DTE earth connection;
for example, 15.8 V peak for a 10 MHz sine wave with a 50 Q source resistance.

MAUS meeting this standard should provide adequate rf ground return to satisfy the referenced EMC
specifications.

8.7.3.2 Emission levels

The physical MAU and trunk cable system shall comply with applicable local and national codes such as
FCC Docket 20780-1980 [B23] in the USA. Equipment shall comply with local and national requiremepts
for limitation of electromagnetic interference. Where no local or national requirements exist, equipment
shall comply with CISPR 22: 1993.

8.7.4 Temperature and humidity

The MAU and associated connector/cable systems are expected to operate over a reasonable range of envi-
ronmental conditions related to temperature, humidity, and physical handling such as.shock and vibration.
Specific requirements and values for these parameters are considered to be beyond the scope of this stan-
dard. Manufacturers are requested to indicate in the literature associated with the MAU (and on the MAU if
possible) the operating environment specifications to facilitate selection, installation, and maintenance of
these components. See reference [B22] for specification terminology.

8.7.5 Regulatory requirements

The design of MAU and medium components should take into*consideration applicable local or national
requirements. See references [B12], [B18], [B19], [B21], [B23], and Annex B for helpful resource material.
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8.8 Protocol Implementation Conformance Statement (PICS) proforma for Clause 8,
Medium Attachment Unit and baseband medium specifications, type 10BASE52!

8.8.1 Overview

The supplier of a protocol implementation that is claimed to conform to Clause 8, Medium Attachment Unit
and baseband medium specifications, type 10BASES, shall complete the following PICS proforma.

A r\nmp]pfpﬂ PICS prnfr\rmq 1s—the PICS for the imp]pmpnfqﬁ'nr\ 1n qnpqh'nn The PICS is a statement of

which capabilities and options of the protocol have been implemented. The PICS can be used for a variety(of
purposes by various parties, including the following:

— As a checklist by the protocol implementor, to reduce the risk of failure to conform to-the-standard
through oversight;

— Asadetailed indication of the capabilities of the implementation, stated relative to‘the’common basis

for understanding provided by the standard PICS proforma, by the supplier and acquirer, or potential
acquirer, of the implementation;

— As a basis for intially checking the possibility of interworking with angther implementation by the
user, or potential user, of the implementation (note that, while interwotking can never be guaranteed,
failure to interwork can often be predicted from incompatible PICs);

— As the basis for selecting appropriate tests against which to assess the claim for conformance of the
implementation, by a protocol tester.
8.8.2 Abbreviations and special symbols

8.8.2.1 Status symbols

The following abbreviations are used in the PICS jproforma tables:

M mandatory

(0] optional

O.<n> optional, but support of at least one of the group of options labeled by the same numeral <n> is
required

X prohibited

<item>: conditional-item symbol, dependent upon the support for <item>

! logicalqiegation, applied to a conditional item symbol
8.8.2.2 Abbreviations

Ref: reference section

8.8.3 InStructions for completing the PICS proforma
8.8.3.1 General structure of the PICS proforma

The structure of this PICS proforma is based on the guidelines given in ISO/IEC 9646-1: 1994 and ISO/IEC
9646-2: 1994. The first part of the PICS proforma, Implementation Identification and Protocol Summary, is

21Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it may
be used for its intended purpose and may further publish the completed PICS.
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to be completed as indicated with the information necessary to identify fully both the supplier and the partic-
ular MAU.

The main part of the PICS proforma is a fixed-format questionnaire. Each item is identified by an item
reference in the first column; the second column contains the question to be asked or the parameter to be
measured; the third column contains the reference(s) to the material that specifies the item in the main body
of this standard; the fourth column records the status of the item—whether support is mandatory, optional,
prohibited, or conditional —and provides space for the answers; the fifth column provides additional com-
ments and/or value(s) for measurable parameters. The tables below group related items into separate

subsubclauses. This satisfies the requirement of ISO/IEC 9646-2 that all PICS proforma clauses be
individually identified.

A supplier wishing to submit a IOBASES MAU for conformance testing against this standard mustfill in the
column headed Support in the PICS proforma tables and submit the resulting PICS with the équipment for
test. One of the boxes in this column must be checked, with Yes indicating that the imiplementation is
intended to meet the particular mandatory or optional requirement, No indicating that the option has not
been implemented (or enabled where switchable) or that the requirement is not met, or/N/A indicating the
item is not applicable (for example, an item that is conditional). It should be noted thdt any instances of No
checked against a mandatory requirement will result in the implementation failing the static conformance
test.

8.8.3.2 Additional information

Any additional information that is needed to ensure that the MAU or the coaxial cable submitted for test is
configured as a I0BASES MAU or coaxial cable should be enteted into the PIXIT (Protocol Implementation
eXtra Information for Testing) document supplied by the conformance testing organization. Relevant infor-
mation on 10BASES MAUS includes the following:

a) Enable/disable mechanisms for SQE Test

b) Enable/disable mechanisms for features,that allow compatibility with nonstandard implementations
¢)  Operational instructions for DTEs, or repeaters in cases where the MAU is embedded

d) Environmental conditions

e) Power supply voltage range

The above list is illustrative and is*neither mandatory nor exhaustive.

8.8.3.3 Exception information

It may occasionally“happen that a supplier will wish to answer an item with mandatory or prohibited status
(after any conditions have been applied) in a way that conflicts with the indicated requirement. No pre-
printed answer will be found in the Support column for this. Instead, the supplier shall write the missing
answer infoythe Support column, together with an X<i> reference to an item of Exception Information, and

shall provide the appropriate rationale in the Exception item itself.

Amimplementation for which an Exception item is required in this way does not conform to this standard.

8.8.3.4 Conditional items
The PICS proforma contains a number of conditional items. These are items for which both the applicability
of the item itself, and its status if it applies—mandatory, optional, or prohibited—are dependent upon

whether or not certain other items are supported.

Individual conditional items are indicated by a conditional symbol of the form “<item>:<s>" in the Status
column, where “<item>" is the section number and item reference that appears in the first column of the
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table for some other item, and “<s>" is a status symbol, M, O, O.<n>, or X. The “!” symbol, prefixed to an
item reference, means logical negation.

If the item referred to by the conditional symbol is marked as supported, the conditional item is applicable,
and its status is given by “<s>"; the support column is to be completed in the usual way. Otherwise, the con-
ditional item is not relevant and the Not Applicable (N/A) answer is to be marked.

Each item whose reference is used in a conditional symbol is indicated by an asterisk in the Item column.

8.8.4 Identification
8.8.4.1 Implementation identification

The MAU supplier shall complete the relevant fields in this section to identify the suppliet¢and the particular
MAU.

Supplier

Contact point for queries about the PICS

Implementation name(s) and version(s)

8.8.4.2 Protocol summary

The supplier will complete this section to identify,the precise protocol implemented.

Identification of protocol specification IEEE Std 802.3, 2000 Edition, Clause 8, Medium
Attachment Unit and baseband medium specifications,
type 10BASES

Identification of amendments and\corrigenda to this
PICS proforma which have Beencompleted as part of
this PICS

Have any Exception.items been required? Yes[]No[]
(The answer Yes means that the implementation does not
conform to this-standard.)

Date of . Statement

8.8.5 Global statement of conformance

The supplier must indicate below whether or not the implementation implements all the mandatory require-
ments. Answering No to this question indicates nonconformance to the protocol specification. Nonsupported
mandatory capabilities are to be identified in the PICS, with an explanation of why the implementation is
non-conforming.

This implementation meets all mandatory requirements Yes [ ] No[]
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8.8.6 PICS proforma tables for MAU

8.8.6.1 MAU compatibility

Item Parameter Reference Status Support Value/comment
*1 MAU intended for (0] Yes [ ]No [ ]
attachment to
repeater
*2 Monitor Function O Yes [ INo [ ]
supported
*3 AUI Circuit CO 8.8.6.1/2 N/AT] Required for
supported ‘M Yes [ |[No [ ] Monitor fuaction
18.8.6.1/2 N/A[]
:0 Yes [ INo [ ]
4 SQE Test 94.1 8.8.6.1/1 N/A[] Function not
supported X Yes [ |[No [ ] performed for
18.8.6.1/1 N/AT] MAUESs attached to
‘M Yes [ ]No [ ]} repeaters

8.8.6.2 Transmit function

Item Parameter Reference Status Support Value/comment
1 Transmit path 8.2.1.1 M Yes [ ]No [ ] DO circuit to coaxial
cable
2 Transmit signal polarity | 8.2.1.1 M Yes[]No[] DO A positive relative

to DO B causes more
positive voltage on the
coaxial medium

3 Start-up bit loss 8.2.F1 M Yes [ INo [ ] 2 bits max
(DO to coaxial cable)

4 Transmit settling time 8.2.1.1 M Yes [ INo [ ] Second and following
bits meet amplitude and
jitter specifications

5 Transmit steady-state 8.2.1.1 M Yes [ INo [ ] 1/2 bit times max
delay

6 Start=up.bit loss 8.2.1.1 M Yes [ INo[] 2 bits max between
(DOto coaxial cable) packets separated by
variability <96 BT

7 No extraneous signalon | 8.2.1.1 M Yes [ INo [ ]
the coaxial media after
DO idle

8 Startcottisiom preserce 82711 M Yes T iiNo T Withim 66 rsto +67rs
state after idle

9 Collision presence state | 8.2.1.1 M Yes [ INo [ ] 5-15 bit times
duration
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Item Parameter Reference Status Support Value/comment
1 Direct coupling of 82.12 M Yes[ ] No|[]
signal from medium to
the receiver
2 AC coupling from the ]217°2 M Yes[]INo[]
receiver to AUI
interface
3 Start-up bit loss 8.2.12 M Yes [ ] No [ ] 5 bits max
(coaxial cable to DI)
4 Receive settling time 8.2.1.2 M Yes [ ] No [ ] Second and follewing bits meet
jitter specifications
5 Receive steady-state 8.2.12 M Yes [ ] No [ ] 1/2 bit times max
delay
6 Start-up bit loss 82.12 M Yes[ ] No[] 5-bits max between packets
(coaxial cable to DI) separated by < 96 BT
variability
7 Receive signal polarity 82.12 M Yes [ No'{] | More positive voltage on the
coaxial cable will convert as DI
A positive relative to DI B on
the DI circuits
8 Edge jitter 82.12 M Yes[ ] No [ ] MAU receiver + cable
introduce < 6 ns
9 Receive function while 8.2.12 M Yes [ ] No [ ]
transmitting
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8.8.6.4 Collision function

LOCAL AND METROPOLITAN AREA NETWORKS:

Item Parameter Reference Status Support Value/comment
1 Collision absence 82.1.3 M Yes[ ] No|[] IDL signal on the CI circuit, unless
sending mau_not_available
2 Collision Presence 8.2.1.3 8.8.6.1/1 N/A[] CSO0 on CI circuit at BR +25%,
function require- X Yes[]No[] —15% with a dutv cycle not worse |
ments 18.8.6.1/1 N/AT] than 40/60 ratio with = 2 MAUSs
‘M Yes [ ] No[] transmitting
3 No collision 82.13 M Yes[ ] No|[] No CS0 on CI
detection with 82224
single transmitter
4 Collision assertion 82.1.3 8.8.6.1/1 N/AT] CSO on CI = 17BT-after collision
after transmission 82224 X Yes [ ] No[]
of = 20 bit times 18.8.6.1/1 N/A[]
‘M Yes[ ] No|[]
5 Collision assertion 82.1.3 8.8.6.1/1 N/AT] CS00n CI < 29 BT after collision
by transmission 82224 X Yes [ ] No[]
< 20 bit times 18.8.6.1/1 N/A[]
‘M Yes[]No[]
6 Collision 8.2.1.3 M Yes [ ] NoJ ] IDL on CI =< 17 BT after arrival of
deassertion after end of transmission
end of collision
between second
MAU
7 Collision 8.2.1.3 M Yes[]No[] IDL on CI = 29 BT after arrival of
deassertion after end of transmission from all but
end of collision one MAU
between more than
two MAUSs
8.8.6.5 Monitor function
Item Parametér Reference Status Support Value/comment
1 Signal path 82.14 8.8.6.1/2 N/A[] From DTE to MAU
‘M Yes[]No[] through CO circuit
2 Transmit disable 8.2.14 8.8.6.12 N/AT] <20 ms
delay ‘M Yes[ ] No[]
3 MAU function in 82.14 8.8.6.12 N/AT] Receive and
isolated state ‘M Yes[1No[] collision fiinctions
are normal, XMIT
disabled
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8.8.6.6 Jabber function
Item Parameter Reference Status Support Value/comment

1 Jabber function 8.2.15 M Yes[]No[] Self-interruption of
implementation the transmitter

2 Frame timer range 82.15 M Yes[ [ No|[] 20 ms min,

150 ms max

3 CI circuit during 82.15 8.8.6.1/1 N/A[] CSO0 signal

jabber 82224 X Yes [ ]No[]
18.8.6.1/1 N/A[]
‘M Yes[]No[]

4 Collision presence 8.2.1.5 M Yes [ ] No[] No extraneous signal
function activated on the coaxial media
after transmit disable

5 Unjab timer range 82.15 (6] Yes [ ] No,[ 0.5s+50%

6 MAU unjab (reset) 8.2.1.5 8.8.6.1/2 N/A /] Isolate message
with monitor function ‘M YesJ\No [ ]

7 MAU jabber lockup 94.1 8.8.6.1/1 NIA T[] Jabber function not
protection ‘M Yes [ ] No [ ] activated under

18.8.6.1/1 N/AT] worst case
:0 Yes[]No[] conditions in 9.6.5
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8.8.6.7 MAU to coaxial cable interface

Item Parameter Reference Status Support Value/comment
1 Input impedance 8.3.1.1 M Yes[ ] No[] R = 100 kQ
2 Total capacitive load | 8.3.1.1 M Yes[ ] No[] C=4pF
3 Bias current 83.12 M Yes [ No[] Max +2 uA
Min =25 uA
4 Transmit offset 83.13 M Yes[]No|[] -37 mA to —45 mA
current
5 Transmit ac 8.3.1.3 M Yes[ ] No[] +28 mA to offsetvalue
component
6 Transmitter sink cur- | 8.3.1.3 M Yes[]No[] No morethan -25 yA at -7V,
rent during collision no(more than +250 ¢ A at—10V
7 Rise and fall time at 83.13 M Yes[]No|[] 25 £ 5 ns (10-90%)
10 Mb/s
8 Rise and fall time 8.3.1.3 M Yes [ ] NO)[ Y} Within 2 ns at 10 Mb/s
match
9 Harmonic content at | 8.3.1.3 M Yes[]No[] 2nd and 3rd harmonics = 20 dB
BR below fundamental, 4th and 5th
harmonics = 30 dB below
fundamental, 6th and 7th
harmonics = 40 dB below
fundamental, all higher har-
monics = 50 dB below funda-
mental
10 Transmit signal 83.14 M Yes[]No|[] No inversion of signal from
polarity PLS to coaxial cable
11 Transmit signal edge, ™ 8.3.1.4 M Yes [ ]No[] MAU introduce no more than
jitter 2 ns of edge jitter
12 Receive colliSion 8.3.15 M Yes []No[] -1448Vto-159V
detection threshold
13 Receive collision 8.3.1.5 M Yes[]No[] -1293 mV *
detection threshold, [1+ impulse response] if filter
large impulse impulse response is larger than
response nominal
% Noegativeedge 834 I\ YestiNotT Aftercessatiomrof CDoutput
transmission stream on DO or before first
edge of next frame on DO
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8.8.6.8 MAU electrical characteristics

Item Parameter Reference | Status Support Value/comment
1 Isolation impedance between 8.3.2.1 M Yes[ ] No[] > 250 kQ at 60 Hz,
MDI and AUI cable (each con- < 15 Q for 3 MHz to
ductor, including shields) 30 MHz
2 Breakdown voltage 8321 M Yes[INol] >15kVac rms
3 Current drawn from AUI 8322 M Yes[]No[] <05A
sources
4 Operation over VP voltage 8322 M Yes[]No[] 11.28-15.75 V;any
range permissible AUI cable
5 Low VP circuit behavior 8322 M Yes [ ] No[] No disruption of media
6 MAU current labeling 8322 M Yes [ ] No[] Current consumption
shall be labeled
externally
7 Reliability 8323 M Yes [ ] No '\ MTBF = 1 million
hours of continuous
operation

8.8.6.9 MAU-DTE requirements

Item Parameter Reference Status Support Value/comment

1 AUI electrical characteristics | 8.3.3 M Yes[]No[] As specified in Clause 7;
refer to 8.8.7.1-5

2 AUI mechanical connection 8§34 M Yes[ ] No|[] As specified in Clause 7;
refer to 8.8.7.6
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8.8.6.10 MAU to coaxial cable connection

LOCAL AND METROPOLITAN AREA NETWORKS:

Item Parameter Reference Status Support Value/comment
1 Standard N-type 8.5 0.1 Yes[ ] No [ ] 50 Q, according to IEC
connector 60169-16: 1982 and Amd.
1: 1996
*2 Coaxial tap connector {53 01 Yes[INo[]
3 Capacitance 8.53.1 8.8.6.10/2 N/A[] 2 pF nominal at 10 MHz
‘M Yes[ ] No [ ]
4 Contact resistance 8.5.3.1 8.8.6.10/2 N/A[ ] =< 50 mQ for shieldyand
‘M Yes[ ] No [ ] center conductor
5 Voltage rating 8531 8.8.6.10/2 N/A[] 600 V do.orac rms max
‘M Yes[ ] No [ ]
6 Dc leakage resistance 853.1 8.8.6.10/2 N/A[ ] >1.6Q
between braid and ‘M Yes[ ] No [ ]
external conductors
7 Probe current rating 8.53.1 8.8.6.10/2 N/A[] 0.1 A per contact (probe
‘M Yes[ ] No'l,] and shield)
8 Shield current rating 8.53.1 8.8.6.10/2 N/A{]) 1 A surge for 1s
‘M Yes[ 'No [ ]
9 Connector housing 853.2.1 8.8.6.10/2 N/A[ ] Shielding > 40 dB at
‘M Yes[ ] No [ ] 50 MHz
10 Shield probe 85323 8.8.6.10/2 N/A[] Effective capture of outer
characteristics ‘M Yes [ ] No [ ] braid
8.8.6.11 Safety requirements
Item Parameter Reference Status Support Value/comment
1 MAU labeling 8.6.3 (0] Yes[ ] No|[] Data rate, current, any applicable
safety warnings (recommended)
2 General.safety 8.7.1 M Yes [ ] No[] Conforms to IEC 60950: 1991
3 Susceptibility 8.73.1 M Yes[]No[] Either ambient plane wave field of
leyels 2 V/m from 10 kHz through 30 MHz,
5 V/m from 30 MHz through 1 GHz,
or interference voltage of 1 V/ns peak
slope, between coaxial cable shield
and DTE earth connection
4 Emission levels 8732 M Yes[ ] No|[] Comply with applicable local and
national standards
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Item Parameter Reference Status Support Value/comment
1 Signaling rate (stated on label) 732 M Yes[]No[] 10 Mb/s
2 CS0 signal trequency (on Cl) 7.3.1.2 M Yes| [No[] 10 MHz +25%, —-15%
3 CS0 signal duty cycle 73.12 M Yes [ ] No[] 60:40 worst case
8.8.7.2 DI and ClI driver characteristics
Item Parameter Reference Status Support Value/comment
1 Differential output voltage, 74.1.1 M Yes [ ] No] Figure 7-11
loaded
2 Differential output voltage,idle | 7.4.1.1 M Yes\W]1 No [ ] <40 mV into test load
state
3 Differential output voltage, start | 7.4.1.1 M Yes [ ] No[] Figure 7-12
of idle
4 Current into test load while idle | 7.4.1.1 M Yes [ ] No[] 4 mA max
after 80 BT
5 Requirements after idle 74.12 M Yes[]No[] Second bit to Figure 7-11
6 Common-mode output voltage, 7413 M Yes[]No[] =40 mV peak,
ac Figure 7-13
7 Differential output voltage, 7414 M Yes[]No[] 13 V peak max
open circuit
8 Common-mode output-veltage, 74.1.5 M Yes[]No[] =<5.5V, Figure 7-13
dc
9 Fault tolerance 74.1.6 M Yes[]No[] Figure 7-14
10 Fault current 74.1.6 M Yes[]No[] < 150 mA,
any Figure 7-14 state
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8.8.7.3 DO receiver characteristics

Item Parameter Reference Status Support Value/comment
1 Unsquelched threshold 7421 M Yes [ ] No [ ] 160 mV max differential
2 High-to-idle transition on 74.1.1 M Yes [ ] No [ ] Must not cause output
DO circuit
3 Differential input 7422 M Yes[ ] No [ ] Real part: 77.83 Q + 6%;
H#apedanece-att0-MHz O-<-phase-ansle-(des)
<real part x 0.0338
4 Common-mode range, ac 7423 M Yes [ ] No [ ] 3V min 30 Hz to 40 kHz
100 mV min
40 kHz to 10 MHz
5 Total common-mode 7424 M Yes [ ] No[] Magnitude of 0(t05.5 V
range ac +dc
6 Common-mode current 7424 M Yes [ ] No [ ] < 1 mA
limit
7 IDL detection 7.3.1.1 M Yes[ ] No ] <16 bit times
8 Requirements after idle 7425 M Yes [ ] No [ ] Receiver in spec after start-up
delay
9 Receiver fault tolerance 7426 M Yes {JNo [ ] Figure 7-16
10 Input fault current 742.6 M Yes'[ ] No [ ] 3 mA max

8.8.7.4 CO receiver characteristics

Item Parameter Reference Status Support Value/comment
1 Unsquelched threshold | 7.4.2.1 8.8.6.1/3 N/A[ ] 160 mV max differential
‘M Yes[ ] No [ ]
2 High-to-idle transition 7411 8.8.6.1/3 N/A[ ] Must not cause output
on DO circuit ‘M Yes[ ] No [ ]
3 Differential input 7422 8.8.6.1/3 N/A[] Real part: 77.83 Q + 6%;
impedance at 10.MHz ‘M Yes[ ] No [ ] 0 < phase angle (deg)
=< real part x 0.0338
4 Common-mode range, 7423 8.8.6.1/3 N/A[ ] 3V min 30 Hz to 40 kHz,
ac ‘M Yes[ ] No [ ] 100 mV min
40 kHz to 10 MHz
5 Tofal common-mode 7424 8.8.6.1/3 N/A[ ] Magnitude of 0 to 5.5V ac + dc
range ‘M Yes[ ] No [ ]
6 Common-mode 7424 8.8.6.1/3 N/A[ ] <1 mA
current limit M Yes[ I No[]
7 IDL detection 7.3.1.1 8.8.6.1/3 N/A[] < 1.6 bit times
‘M Yes[ | No [ ]
8 Requirements after idle | 7.4.2.5 8.8.6.1/3 N/A[ ] Receiver in spec after start-up
‘M Yes[ ] No [ ] delay
9 Receiver fault tolerance | 7.4.2.6 8.8.6.1/3 N/A[ ] Figure 7-16
‘M Yes[ ] No [ ]
10 Input fault current 7426 8.8.6.1/3 N/A[ ] 3 mA max
‘M Yes[ | No [ ]
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Item Parameter Reference Status Support Value/comment

1 Common-mode termination 7426 M Yes [ | No[] If used, must be to VC

2 Pins 1,4,8,11, 14 7528 M Yes [ | No[] =5Qat5 MHz
impedance to VC circuit

3 Pins 1,4, 8, 11, 14 coupling 7528 M Yes [ ] No [ ] Capacitive
to VC circuit

8.8.7.6 Mechanical characteristics

Item Parameter Reference Status Support Value/comment

1 D-type connector 762 M Yes[ ] No|[] IEC 60807-2: 1992
dimensions 15-pole male

2 Shell plating material 7.6.2 Yes [ ] No/j ] Conductive

3 Shell multiple 7.6.2 O Yes [ JNo/[ ] Number not defined
contact points (recommended)

4 Shell life expectancy 762 M Yes [ ] No [ ] =< 5 mQ/500 matings

5 Lockigg posts and 76.1 M Yes [ ] No [ ] Figures 7-18, 7-20
mounting
Pin connections: Circuit

6 3 763 M Yes[ ] No|[] Data out A

7 10 763 M Yes[ ] No|[] Data out B

8 11 7.6.3 M Yes[ ] No|[] Capacitor to VC

9 5 7.6.3 M Yes[]No[] Data in A

10 12 763 M Yes[]No[] Data in B

11 4 763 M Yes[ ] No|[] Capacitor to VC

12 7 763 M Yes[ ] No|[] Control out A

13 15 763 M Yes[ ] No|[] Control out B

14 8 763 M Yes[ ] No|[] Capacitor to VC

15 2 763 M Yes[ ] No[] Control in A

16 9 763 M Yes[]No[] Control in B

17 1 763 M Yes[ ] No[] Capacitor to VC

18 6 763 M Yes[ ] No[] Voltage common

19 13 763 M Yes[ ] No[] Voltage plus

20 14 763 M Yes[ ] No[] Capacitor to VC

21 Shell 763 M Yes[ ] No [ ] Protective ground

(conductive shell)
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8.8.8 PICS proforma tables for 10BASE5 coaxial cable

8.8.8.1 10BASES5 coaxial cable characteristics

Item Parameter Reference | Status Support Value/comment
1 Characteristic impedance 8.4.1.1 M Yes[ ] No[] 50 +2 Q, measured according to IEC
60096-1: 1986 and Amd. 2: 1993
2 Impedance variation per 2 8.4.1.1 O Yes [ ] No[] +3Q
m segment
3 Attenuation of 500 m 84.1.2 M Yes [ ] No[] <8.5 dB with 10 MHz singywave,
segment =<6.0 dB with 5 MHz sinewave
4 Velocity of propagation 84.13 M Yes[ ] No [ ] Min 0.77 ¢
5 Edge jitter of 500 m cable 84.14 M Yes [ ] No [ ] <7 ns
6 Transfer impedance 84.1.5 M Yes[ ] No|[] According'to’Figure 8-7
7 Cable DC loop resistance 84.1.6 M Yes[ ] No|[] =<10tm€2/m at 20 °C
(center conductor plus
shield)

Coaxial cable properties:

8 a) Center conductor, 842.1.1 M Yes [\|\WNo [ ]

dielectric, shield system,

insulating jacket
9 b) Concentricity 8.42.1.1 M Yes [ ] No[] =92%
10 ¢) Jacket, shield, dielectric 8.4.2.1.1 M Yes [ ] No[] pierceable
11 d) Cable flexibility 8.4.2.1.1 M Yes [ ] No[] support bend radius of 254 mm
12 Center conductor 84242 M Yes [ ] No[] 2.17 mm = 0.013 mm
13 Dielectric material 842.1.3 M Yes [ ] No [ ] meets 8.4.1.2,8.4.1.3

and 8.4.2.1.1¢)

Shielding system:
14 a) Inside diameter 842.14 M Yes [ ] No [ ] =6.15 mm
15 b) Outside diameter 842.14 M Yes [ ] No [ ] 8.28 mm +0.178 mm
16 ¢) Outermost shield 842.14 M Yes [ ] No [ ] > 90% coverage
17 Jaeket material 842.1.5 M Yes [ ] No [ ] meets 8.4.1 and 8.4.2 specs
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Item Parameter Reference | Status Support Value/comment

18 Jacket dimensions, 842.15 0.2 Yes [ ] No [ ] OD of 10.287 mm = 0.178 mm
Polyvinyl Chloride

19 Jacket dimensions, 842.1.5 0.2 Yes [ ] No[] OD of 9.525 mm + 0.254 mm
Fluoropolymer

20 Flammability and smoke 842.15 M Yes [ ] No[] Meet applicable local and national
criteria codes

21 Jacket marking 8422 M Yes [ ] No [ ] Annular rings spaced 2.5 m + 5 cni

22 Color of jacket 8422 (0] Yes [ ] No [ ] Bright (example: yellow)

Total segment dc loop resistance:

23 a) Sum of center conductor, | 8.4.3 M Yes [ ] No [ ] <5Qat20°C
connector and shield

24 b) Inline connector pair or 843 M Yes[ ] No|[] <10 mQ at20%.C
MAU

25 Inline coaxial extension 8.5.1 M Yes[]No[] | TypeNplug connector
connector

26 Coaxial cable termination 852.1 M Yes [ ] No [} 50 Q + 1% at 0-20 MHz, phase

angle = 5°, power rating =1 Q
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9. Repeater unit for 10 Mb/s baseband networks

9.1 Overview

This clause specifies a repeater for use with IEEE 802.3 10 Mb/s baseband networks. A repeater for any
other IEEE 802.3 network type is beyond the scope of this clause.

A repeater set connects segments of network medium together, thus allowing larger topologies and a largex
MAU base than are allowed by rules governing individual segments.

Repeater sets are used to extend the network length and topology beyond what could be achieved by a single
mixing segment. Mixing segments may be connected directly by a repeater set (Figure 9<L).or by several
repeater units that are, in turn, connected by link segments. Repeater sets are also used as the hub in a star
topology network in which DTEs attach directly to link segments (e.g., I0BASE-Ty Clause 14). Allowable
topologies shall contain only one operative signal path between any two points on th€ network. The proper
operation of a CSMA/CD network requires network size to be limited to centrol round-trip propagation
delay to meet the requirements of 4.2.3.2.3 and 4.4.2.1, and the number of repedters between any two DTEs
to be limited in order to limit the shrinkage of interpacket gap as it travelsithrough the network. The method
for validating networks with respect to these requirements is specified.ia Clause 13.

If the repeater set uses MAUs connected via AUIs to a repeater unit, these MAUSs shall not perform the
signal_quality_error Test function. A manufacturer may, optionally, integrate one or all MAUSs into a single
package with the repeater unit (internal MAUs). In all¢ases, the MAU portion of the repeater set must be
counted toward the maximum number of MAUSs on each segment. A repeater set is not a station and does not
count toward the overall limit of 1024 stations on:a‘network.

A repeater set can receive and decode data_from any segment under worst-case noise, timing, and signal
amplitude conditions. It retransmits thé.data to all other segments attached to it with timing and amplitude
restored. The retransmission of data oeeurs simultaneously with reception. If a collision occurs, the repeater
set propagates the collision event throughout the network by transmitting a Jam signal.

e ——————

I MAU

MAU | * COAX SEGMENT

: AUI (OPTIONAL) *

AUT{OPTIONAL) ]

|
| COAX SEGMENT

MAU 1

| g e S |

NOTE: The AUl is not necessarily exposed when the MAU is, optionally, part of the physical repeater.

Figure 9—-1—Repeater set, coax-to-coax configuration

176 Copyright © 2000 IEEE. All rights reserved.


https://standardsiso.com/api/?name=e478a65ce847565635396c364b44a211

ISO/IEC 8802-3: 2000(E)
CSMA/CD IEEE Std 802.3, 2000 Edition

9.2 References

See 1.3.

9.3 Definitions

See 1.4.

9.4 Compatibility interface
The repeater shall attach to its network segments by any of the means specified below.
9.4.1 AUI compatibility

The repeater unit shall be compatible at its AUI connector (if so equipped) as specifiedin Clause 7 with the
exception of the signal_quality_error message Test, 7.2.1.2.3, which shall not be imgplemented.

10BASES and 10BASE2 MAUSs associated with the repeater unit shall be as(specified in Clause 8 for type
10BASES and Clause 10 for type 10BASE2 with the following restrictions:

a) The MAU shall implement receive mode collision detect as defined in 8.3.1.5 or 10.4.1.5.

b) The MAU shall not implement the signal_quality_error Méssage Test function as defined in 8.2.1.1
and 10.3.1.1. The MAU shall not activate its Jabber function when operated under the worst-case
Jabber Lockup Protection condition as specified in 9.6:5.

c¢) The MAU shall operate only in the normal mod¢@sdefined in 8.1.3.4, not in the monitor mode.

All other MAUs associated with the repeater unit.§hall be as specified in their respective clauses and shall
not perform the signal_quality_error Message Tést function.

9.4.2 Mixing segment compatibility

The repeater set, which includes MAUS integrated with the repeater package (internal MAUSs), may have any
of the interfaces specified in the:fellowing subclauses. The MAUs associated with the repeater that are con-
nected in this manner shall bé.subject to the restrictions of MAUs as specified in 9.4.1.

9.4.2.1 Direct coaxial.cable attachment compatibility

The repeater shdllybe compatible at its coaxial tap connector (if so equipped) as specified in 8.5.3 of the
10BASES standard.

9.4.2.2N” connector compatibility

The repeater shall be compatible at its Type N connector (if so equipped) as specified in 8.5.

9.4.2.3 BNC compatibility
The repeater shall be compatible at its BNC connector (if so equipped) as specified in 10.6.
9.4.2.4 BFOC/2.5 (10BASE-FP) compatibility

The repeater shall be compatible at its BFOC/2.5 10BASE-FP connector (if so equipped) as specified in
15.3.2 (also see 15.1).
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9.4.3 Link segment compatibility

The compatibility interfaces for link segments including IRL segments are either vendor-dependent, as spec-
ified in 9.4.3.1, or are vendor-independent MDI, as defined in the remainder of this clause. The MAUs asso-
ciated with the repeater that are connected in this manner shall be subject to the restrictions of MAUSs as
specified in 9.4.1.

9.4.3.1 Vendor-dependent IRL

The budget allowances for the topology supported by the IRL shall ensure that the total network round-trip
delay requirement is met and the maximum collision frame size of 511 bits is not exceeded. (See 134:L)

9.4.3.2 Fiber optic FOIRL compatibility

The repeater shall be compatible at its FSMA connector (if so equipped) as specified in-9.9-
9.4.3.3 Twisted-pair jack compatibility

The repeater set shall be compatible at its 8-pin modular jack (if so equipped), as specified in 14.5.
9.4.3.4 Fiber optic 10BASE-FB and 10BASE-FL compatibility

The repeater shall be compatible at its BFOC/2.5 (10BASE-FB and/or 10BASE-FL) connector (if so
equipped) as specified in 15.3.2 (also see 15.1).

9.5 Basic functions
9.5.1 Repeater set network properties

The repeater set shall be transparent to all network acquisition activity and to all DTEs. The repeater set shall
not alter the basic fairness criterion+for all DTEs to access the network or weigh it toward any DTE or group
of DTEs regardless of netwotk/location. A repeater set shall not attempt to be a packet store and forward
device.

Repeaters are not addressable. An addressable station on the network that controls a repeater is outside the
scope of this standard.

9.5.2 Signal amplification

The repeater set (including its associated or integral MAUS) shall ensure that the amplitude characteristics of

thessignals at the MDI outputs of the repeater set are within the tolerance of the specification for the appro-
priate MAU type. Therefore, any loss of signal-to-noise ratio due to cable loss and noise pickup is regained
at the output of the repeater set as long as the incoming data is within the system specification.

9.5.3 Signal symmetry

The repeater set shall ensure that the symmetry characteristics of the signals at the MDI outputs of a repeater
set are within the tolerance of the specification for the appropriate MAU type. Therefore, any loss of symme-
try due to MAUSs and media distortion is regained at the output of the repeater set.
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9.5.4 Signal retiming

The repeater unit shall ensure that the encoded data output from the repeater unit is within the jitter tolerance
of a transmitting DTE as specified in 7.3. Therefore jitter cannot accumulate over multiple segments.

9.5.5 Data handling

The repeater unit, when presented a packet at any of its ports, shall pass the data frame of said packet intact

aud vvlﬂxuut lllUdiﬁbatiUll, Dubtlabti\)ll, Ul addltlull tU (111 Utll\zl lJUl‘tD bUllll\zbt\ad Wltlll t}l\./ 1uypatu1 Ullit. T}l\.z
only exceptions to this rule are when contention exists among any of the ports or when the receive porf\is
partitioned as defined in 9.6.6. Between unpartitioned ports, the rules for collision handling (9.5.6) take
precedence.

9.5.5.1 Start-of-packet propagation delays

The start-of-packet propagation delay for a repeater set is the time delay between the first edge transition of
the packet on its repeated from (input) port to the first edge transition of the packet On'its repeated to (output)
port (or ports).

For a repeater unit with AUI connectors at input and output ports, this timeg shall be less than or equal to 8 bit
times.

For a repeater set with internal MAUS on input and output portsyadditional delays shall be allowed as enu-
merated in Table 9-1.

Table 9—1—Start-of-packet propagation delays
(Repeater unit.delay of 8 BT plus)

MAU type Input (BT) Output (BT)
10BASES 6.5 35
10BASE2 6.5 35
FOIRL 35 35
10BASE-T 8 5
IOBASE-FP 3 4
10BASE-FB 2 2
10BASE-FL 5 5

9.5.5.2 Start-of-packet variability

The start-of-packet variability, defined as the total worst-case difference between start-of-packet propagation
delays for successive packets separated by 96 bit times or less, shall be less than 4 bit times for a repeater
unit. For a 10BASE-FB repeater set the total worst-case difference between start-of-packet propagation
delays for successive packets separated by 96 bit times or less, shall be less than 2 bit times for a repeater set,
all of which is allocated to the repeater unit.
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9.5.6 Collision handling
9.5.6.1 Collision presence

All MAUs connected to the repeater unit shall provide uninterrupted Carrier Sense. Uninterrupted Carrier
Sense means that the input messages remain valid during activity on the medium even in the presence of a
collision. IOBASES and 10BASE2 MAUES shall provide this capability by implementing Receive Mode Col-
lision Detection.

9.5.6.2 Jam generation

If a collision is detected on any of the ports to which the repeater set is transmitting, the repeater .set-shall
transmit a Jam to all of the ports to which it is connected. The Jam shall be transmitted in accordance with
the Repeater Unit State Diagram in Figure 9-2 and shall be as specified in 4.2.3.2.4 with the farther con-
straint that the first 62 bits transmitted to any port shall be a pattern of alternate 1’s and (/s starting with the
first bit transmitted as a 1.

9.5.6.3 Collision-jam propagation delays
The start-of-collision propagation delay for a repeater set is the time delayibetween the first edge transition
of the signal_quality_error signal on any of its ports to the first edge transition of the Jam on its (output) port

(or ports).

For a repeater unit with AUI connectors at input and output ports;-this time shall be less than or equal to 6.5
bit times.

For a repeater set with internal MAUS on input and outptt ports, additional delays shall be allowed as enu-
merated in Table 9-2.

Table 9—2>!Start-of-collision jam delays
(repeater unit delay of 6.5 BT plus)

MAU type Input (BT) Output (BT)
10BASES5 9? 35
10BASE2 9? 35
FOIRD 35 35
10BASE-T 9 5
10BASE-FP 115 1
10BASE-FB 35 2
1OBASE-EL 3- 5
 This does not include collision rise time on the coaxial media. For the worst-case
rpund-trip delay calculation, collision rise time plus MAU propagation delay = 17 bit
times.

The cessation-of-jam propagation delay for a repeater unit is the time delay between the input signals at its
ports reaching a state such that Jam should end at a port and the last transition of Jam at that port. The states
of the input signals that should cause Jam to end are covered in detail in the repeater state diagrams.

180 Copyright © 2000 IEEE. All rights reserved.



https://standardsiso.com/api/?name=e478a65ce847565635396c364b44a211

ISO/IEC 8802-3: 2000(E)
CSMA/CD IEEE Std 802.3, 2000 Edition

For a repeater unit with AUI connectors at input and output ports, this time shall be less than or equal to 5 bit
times when not extending fragments. When extending fragments, this delay may be longer as required by the
fragment extension algorithm. See 9.6 4.

For a repeater set with internal MAUSs on input and output ports, an additional allowance for cessation-of-
Jam propagation shall be allowed as specified in Table 9-3.

For a repeater set with internal MAUs on its input ports, an additional delay allowance for DI and for

L: 1 s G & ) 1 cload e Tollo O 2
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Table 9—3—Cessation-of-jam delays
(repeater unit delay of 5 BT plus)

Cessation-of-Collision jam from DI Cessation-of-Collision jam'from SQE
MAU type (BT) (BT)
Input Output Input Output
10BASES 0.5 0.5 20 05
10BASE2 0.5 0.5 20 0.5
FOIRL 0.5 0.5 7 0.5
10BASE-T 2 2 9 2
10BASE-FP 3 3 36 3
10BASE-FB 5 2 5 2
10BASE-FL 2 2 7 2

9.5.6.4 Transmit recovery time

It is essential that the repeater unit not monitor a port for input for a short time after the repeater stops trans-
mitting to that port. This recovery time prevents the repeater from receiving its own transmission as a new
receive activity. The minimum.teécovery time allowable for a repeater is implementation-dependent, but must
be greater than the sum of the-delays in the transmit and receive paths for the port. In all cases the recovery
time must be less than 10-bittimes from the last transition on the transmitting AU interface.

9.5.6.5 Carrier recovery time

During a collision, the input_idle signal is unreliable for short periods of time (bits) because of the possibil-
ity of signal'cancellation on the collision segment. In order to prevent premature detection of the true end of
the collision, the repeater unit must wait for data to become sensed from a port for a short time after
signal’quality_error has gone inactive from that port. This recovery time prevents the repeater from prema-
turely ending a Jam on an active network. The minimum carrier recovery time allowable for a repeater is
implementation-dependent, but shall be greater than the CARRIER ON time after signal_quality_error is
de-asserted. In all cases, the carrier recovery time shall be less than 4 bit times from the last transition on the
AU Interface.

9.5.7 Electrical isolation

Network segments that have different isolation and grounding requirements shall have those requirements
provided by the port-to-port isolation of the repeater set.
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9.6 Detailed repeater functions and state diagrams

A precise algorithmic definition is given in this subclause, providing a complete procedural model for the
operation of a repeater, in the form of state diagrams. Note that whenever there is any apparent ambiguity
concerning the definition of repeater operation, the state diagrams should be consulted for the definitive
statement.

The model presented in this subclause is intended as a primary specification of the functions to be provided
by any repeater unit. It is important to distinguish, however, between the model and a real implementation
The model is optimized for simplicity and clarity of presentation, while any realistic implementation should
place heavier emphasis on such constraints as efficiency and suitability to a particular implementation
technology.

It is the functional behavior of any repeater unit implementation that shall match the standardsynet the inter-
nal structure. The internal details of the procedural model are useful only to the extent that they help specify
the external behavior clearly and precisely. For example, the model uses a separate Aransmit Timer state
machine for each port. However, in an actual implementation, the hardware may be shared.

9.6.1 State diagram notation

The notation used in the state diagrams (Figures 9-2 through 9-5) follows.the conventions in 1.2.1.
Description of state diagram variables

Input/Output variables

Dataln (X)
Status of Dataln input at port X.
Values: II ; input_idle; i.e., indicates no-activity
—II ; indicates activity
Note that Dataln (X) may be undefined during collision but that it is a don’t care in all
instances when this is true:

CollIn (X)
Status of Controllp-input at port X.
Values: SQE ; signal_quality_error; i.e., indicates collision
—SQE -indicates no collision

Out (X)
Type.of output repeater is sourcing at port X.
Values: Idle ; Repeater is not transmitting
—Idle ; Repeater is transmitting Preamble Pattern or Data or Jam or TwoOnes.
Preamble Pattern ; Repeater is sourcing alternating 1’s and 0’s on port X.
Data ; Repeater is repeating data frame on port X

Jam ; Repeater is sourcing Jam on port X.
TwoOnes ; Repeater is sourcing two consecutive Manchester-encoded ones on port X.

DisableOut (X)
Override of Out (X)
Values: ON ; Disable repeater transmission regardless of value of Out (X).
—ON ; Repeater transmission depends on the value of Out (X).
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Port variables

TT (X)
Transmit Timer indicates number of bits transmitted on port X.
Values: Positive integers

Inter-Process flags

AllDataSent

All received data frame bits have been sent.
Bit Transmitted

Indicates a bit has been transmitted by the repeater unit.
DataRdy

Indicates the repeater has detected the SFD and is ready to send the received data. The search for
SFD shall not begin before 15 bits have been received. Note, transmit and. feceive clock differences
shall also be accommodated.

Twl
Wait Timer for the end of transmit recovery time (see 9.5.6.4). It is started by StartTw1. Tw1Done
is satisfied when the end of transmit recovery time is completed.

Tw2
Wait Timer for the end of carrier recovery time (see 9.5.6.5)It is started by StartTw2. Tw2Done is
satisfied when the timer has expired.

Tw3
Wait Timer for length of continuous output (see9.6’5). It is started by StartTw3. Tw3Done is satis-
fied when the timer has expired.

Tw4

Wait Timer for time to disable output-for Jabber Lockup Protection (see 9.6.5). It is started by
StartTw4. Tw4Done is satisfied when(the timer has expired.

Port functions

Port (7est)
A function that returns.the designation of a port passing the test condition. For example, Port
(CollIn=SQE) returns the designation: X for a port that has SQE true. If multiple ports meet the test
condition, the Portfunction will be assigned one and only one of the acceptable values.

Port designation

Ports are referred to by number. Port information is obtained by replacing the X in the desired function with
the number of the port of interest. Ports are referred to in general as follows:

ALL Indicates all repeater ports are to be considered. All ports shall meet test conditions in order for
the test to pass.
ANY Indicates all ports are to be considered. One or more ports shall meet the test conditions in order

tor the test to pass.
ONLY1 Indicates all ports are to be considered. One, but not more than one, port shall meet the test
condition in order for the test to pass.

X Generic port designator. When X is used in a state diagram, its value is local to that diagram and
not global to the set of state diagrams.

N Is defined by the Port function on exiting the IDLE state of Figure 9-2. It indicates a port that
caused the exit from the IDLE state.

M Is defined by the Port function on exiting the TRANSMIT COLLISION state of Figure 9-2. It

indicates the only port where Collln=SQE.
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Indicates all ports except N should be considered. All ports considered shall meet the test

conditions in order for the test to pass.

ALLXM

Indicates all ports except M should be considered. All ports considered shall meet the test

conditions in order for the test to pass.

ANYXN
ANYXM

Indicates any port other than N meeting the test conditions shall cause the test to pass.

Indicates any port other than M meeting the test conditions shall cause the test to pass.

Povrer-Onr

Out (ALL) = idle

Datain (ANY) = Il
Collin(ALL) = SQE -

:[N&=Port(Dataln =11)]

l | cotnnany) = sqe:iNePort(collin = sQE)]

SEND PREAMBLE PATTERN

Out (ALLXN) = Preamble Pattern

Collin (ANYXN) =SQE I

Collin (N) = SQE + (Dataln(N) = I *
LCollin(ALL) = SQE)

TT(ALLXN)=62*DataRdy* Collin(ALL)=
TQEkDatatn(N) =1

SEND TWO ONES

Out(ALLXN) =TwoOnes

Collin (ANYXN) = SQE

T

(Vv

Datain{N) =1l

| coliin (N) = 5QE + (Datain(i) = 1Coliin (ALL) =3TE)

woOnes Sent*Collin(ALL)= SQE*

Out (ALLXN) =

SEND DATA

Data

Collin (ANYXN) = SQE

—

TRANSMIT COLLISlON

Out (ALL) = Jam

€ollin (N) = SQE + (Datain(N) = Il
Collin(ALL) = SQE*AllDataSent*
TT(ANYXN) < 96)

L 4 vv¢

RECE|VE COLLISION

Dataln (N) = Il *Collin (ALL) = SQE *
TT(ALLXN) =96 * AllDataSent
Out (ALLXN) = Jam

Collin (ANYXN) = SQEJ

Collin (ALL) = SQE * TT(ALL) =96* Tw2Done

Collin (ONLY1) = SQE *

. - TT(ALLXN) =96%
TT(