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|EEE Standards documents are developed within the Technical Committees of the
|IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Board. Members of the committees serve voluntarily and without compensation.
They are not necessarily members of the Institute. The standards developed within
| EEE represent a consensus of the broad expertise on the subject within the Institute
as well as those activities outside of |EEE that have expressed an interest in partici-
pating 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, mar-
ket, 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 |EEE Standard is subjected 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
| EEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party,
regardless of membership affiliation with IEEE. Suggestions for changes in docu-
ments should be in the form of a proposed change of text, together with appropriate
supporting comments.

Interpretations. Occasionally questions may arise regarding the meaning of portions
of standards as they relate to specific applications. When the need for interpretations
is brought to the attention of 1EEE, the Institute will initiate action to prepare appro-
priate responses. Since | EEE Standards represent a consensus of all concerned inter-
ests, it isimportant to ensure that any interpretation has also received the concurrence
of abalance of interests. For this reason |EEE and the members of its technical com-
mittees 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:

Secretary, |EEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

IEEE Standards documents may involve the use of patented technology. Their
approval by the Institute of Electrical and Electronics Engineers does not mean that
using such technology for the purpose of conforming to such standards is authorized
by the patent owner. It is the obligation of the user of such technology to obtain all
necessary permissions.
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Introduction

(Thisintroduction is not part of |IEEE Std 802.12-1995.)

This standard is part of a family of standards for local and metropolitan area networks. The relationship
between the standard and other members of the family is shown below. (The numbers in the figure refer to
|EEE standard numbers.)
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802 OVERVIEW & ARCHITECTURE*

* Formerly IEEE Std 802.1A.

Thisfamily of standards deals with the Physical and Data Link layers as defined by the International Organi-
zation for Standardization (1SO) Open Systems Interconnection Basic Reference Model (1SO 7498 : 1984).
The access standards define several 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 technol ogies noted above are as follows:

« |EEE Std 802%: Overview and Architecture. This standard provides an over-
view to the family of |EEE 802 Standards. This document
forms part of the 802.1 scope of work.

« ANSI/IEEE Std 802.1B LAN/MAN Management. Defines an Open Systems
[ISO/IEC 15802-2]: Interconnection (OSI) management-compatible architecture,
and services and protocol elementsfor usein aLAN/MAN
environment for performing remote management.

* ANSI/IEEE Std 802.1D MAC Bridging. Specifies an architecture and protocol for the
[ISO/IEC 10038]: interconnection of |EEE 802 LANSs below the MAC service
boundary.
« ANSI/IEEE Std 802.1E System Load Protocol. Specifies a set of services and protocol
[ISO/IEC 15802-4]: for those aspects of management concerned with the loading of

systems on |EEE 802 LANS.

1The 802 Architecture and Overview standard, originally known as | EEE Std 802.1A, has been renumbered as |EEE Std 802. This has
been done to accommodate recognition of the base standard in afamily of standards. Referencesto |EEE Std 802.1A should be consid-
ered as references to |EEE Std 802.
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« ANSI/IEEE Std 802.2 [ISO/IEC 8802-2]: Logica Link Control

« ANSI/IEEE Std 802.3 [ISO/IEC 8802-3]: CSMA/CD Access Method and Physical Layer Specifications
« ANSI/IEEE Std 802.4 [ISO/IEC 8802-4]: Token BusAccess Method and Physical Layer Specifications
« ANSI/IEEE Std 802.5 [ISO/IEC 8802-5]: Token Ring Access Method and Physical Layer Specifications

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

« |EEE Std 802.9: Integrated Services (IS) LAN Interface at the Medium Access
Control (MAC) and Physical (PHY) Layers

« |EEE Std 802.10: Interoperable LAN/MAN Security, Currently approved:
Secure Data Exchange (SDE)

« |EEE Std 802.12; Demand Priority Access Method, Physical Layer and Repeater
Specification

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

* |EEE Std 802.7: |EEE Recommended Practice for Broadband Local Area
Networks

The following additional working groups have authorized standards projects under development:

« |EEE 802.11: Wireless LAN Medium Access Control (MAC) Sublayer and
Physical Layer Specifications

* |EEE 802.14: Standard Protocol for Cable-TV Based Broadband
Communication Network

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

Conformance test methodology

An additional standards series, identified by the number 1802, has been established to identify the
conformance test methodology documents for the 802 family of standards. Thus the conformance test
documents for 802.3 are numbered 1802.3, the conformance test documents for 802.5 will be 1802.5, and so
on. Similarly, SO will use 18802 to humber conformance test standards for 8802 standards.

IEEE Std 802.12-1995

This standard defines the protocol and compatible interconnection of data communication equipment via a
repeater-controlled, star-topology Local Area Network (LAN) using the demand priority access method. It
includes a 100 Mb/s implementation with Physical Layers for four-pair 100 Q balanced cable category 3
through 5; two-pair 150 Q shielded balanced cable; and fibre optic cable. Work is currently underway in the
following areas: higher speed operation; two-pair category 5 100 Q balanced cable; redundant links; and full
duplex operation.
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This standard contains state-of-the-art material. The area covered by this standard is undergoing evolution.
Revisions are anticipated within the next few yearsto clarify existing material, to correct possible errors, and
to incorporate new related material. Information on the current revision state of this and other IEEE 802
standards may be obtained from

Secretary, |IEEE Standards Board
445 Hoes Lane
PO. Box 1331
Piscataway, NJ 08855-1331 USA

| EEE 802 committee working documents are available from

|EEE Document Distribution Service
AlphaGraphics #35 Attn: P. Thrush
10201 N. 35th Avenue

Phoenix, AZ 85051 USA

Patent information

The |EEE Standards Board calls attention to the fact that it is claimed that portions of |EEE Std 802.12-1995
are the subject of patents owned by a number of companies. The |EEE takes no position with respect to
patent validity. Each of these companies has assured | EEE that it iswilling to grant alicense on these patents
on reasonable and nondiscriminatory terms to anyone wishing to obtain such alicense. The undertakings of
these companies in this respect are on file with the IEEE Standards Department, and the license details may
be obtained by contacting the Standards Department.
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IEEE Standards for Local and Metropolitan Area
Networks: Demand Priority Access Method,
Physical Layer and Repeater Specification

for 100 Mb/s Operation

1. Overview

1.1 Scope

This standard defines the protocol aoednpatible interconnection of data communication equipment via a
repeater-controlled, star-topology Locale& Network (LAN) using the demand-prioragcess method.

1.2 Purpose

The purpose othis protocol is to provide &igher speed LANwith deterministic access, priority, and
optional filtering. Pursuant to this, the protocol will:

a) Provide a minimum data rate of 100 Mb/s.
b) Provide smooth migration from ISO/IEC 8802-3 and ISO/IEC 8802-5 LANSs.

c) Support either ISO/IEC 8802-3 or ISO/IEC 8802-5 frame format and MAC service interface to the
LLC.

d) Support a cascaded star topology over twisted pair and fibre optic generic building wiring.
e) Allow topologies of 2.5 km and greater with 3 levels of cascading.

f)  Provide a Physical Layer Bit Error Rate (BER) of less thafi 10

g) Provide fair access and bounded latency.

h)  Provide two priority levels, normal and high priority.

i)  Provide a low-latency servidglirough highpriority for support of multimedia applicatioresser
extended networks.

i) Support an option for filtering individually addressed packets at the repeater to enhance privacy.

k) Support network management to monitor network performance, isolate éndtyntrol network
configuration.

[)  Enable low-cost implementation and high levels of integration.

m) Provide for robust operation by testittg Physical Layer connectidoeforeallowing an endchode
to enter the network, and by removing disruptive nodes.
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1.3 Document organization

The clauses and annexes of this standard provideeamiewanddefinethe requirements of the demand-
priority protocol and its supporting physical layers.

This standard is organized as follows:

Clauses 1through 4 contain theverview, referencesjefinitions, and abbreviationsand acronyms,
respectively.

Clause 5 (Notation) defines the various notations that are used within this standard.

Clause 6 (Introduction to therotocol) showshe relationship of th@rotocol tothe IEEE 802family of
standards andefinesthe architectural structure of the network emdlesandrepeaters. Aroverview of
the operation of a demand-priority LAN is also provided.

Clause 7 (MAC service specifications) defirtee interfaceservices provided byhe MediumAccess
Control (MAC) sublayer tohe Logical Link Control (LLCsublayer.

Clause 8 (PMI service specifications) defirtee interfaceservices provided byhe Physical Medium
Independent (PMI3ublayer tahe MAC and Repeater Medium Access Control (RMAC) entities.

Clause 9 (PMD service specifications) defittles interfaceservices provided byhe Physical Medium
Dependent (PMD) sublayer to the PMI.

Clause 10 (MAC frame format structure) definks MAC frame formats, including addressiognven-
tions, data-length restrictions, Frame Check Sequence (FCS) generation, and training frame requirements.

Clause 11 (MAC protocol) definese MAC protocol. Finite state machinasdpseudo codeescriptions
are supplemented with prose annotatidndC-based operational counteesyor countersand timers are
describedLink initiation and training are specified.

Clause 12 (RMAC protocol) defingke functional control requirementnd services ofthe RMAC
sublayer inthe network repeater. Fault detectitmajning, andrecovery procedures faperation in single
and multiple repeater networks are described.

Clause 13 (Layemanagement functionand services) defineshe functional requirementsnd recom-
mendations fothe optionalLayer Management Entity (LME), including direand indirect interrogation
of operation and error counters, and maintenance of operational and error statistics.

Clause 14 (PMI specifications) speciftee PMI portion of thé?hysical LayerThis includes data-symbol
scrambling, descrambling, encodirand decoding requirements fahe PMI. Four-channel bit-stream
formats are defined.

Clause 15 (Ml specifications) defindse functional characteristics of the Medium Independent Interface
(MIl) and, additionally, provides electrical specifications for an optional, physically-exposed MIl.

Clause 16 (4-UTP PMD, MDEnd link specifications) definethe 4UTP PMD functionalrequirements,
including timing, signal conditioning, arabntrol signal recognitioffor link configurations with 10
balancedcable. The electricaland mechanicatequirements of thehysically-exposed 4-UTP Medium
Dependent Interface (MDI) are defined.
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Clause 17 (Dual simplex STP PMD, MDdnd link specifications) defineshe STPPMD functional
requirements, including timing, signal conditioning, and control signal recognitidinKaconfigurations
with two-pair 150Q balancedcable. The electricaland mechanicatequirements of thehysically-
exposed STP MDI are defined.

Clause 18 (Dual simplex fibre optic PMD, MDand link specifications) definethe fibre optic PMD
functional requirements, including timing, signal conditioniagd control signal recognitiorfior link
configurations withtwo optical fibrelinks. The optical, electricand mechanicalequirements of the
physically-exposed fibre MDI are defined.

Clause 19 (2-TP PMD, MDknd link specifications), thepecification of a PMD to suppdwo twisted
pair links, is reserved for future study.

Annex A (PICS proforma) providesRrotocol Implementation Conformance Statement (PICS) proforma
in compliance with the relevant requiremeraad inaccordance with the relevant guidance, given in
ISO/IEC 9646-2:1994(normative).

Annex B (General environmental asdfety specifications) definése general environmental asdfety
requirements for the various network configurations (normative).

Annex C (Allocation ofobjectidentifier values) contains a summaryasf objectidentifier valuesthat
have been allocated for layer management purposes (normative if the optional LME is implemented).

Annex D (GDMO specifications for demand-priority managehiects) definegshe Guidelinesfor the
Definition of ManagedObjects (GDMO)notation used for layemanagemenbbjects(normative if the
optional LME is implemented).

Annex E (Network topologyconsiderations) defines recommendexbology rules for IEEE 802.12
networks (informative).

Annex F (Use of cabling systems with a differential characteristic impedance &f d@finalfor 4-UTP
links) provides information on an alternate balanced cable (informative).

Annex G (Bibliography) contains a bibliograpthat cansupplyadditional information regardingpecific
subclauses of this standard (informative).

1.4 Application areas

The applications environmerior the demand-prioritL AN is intended to be commerciand light
industrial.

1.5 Conformance requirements

Annex A contains PICS proforma definitions for demand-priority network components.

Linformation on references can be found in clause 2.
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1.5.1 End node PICS proforma

The supplier of an end-node implementatibat isclaimed to conform tohis standard shaomplete a
copy ofthe relevant PICS proforma amnex A, including the informationecessary to identify both the
supplier and the implementation.

1.5.2 Repeater PICS proforma

The supplier of a repeater implementattbat isclaimed to conform tdhis standard shattomplete a
copy ofthe relevant PICS proforma amnex A, including the informationecessary to identify both the
supplier and the implementation.

1.5.3 PMD PICS proforma

The supplier of #MD implementatiorthat isclaimed to conform tohis standard shatlomplete acopy
of the relevant PICS proforma iannex A, including the informationecessary to identify both the
supplier and the implementation.
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2. Normative references

The following standards contain provisions whit¢hroughreference irthis text,constitute provisions of
this standard. At the time of publication, the editions indicatetk valid. All standards arsubject to
revision,and parties tagreements based tims standard arencouraged to investigate thessibility of

applying the most recent editions of the standards liseddw. Members of 1ISGand IEC maintain
registers of currently valid International Standards.

CISPR Publication 22993, Limitsand nethods of measurement of radio disturbance characteristics of
information echnology quipment?

IEC Publication 60-1:198%ligh-voltage test techniques—Part 1: General definitenndtest require-
ments3

IEC Publication 874-1:199& onnectors for optical fibres and cables—Part 1: Generic specification.

IEC Publication 950:1991Safety ofinformation technology equipmenincluding electricalbusiness
equipment.

IEEE Std 802-1990EEE Standardfor LocalandMetropolitan Area NetworkDverviewandArchitec-
ture (ANSI)4

IEEE Std 802.1F-1993EEE Standardfor LocalandMetropolitan Area Networks: Common Definitions
and Procedures for IEEE 802 Management Information (ANSI).

IEEE Std 802.3k-1992, Supplement to ISO/IEC 8802-3:1993 [ANSI/IEEE Std 802.3, 1993 Edition],
Carrier Sense MultipleAccesswith Collision Detection (CSMA/CDAccess Methodnd Physical Layer
Specifications: Layer Management for 10 Mb/s Baseband Repeaters (Section 19) (ANSI).

IEEE Std 802.3g-1993, Supplement to ISO/IEC 8802-3:1993 [ANSI/IEEE Std 802.3, 1993 Edition],
Carrier Sense MultipleAccesswith Collision Detection (CSMA/CDAccess Methodnd Physical Layer
Specifications: Guidelines fahe Development of Manage@bjects (GDMO) (1SOL0164-4) Format for
Layer-Managed Objects (Section 5) (ANSI).

ISO 4902:1989, Information technology—Data communication—37-pole DTE/DCE interface connector
and contact number assignments.

ISO 7498:1984, Information processing systems—Ofgistems Interconnection—BasiReference
Model.

2CISPR documents are availatilem thenternational Electrotechnical Commission,r@e de Varembé, Case Postal, CH-1211,
Genéve 20Switzerland/Suisse. CISPR documents are also availatie idnited States from the Sales Department, Amehtzional
Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

3iEC publications are availablieom IEC Sales Department, Case PosthB, 3,rue de VarembéCH-1211, Genéve 2®Bwitzer-
land/Suisse. IEC publications are also available in the United States from the Sales Department, American National Stiantgrils In
West 42nd Street, 13th Floor, New York, NY 10036, USA.

4EEE publications are availabfeom the Institute of Electrical and Electronics Engineé#§ Hoes Lane, P.O. Bok331,Piscataway,
NJ 08855-1331, USA.

SISO and ISO/IEC publications are available from the ISO Central Secretariat, Case3stalee d&/arembéCH-1211, Genéve 20,
Switzerland/Suisse. 1SO publications are also availabteeirinited States from the Sales Department, Amefiational Standards
Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
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ISO/IEC 7498-4:1989, Information processing systems—@ystemdnterconnection—BasiReference
Model—Part 4: Management framework.

ISO/IEC 8802-2:1994 [ANSI/IEEE Std 802.2, 1994 Editionhformation technology—Tele-
communicationsaand informationexchangebetween systems—Locaind Metropolitan area netorks—
Specific requirements—Part 2: Logical link contfol.

ISO/IEC 8802-3:1993 [ANSI/IEEE Std 802.3, 1993 Edition], Informati@chnology—Local and
metropolitan areaetworks—Part 3: Carriesense multipleaccesswith collision detection (CSMA/CD)
access method and physical layer specifications.

ISO/IEC 8802-5:1995 [ANSI/IEEE Std 802.5, 1995 Edition], Informatioechhology—Tele-
communicationsand informationexchangebetween systems—Locahd metropolitan areaetworks—
Part 5:Token ring access method and physical layer specificattions.

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

ISO/IEC 8877:1992, Information technology—Telecommunicatiamd informationexchangebetween
systems—Interface connectand contact assignments for ISDN Basiccess Interface located at
reference points S and T.

ISO/IEC 9646-1:1994, Informatiotechnology—OpernSystemsinterconnection—Conformance testing
methodology and framework—~Part 1: General concepts.

ISO/IEC 9646-2:1994, Informatiotechnology—OperSystemsinterconnection—Conformance testing
methodology and framework—Part 2: Abstract Test Suite specification.

ISO/IEC 10038:1993 [ANSVIEEE Std 802.1D, 1993 Edition]nformation technology—
Telecommunicationsind informationexchangebetween systems—Localrea networks—Mediaccess
control (MAC) bridges.

ISO/IEC 10040:1992, Information technology—Op8gstems Interconnection—Systemmanagement
overview.

ISO/IEC 10165-2:1992, Information technology—Op®ysteminterconnection—Structure of manage-
ment information: Definition of management information.

ISO/IEC 10165-4:1992, Information technology—Op®ysteminterconnection—Structure of manage-
ment information—Part 4: Guidelines for the definition of managed objects.

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

ISO/IEC 15802-2:1995 [ANSI/IEEE Std 802.1B, 1995 Editiomfiformation technology—Tele-
communicationsand informationexchangebetween systems—Locaind metropolitan area nebrks—
Common specifications—Part 2: LAN/MAN management.

6This publication is availablérom the ISO Central Secretariat. It is also availaflem the Institute of Electrical and Electronics
Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA.

See footnote 6.
8 See footnote 6.
9 see footnote 6.
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ISO/IEC DIS 15802-1... Informationethnology—Telecommunicationand information exchange
between systems—Locand metropolitan areanetworks—Common specifications—Part 1: Medium
Access Control (MAC) service definitidf.

ISO/IEC TR 11802-2:1995, Information technology—Telecommunicatemd informationexchange
between systems—Locand metropolitan area networks—Technical repaxtsd guidelines—Part 2:
Standard Group MAC Addresses.

ISO TR 8509:1987, Information processing systems—Open Systems Interconnection—Service conventions.

10Presently at state of Draft International Standard.
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3. Definitions
The following definitions shall apply to this standard:

3.1 4-UTP: Four-pair 100Q balanced cable meeting or exceedihg category 3 specifications in
ISO/IEC 11801:1995.

3.2 5B6B encodingA method whereby dauintets are mapped (encodedyadesextets.

3.3 balanced cableA cable consisting of one or more metallic symmetrical cable elements (tyésted
or quads).

3.4 baud: A unit of signaling speed equal to the number of discrete conditions or signal events per second,
or the reciprocal of the time of the shortest signal element in a character.

3.5 broadcast addressA special address consisting of all 1's indicating all end nodes on the network.

3.6 BT: The time requiredor onedata bit tocrossthe Medium Independent Interface (MIl)—Bit Time =
1/TxCIk.

3.7 bundled cable:A cable consisting of multiple twisted pairs. Bundled cable in this standard indicates a
cable with 25 unshielded copper twistedirs, category 3 or bettethat may contain up to six4-UTP
links.

3.8 cascadeA multilevel repeatetopology inwhich higher-level repeaters atennectedhrough their
local ports to the cascade port of lower-level repeaters.

3.9 cascade portThe repeater port that enables a cascade connection to a higher-level repeater.

3.10 clear:The action thatemoveghe outgoing signal from link (i.e., clears the linkandprepares the
Physical Medium Dependent (PMD) to receive a packet.

3.11 common-mode voltage:The instantaneous algebraic meantvad signals applied to a balanced
circuit, where both signals are referred to a common reference.

3.12 cross-connectA group of connection points, often wall- or rack-mounted wirang closet, used to
mechanically terminate and interconnect twisted pair building wiring.

3.13 demand priority: A round-robin arbitration method tprovide LAN access based on message
priority level.

3.14 destination address (DA)A field in the packet format identifying the emsde(s) to which the
packet is being sent.

3.15 differential mode voltage: The instantaneous algebraiifference of twosignals applied to a
balanced circuit, where both signals are referred to a common reference.

3.16 downlink: The transmission mediutretween aepeaterand aconnected end node @wer level
repeater, as viewed from the local repea@entrast with:uplink .

3.17dual simplex: A link segment configuration containirtiggyo simultaneous signal paths, one in each
direction. (STP and fibre optic links are configured as dual simplex.)
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3.18 elasticitybuffer: A first-in-first-out (FIFO) buffer inthe network repeatdhat canprovide tempo-
rary storage for a message padaketing retransmissiodelays.The buffer acts as ahift register odelay
line, and does not need to hold an entire, full-length paBleet.alsostore-and-forward buffer.

3.19 enable highonly: A link control signal from an upper repeater ttower repeater pre-empting a
lower repeater’s normal-priority round-robin control cycle.

3.20 endnode: A physical devicghat may beattached to &4 AN link segment fothe purpose otrans-
mitting and receiving information on that link medium. For example, an end node may be a user station, a
bridge, or a LAN analyzer. It is identified by a unique 48-bit address.

3.21 end of stream delimiter (esd)Patterns that identify the end of an Ml data stream.

3.22 extension bits:One to four bitghat areappended to the lasttet of a MAC frame to complete the
last data quintet.

3.23 fibre-optic cable:A cable containing one or more optical fibres.

3.24 fibre-optic link: A link segment configured from fibre optic cablasd two attached Medium
Dependent Interface (MDI) connectors.

3.25 fibre pair: Optical fibres interconnected to provitleo continuouslight paths terminated dioth
ends in an optical connector.

3.26 filler: Three- or six-bit reserved code patterns that are appended to the end of individual MII channel
data streams to equalize the stream lengths in all four channels.

3.27 frame: The logical organization of contraind datafields (e.g., addressedata, errorcheck se-
guences) defined for a MAC sublayer. this standard, the terfname refers to a MAC frame unless
otherwise indicatedSee alsoMAC frame.

3.28 frame check sequend-CS): A Cyclic Redundancy Check (CRC) usedthg transmit andeceive
algorithms to detect errors in the bit sequence of a MAC frame.

3.29full duplex: A link segment capable of transferring signals in both directions simultaneously.

3.30 functional address(FA): A bit-significant address used the ISO/IEC 8802-5 MAC format to
identify well-known functional groups.

3.31 grant: A link control signal odink condition indicatingthat thereceiving entityhasbeen given
permission to send a packet.

3.32half duplex: A link segment capable of transferring signals in either direction along thélinkpt
in both directions simultaneously. Requitie® turnaround to change signal directi¢#-UTP links are
full duplex in control mode, but only half duplex in data mode.)

3.33 idle: (Idle_Up, Idle_Down) Alink control signal indicatinghat the sendingntity currentlyhas no
traffic pending for the entity connected to the other end of the link.

3.34 incoming:A link control signal indicating that a packet may soon be sent to the receiving entity.

3.35 individual address:The unique address identifying an individual end node.
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3.36 invalid frame: A frame that is marked with an Invali®acket Marker (IPM) othat hasbeen
identified by the MAC,Repeater MediunAccessControl (RMAC), or lower sublayers asntaining
errors.

3.37 invalid packet marker (IPM): A patternused by a repeat#hnat issubstituted fothe end of stream
delimiter (esd) inthe MII channel transmission frames ittentify a packetthat was received with
transmission errors.

3.38 layer management entity (LME):The logical portion of the repeatersponsible for collection of
operational and error statistics and for management of the network.

3.39 level n repeaterA repeater that is (n - 1) link segments below the root repeater in a cascade.
3.40 link is clear: A condition in which there is no incoming energy on the IBde alsoclear.

3.41 link segment:The physical interconnectidretween twaepeaters or betweenrepeateand an end
node. Alink segment includes think medium (twisted pairs or opticalfibres) and itstwo attached
Medium Dependent Interface (MDI) connectors.

3.42 localport: The repeater pothatallows connection to a lower-level entfy.g., end node, repeater,
bridge, LAN analyzer).

3.43 logical link control (LLC) sublayer: That part of the Data Linkayer that supports medium
independent data linfunctions,and usesthe services ofthe MAC to provide services tdéhe Network
Layer.

3.44 MAC frame: The logical organization of contrahd datdields (e.g., addressedata, errorcheck
sequences) defined fire MAC sublayerThe MAC framemay be constructed igither ISO/IEC 8802-3
or ISO/IEC 8802-5 formaGee alsoframe.

3.45medium: The physical material from which the link is constructed.

3.46 medium access control (MAC) sublayeiThe portion of the Data Linkayerthatcontrols access to
the medium. The MAC sublayer is required in end nodes.

3.47 medium dependentinterface (MDI): The physically-exposed interface betwettre link segment
mediumand thePMD of the endnode or repeater, for whichl mechanicalglectrical or optical, and
transmitted signal requirements are specified.

3.48 medium independentinterface (MIl): The logical interfacédetweenthe Physical Medium Inde-
pendent (PMI) and®MD in anend node or repeater. Optionalljhe MIl may be implemented as a
physically-exposed interface with specified signaling timing and electrical characteristics.

3.49 multicast addressA special address indicatingspecific group of end nodes.

3.50 null address:An all zero addresthatdoesnot identify any network endode.The null address may
be used athe destination addresstiraining packets being sent from an emade or lower-level repeater
to an upper-level repeatefhe null address may be used the Source Address (SAield of training
frames toverify link operation between aend nodeand theconnected repeatefhe null address may
also be used in void frames. Packetth the nulladdress aréorwarded bythe receiving repeater to all
promiscuous ports.

3.51 octet:A group of eight adjacent bits.
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3.52 packet:The total information transmitteaver the link medium, including thpreamble, the MAC
frame, and the start of stream and end of stream delinfdieesalsoframe.

3.53 pad:Any combination of octets used to extehd end of the datield of the ISO/IEC 8802-3 MAC
frame so that it will meet minimum length requirements.

3.54 physicalmedium dependent (PMD) sublayer:The medium dependent portion of tRéysical
Layer.

3.55 physicalmedium independent (PMI) sublayer: The medium independent portion of tRhysical
Layer.

3.56 primitive: A definition of a service provided by a sublayertbe sublayer immediatelyabove.
Primitives may be initiated by either the upper or lower sublayer.

3.57 privacy mode:A mode in which an end nodeceives only those packets specifically addressed to it.

3.58 promiscuous mode:A mode in which a repeater port or and node receivesll message traffic
transmitted on the network.

3.59 protocol implementation conformance statement (PICS)A statement of which capabilities and
options have been implemented for a given interconnection protocol.

3.60quintet: A contiguous string of five bits.

3.61 repeater:A device used to extend the length, topology, and interconnectivity of the physical medium
beyondthatimposed by a single segment. Demand-priority repeaters petf@rfunctions of restoring
signal amplitudewaveform,and timing.They alsoarbitrateaccess tdhe network fromconnected end
nodes and optionally collect statistics regarding network operations.

3.62 repeatermedium access control (RMAC) sublayer:The sublayer inthe repeatethat arbitrates
packet sequencing and controls packet routing.

3.63 request:(Request_Normal, Request_High)liak control signal indicatinghat alower entity has
traffic pending for the network.

3.64 return: A secondarylink control signal indicatinghat thepre-empted normal-priority round-robin
cycle in a lower repeater is not complete.

3.65 root repeater:The level 1 (topmost) repeater in a cascade.

3.66 serviceThe capabilities and action provided by one layer for another.

3.67 sextet:A contiguous string of six bits.

3.68simplex: A link segment configuration capable of transferring signals in one direction only.
3.69 source address (SANA field in the message packet format identifying the sending end node.

3.70 start of stream delimiter (ssd): Reserved codgatterns thaidentify the beginning of the MIi
channel transmission frame. The ssd indicates the transmission priority of the packet.
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3.71 store-and-forward buffer: A first-in-first-out (FIFO) buffer in the network repeateat canprovide
temporary storage for amntire message packetior to retransmission. Thauffer acts as ahift register
and must hold an entire, full-length packeee alsoelasticity buffer.

3.72 STP:A 150Q shielded balanced cable meeting the specifications in ISO/IEC 11801:1995.

3.73symbol rate: The number osymbolstransmitted per second aedpressed in baud (e.g.Mbd =
1 000 000 symbols per second).

3.74 training: (Training_Up, Training_Down) A linkcontrol signal indicatinghat the sendingntity is
either requesting or giving permission to train (initialize) the link.

3.75 twisted pair: Two continuous, insulated copper conductors twisted around each other in a helical
manner.Twisted-pair cable may be unshielded (UTP) or shielded (STP).

3.76 twisted-pair cable:A group of two or four twisted pairs within a single sheath.

3.77 twisted-pair cable binder group:A group of twisted pairs within a cable that are bound together.
3.78 twisted-pair link: A link segment consisting of a twisted-pair cable and two attached MDI connectors.
3.79 unicast addressAn individual address identifying an individual end node.

3.80 uplink: The transmission mediulvetween arend node or repeatand aconnected higher-level
repeater, as viewed from the local ent@yntrast with:downlink.

3.81 UTP: A 100Q unshielded balanced cable meeting the specifications in ISO/IEC 11801:1995.

3.82 weight 2/4 code alteration: A rule requiringsuccessive unbalanced-code symbols data stream
to be alternately chosen between weight-2 and weight-4 code groups.

3.83 weight-2 codeAn unbalanced code sextintainingexactly two 1's.

3.84 weight-4 codeAn unbalancedode sextetontainingexactly four 1's.
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4. Abbreviations and acronyms

The following abbreviations and acronyms are used in this standard:

AC

Al

AO

BER

BT

CRC

CRS

CSs

DA

esd

FA

FAI

FC

FCS

FIFO

FWHM

GDMO

HCS

I'G

IPM

LAN

LED

LLC

ISO/IEC 8802-5 format Access Control field
Active Optical Input

Active Optical Output

Bit error rate

Bit Time

Cyclic Redundancy Check

Configuration Report Server

Control Signal

Destination Address

end of steam delimiter

Functional Address

Functional Address Indicator

ISO/IEC 8802-5 format Frame Control field
Frame Check Sequence

First In First Out

Full Width at Half Maximum

Guidelines for the Development of Managed Objects

Half Control Signal

Individual/Group

Invalid Packet Marker

Length of ISO/IEC 8802-3 format data
Local Area Network

Light Emitting Diode

Logical Link Control
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LME
LSB
LTH
MAC
MDI
mesd
Ml
mpreamble
MSB
msdu
mssd
NEXT
NRZ
(ON]|
PDU
PICS
PMD
PMI
PVC
RCS
REM
RI

RII
RMAC
RPS
RxClk

RXEnNn
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Layer Management Entity

Least Significant Bit

ISO/IEC 8802-5 format RI field Length

Medium Access Control

Medium Dependent Interface
multiplexed end of stream delimiter

Medium Independent Interface
multiplexed preamble

Most Significant Bit

medium access control service data unit
multiplexed start of stream delimiter
Near-End Crosstalk

Non-Return-to-Zero

Open System Interconnection

Protocol Data Unit
Protocolmplementation Conformance Statement
Physical Medium Dependent

Physical Medium Independent

Polyvinyl Chloride

Receiver Control State

Ring Error Monitor

ISO/IEC 8802-5 format Routing Information field

Routing Information Indicator

Repeater Medium Access Control

Ring Parameter Server

Receive Clock

Receive Enable
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SA

SAP

ssd

TCS

TPIO

TxClk

TXEn

Vvdd

Vih

Vil

Voh

Vol

Source Address
Service Access Point
start oftream delimiter
Transmit Control State
Twisted Pair Input/Output circuit
Transmit Clock
Transmit Enable
power supply voltage
Voltage, input high
Voltage, input low
Voltage, output high

Voltage, output low
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5. Notation

This standardises service primitives, finite statgachines, state tablegnd pseudo code, supplemented
by prose descriptions and illustrative diagrams, to define the requirements of the protocol.

5.1 Service definition method and notation

Services inthis specificationare described in an abstractanner using thenethodand namingconven-
tions of the ISO Ope®ystemdnterconnection Service Conventions defined in ISO TR 8509:1987. The
services of ar{n-1) layerare the capabilitiethat it offers to an(n)-user in the next higher (tgyer. In
order to provide its servicghe (n-1)layer builds its functions othe servicesthat it requires from the
next lower layer. Figure 1 illustrates the layer service model.

Service-User Service-User
(n)-Layer (n)-Layer
(n-1)-Layer (n-1)-Layer
Service access Service access
point point

Service-Provider (abstract machine)

Figure 1—Layer service model

Servicesare specified by describinghe informationflow betweenthe service useand the nextower

layer. This information flow is modeled by discrete, instantaneous events that characterize the provision of
service.Eachevent consists of passing a service primitive from one layanather User layers commu-

nicate with peer user layers by passing primitil@sughone or more ServicAccessPoints (SAPS) to
service providers associated with the identified peer user(s).

Services are described through tise of service primitiveand parameters that charactegzaeh service.
A service may have one or morelated primitivesthat constitute theactivity related tothe particular
service. Each service primitiveay have zero or moarameters thatonveythe information required to
provide the service.

Service primitivesconveythe information required tprovide aparticularservice. These servigaimi-
tivesare an abstraction ithatthey specify onlythe service providedather than theneans by which it is
provided.Further, this definition is independent arfly particular interface implementation. There is no
direct conformance of equipment to these service definitions. Clausésal@h 19 and thassociated
normative annexes specify the requirements for the functional behavior of equipment.

Two generic types of primitives are used in this specification:

a) Requestprimitive. This primitive ispassed byhe (n)-layer to the (n-1)-layer to requébat a
service banitiated. Request primitives generated by a layer mesult in one or more primitives
being generated by the next lower layer.
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b) Indication primitive.This primitive ispassed fronthe (n-1)-layer to the (n)-layer to indicate an
event that is significant to the (n)-layer. This everaty be logicallyrelated to a remote service re-
guest, or may be caused by an event internal to the (n-1)-layer.

Some ofthe possiblerelationships among primitives are illustrated by timee-sequence diagrams in
figure 2. Primitivesthat occur earlier in time and that areonnected by dotted linesre thelogical
antecedents of subsequent primitives. Figuresti2amugh 2d)show possiblerelationships within an
individual device. Figure 2e) shows a typicalationshipbetweerthe connected entities at each end of a
link. If there is nospecificrelationshipbetween events, where it is impossiblgtedict which willoccur
first, but where both must occwithin a finite period of timethen a tilde [J) is used.This possibility is
shown in figure 2f). An example might be the indication of a failure in the link between a repehtbe
end node—it would be impossible to know which entity would be the first to detect the failure.

(n+ 1) layer | (n)layer | {n - 1) layer (n+ 1) layer | (n)layer | (n -1) layer
request indication
— \request | —
indication -
-7
(b)
request request
f——
request request Tl
— -~ S <
~ o - \T»
time ~ ~~ .'
— —>
indication .
-t
(c) (d)
v
Models of device level primitives
end node or link repeater or end node or link repeater or
repeater end node repeater end node

request indication |, -~ indication
— . A  —
el indication N
(e) (f)

Models of network level primitives
Figure 2—Primitive time-sequence examples

5.2 State diagram notation

The operation of grotocolcan bedescribed by subdividinghe protocolinto a nhumber of interrelated
functions. The operation of a function candescribed by state machingsach machine represents the
domain of a functiomndconsists of a group of connected, mutually-exclusive states. Only one state of a
function may be active at any one time; however, several functions may be active at the same time.
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Each statehat afunction canassume is represented by a rectangle as shown in figure 3. State names are
shownabovethe dotted lines inthe rectangle; actions or operations to be accomplished in the state are
shown below the double line.

State-1
State-1 action
Event_A Event. B
Condition_R <Action_1>
\
| Condition_R
State-2 State-3
State-2 action State-3 action
Exit_2 Event | Exit_3_Event
) ]
State4
State-4 action
Exit_4 Event

Figure 3—Example state machine diagram

State machines asvent driverand can be iany defined state. Thegmain in the current state until an
event occurs that would cause them to change states. Transitions are presumed to be instantaneous.

The possibletransitionsbetweenthe states are represented by arrdwsn one state to the next. If
multiple states have transition paths toocenmon destination (States 2,e81d 4 in theexampleall have
transition paths to State-1), the pattay be shown as @ansition from the state to @@mmonpath.
Transition paths that cross each other without joining arrows are presumed to be independent.

Events or conditionthat causethe particular transition arghown next to the transitigmath at theexit
point of the state. Transition arrowsatfork (indicated by a small circle) requitiee logicalAND of the
labeledtransition conditions. For example, transition from State-1 to Statewdd require thatEvent A
occur AND that Condition_R be false.

Actions or operationshat are to beerformedduring a transition arenclosed in < >and areshown
below a double line under the condition required for the transition. For example, the transition from State-
1 to State-3 would require that Event_B occur and that Action_1 be taken.

5.3 Pseudo code state description

The structure of a state machineesnmonly defined irthe state machine diagram. The operation of the
state machinenay be definecbither by prose annotation or bgded constructsuch as a pseudmde.

For some state machines (e.g., MAC, RMAtD)s standardises prosannotation tgrovide anoverview

of each state of a state machiaadpseudo code to defirtbe operations accomplished that state. If
there areany perceived differences ihe interpretation of th@rose annotatiomnd thepseudocode
description, the pseudo code shall take precedence.
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5.3.1 Pseudo code constructs and key words

The pseudo code used ithis standard is a variant 8fASCAL. It uses PASCAL construcend key

words; howeverthe operatiordiffers somewhat from PASCAL. Execution of any pseaddeconstruct

or codesegment is considered to be instantaneous, regardless of the number of statements or the number
of iterations involved.

= Is equal to -- For example, the statement:
If (A =B)

would be interpreted as testing for the condition: is A equal to B? If A
equals B, the statement would be set to true, otherwise it would be false.

<> Is not equal to -- For example, the statement:
If (A <> B)

would be interpreted as testing for the condition: is A not equal to B? If A
does not equal B, the statement would be set to true, otherwise it would
be false.

= The replacement operator --For example, the statement:
A=B
means replace the current value of A with the value of B.

{} Defines a non-executable comment. When used within the body of the
code, it encloses an annotation or comment. Pseudo code comments
in this standard are shown in bold face type (for example, see 5.3.2).

[] Refers to elements with multiple instantiations, for example,
ADDRESS_MATCH [X] refers to the Xth element of the array
ADDRESS_MATCH.

And The logical AND operator.

Begin End Marks the BEGINning and END of a code section

Case Of A concise form of multiple If statements (see example in 5.3.2)

For Do A method of defining bounds for a code loop. For example, the construct:

For variable vvv = value_1 to value_2, Do statement bbb

would execute statement bbb for all integer values of variable vvv
beginning with value_1 and ending with value_2.

Forever Do A method of defining a code segment that executes continuously, for
example, every clock cycle.

If Then Else A method of testing for a condition and then executing alternate
statements. For example, the construct:

If (statement aaa)
Then
statement bbb
Else
statement ccc

would TEST the value of the statement aaa, and THEN, if aaa were
true, bbb would be executed; ELSE, if aaa were false, ccc would be
executed.
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Or The logical OR operator.

Repeat Until A method for defining a code segment that is executed repeatedly until
some defined condition is true. For example, the code segment:

Repeat
statement aaa
statement bbb

statement nnn
Until (condition sss)

would cause statements aaa through nnn to be repeatedly executed until
the condition sss became true.

Wait Suspend execution for the period of time specified. For example, the
construct:

Wait ( duration )

would suspend operation for a period of time equal to the value of
duration.

Wait_Until Suspend execution until the named event occurs. For example, the
construct:

Wait_Until (some_event)
would suspend execution until the event: some_event occurred.

Withvar Do Execute the statements following this construct using the contents of the
field specified by var. For example, the code segment:

With ALLOWED_CONFIGURATION_FIELD Do
Statement aaa
Statement bbb

End

would cause the contents of ALLOWED_CONFIGURATION_FIELD to
be subjected to the operations specified in statements aaa and bbb.

5.3.2 Pseudo code example

Consider an example of hailve pseudo code isterpreted Supposédhat thestate machine in figure 3 is
in STATE_1,that both condition-land condition-2 can never be true at the same tiarg that the
pseudo code for STATE_1 is:

STATE_1: INITIAL_STATE
Begin {execute the initial operations that are to be performed on entering the state}
aaa,;
bbb;
End; {end of initial operations}

Case TRANSITION_CONTROL of: {poll for possible state transition conditions}
CONDITION_1:{condition-1 is true; test for condition-3 to determine the next state}
Begin
IF (CONDITION_3 = TRUE)
then {condition-3 is true; transition to state-2}
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NEXT_STATE := STATE_2
else {condition-3 is false; transition to state-4}
NEXT_STATE := STATE_4;
End {If}
End {condition-1}
CONDITION_2 : {condition-2 is true; execute action-1 and transition to state-3}
Begin
ACTION_1
NEXT_STATE := STATE_3
End {condition-2}
End; {case of transition control}

The operationslefinedunder the current statbat can beerformedare performed immediatelyThen
operationghattest forthe existence ofransition conditions (defined here incase construcigre polled
continuously.

a) If condition-1 occurbseforecondition-2, transition is made to either state-2 (if condition-3 is true)
or state-4 (if condition-3 is false).

b) If condition-2 occurs first, action-1 is performed and then transition is made to state-3.

These actionand transitions areonditional on theexistence othe indicatedevent being detected, and
are not carried out if some other event occurs.

NEXT_STATE indicates the destination state of the transitiomay be a global variablend may be
available to several state machin€hanging thevalue of NEXT_STATE may cause stat@ansitions
and/or actions to be taken in other state machines as well.

5.3.3 Pseudo code functions and procedures

The pseudo codestate definitions mayall special,commonly-used routines known as functions or
procedures. Functiorend proceduresare distinguished by the function procedurename,followed by
either:

a) Parameters in brackets, such as in: CHANGE_CASCADE_PORT_TONE (REQ_H), or
b) Brackets without parameters, such as in: POWER_ON ().

5.3.3.1 Functions

Functions ardrequently used codeegmentshat may carry out actionand that returrvalues to the
calling routine. The functiomay or maynot utilize parameters to transfer déigtween itselfand the
calling routine. For example, a pseudo code function call might be:

VARIABLE := EXAMPLE_FUNCTION (parameter_1, parameter_2)

where parameter_and parameter_2 ak@luesthat the calling routinevishes EXAMPLE_FUNCTION
to act upon or supply (they may be either constants or variables).

The functionEXAMPLE_FUNCTION(v_in, v_out) is defined as a separate routia¢accepts one value
from, and returns two values to, the calling routine.

EXAMPLE_FUNCTION(v_in, v_out)
Begin;
If v_in <> some_value
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then
EXAMPLE_FUNCTION :=return_value_1
else
EXAMPLE_FUNCTION :=return_value_2;
mmm
nnn
v_out := computed_value
End;

In this case, the calling routine supplies thedue of parameter_1, which is acceptedhesvalue of v_in

in the function. Inclusion oEXAMPLE_FUNCTION asthe destination variable of a replacement
statement in the function definitiallows it toreturn a direct replacemewélue for VARIABLE in the
calling statement. Thealue of v_out (computed_value tihis example) is returned to parameter_2 in the
calling routine.

5.3.3.2 Procedures

Proceduresare frequently used routinethat carry out actions, but do noeéturn avalue tothe calling
routine. The procedummay or maynot utilize parameters to transfer data from the calling routine to the
procedure.

5.4 Numerical representation
Numerical values may be represented in binary, decimal, or hexadecimal notation.

Binary valuesare represented by the binary digits 0, 1, cand are indic&d by the letter Bollowed by

the binary value enclosed in apostrophes wherever it is not obvious from the context (e.g., a logical value).
Thelowercase x representdait thatmay beeither 0 or 1. An example binary number is B'001xxx". An
example logical value is RCS [2:0] = 010.

Hexadecimal valueare represented by the hexadecimal digits 0-9, A—F, anc,areindicated by the
uppercase letter X followed liie hexadecimalalue enclosed in apostrophd@$ie lowercase x represents
a digit that may be any hexadecimal value. An example hexadecimal value is X'01 6F xx'.

The actual numericalalue of an octetvithin a MAC framefield depends otthe particular formabeing
used (see 10.1.1).

5.5 Time-space diagrams

Operational sequences are often depicted in time-gpagems as shown in figure 4. Tégace between
the horizontal lines represents the liodtweenthe repeateand theconnected end nodes (or repeaters).
Control signals between the repeaird the enshodeareshown as single arrows indicating the direction
of the signal. (For clarity, signals sent by the end rem@eshown solid; signals sent by the repeater are
shown dashed.) Thepecific controkignal is identified by the indicated signal name; the duration of the
signal is identified by the horizontal arrow. The different spabeigveerthe repeateand the endhodes
indicates thepossibility of differentlink distances. Thslope ofthe transmitted control signadésxd data
packets depicts the propagation delay in the link.
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Figure 4 —Example time-space diagram
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6. Introduction to the protocol

The demand-priority mediunaccess protocol provides means by which stations (embdes) can
communicate with each othever a centrally-controlled LAXhat offers a choice of several differdiik
media including: 10@ balanced cable (4-UTBnd 2-TP), 150Q shielded balanced cable (STP), and
optical fibres.

6.1 Network topology

The demand-priorityaccess methotias been defined to allow considerable flexibility ihe network
topology.

6.1.1 Network components

The demand-prioritft AN architecture utilizeshree principal structuratomponents: end nodes, repeat-
ers, and network links.

a) Endnodesaretypically personal or larger computers, user workstations, peripherdite eerv-
ers. Theymightalso be specialevices(such as LAN analyzers), or theyight bebridges to other
LANSs.

b) Repeatersire the network controllernd areconfigured withtwo or more local ports to allow
connection to end nodes or other repeaflnsy canalso be configured with an optionascade
port, which is reserved for connection to repeaters only.

c) Link segments providéhe interconnection mediurbetween arepeaterand its connected end
nodes or other repeaters.

6.1.2 Network structure

The network can be structured with single or multiple repeater levels.

6.1.2.1 Single repeater networks

The simplest network structure contains one repeater and two or more end nodes as shown in figure 5.

demand-priority repeater LITor ol Io
[ ] encnoce /u/uf L\
local port

L X X J

—— network link

Figure 5—A single- repeater network topology

6.1.2.2 Cascaded networks

Largertopologiescan contairseveral levels of repeaters interconnected in a cascade as shown in figure 6.
Each repeater willypically be connected to one or maed nodesand can beonnected to one or more
repeatersLower-level repeaterand endnodesare connected to local ports. Higher-level repeaters must
be connected to a cascade port. Interconnedigween tworepeaters usingnly local ports is not
allowed.
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Figure 6—A multilevel ¢ ascaded topology

IEEE

Std 802.12-1995

Thetopmost repeater ithe cascade is designated the Level-1repeater. Repeaters in each succeeding
lower level in the cascade are designated by the number of links between them and the root repeater by the

equation:

repeater level = (number of link segments away from the root repeater) + 1

All repeaters on the same level are designated with the same level number.

6.1.2.3 Connection to other LANs

@)

Connection of a demand-priority network to oth&Ns is shown in figure 7Each bridge i€onnected to
a local port on the demand-priority repeater, and is treated as though it were an end node on the network.

Figure 7—A demand-priority network interconnected with other LANs
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6.1.3 Link configuration

Packets can be sent to an individual eode, to groups aéndnodes (group addressing), orab end
nodes orthe network (broadcast addressinggpeater ports connected to emales can be configured to
support either of two addressing modes:

a) Privacy mode, iwhich packets are sent to addressed end nodes only, or
b) Promiscuous mode, in which the port transmits all traffic.

Local ports connected to lower-level repeaters, bridges, or network analyzers alayd be configured
for promiscuous-transmission mode. Packets with broadcast and multicast addresses are sent to all ports.

End nodes can requette repeater port to be configuredrézeive packets ieritherprivacy or promis-
cuous mode; however, promiscuous-madguests can be denied by the network mandgepeater
support for privacy mode is optional.

6.1.4 Link media

The linksbetweerrepeater local portand theirconnected endodes can bé-pair 100Q balancedcable
(4-UTPand 2-TP), 2-pair 15Q balanced cable (STP), or two optical fibres.

For 4-UTP repeater-to-end nodleks, the recommended configuration is 4-pedéble. Bundledcable
(25-pair binder-groups) is allowed, but requires repeaters with privacy naodestore-and-forward
capability because excessivsstalk could occur with simultaneous transmission of a packet to multiple
ports on the same bundled cable as the sending end node.

Bundled cable musiot be used in repeater-to-repeater, repeater-to-bridge, or repeaterrndetidks
where the end node &lowed to receivall network traffic. Seennex Efor additional information and
recommended topology rules for IEEE 802.12 networks.

6.2 Basic operational concepts

Demand-priority access is a priority-basemljnd-robin arbitration method in which the centratwork
controller (the repeater) regulariyolls!! its connected ports to determine which have transmission
requests pendingnd whether the transmission request is normal priority (déog.datafiles) or high
priority (e.g., for real-timevoice, video, odata). Theollowing overviewconcentrates on the operation of
the protocol betweerthe repeateiand its connected end node3he full description of round-robin
arbitration and port selection in single and multiple repeater networks is provided in clause 12.

6.2.1 Round-robin polling

Round-robin polling provides all end nodes with access to the network during each roungyctebihe
repeater maintainsvo next-port pointers, one farormal-priorityandone for high-priority requestshat

keeptrack of the next ports to tserviced.All ports arepolled at least once per packeinsmission to
determine which have requests pending.

A high-priority request allows aendnode to obtain permission to send soadtm@m its normal-priority
cycle position. High-priority requests argerviced beforenormal-priority requests, but do noause a
normal-priority transmission in progress to be interrupted.

1lhe particulamethod of determining whether or not a repeater port has a transmission request pending is an implementation decision.
The requirement is for each port to be interrogated at least once each packet time.
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In the repeater, timers monitor the normal-priority requests at each port to greiakenormally large
high-priority traffic levels donot preclude normal-priority traffic. Normal-priority requesitathavebeen
pendingfor approximately 250 mare automaticallyelevated tohigh priority and areserviced in port
order as indicated by the high-priority next-port pointer. Priority promotion is not intendedcto
during normalnetwork operation. When an abnormal situatimcurs (e.g., aend nodecontinuously
making high-priority requests), priority promoti@lows normal-priority requests to be serviogatil

network management locates and isolates the source of the problem.

6.2.2 Data transmission

Packet transmissiofollows arequesgrantsequence in whicthe request is initiated by the sémgl end
nodeand the issuance of the grantatrolled by the repeater. When packet transmission is occurring:

a) The repeater polisll local ports to determine whioknd nodes or lower-level repeatesise re-
guesting to send a packahdwhether the request is normal priority ligh priority. If an end
nodehas apacket ready to send, fitansmits either &equest_rmal orRequest_High control
signal. Otherwise, the end nottansmits thédle_Up controlsignal.

b) Once the repeatéas finished transmitting theacket, it selectthe next endhode with a request
pending (the next podiosest tahe next-port pointevalue) by sendingrant to theselected end
node. Idle_Down is sent @l other endnodes. Packdransmission begins when the emode
detectghe grant.

c) The repeater then alerts all ematles (othethan thesender) on the network ofgssible incom-
ing packet(by transmitting an Incoming control signahddecodeghe destination address as it
is being received.

d) When an end node receives the Incoming control signal, it prepares to receive a packet.

e) After the repeatehasdecodedthe destination address, the packet is sent to the addressed end
node(s)and toany promiscuous ports. Communication to honaddressed, nonpromiscuous ports is
inhibited duringpacket transmission (the repeater selaiis Down to these portduring packet
transmission).

Figure 8 shows a conceptual tirsgacediagram of a transmissiqfrom an enchode connected to port 8
to an end node connected to port 3) in a single-level repgept#ogy.Elasticity buffering othe packet is
provided inthe repeater tcompensate for delayequired todecodethe destination addressid tobegin
packet retransmission to the designated end node.

6.2.3 Round-robin transmission example

Figure 9 shows an exampikat would result with round-robin polling in an 8-station, single-repeater
network, assuminghat thenetwork was idle at t = Ofhe normal-priority request from port 2dslected

by the repeater RMAC and packet transmission beginBuring this time, high-pdrity requests are
received from ports &nd 1,but theyare notacted uporuntil the currenpacket transmission is complete.

The repeater theselectsand processeshe high-prority request wittthe closestport in port order to the
high-priority next-port pointer (port 1 in this example). Tigh-priority request from port 5 is serviced

next. Since there are no additional high-priority requests pending after port 5, the repeater returns to
normal-priority requestandprocesses these, jport order (ports 3, @nd 7), asndicated by the normal-
request next-port pointer. Another high-priority requeseeived from port And isserviced before the
remaining normal-priority requests can be satisfied. These are then processed in the order indicated by the
normal-priority next-port pointer.
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Figure 8—Packet transmission time-space diagram
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Request sequence = n-2, H-5, H-1, n-2, n-7, n-3, n-8, n-6, H-1
Packet sequence =n-2, H-1, H-5, n-3, n-6, n-7, H-1, n-8, n-2

Figure 9—An example packet sequence ina s ingle -repeater network

6.3 Operations in cascaded networks

Transmission in cascaded networks follows a similar procedure to operations in a single-repeater network.
The interconnected repeaters assentialljthe same as a single large repeater. All traffic is sent to each
repeater, and each repeater polls its active ports for requests at least once per packet transmission.
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The Level-1 (root)repeater has primary control of tipacket sequencing. Lower-level repeateith
requests pending issue requests to the next higher-level repeater in the same manner as an end node.

Request selection beginsthe root repeater. If the next port to d®rviced is connected to @mdnode,
the request is handlexbsentially inthe sameavay asdescribed in 6.2All repeatersand other endiodes
on the network are alerted of a possible incoming packet. The destination addezsxled athe packet
is being received. Ithe address indicates an endde on a repeater’s port addrdiss, the packet is
forwarded tothat endnodeand toany promiscuous portd.he packet isalways forwarded tall other
repeaters on the network.

If the next port (with a pending request) in the root-repesgierction sequence is connected to a lower-
level repeaterthe requesselection responsibility is granted ttee lower-levelrepeaterand thatrepeater
keepsthe selection authority for one complete round-robyele. Requestfom succeeding ports in the
root-repeater result in a single packet transmission iflitheis connected to an endode, or in a
complete round-robirycle if the link is connected to a repeatérhe effect is anetwork that acts as
though it has a single large repeater with port ordering as shown in the example of figure 10.

Level-1

1 2 (3) 4 eee Level-2

(n)
n3 [ | n

Port Order =1, 2, 31, 32, 33, ..., 3k, 4, ..., n1,n2, n3, ..., nm

31 32 33 | | 3k ni n2 m

Figure 10—Effective port ordering in a network with two repeater levels

High-priority requests from any port in a network with mtiranone repeater levelre processed before
normal-priority requests. If a high-priority request is receibefbre completion of aormal-priority
round-robin in a lower-levakepeater, the root repeater pre-empts the remainder of the roundyolein
by sending the Enable_High_Only control signal tolthneer repeater. Aftethe high-priority request has
been satisfiedthe lower-level repeater is allowed to compldétee normal-priority round-robircycle.
Figure 11 shows an example request sequandehe resultingacket order fothe network of figure 10,
assuming that aormal-priority packet is being transmitted at time artd that no high-pority requests
are pending.

6.4 Link training

A link training sequence is required verify the cable quality fodata transmission, @llow the receiver
to adapt to the link, and stablish the endode’s address. It is performed each timelk is logically
established (e.g., power-up, cable connection). It is also performed whenes@neonditions are
detected.
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