INTERNATIONAL ISO/IEC

STANDARD

8802-5

ANSI/IEEE
Std 802.5

Second edition
1995-12-29

Information technology'—

Telecommunications and information

exchange between-systems — Log
metropolitan aréa networks — Spi
requirements —

Part 5:
Token ring access method and physi
specifications

Technologies de I'information — Télécommunications et é¢
d'information entre systémes — Réseaux locaux et urbains
spécifiques —

Partie 5: Méthode d’accés par anneau a jeton et spécificati
couche physique

al and
acific

cal layer

hange
— Exigences

bns pour la

Std

Reference number

ISO/IEC 8802-5:1995(E)

ANSI/IEEE
802.5, 1995 edition


https://iecnorm.com/api/?name=e8659b3af6fad9606ea1e0ad613488a8

Absttact: This Local and Metropolitan Area Network standard, ISO/IEC 8802-5 : 1995, is part.¢f a
family of local area network (LAN) standards dealing with the physical and data link layers|as
defingd by the 1ISO Open System Interconnection Reference Model. Its purpose is to provide cgm-
patible interconnection of data processing equipment by means of a local area network using fthe
toker]-passing ring access method. The frame format, including delimiters, addressing, and pridrity
stacKs, are defined. The MAC protocol is defined. The finite-state machine and-state tables pre
supplemented with a prose description of the algorithms. The physical layer (PHY) functiong of
symbol encoding and decoding, symbol time, and latency buffering are definéd. The services pro-
vided by the MAC to the station management (SMT) and the services provided by the PHY to SMT
and the MAC are described. These services are defined in terms of $ervice primitives and asspci-
ated |parameters. The 4 and 16 Mbit/s, shielded twisted pair attachment of the station to [the
medium, including the medium interface connector (MIC) are also defined. The applications ehvi-
ronments for the LAN is intended to be commercial and lightindustrial. The use of token ring LANs
in home and heavy industrial environments, while not preeluded, has not been considered injthe
deveJopment of the standard. A Protocol Implementation Conformance Statement (PICS) pro-
forma is provided as an annex to the standard.
Keywords: data processing interconnection, local, area network (LAN), medium access control
(MAC), token ring
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International Standard ISO/IEC 8802-5: 1995

ISO (the International Org
specialized system for worldwide standardization. National bodies that are me

anization for Standardization) and IEC (the International Electrotechnical Commission) form the
mbers of ISO or IEC participate in the devel-

opment of International Standards through technical committees established by the respective organization to deal with par-
ticular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and nongovernmental, in liaison with ISO and IEC, also take part in the work.

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

Interhational Standard ISO/IEC 8802-5 was prepared by Joint Technical Committee ISO/IEC JTC 1, Informaiion
nology.

This

ISO/MEC 8802 consists of the following parts, under the general title Information technology-Eocal and metrope
arealnetworks:

—t  Part 1: Overview and Architecture
—1  Part 2: Logical link control

_|  Part 3: Carrier sense multiple access with collision detection (CSMA/CD) access method and physical

1 Part 4: Token-passing bus access method and physical layer §pecifications
—}  Part 5: Token ring access method and physical layer specifications
| Part 6: Distributed Queue Dual Bus (DQDB) access method and physical layer specifications

| Part 7: Slotted ring access method and physicallayer specification

specifications

tech-

second edition cancels and replaces the first edition (ISO/IEC 8802-5: 1992), which has been technically reyised.
This [edition also supersedes ISO/IEC TR 10738: 1992.

blitan

layer

For [the purpose of assigning organizationally unique identifiers, the Institute of Electrical and Electronics Engineers,

Inc.

Dutfing the preparation of this International Standard, information was gathered on patents upon which application

Registration Authority for ISO/IEC 8802-5

¢/o The Institute of Electfical'and Electronics Engineers, Inc.
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

USA, has been designated by the ISO and IEC Councils as the Registration Authority. Communications on thifs sub-
jectshould be addressed to

of the

starjdard might-dépend. Relevant patents were identified as belonging to Willemijn Holding BV. However, ISO alId IEC

canhot give authoritative or comprehensive information about evidence, validity or scope of patent and like righ
pat¢nt-holder has stated that licenses will be granted under reasonable terms and conditions and communications
subject should be addressed to

s. The
bn this

Willemijn Holding BV
Weena 723

P.O. Box 29193

3001 GD Rotterdam
The Netherlands

International Organization for Standardization/International Electrotechnical Commission
Case postale 56 » CH-1211 Gengve 20 * Switzerland
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Foreword to International Standard ISO/IEC 8802-5 : 1995

This International Standard is part of a family of International Standards for Local and Metropolitan Area
Networks. The relationship between this International Standard and the other members of the family is
shown below. (The numbers in the figure refer to ISO/IEC Standard numbers.)

la=]

o
~

~

)

trol protocol.

International Standards defining the access technologies areas follows:

C-10038 [ANSV/IEEE Std 802.1D, 1993 Edition], Media Access

8802-2 Logical Link Control
Data
Link
8802-3 8802-4 8802-5 8802-6 8802-7 Layer
Medium Medium Medium Medium Medium
Access Access Access Access Access
8802-3 8802-4 8802-5 8802-6 8802-7 Physical
Physical Physical Physical Physical Physical Layer

b family of International Standards deals with the Physical and Data Link layers as defined by th¢ ISO
pen Systems Interconnection (OSI) Basic Reference Model (ISO/IEC-7498-1 : 1994). The access|stan-
ﬁs define five types of medium access technologies and associated physical media, each appropriate for

icular applications or system objectives. Other types are under investigation.

ISO/IEC 8802-3 [ANSI/IEEE Std 802.3, 1993 Edition], a bus utilizing CSMA/CD as the dccess
method.

ISO/IEC 8802-4 [ANSI/IEEE Std 802.4-1990], a bus utilizing token passing as the access method.
ISO/IEC 8802-5 [ANSVIEEE Std 802:5-1995], a ring utilizing token passing as the access mel:od.

ISO/IEC 8802-6 [ANSI/IEEE Std 802.6, 1994 Edition], a dual bus utilizing distributed queu
the access method.

ISO 8802-7, a ring utilizing slotted ring as the access method.

g as

/IEC 8802-2 [ANSVIEEE Std 802.2, 1994 Edition], Logical Link Control, is used in conjunctior] with
medium access standards to provide the data link layer service to network layer protocols.

/IEC 15802-2.[IEEE Std 802.1B-1992 and 802.1k-1993], LAN/MAN Management, Defines an OSI|man-
ment-compatible architecture, and services and protocol elements for use in a LAN/MAN environment
performing.remote management.

Control (MAC) bridges, specifles an
vthetevetof the togica Hnk con-

),

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

The main body of the International Standard serves for both the ISO/IEC 8802-2 : 1994 and IEEE Std 802.2,
1994 Edition standards. ISO and IEEE each have a unique foreword.

iii
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ANSV/IEEE Std 802.5-1995

IEEE 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 volun-
tarily and without compensation. They are not necessarily members of the Institute. The standards devel-
oped within IEEE represent a consensus of the broad expertise on the subject within the Institute as well as
those activities outside of IEEE that have expressed an interest in participating in the development of the
standard.

Use of an IEEE Standard is wholly voluntary The existence of an IEEE Standard does not 1mp1y that there

the s
issue
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revis
sona

the alt. Users are cautioned to check to determine that they have the latest edition of any JEEE Standard.

affili
text,

Inter

Insti
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balance of interests. For this reason IEEE and the members of its technical committees are not able to

vide
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Con
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44
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P
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Comtnents for revision of IEEE Standards are welcome from any interested party, regardless of member
tion with IEEE. Suggestions for changes in documents should be in the form of a proposed change of

1;cataway, NJ 08855-1331

ope of the IEEE Standard Furthermore the v1ewpomt expressed at the time a standard is approved and

ed to

d is subject to change brought about through developments in the state of the art and comnjents

ed from users of the standard. Every IEEE Standard is subjected to review at least every fiveyear

on or reaffirmation. When a document is more than five years old and has not been reaffirmed, it islrea-

ble to conclude that its contents, although still of some value, do not wholly reflect-the-present sta

together with appropriate supporting comments.
pretations: Occasionally questions may arise regarding the meaning of portions of standards as

bute will initiate action to prepare appropriate responses. Since IEEE Standards represent a consens
bncerned interests, it is important to ensure that any intérpretation has also received the concurrence

an instant response to interpretation requests_except in those cases where the matter has previg
ved formal consideration.

iments on standards and requests for intefpretations should be addressed to:
cretary, IEEE Standards Board

15 Hoes Lane

D. Box 1331

A

IEEE standards documents may involve the use of patented technology. Their
approval by the Institute of Electrical and Electronics Engineers does not mean that
usmg such technology for the purpose of conforming to such standards is authorized

relatp to specific applications. When the need for interpretations(is brought to the attention of IEEE,

5 for

e of

ship

they
the
hs of
of a
pro-
usly

chnologv to obtain all
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Introduction to ANSI/IEEE Std 802.5-1995

(This introduction is not a part of ANSI/IEEE Std 802.5-1995 or of ISO/IEC 8802-5 : 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

IEEE standard numbers.)
=
o
B - 802.2 LOGICAL LINK
11
o o
(7]
|l |2
Sil ||| . DATA
3 E i 802.1 BRIDGING LiNK
&) i LAYER
AR
5| |2
F = 802.3 802.4 802.5 802.6 802.9 802.11 802.12
S by MEDIUM | | MEDIUM | | MEDIUM | | MEDIUM | | MEDIUM | | MERIUM| | MEDIUM
& 8 ACCESS | | ACCESS| | ACCESS| |ACCESS| |ACCESS| |ACCESS| | ACCESS
w 1
e}
N 802.3 802.4 802.5 802.6 802.9 802.11 802.12 | PHY$ICAL
] PHYSICAL| |PHYSICAL| |PHYSICAL [PHYSICAL [PHYSICALIPHYSICAL| |PHYSICAL|  LAYER
* Formerly IEEE Std 802.1A.
This family of standards deals with the Physical and Data Link Layers as defined by the International Drga-
nizgtion for Standardization (ISO) Open Systems: Interconnection Basic Reference Model |(ISO

: 1984). The access standards define several types of medium access technologies and associated
icall media, each appropriate for particular applications or system objectives. Other types are under in)

74

gation.

The

« IHEE Std 8022

* IHEE Std 802.1B and 802.1k

{19

* Al

O/IEC 15802-2}

NSI/IEEE Std 802.1D

[1S

QAEC 10038]:

Overview and Architecture. This standard provides an oV
view to the family of IEEE 802 Standards. This documer

standards defining these technologieS)are as follows:

forms part of the 802.1 scope of work.

LAN/MAN Management. Defines an Open Systems
Interconnection (OSI) management-compatible architectu
and services and protocol elements for use in a LAN/MA

environment for performing remote management.

MAC Bridging. Specifies an architecture and protocol fo

the
-mmmmwmmmmie

* ANSV/IEEE Std 802.1E
[ISO/IEC 15802-4):

boundary.

phys-
vesti-

CT-

-

re,
N

System Load Protocol. Specifies a set of services and protocol
for those aspects of management concerned with the loading of
systems on IEEE 802 LANS.

2The 802 Architecture and Overview Specification, originally known as IEEE Std 802.1A, has been renumbered as IEEE Std 802. This
has been done to accommodate recognition of the base standard in a family of standards. References to IEEE Std 802.1A should be con-
sidered as references to IEEE Std 802.
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* ISO 8802-2 [ANSI/IEEE Std 802.2]:

+ ISO/IEC 8802-3 [ANSI/IEEE Std 802.3]:
 ISO/IEC 8802-4 [ANSI/IEEE Std 802.4]:
« ISO/IEC 8802-5 [ANSI/IEEE Std 802.5]:

« ISO/IEC 8802-6 [ANSV/IEEE Std 802.6]:

Logical Link Control

CSMA/CD Access Method and Physical Layer Specifications
Token Bus Access Method and Physical Layer Specifications
Token Ring Access Method and Physical Layer Specifications

Distributed Queue Dual Bus Access Method/Physical Layer
Specifications

« IEEE Std 802.9 Integrated Services (IS) LAN Interface at the Medium Acfess
Control (MAC) and Physical Layers
« IEEE Std 802.10: Interoperable LAN/MAN Security, Currently approved:

« IEEE Std 802.12

In afldition to the family of standards, the following is a recommended practice for a common Physical

Layer technology:

« IEEE Std 802.7:

Thelfollowing additional working groups have authorized standards projects under development:

« IEEE 802.11

« IEEE 802.14

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

Conpformance test methodology

Secure Data Exchange

Demand Priority Access Method and Physical Layer
Specifications

IEEE Recommended. Practice for Broadband Local Area
Networks

Wireléss LAN Medium Access Control (MAC)/Physical
Layer Specifications

Standard Protocol for Cable-TV Based Broadband
Communication Network

An hdditional standards’series, identified by the number 1802, has been established to identify the conform-
ance test methodolegy documents for the 802 family of standards. Thus the conformance test documents for
8023 are numbéred 1802.3, the conformance test documents for 802.5 will be 1802.5, and so on. Simjlarly,

1SA will usé 18802 to number conformance test standards for 8802 standards.

2-5 : 1995]

This standard specifies that each octet of the information field shall be transmitted most significant bit
(MSB) first. This convention is reversed from that used in the CSMA/CD and Token Bus standards, which
are least significant bit (LSB) first transmission. While the transmission of MSB first is used for token ring,
this does not imply that MSB transmission is preferable.

vi


https://iecnorm.com/api/?name=e8659b3af6fad9606ea1e0ad613488a8

Participants

The following is a list of those who were members of the IEEE 802.5 Working Group when this standard
was approved:

Jim Carlo, Chair
Bob Donnan, Editor-in-Chief®
John Creigh, Technical Editor®
Bill Futral, Technical Editor®
Tricia Hill, Technical Editor'
Kirk Preiss, Technical Editor®
Kenneth T. Wilson, Technical Editor®

Luc W. Adriaenssens John Griesing John E. Montague
John Allen Julio Guerra Teruo Moriguchi
Dave Allmond Martin Guthrie Kathleen Otis
Fabrice Autrique Sharam Hakimi Dave Pearce
Joseph W. Ayers David E. Hammond William Proulx
Evan J. Bontemps Steve Hamner Ivan A. Reede
Timothy Brooks Carl G. Hayssen Phil Robinson
Robert R. Campbell Douglas Ingraham Bob Ross
Johnny A. Chang Allen Jett Bill Sarles
Robert Dalgleish Kris Kalbarczyk Dieter Schichetanz
Seamus Daly Allen Kasey Himanshu Shah
Tom Daly David Kutilek Bharat Singh
John DeCramer George Lin Raymond Sit
Hans Peter Dittler Carl Lindeborg Richard Sweatt
Ameesh Divatia Michel Lissillour John Ta

George Duane Mark Loney Jeff Tong

Phillip A. Emer Robert D. Love Bish Turley
Tedd M. Frechette Alan C. Marshall Carol Weinreich
Ray Freer Juan Maftin Steven Weiss
Mark French Kelly'P. McClellan Edward C. Wong
Nathan Fritts James McDade Robert Wu

Eric Fuh John Messenger Charles Yager

€ Clause 1, 2; Annex A

d Clauses 7; Annexes B, C, D, E
€ Clauses 3,4, 5, 6; Annexes G, H

f Clause 8
2 Clause I
b Clause F

vii


https://iecnorm.com/api/?name=e8659b3af6fad9606ea1e0ad613488a8

The following persons were on the balloting committee:

Willian B. Adams
Kit Athul

Willian E. Ayen
Kym D. Blair
Michael J. Caldwell
Peter K. Campbell

Yongbum Kim
Lathia Kiritkumar
Stephen B. Kruger
Kenneth C. Kung
Randolph S. Little
Donald C. Loughry

Philip T. Robinson
Edouard Y. Rocher
James W. Romlein
Daniel Rosich
Floyd E. Ross
Frederick E. Sauer

James Carlo Robert D. Love Gregory D. Schumacher
John Cronican Peter Martini Moe Shahdad

Robert Crowder Ann Miller Donald A. Sheppard
Robert Donnan David S. Millman Michael S. Siegel
Sourav K. Dutta Melody W. Moh Rosemary Slager
Paul Eastman David J. Morris Efstathiois D. Sykas
John E. Emrich James R. Moulton Daniel Sze

Philip H. Enslow Donal O’Mahony Geoffrey O. Thompso|
John W. Fendrich Charles Oestereicher Robert Tripi

Michael Fischer Thomas L. Phinney Mark-René€ Uchida
Robert J. Gagliano Art Pina James ‘T, Vorhies
Karunakar Gulukota Rafat Pirzada Barry-M. Vornbrock
J. Scott Haugdahl Kirk Preiss Donald F. Weir

Clark M. Hay Andris Putnins Alan J. Weissberger
Jack R. Johnson Yang Qianli Raymond Wenig
Henry D. Keen Fernando Ramos Kenneth T. Wilson
Peter M. Kelly Thad L. Regulinski Jerry A. Wyatt

Gary C. Kessler John P. Riganati Oren Yuen

=]

Whe¢n the IEEE Standards Board approved this standard on June 14, 1995, it had the following membegship:

E. G. “Al” Kiener, Chair Donald C. Loughry, Vice Chair

Andrew G. Salem, Secretary

Gilles A. Baril
Clyde R. Camp
Joseph A. Cannatelli
Stephen L. Diamond
Harold E. Epstein

Donald C. Fleckenstein

Jay Forster*

Richard J. Holleman
Jim Isaak

Ben C. Johnson
Sonny Kasturi
Lorraine C. Kevra
Ivor N. Knight

Joseph L. Koepfinger*

Marco W. Migliaro
Mary Lou Padgett
John W. Pope
Arthur K. Reilly
Gary S. Robinson
Ingo Rusch

Chee Kiow Tan

Donald N. Heirman D. N. “Jim” Logothetis

L. Bruce McClung

Leonard L. Tripp

*Member Emeritus

Also included-are the following nonvoting IEEE Standards Board liaisons:

Satish K. Aggarwal
Ric

Robert E. Hebner
Chester C. Taylor

Paula M. Kelty
IEEE Standards Project Editor

ISO/IEC 8802-5 : 1995 [ANSVIEEE Std 802.5-1995] was approved by the American National Standards
Institute (ANSI) on December 1, 1995.

viii


https://iecnorm.com/api/?name=e8659b3af6fad9606ea1e0ad613488a8

Contents

CLAUSES PAGE
L. OVEIVIEW..ouuiietiiereireet ettt st ettt et et st st st e st e st s b e st st st e st e e s ae et st e st e saa b et et sutesesenseseaseasn 1
Li1 SCOPE ...ttt b b s s b s sas R bbb s e benes 1

1.2 NOIMALiVE TEfETEINCES ......coueueuiruienenretrcneeeeseeeeetstest et et st s e st e st et s st s st et se st e sse st e st e e sessasnessasasnns 3

1.3 Definitions.......c.cccccuruune O TOR 4

1.4 CONVENUOMS .....eovrnreruererncenrseereeeeeesescsesessseesssestssesbestssestansstssentsseassstsasessasessassassessesssssnsssenessnens 9

1.5 Abbreviations and aCTONYINS..........ccceceererverierersierescseeeesesstsesesessessessessseseessesesseessssessessasasessassanes 9

1.6 Conformance requirementS—station ...........ccovirinentirineiescsiescsiesssssiesessesseionseseeesencesensedinge .12

1.7 Conformance requirementS—CONCENLIALOT ........c..c.cevereereemrrererrerserensesessesseseesessasessesesssnabasl}ioe .. 13

1.8 LoCal TEGUIAtIONS.......cereuieeirciiiiniieretseieteesetesessssebesesesesesnssessssessnseseeseneses Bigerlenees .. 13

2] General deSCIIPHON ........ocueuiiniiiiiciccitcc e sseresesestsssse et saessssesesade s hopeseseacanensennen .. 14
2.1 ATCRItECtUTAl VIEW.....ceeuererinietrrermrreieteeteneneeseneenenenneeeneeseesseeesensessssssssdaskesssnssessessssenesseseans .. 14

2.2 Station functional organization and data flow .........ccccceerciecnverrnepteiasdeenienrecreceneneeeeenene .. 14

2.3 Physical structure of a token ring NEtWOTK ..........cceeerveerrreerreeree o ettt et e . 17

2.4 Data stations, servers, and SyStem MaNAZEMENL ...........ccveereesns beeetheerersressesenessersessereesassaesenne .. 18

3] Formats and facilities........cccovceurveeerercrerentiecrtrrecteece st e et ses et s st e e s e se s e as s sn e seaes .20
3.1 FOIMALS ...ttt e s i By st sttt st s b st et e saesaasassassassasesnsanen ..20

3.2 Field deSCIiPionS.......ccoeiviiviiniientiiinieniresadbe e dentstennesesssetesestssessentescsessesessesessesenessesasenes .21

3.3 Medium Access Control (MAC) frames....ccu. ireerreerrrerrerenreessresssresseesssesesseseseesssesssesssssssees .29

3.4 System timing PATAIMELETS.......ccceoereeueeee (Prerererrereesessesesteressesessessssessesassesessessessssesassesansesessssas ..39

3.5 Station POLCY flags .....cccceveiiuiirrere Mot eeerenceteteeeeret et et e este e e seste e sse st e e sesesse e s esenansas 42

3.6 EITOT COUNLETS......cueevirinririiiritisese et enacctsetenesttsnes et saeaesetsnesessessensssassesssnsssesensssassssesansanse .. 44

4] TOKEN IING PIOOCOLS .....cuiriririrismserisisitiaetseeiesecetsseessstesenessstsseesastesessessessessssssensssessssansssassasass ... 46
4.1 OVETVIEW....ounienieinineGuitininnenintetest s eteets st st s et et st e st sa e essesaesaassasasssasesssesessensensansensons ...46

4.2 Specification defilitions ..........cccovicrrererirrcneceecrrec ettt ae st nens ...60

4.3 Token ring MAC protocol SPECIfiCation ..........ccceveereeeertrenteeniesenieieneneesessetesese e ssesessesesenns ... 77

5] Station-SPecific'COMPONENLS .......ccceiueerreetrnreercrirtrireestseeeestnteeeessesssessssesessssesassssesesessssssesesened .. 102
5.1 GERETAL.....ovieieiieitiitcct ettt ettt sttt et s e s s et st e nenane .. 102

5.2 Data Signaling TALE ......cccoueieeevcirciereiteeceseeteseiesestsaeetesesses et easts e s sessesssassasassansnsssnnensnsoned .. 107
5.3—Symbol coding (differential Manchester 1, 0, J, K)...ccceceoeetrrreiesinnrireernececenrneeeeeeeveeennes .. 108

S REPEAL PALh.......enieiirciecteetreeereet et s et es et st et re st et e s e ebe s enesnebeneenenenned .. 109

5.5 SYMDOI ENCOAET .......c.eeireniteiiereteteieteieetet et et eeteseet e eesesaesesessaesenseseseseseseenesesnnsnsens .. 109

5.6 SYMDOI AECOMET ........ccuimiriiiiiniiiitiinicesictcte et ee st s sesssesssssstssssesssassesenssessesessasasesesesas 110

5.7 Symbol aCqQUISTHON/IOSS .....cveueueirerireererenierereresietseessestsesessststssesesessssssssssssssssssesesessessesesenes 110

5.8 LAeNCY ..cucoueciieiniiicietiieiescscec e teaesessessessssesseseassessessessessassensessessensessassansessensensensenesesnsasenes 111

5.9 RiNG ACCESS COMIO ......ucueeieirierecrsirietstesietsestssesesassssssessssssssassesesesssesssesesesessassnsesesssseneas 113

6.  Token ring MANAZEIMNENL ........ccoueveiuerrrenrrrrierieseseesstesesereesessssstesessssesesessssesesssesssessenssssesssenssssess 114
6.1 Station Management PriMtiVES. .......ceeveevrreererereereseeessresserestsrssseessesssessessssassesessosesaosessesessses 114

6.2 Token ring station MANAZE ODJECLS ......c.cccceerrurerrereresreieeeerreteeseesaesesnesesesssesesssesrsnessesensssens 120

ix


https://iecnorm.com/api/?name=e8659b3af6fad9606ea1e0ad613488a8

CLAUSES PAGE

7.  Station attachment SPECIIICALIONS.......c.cuvruiirieiririirieranerstststet ettt 141

7.1 Media-independent PHY SPECIfiCations ........ccoecueuicurinmiiininiitinicncttssestiee 141

7.2 Media-dependent PMC SPECIfiCations ........ccovueereuresceiurisssimninsiiissit st 143

8.  ConCentrator SPECITICALIONS. ......cvvrerrretsrirsntsssstses ettt bbbt 170

8.1 CONCENTALOT IODE POIL c.evuvvirririreriirieteisssssises s es ettt ettt 170

8.2 CONCENIIALOT tIUNK POTLS ..covueecrrririrsremeresemssssssssssssssssesssesssstanaessssaststetstssssstasssastsassssasassnnnssanses 172

8.3 Ring access CONIIOL TUNCHOM ... ..rurusrrserssessersreseemremresemseessesressemsme s e seseas s ssssssnesseasyens 173

8.4 PaSSIVE CONCENITALOT.......cverereererersesasereeseesesesstssesssasssssessesssssesessasassessssassassasaessssenessenesses {epaond 175

8.5 ACtive retiming CONCENIIALOT .....cuvuevssisssssssssesesseucistsessistsssissssssss st e ees 179
ANNEXES

Anngx A (normative) Protocol Implementation Conformance Statement (PICS)(proforma................... 181

Annkx B (normative) Channel design cOnSiderations. .......cceeveccmcucerieins E b 196

Annkx C  (informative) Jitter CONSIAEIAtioNS ......cueueurieuninsesiceninese sttt 208

Annex D (informative) Transmitter €Xample .......ccouevoremneneeese M 218

Anngx E  (informative) Safety and environmental CONSIAETALIONS .....c..cuviuimcerimiimriineisienieisis e . 220

Annex F  (informative) Low-level finite-state machifes (FSMS) ....c.ocvmvmrmniiiiiiiniininiini, . 222

Annex G (informative) Differences from 1992 VEISiOn .......cocovveremeueisisiiiininininiienieeessss s . 227

Annex H (informative) Example of a MAC frame parsing algorithm ...........ccoinnininninnnenn. . 231

Annex1  (informative) Recommended use of priorities for tOKEN Iing .......ccvvuvmmrinmmnninninisnicicns .233

Anrex J  (informative) BiBHOSIAPY ....c.cvverurreieiiieiniicsieteecien .239



https://iecnorm.com/api/?name=e8659b3af6fad9606ea1e0ad613488a8

Information technology—
Telecommunications and information
exchange between systems—

Local and metropolitan area networks—

Specific requirements—

1.| Overview

Part 5: Token ring access method and physical
layer specifications

Scope

For the purpose of compatible interconnection of data processing equipment via a local area nefwork

(LAN) using the token ring access method;-this part of ISO/IEC 8802.

d)
b)

Y

Provides a general description-of the token ring local area network (LAN) architecture (clause 2);

Defines the frame format, including the delimiters, address fields, information field, and frame-
check sequence (ECS). Defines the Medium Access Control (MAC) frames, timers, and|error
counters (clause-3);

Defines the MAC protocols including finite-state machines and state tables (clause 4);

Defines/the system level Physical layer (PHY) signaling specifications that are specific to & ring
station/(clause 5);

Defines the managed objects necessary to manage the service and protocol elements that are in-
volved in the management of a token ring station (clause 6); T

g)

Defines the PHY station attachment specification for 4 and 16 Mbit/s operation. This includes the
transmitter, receiver, medium interface connector, and transmission channel for both shielded
twisted pair (STP) and unshielded twisted pair (UTP) medium (clause 7);

Defines the concentrator, incorporating multiple trunk coupling units (TCUs), for the attachment of
a group of stations to the ring (clause 8);
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h)

i)

i)

k)
)

n)

0)
p)

Ap
inter

The
toke
in th|

This|
clari
ring

Includes the protocol implementation conformance statement (PICS) proforma in compliance
with the relevant requirements, and in accordance with the relevant guidance, given in ISO/IEC
9646-2 : 1994! (annex A);

Includes channel design examples and formulas for calculating cabling and concentrator system
configurations (annex B);

Describes jitter components and provides an example of jitter buildup using a phase lock loop
recovery circuit (annex C);

Provides informative transmitter filter design example (annex D);

Provides recommended guidelines for safety and operating environments (annex E);

Tlustrates the MAC finite-state machines in a notation similar to that used in ISO/IEC 8802-510992
(annex F);

Describes major improvements between this standard and the previous edition, ISO/IEC-8802-5 : 1992
(annex G);

Provides a sample algorithm for the parsing of MAC frames (annex H);

Provides recommendations for the use of token ring access priorities to' support multimedia traffic
(annex I).

rticular emphasis of this standard is to specify the externally“visible characteristics needed| for
connection compatibility, while avoiding unnecessary constraintsyupon and changes to internal depign
and {mplementation of the heterogeneous processing equipment t6.be interconnected.

applications environment for the LAN is intended to:be‘commercial and light industrial. The use of
h ring LANS in home and heavy industrial environments, while not precluded, has not been considgred
e development of this standard.

standard, the Second Edition of part of ISO/IEC 8802, provides greater specificity and imprgved
y to the First Edition (1992-06-12) to ensure interoperability of the various components in the tgken
network. The intent of this standard is to maintain interoperability with stations designed to|this

specification and stations designed to the-prior standard. However, interoperability with prior implemgnta-

tion

The [following items are subjects for future study:

(particularly in regard to clausé 7) cannot be guaranteed due to nonspecificity within the 1992 edition.
Annkx G lists the specific differénces between the second edition and the first edition.

Controlled bit altering by any device except a station.

Method6legy to assure handling of joining of multiple rings as may be used by managed concen-
trators.to assure normal insertion process protection mechanisms (such as duplicate address test or
ring parameter server notification).

Ring data rate determination to allow managed data rate adaptation between stations.

d)

€)
)
g

Alternative active concentrators or repeaters that provide increased cabling distances and/or en-
hanced operation of rings containing devices built to the first edition of this standard, ISO/IEC
8802-5: 1992.

Converters that allow the interconnection of stations on different media types.
Methodologies to provide enhanced transmission reliability over the trunk cable.

Definition of concentrator managed objects.

1 Information on references can be found in clause 1.2.
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1.2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of
this part of ISO/IEC 8802. At the time of publication, the editions indicated were valid. All standards are
subject to revision, and parties to agreements based on ISO/IEC 8802-5 : 1995 are encouraged to investi-
gate the possibility of applying the most recent editions of the standards indicated below. Members of ISO
and IEC maintain registers of currently valid International Standards.

CISPR Publication 22 : 1985, Limits and Methods of Measurement of Radio Interference Characteristics of
Information Technology Equipment.2

IEE 73 : 1991, Coding of indicating device actuators by colors and supplementary means.3

IEC 603-7 : 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.

IEC 950 : 1991, Safety of information technology equipment, including electrical business equipment

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

ISQ/IEC 7498-4 : 1989, Information processing systems—Open Systems. Interconnection—Basic Refer-
ende Model—Part 4: Management framework.

ISQ/IEC 8802-2:1994 [ANSIIEEE Std 802.2, 1994 Edition], Information technology—{Tele-
communications and information exchange between systems—-Local and metropolitan area netwofks—
Specific requirements—Part 2: Logical link control.>

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

ISQ/IEC 9646-1 : 1994, Information technology—Open Systems Interconnection—Conformance tgsting
methodology and framework—Part 1: Genéral concepts.

ISQ/IEC 9646-2 : 1994, Information technology—Open Systems Interconnection—Conformance tgsting
methodology and framework—Part 2: Abstract Test Suite specification.

ISO/IEC 10038:1993 [ANSVIEEE Std 802.1D, 1993 Edition], Information technology—ele-
communication and information exchange between systems—Local area networks—Media access cdntrol
(MAC) bridges.

ISQ/IEC 10165-2.:11992, Information technology—Open Systems Interconnection—Structure of Man-
agement Information: Definition of management information.

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

2 CISPR and IEC publications are available from the International Electrotechnical Commission, 3, rue de Varembé, Case Postale 131,
CH-1211, Genéve 20, Switzerland/Suisse. These 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.

3 See footnote 2.

4 ISO/IEC publications are available from ISO, Case Postale 56, 1, rue de Varembé, CH-1211, Gendve 20, Switzerland/Suisse. These
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.

5 1SONEC [ANSVIEEE] are available from ISO. They are also available from the Institute of Electrical and Electronics Engineers, 445
Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA.
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ISO/IEC 11801 : 1995, Information technology—Generic cabling for customer premises.

ISO/IEC TR 11802-2 : 1995, Information technology—Telecommunications and information exchange
between systems—Local and metropolitan area networks—Technical reports and guidelines—Part 2:
Standard Group MAC Addresses.

ISO/IEC TR 11802-4 : 1994, Information technology—Telecommunications and information exchange
between systems—Local and metropolitan area networks—Technical reports and guidelines—Part 4:
Token ring access method and physical layer specifications—Fibre optic station attachment.

ISO/IEC 15802-1: 1995, Information technology—Telecommumcatlons and mformatlon exchange
betwee ; ; RTAOR—S edium
Accgss Control (MAC) service deﬁmuon (Prevxously ISO/IEC 10039 199 1/PDAM 1)

ISOfIEC 15802-2 : 1995 [ANSI/IEEE Std 802.1B-1992 and ANSVIEEE Std 802.1k-1993], Information
techpology—Telecommunications and information exchange between systems—Local and metropolitan
area|networks—Common specifications—Part 2: LAN/MAN management, service, protacol.

1.3| Definitions

1.3.]1 abort sequence: A sequence transmitted by an originating ring station\that terminates the transmis-
sion| of a frame prematurely. It also causes the ring station receiving this frame to terminate the frame’s
reception.

1.3.2 accumulated jitter: The jitter at a PHY entity in the ring-frieasured against the transmit clock of the
actiye monitor. It is the total jitter accumulated by all the stations from the active monitor to the meagure-
ment point. It is typically used to determine the required size, of the elastic buffer.

1.3.3 active monitor: A station on the ring that is performing certain functions to ensure proper opergtion
of the ring. These functions include 1) establishing.clock reference for the ring; 2) assuring that a ugable
tokdn is available; 3) initiating the neighbor notification cycle; 4) preventing circulating frames and priprity
tokdns. In normal operation only one station,eft’a ring may be the active monitor at any instance in timg.

1.3.4 active retimed concentrator: A’type of token ring concentrator that performs an embedded repgater
fundtion in the lobe port’s data path, thereby providing ring segment boundaries at the concentrator |lobe
por{ connector (CMIC).

1.35 adjusted NEXT loss:. The NEXT loss in decibels of a channel plus 15logF/Fef, where F ip the
megsured frequency and Fief is a reference frequency (4 MHz at 4 Mbit/s and 16 Mbit/s). It is us¢d to
detdrmine the NEXT ‘tointerference (NIR) ratio of a channel.

1.3/6 alignment'error: Alignment error is the deviation of the recovered clock from the ideal recoyered
clogk embedded by the transmitter. The deviation from the ideal sampling point may be caused by $tatic
tim{ng eyrors in the timing recovery circuit, internal jitter generated in the timing recovery circuit, anfl the
inalrility to track exactly the jitter on the received data signal.

1.3.7 backup path: Secondary transmission path in trunk cabling and concentrator, normally used for
token ring signal transmission only when there is a failure on the main ring path.

1.3.8 beaconing: A ring state that occurs when a station on the ring has detected a ring failure. The frame
transmitted by the station to alert the other stations on the ring of the failure is called a beacon frame.

1.3.9 bit error rate (BER): A measurement of error rate stated as a ratio of the number of bits with an
error to the total number of bits passing a given point on the ring. A BER of 107 indicates that an average
of one bit per million bits is in error.
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10 broadcast: The act of sending a frame addressed to all stations.

.11 burstd: Exactly four consecutive signal elements of the same polarity.

12 burst5: Five or more consecutive signal elements of the same polarity.

.13 burst6: Six or more consecutive signal elements of the same polarity.

14 channel: The data path from any transmitting MIC to the next downstream receiving MIC.

1.3.15 claiming: A ring state that occurs when a station detects that the active monitor functions are not

being performed and at least one station is contending to become active monitor

13
con|

1.3
It r

16 concentrator: A device that contains multiple interconnected trunk coupling units (FCUS)| The

centrator contains two ports, referred to as ring in and ring out, to interface trunk cable.

17 configuration report server (CRS): A function that monitors and controls the $tafions of the|ring.
eceives configuration information from the stations on the ring and either forwards it to the nefwork

mi
req

13

1.3
recq
dat{

ager, check the status of stations on the ring, change operational parameters'of stations on the ring, and

m%ager or uses it to maintain a configuration of the ring. It can also, when requested by a network

est that a station remove itself from the ring.
18 converter: A type of repeater that converts the data signal from‘ofie media to another.

19 correlated jitter: The portion of the total jitter that is related to the data pattern. Since every

PHY

ives the same pattern, this jitter is correlated among all sifilarly configured PHYSs receiving the same

 pattern and therefore may grow in a systematic way along the ring. Also referred to as pattern jit

systematic jitter.

1.3

20 crosstalk: Crosstalk is undesired energy appéaring in one signal path as a result of coupling

other signal paths.

13

trarn:

1.3

er or

from

21 cumulative latency: The time it takes for a signal element to travel from the active moritor's

smitter output to its receiver input.

22 differential Manchester encoding: A signaling method used to encode clock and data bit

nfor-
half

is the inverse of the first half. A 0 bit is represented by a polarity change at the start of the bit time. A[1 bit

is
pol

1.3
ring

1.3
and

ma£on into bit symbols. Each bit;Symbol is split into two halves, or signal elements, where the secon

presented by no polarity change at the start of the bit time. Differential Manchester encodipg is

rity-independent;

23 elastic buffer: A variable delay element inserted in the ring by the active monitor to ensur¢ that

latency remains constant when the cumulative latency changes.

24 _fill;"A sequence of data symbols of any combination of 0 and 1 data bits (as opposed to non-data-J

non-data-K bits) whose primary purpose is to maintain timing and spacing between frames and tokens.

1.3.

25 frame: A transmission unit that carries a protocol data unit (PDU) on the ring.

1.3.26 jitter: The time varying phase of a pulse train relative to the phase of a reference pulse train. For
the specifications in this document, jitter is usually measured as the difference in edge times of the
receiver's recovered clock or transmitter data output to a reference clock or data signal, typically the
preceding station's transmitter clock or data output. The specifications are measured in nanoseconds.

1.3.27 insertion loss: The signal loss that results when a channel is inserted between a transmitter and a
receiver, which is the ratio of the signal level delivered to a receiver before a channel is inserted to the
signal level after the channel is inserted.
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1.3.28 latency: The time, expressed in number of symbols, it takes for a signal to pass through a ring
component. See ring latency; cumulative latency.

1.3.29 LLC frame: A token ring frame containing an LLC PDU exchanged between peer entities using
the MAC services.

1.3.30 lobe cabling: The cabling used to interconnect the station MICs to the TCUs. This cabling includes
all work area cabling, horizontal cabling, and patch cables. The lobe cable only carries ring signals when
the station is actively connected on the ring (inserted). When the station is not inserted in the ring, the lobe
cable may contain local test signals.

1.3.31 Logical Link Control (sublayer) (LLC): That part of the Data Link layer that supports mddia-
independent data link functions and uses the services of the MAC to provide services to the netwofk layer.

1.3.32 MAC frame: A token ring frame containing a MAC PDU exchanged between MAC,entities psed
to cqnvey information that is used by the MAC protocol or management of the MAC sublayer.

1.3.33 main ring path: Principal transmission path in the trunk cabling. The main’ring path carrie§ the
datalin the primary direction. (Contrast with: backup path.)

1.3.34 medium: The material on which the data may be transmitted. STP, UTP, and optical fiberg are
exarpples of media.

1.3.35 Medium Access Control (sublayer) (MAC): The portion of the data station that controls| and
mediates the access to the ring.

1.3.36 medium interface connector (MIC): A connector interface at which signal transmit and regeive
characteristics are specified for attaching stations and’concentrators. One class of MICs is the connegtion
between the attaching stations and the lobe cabling: A second set is the attachment interface between the
con¢entrator and its lobes. A third set is the intérface between the concentrator and the trunk cabling. Two
typds of connectors are specified: one for contiecting to STP media and one for connecting to UTP media.

1.3.37 monitor functions: The functions that recover from various error situations and are containgd in
each ring station. In normal operation only one of the stations on a ring is the active monitor at any pojnt in
tim¢. The monitor functions ir{ all other stations on the ring ensures that the active monitor functipn is
beirjg performed.

1.3.38 multiple frame transmission: A transmission where more than one frame is transmitted when a
tok¢n is captured.

1.3.89 near end crosstalk (NEXT): Near end crosstalk is crosstalk that is propagated in a distrilIuted
chafinel in“the direction opposite to the direction of the propagation of the signal in the disturbing channel
and|is.measured at or near the source of the disturbing signal.

1.3.40 passive concentrator: A type of token ring concentrator that contains no active elements in the
signal path of any lobe port. Embedded repeater functions may be provided by the ring in and ring out port.

1.3.41 Physical (layer) (PHY): The layer responsible for interfacing with the transmission medium. This
includes conditioning signals received from the MAC for transmitting to the medium and processing
signals received from the medium for sending to the MAC.

1.3.42 physical media components (PMC): The sublayer of the PHY responsible for interfacing with the
transmission medium. The functions of the PMC include receive, transmit, clock recovery, and ring access
control.
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1.3.43 physical signaling components (PSC): The sublayer of the PHY responsible for processing the
signal elements received from the ring by the PMC for sending symbols to the MAC and for conditioning
the symbols received from the MAC for inclusion as signal elements in the repeated data stream to the
PMC.

1.3.44 port: A signal interface provided by token ring stations, passive concentrator lobes, active concen-
trator lobes, or concentrator trunks that is generally terminated at a media interface connector (MIC). Ports
may or may not provide physical containment of channels.

1.3.45 protocol data unit (PDU): Information delivered as a unit between peer entities that contains
control i i i ta

1.346 protocol implementation conformance statement (PICS): A statement of which capabilitiep and
optjons have been implemented for a given Open Systems Interconnection (OSI) protocol.

1.347 purging: A ring state that occurs when the active monitor has detected a ring error and is retu Ining
the Fing to an operational state by transmitting purge frames.

1.3.E18l recovery: The process of restoring the ring to normal operation. When the ring is beacoping,
claiming, or purging, the ring is in a state of recovery.

1.349 repeat: The action of receiving a bit stream (for example, frame; token, or fill) and placing it on the
medium. Stations repeating the bit stream may copy it into a buffer 60 modify control bits as appropriafe.

1.3.50 repeater: Physical layer coupler of ring segments. Pfovides for physical containment of channels,
dividing the ring into segments. A repeater can receive any valid token ring signal and retransmit it|with
the pame characteristics and levels as a transmitting stafion.

1.3.51 ring error monitor (REM): A function that collects ring error data from ring stations. The REM
may log the received errors, or it may analyze this data and record statistics on the errors.

1.3.52 ring in: A port that receives signals from the main ring path on the trunk cable and tran$mits
sigrals to the backup path on the trunk cable, and provides connectivity to the immediate upstream ring out
port.

1.3.53 ring latency: In a token ring, the time (measured in bit times) it takes for a signal to propagate once
aroynd the ring. The ring-latency time includes the signal propagation delay through the ring medium|plus
the sum of the propagatien delays through each station or other element in the data path connected to the
tokdn ring.

1.3.54 ring gut: A port that transmits the output signals to the main ring path on the trunk cable| and
recgives fromthe backup ring path on the trunk cable, and provides connectivity to the immediate down-
streTm ting’in port.

1.3.55 ring parameter server (RPS): A function that is responsible for initializing a set of operational
parameters in ring stations on a particular ring.

1.3.56 ring segment: Section of transmission path bounded by repeaters or converters. Ring segment
boundaries are critical for determining the transmission limits that apply to the devices within the segment.

1.3.57 routing information: A field, carried in a frame, used by source routing transparent bridges that
provides source routing operation in a bridged LAN.
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1.3.58 service data unit (SDU): Information delivered as a unit between adjacent entities that may also
contain a PDU of the upper layer.

1.3.59 signal element: A signal element is the logical signal value during one half of a bit time and may
take on the values of Logic_1 or Logic_0.

1.3.60 shielded twisted pair (STP): Normally refers to those shielded cables with individual pairs of
conductors twisted, or with a group of four conductors in a quad configuration, with any characteristic
impedance. When used in this document, the term specifically refers to those shielded cables whose pairs
have a high-frequency characteristic impedance of 150 W and with two pair of conductors shielded from
any individual-paiss

1.3.G1 source routing: A mechanism to route frames through a bridged LAN. Within the source)ropted
framrfe, the station specifies the route that the frame will traverse.

1.3.62 standby monitor: A station on the ring that is not in active monitor mode. The function of the
standby monitor in normal ring operation is to assure that an active monitor is operating;

1.3.63 station (or data station): A physical device that may be attached to a shared medium LAN for the
purflose of transmitting and receiving information on that shared medium. A\data station is identified py a
destjnation address (DA).

l.3.£14 static timing error: The constant part of the difference in fime between the ideal sampling point
for the received data and the actual sampling point.

the Jayers of the station and is responsible for the sefting and resetting of control parameters, obtajning
repgrts of error conditions, and determining if the station should be connected to or disconnected from the
medium.

1.3.(F5 station management (SMT): The conceptual confrol element of a station that interfaces with gll of

1.3)66 stripping: The action of a station removing the frames it has transmitted from the ring.

1.3J67 symbol: In this standard a-symbol consists of two signal elements. Four symbols are defined:
data_zero, data_one, non-data_J,-and non-data_K.

1.3/68 token: A signal sequence passed from station to station that is used to control access tp the
medlium.

1.3/69 tracking error: The portion of alignment error due to failure to track receiver jitter.

1.3/70 transferred jitter: The amount of jitter in the recovered clock of the upstream PHY which is

sublsequently transferred to the downstream PHY which in turn is transferred to the next downstream PHY.
Transferred jitter is important because each PHY must both limit the amount of jitter it generates and|track

the m PHY

1.3.71 transmit: The action of a station generating a frame, token, abort sequence, or fill and placing iton
the medium. Contrast with: repeat.

1.3.72 transparent bridging: A bridging mechanism in a bridged LAN that is transparent to the end
stations.

1.3.73 trunk cable: The transmission medium for interconnection of concentrators providing a main
signal path and a back-up signal path, exclusive of the lobe cabling.
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1.3.74 trunk coupling unit (TCU): A device that couples a station to the main ring path. A TCU provides

the mechanism for insertion of a station into the ring and removal of it from the ring.

1.3.75 uncorrelated jitter: The portion of the total jitter that is independent of the data pattern. This

jitter

is generally caused by noise that is uncorrelated among stations and therefore grows in a non-systematic

way along the ring. Uncorrelated jitter is also called noise jitter or non-systematic jitter.

1.3.76 upstream neighbor’s address (UNA): The address of the station functioning upstream from a

specific station.

1.3.77 unshielded twi
tor§ twisted, or with a group of four conductors in a star quad configuration, with any charaet
impedance. When used in this document, the term specifically refers to those cables whose pairs h
high-frequency characteristic impedance of 100 Q. Shielded cables with the same high-frequency
actéristic impedance are included within this definition.

1.3{78 verified frame: A valid frame as defined in 4.3.2, addressed to the station,-fop which the inf
tion field has met the validity requirements as specified in 3.3.5.2.

1.4 Conventions

When used in this standard, the term reserved shall be understood t0.mean reserved for future stand
zatipn. Use of reserved values to implement functions not covered by the standard may lead to inter,
ability problems and therefore is not recommended.

ardi-
bper-

Abit = address-recognized bit

AC = access control (field)

AC = attenuation to crosstalk ratio

AD| = abort delimiter

Al = accumulated jitter

AUJA = accumulated uncorrelated jitter alignment
AMP = active-monitor present

AP = accumulated phase slope

AR = active retiming concentrator

BE = bit error rate

BN = beacon

Cht = frame-copied bit

CA concentrator maximum flat attenuation
CMIC con ium i I
CRS = configuration report server

CSQA = concentrator square-root-frequency attenuation
CT = claim token

DA = destination address

DAT = duplicate address test

DC = destination class

DFAPS = delta filtered accumulated phase slope
Ebit = error-detected bit

ED = ending delimiter
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EFS = end-of-frame sequence
ETR = early token release
FA = functional address
FAJ = filtered accumulated jitter
FAI = functional address indicator
FAPS = filtered accumulated phase slope
FC = frame control (field)
FCS = frame-check sequence
FR = frame
FS = frame status (field)
FSM——=——finite-state-machine
HFH] = high-frequency edge jitter
I bit = intermediate frame bit
IFG = interframe gap
INIT = initialization
ISI = inter-symbol interference
JTOt = jitter tolerance
JTOLX = jitter tolerance in the presence of crosstalk
LAN = local area network
LLg = logical link control (sublayer)
LTH bit = length bit
Mbjit = monitor bit
MA = my (station’s) address
MAC = Medium Access Control (sublayer)
MG = management
MI = medium interface connector
MIQ_S = shielded twisted pair MIC
MIC_U = unshielded twisted pair MIC
nFAPS = normalized filtered accumulated phase slope
ND = net delay time
NEXT = near end crosstalk
NI = NEXT loss to insertion loss ratio
NN = neighbor notificatiofi
(0N = Open Systems Interconnection
= protocol data unit
= Physical (Layer)
= proto¢ol implementation conformance statement
= phase locked loop
= priority of queued PDU
= last priority value received
= physical media components
= priority bits (of the access control field)
= physical signaling components
— L

reservation bits (of the access control field)

ring access control

routing information (a field in the frame format)
ring in (trunk in port on a concentrator)

RIMIC ring in MIC

RII routing information indicator

REM ring error monitor

RO ring out (trunk out port on a concentrator)
ROMIC ring out MIC

RP ring purge

10
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RPS = ring parameter server
RPT = repeat

= request

last reservation value received

receiver return loss

ring station

reporting station’s upstream neighbor’s address
receive

source address

source class

signal t

= starting delimiter
service data unit
start-of-frame sequence
signal to interference ratio
standby monitor present
highest stacked received priority
source routing transparent

shielded twisted pair

stored upstream neighbor’s address
subvector

subvector identifier

subvector length

subvector value

highest stacked transmitted priority
timer, active monitor

timer, BN receive

timer, BN transmit

total channel attenuation

timer, claim token

trunk coupling unit

transmitter duty cycle distortion
transmitter differential output voltage
timer, error report

timer, insert delay

timer, join ring

token

timer, no token

timer, queue PDU

timer, ring initialization

timer, remove hold

timer, transmit ring purge

timer, return to repeat

timer, remove wait

timer, signal loss

timer, standby monitor

timer, valid transmission

timer, wire fault

timer, wire fault delay

transmit

transmit return loss

upstream neighbor’s address
unshielded twisted pair

= vector class

1]

1l

L ||| | | (| | | {  {  { { | { {  | | | { O | I [ I [ I [
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VI

VL

vector identifier
vector length

1.6 Conformance requirements—station

LOCAL AND METROPOLITAN AREA NETWORKS:

The supplier of a protocol implementation that is claimed to conform to this standard shall complete a copy
of the PICS proforma in annex A and shall provide the information necessary to identify both the supplier
and the implementation.

1.6.1 Static conformance requirements

1.6.

Ani

1.6,

An

-]

%OD"

s B <)

&

~

1.1 MAC sublayer

mplementation claiming conformance to this standard shall

1.2 PHY layer

mplementation claiming conformance t0 this standard shall

)

Implement the token format, the frame format, associated address formats and)fields, and M
frame vectors and subvectors as defined in 3.1, 3.2, and 3.3.

Support 48-bit addressing and use either a universally administered individual address or a lo
administered individual address.

Exhibit external behavior corresponding to the timer system timing parameters as specified in 3.

Exhibit external behavior corresponding to the station policy flags as specified in 3.5.
Implement capabilities corresponding to the counters as defined in 3.6.

TAC

cally

Recognize the first bit of the source address as the indication of the presence of the routing ipfor-

mation field in the frame format. Note that the ability*to generate or respond to frames with sg
routing information is optional.

urce

Use a data signaling rate at 4/Mbit/s or 16 Mbit/s as defined in 5.2. Implementations may support

either or both data rates,

Encode and decode symbols as defined in 5.4 and 5.6.

Achieve signal timing synchronization as defined in 5.7.

Add latency as defined in 5.8.

Meet multiple station accumulated jitter requirements defined in 7.1.

Support<either STP or UTP cabling at the MIC as defined in 7.2. Implementations may support
either-or both media types using the appropriate MIC connector (MIC_S for STP and MIC_Y for

UTP).

Provide phantom signaling and wire fault detection as defined in 7.2.1.

h)
i)

»

Meet transmit specifications as defined in 7.2.2.
Meet receiver jitter tolerance specifications as defined in 7.2.3.
Operate with the channels specified in 7.2.4.

1.6.2 Dynamic conformance requirements

An implementation claiming conformance to this standard shall perform the following actions:

12

a)

Receive MAC and LLC frames and perform the actions defined in 4.3.


https://iecnorm.com/api/?name=e8659b3af6fad9606ea1e0ad613488a8

ISO/IEC 8802-5 : 1995 (E)

TOKEN RING ANSI/IEEE Std 802.5-1995

b)  Receive and utilize tokens for the transmission of queued PDUs as defined in 4.3.

¢) Transmit queued PDUs as frames as defined in 4.3.

d)  Strip frames transmitted by the station as defined in 4.3.

e) Transmit tokens in accordance with 4.3 after a frame(s) has been transmitted.

f)  Perform priority operation as defined in 4.3.

g) Queue DAT_PDU, AMP_PDU, SMP_PDU, and RQ_INIT_PDU as defined in 4.3.

h)  Autonomously transmit fill and the Ring Purge, Claim Token, and Beacon frames as defined in 4.3.

i)  Enter BYPASS as defined in 4.3.

j)  Assume ACTIVE MONITOR STATE as defined in 4.3.

k) Assume STANDBY MONITOR STATE as defined in 4.3.

1.7 Conformance requirements—concentrator

The supplier of a protocol implementation which is claimed to conform to this standard §hall compllete a
copy of the PICS proforma in annex A and shall provide the information necessary to identify both the
supplier and the implementation.

1.7.1 Static conformance requirements

4)  Support a data signaling rate at 4 Mbit/s or 16 Mbit/s as defified ‘in 5.2. Implementationy may
support either or both data rates.

%)  Support either STP or UTP cabling at the MIC as defined(in 8.1.1 for the lobe connector. Imple-
mentations may support either or both medium types using the appropriate MIC connector (MIC_S
for STP and MIC_U for UTP).

d)  Support either STP or UTP cabling at the MIC.as defined in 8.1.1 for the trunk connector. Imple-
mentations may support either or both media types using the appropriate MIC connector (MIC_S
for STP and MIC_U for UTP).

d) Provide the RAC function specified in-8.3 for the lobe connectors. This RAC function is comple-
mentary to the station phantom signaling and wire fault detection as defined in 7.2.1.

&)  Support either a passive concentrator function or an active retimed concentrator function. For a
passive concentrator function, the signal attenuation and crosstalk parameters are specified ip 8.4.
For an active retimed congentrator function, the parameters are specified in 8.5. The active refimed
concentrator function-parameters are closely related to the station PHY function parameters ddfined
in 7.2.1 through 7.2:4.

1.§ Local regulations
The supplier.of a protocol implementation that is claimed to conform to this standard should meet|local
saf¢ty and environmental regulations. Annex E provides some limited guidance in this area.

13
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2. General description

2.1 Architectural view

There are two important ways to view local area network design: architectural, which emphasizes the
logical divisions of the system and how they fit together; and implementational, which emphasizes the
actual components, their packaging, and their interconnection.

This standard presents the architectural view, emphasizing the large-scale separation of the system into two
partj: the MAC of the Data Link layer and the PHY. These layers are intended 1o correspond ctosety 1 the
lowgst layers of the ISO Basic Reference Model (ISO/IEC 7498-1 : 1994). As shown in figure 1,the LLC
and MAC together encompass the functions intended for the data link layer of the OSI model. The MAL to
LL( service definition is specified in ISO/IEC 15802-1 : 1995.

osl
layers > 2
M
"""""" A
LOGICAL LINK CONTROL N
layer SUBLAYER é
E
5 MEDIUM ACCESS CONTROL M
SUBLAYER E
""""" T
layer 1 PHYSICAL; LAYER
MEDIUM

Figure 1—Relation of OSI Reference Model to the LAN Model

An farchitectural organization of the standard has the advantages of clarity (a clean overall division of the
design along architectural lines makes the standard clearer) and flexibility (segregation of the acfess-
meI:od-dependent aspects of the MAC and PHY allows the LLC to apply to a variety of LAN agcess
methods).

Thd exact telationship of the layers described in this standard to the layers defined by the OSI Refefence
Mo{lelis a subject for further study.

2.2 Station functional organization and data flow

Figure 2 is an illustration of a station’s data flow indicating which clauses of this standard address the
various functions of a token ring station. The operation of a station is specified in clauses 3 through 7, and
operation of the concentrator is specified in clause 8. Internal service interfaces have been defined solely
for the purpose of specifying operation between the clauses and are not requirements for a physical
interface.

14
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a)

b)

@)

——This-service-interface-is-defined-in-elauseS- EI

~ provides the control mechanism of the PHY functions by the MAC protocol, and the mech

The PMC/PSC internal service interface (PM_UNITDATA .request; PM_UNITDATA .indication)
defines the information exchange between the physical media components (PHY) specified in
clause 7 and the physical signaling components (PSC) specified in clause 5. This service interface
is defined in clause 5.

The PSC/MAC internal service interface (PS_CONTROL.request, PS_STATUS.indication,
PS_UNITDATA .indication, PS_UNITDATA .request, PS_EVENT.response) defines the control
mechanism of, the mechanism for indicating the status of, and the information exchange between,
the physical signaling components (PSC) specified in clause 5 and the MAC sublayer specified in
clauses 3 and 4. Clause 3 defines frame formats and station facilities. Clause 4 specifies the MAC
protocol that uses the formats and facilities defined in clause 3 to receive and transmit information.

The MAC/PHY internal service interface (PM_CONTROL.request and PM_STATUS.indication)
ism
for indicating the status of the PHY functions to the MAC protocol. This servicé interface fis de-
fined in clause 5.

The MAC/LLC service interface (MA_UNITDATA . .indication, MA_UNITDATA.requeﬁt) is
specified in ISO/IEC 15802-1 and defines the information exchange between the MAC sublayer
and the LLC sublayer.

The MAC/Bridge service interface (M_UNITDATA.indication, M_UNITDATA . .refjuest,
M_UNITDATA.response) is specified in ISO/IEC 10038 : 1993 and defines the informatign ex-
change between the MAC and the internal bridging sublayer:

The MAC/MGT service interface (MGT_UNITDATA indication, MGT_UNITDATA .refjuest,
MGT_CONTROL.request, MGT_STATUS.indication) defines the control mechanism of, the
mechanism for indicating the status of, and the information exchange between, the MAC protocol
specified in clause 4 and management (MGT):“The managed objects are specified in clause §. The
MGT_UNITDATA .indication and MGT .UNITDATA .request primitives are specified in clduse 4
and are used to convey MAC management frames between the MAC and the appropriate mjnage-
ment function (e.g., RPS, CRS, REM).

15


https://iecnorm.com/api/?name=e8659b3af6fad9606ea1e0ad613488a8

ISO/IEC 8802-5 : 1995 (E)
ANSI/IEEE Std 802.5-1995 LOCAL AND METROPOLITAN AREA NETWORKS:

LLC Inferface Mancgement In'rerfcce Bridge Interface

Station

Address CRC
Recognition | | Checking Generation

I
I
Frame Decoder Frame Encoder | I
I

PS_EVENT.response PS_UNITDATA.indication PS\UNITDATA.request

Symbol

PS_CONTROL.request Encoder |

PS_STATUS.indication . |
< . ]
Latency | 1 |
Buffer ‘ . |
PM_UNITDATA. lndlca'ﬂon PM_UNITDATA.request I
PM_CONTROL.request Lotet YN it

Receiver

PM_STATUSndication

Ring
Access
Control |

Trunk Coupling Units

Figure 2—Station functional organization and data flow
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2.3 Physical structure of a token ring network

A token ring consists of a star wired system of stations with each station connected by a lobe cable to a
concentrator TCU, as shown in figure 2. A concentrator contains multiple TCUs. Concentrators are serially
interconnected using the concentrator ring in and ring out ports, forming the main ring path and the back-
up ring path. Interconnection on the main ring and back-up ring paths may include the use of repeaters and
converters that divide the total signal path into separate segments to bound the total channel path length for
each station.

Networks may include repeaters and/or converters at each trunk interface where the transmission medium
is changed, i.e., between STP and fiber, between STP and UTP, between UTP and fiber. Thus. each of
theke interfaces becomes a ring segment boundary. Evaluation and control of jitter buildup acrass|these
segments is a subject for future study.

Station #1 Station #2 Station #3
INSERTED BYPASSED INSERTED
A A A
. Lobe s . Lobe s
. Cable Cable
Ring In R v < ) y Ring Oup
1 TCU TCU TCU
Concentrator
[ el e et “T T
! i
! 1
: i
| 2 T -
Ring Out Concentrator Ring I v
——————» Physical Medium, Main Path --- -4 » Physical Medium Back-Up Fath
Figure 3—Typical token ring wiring example
Ea¢h TCU provides attachment (“insertion” or “bypass”) of the station into or from the trunk ring| This

insprtion/bypass mechanism is usually controlled by the attaching station’s ring access control (RAC)
furiction. A station: performs self-tests of the attached cable lobe and the station's MAC and PHY |layer
cirguitry by opérating a one-node network while the TCU function is in the bypass mode (e.g., Statipn #2
in figure 3.):-When the TCU receives a dc signal from the station via the lobe cable, the TCU switche} from

bypass mode to inserted mode, allowing the inserting station’s MAC to receive a symbol stream from its
upstream neighbor, and provide an output symbol stream to its downstream neighbor.

The maximum station count on a single token ring is limited by both MAC and PHY considerations. If the
recommended system timing parameters (see 3.4) are used, operation of up to 250 stations on the ring is
possible. Modifications of this station count may occur based on media type, data rate, use of repeaters or
converters, and concentrator type.

Information on the token ring is transferred sequentially, bit by bit, from one inserted station to the next. In
figure 3, Station #1 would transmit to Station #3 and Station #3 would transmit to Station #1. Each station
generally regenerates and repeats each bit and serves as the means for attaching one or more devices
(terminals, work stations) to the ring for the purpose of communicating with other devices on the network.

17
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A given station transfers information onto the ring, where the information circulates from one station to the
next. The addressed destination station(s) copies the information as it passes. Finally, the station that
transmitted the information strips the information from the ring.

A station gains the right to transmit its information onto the medium when it detects a token passing on the
medium. The token is a control signal comprised of a unique signaling sequence that circulates on the
medium following each information transfer. Any station, upon detection of an appropriate token, may
capture the token by modifying it to a start of frame sequence and appending appropriate control and status
fields, address fields, routing information field, information field, check sum, and the ending frame
sequence. At the completion of its information transfer and after appropriate checking for proper operation,
the station-initiate : : i ide : i e opportunity to gain access to the ring

The maximum period of time a station may transmit on the medium before releasing the token is contralled
by counter CTO (used as a timer).

Multiple levels of priority are available for independent and dynamic assignment depending upon| the
relatjve class of service required for any given message; for example, real-time voice/interactive, immedi-
ate (hetwork recovery). The allocation of priorities is by mutual agreement among-users of the network

Errof detection and recovery mechanisms are provided to restore network ‘operation in the event |that
transmission errors or medium transients (for example, those resulting from' station insertion or remgval)
causg the access method to deviate from normal operation. Detection and-fecovery for these cases utilize a
netwlork monitoring function that is performed in a specific statiofi) (the active monitor), with back-up
capability in all other stations that are attached to the ring (standby/monitors).

2.4 | Data stations, servers, and system management

Eaclj ring in a token ring network may have a set of server stations (servers) that provide a means thrqugh
whidh a system manager manages the stations«n a token ring system. Such arrangement is depicted in
figute 4.

Servers are data collection points on edch ring where reports from the data stations are gathered. Seqvers
then| communicate the necessary information to the system manager for the purpose of managing a tpken
ring|system.

Datg stations communicate-with the servers by

Reporting errors that are detected, such as lost token, FCS error, or lost frames;
Requesting operating parameters when inserting into the ring;

Reporting changes in configuration due to insertion or removal of stations (UNA changes);
Resporiding to requests for various status information; and

Removing from the ring when requested.

o Qa0 oW

18


https://iecnorm.com/api/?name=e8659b3af6fad9606ea1e0ad613488a8

ISO/IEC 8802-5 : 1995 (E)

TOKEN RING ANSV/IEEE Std 802.5-1995

System
Manager

CRS REM RPS

Configuration Report Ring Error Ring Parameter
Server Monitor Server
Data

Stations

The
exc

Thd
The
issu

The
stat]

Spe

The

Figure 4—Relationship of data stations, servers, and system manager

hange is specified in clause 4.

CRS receives management information about the curtent status and configuration of the ring, and
e MAC frames to stations on the ring in response to a request from a management entity.

REM receives from MAC entities, and repoits to the requester, error statistics regarding ring
jon operation.

cification of the operation of the RPS,’CRS, and REM is beyond the scope of this standard.

specification of the format-and protocol for the information interchange between the servers an

station-to-server message format and content is specified in cladse'3; the protocol for message

RPS sets MAC entity parameters and can limit access to the ring. It does this by responding to the
Request Initialization MAC frame with an Initialize Station MAC frame.

may

and

d the

systems manager is not covered by this standard. However, the objects (parameters, events, and acions)

spe

cified in clause 6 are the'elements of such communication.

urce routing station may send and receive frames that include a routing information field as spe
O/IEC 10038-11993. The routing information field may be determined through the use of proti

ified
bcols

1ﬁed in ISO/IEC 8802-2: 1994 A statlon that does not support the source routing information figld is

a}sthe

source routing transparent bridge may set the

address-recognized bits in a frame that it copies w1th intent to forward. Otherwise, stations are prohibited
from setting the address-recognized bits unless the frame is addressed to the station’s individual address or

toa

group address for which the station is enabled.
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3. Formats and facilities

This clause defines token ring formats (3.1), token and frame field descriptions (3.2), MAC frames (3.3),
system timing parameters (3.4), station policies (3.5), and error counters (3.6).

The figures depict the formats of the fields in the sequence they are transmitted on the medium, with the
left-most bit or symbol transmitted first.

Processes that require comparison of fields or bits perform that comparison upon those fields or bits as
depicted—with-the-left-mest-bit-6 are ; e i
most significant.

and__fo he purpo 0 OMPAarison onsidered

Binafy values are represented by the binary digits 0, 1 , or x, which are enclosed by B' and !"The loyer-
case|x represents a digit that may be 0 or 1. An example of a binary notation is B'001x'".
Hexadecimal values are represented by hexadecimal digits 0-9, A-F, or x, which are enclosed by X' apd '.
The [lowercase x represents a digit that may be any hexadecimal value. An example of a hexadecimal

notation is X'01 6F'.

All Values are stated most significant digit first. Spaces within a value are-forclarity and may be ignorefl.

3.1| Formats
The/|symbol sequences used in token ring are the token, frame;, abort sequence, and fill.

3.1.1 Token format

SD = Starting Delimiter (1 octet)
SD AC ED AC = Access Control (1 octet)
ED = Ending Delimiter (1 octet)

Error (E-bit) coverage is the AC field
Figure 5—Token format

Thd token is the means by which the right to transmit (as opposed to the normal process of repeating) is
pasged from ofie"station to another. The token may occur anywhere in the data stream; that is, recefving
statjons shall'bé able to detect a token on any signal element boundary.

Error chiecking of token formats is defined in 3.2.8.2, and validity requirements are specified in 4.3.1.

20
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3.1.2 Frame format

¢&— sps——* FCS Coverage ¢ EFS >
SD | AC FC DA SA RI INFO FCS | ED FS IFG
< Error (E-Bit) Coverage ——— M >
SFS = Start-of-Frame Sequence INFO = Information (O or more octets)
SD = Starting Delimiter (1 octet) (see 4.2.4.1 for length limitations)
[AC = Access Control (1 octet) FCS = Frame Check Sequence (4 octet$)
FC = Frame Control (1 octet) EFS = End-of-Frame Sequence
DA = Destination Address (6 octets) ED = Ending Delimiter (1 octet)
SA = Source Address (6 octets) FS = Frame Status (1 octet)
Rl = Routing Information (0 to 30 octets) IFG = Interframe Gap (see3.2:10)

Figure 6—Frame format

It may or may not contain an information (INFO) field. It may or may-not contain a routing info;

The frame format shall be used for transmitting both MAC and LLC messages to the destination sta;t:I:(s).

tion

(RI) field (see 3.3.5.1 regarding restrictions in certain MAC frames). The frame format may occur|any-
where in the data stream; that is, receiving stations shall be able to-detect a frame on any signal elgment

boundary.

Error checking of frame formats is defined in 3.2.8.2 and validity requirements are specified in 4.3.2.

3.1|13 Abort sequence

SD = Starting Delimiter (1 octet)

SD | ED ED = Ending Delimiter (1 octet)

Figure 7—Abort sequence

The abort sequence is transmitted by a station when an error condition causes the station to premathrely
terrinate the transmigsion of a frame. The abort sequence causes stations receiving the frame to recognize
that it is not a valid.frame. The abort sequence may occur anywhere in the data stream; that is, recefving

statjons shall be’able to detect an abort sequence on any signal element boundary.

3.14 Fill

jon shall transmi as 3
protocol described in clause 4.

3.2 Field descriptions

the

The following is a detailed description of the individual fields used for the abort sequence, token, and

frame formats.
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3.2.1 Starting delimiter (SD) field

[ .
A
o
C—
X
o
o
o
oOXc
Honon

A frgme, =1, O abo eatway a1 with-2 rg-delimiter eeetvine—sta
the §D valid only if all eight symbols of the SD (J K 0 J K 0 0 0) are received correctly.

(For a discussion of non-data symbols, see 5.3.)

Figure 8—Starting delimiter field

tal

3.2.2 Access control (AC) field
T T T T P = priority bits
T = token bit
P T M R M = monitor bit
1 1 1 1 R’ = reservation bits
Figure 9—Access control field
3.2.2.1 Priority bits

The

LOCAL AND METROPOLITAN AREA NETWORKS:

Non-data_J symbol
Non-data_K symbol
Data_zero symbol

priority bits indicate the priority of a token and, therefore, when stations are allowed to use the tgken.

Frampes carry the same access priority as the token used.to gain access. In a multiple-priority system, the

prio

of p

3.2,

The]
that

3.2
The

circ
prid

FHority increase from the lowest (B'000") to the*hiighest (B'111") priority.

2.2 Token bit

2.3 Monitor (M) bit

rities of tokens that a station uses depend on the priority of the PDU to be transmitted. The eight lgvels

token bit is a 0 in a token and a 1 in a frame. When a station with a PDU to transmit detects a tpken
has a priority equal to or less.than the PDU to be transmitted, it may change the token to a SFY§ and
transmit the PDU.

M bit is used to.prevent a token that has a priority greater than B'000' or any frame from continu usly
ulating on the ring. All frames and tokens shall be transmitted with the M bit set to 0. As a token with
rity greater)than zero or any frame is being repeated by the active monitor, the M bit is set to 1. All

bit

oth¢r stations repeat this bit as received. If an active monitor detects a token or a frame with the
equal 0 17it initiates the ring purge process. During beaconing, the station downstream from the beac¢ning
stat ill optionally assume this role of setting and inspecting the M bit.

3.2.2.4 Reservation bits

The reservation bits allow stations with high priority PDUs to request (in frames or tokens as they are
repeated) that the next token be issued at the requested priority. The precise protocol for setting these bits
is described in clause 4. The eight levels of reservation increase from B'000' to B'111".
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F F z 7 7 7 7z 7 FF = frame-type bits

ZZZ7Z7ZZ = control bits

Figure 10—Frame control field

The FC field identifies the frame type and indicates MAC frame handling or LLC frame priority.

3.2,

3.1 Frame-type bits

The|frame-type bits indicate the type of the frame as follows:

a) B'00' = MAC frame (contains a MAC PDU)
b) B'Ol' = LLC frame (contains an LLC PDU)
c) B'Ix' = undefined format (reserved for future standardization)

In this standard, the term MAC frame is defined as the type of frame used-to convey information us¢

the

3.2,

MAC protocol or management of the MAC sublayer.

3.1.1 Undefined frame format

The{value B'1x' is reserved for frame types that may be defifed"in the future. However, although curr

und

3.2,

3.2,

a)  The frame format shall be delimited by the'SFS fields and the EFS fields. No additional fields

be included in or follow the EFS field.

b)  The position of the AC and FC field-shall be unchanged.

The SFS and EFS of the format shall be separated by an integral number of octets. This nu
shall be at least 1 (that is, the FC field) and the maximum length is subject to the constraints
token holding time.

d) All symbols between the SD and ED shall be Data_zero and Data_one symbols.

3.2 22227227 bits

3.2.1 MAC frames

If the frame-type bits indicate a MAC frame, the ZZZZZ7Z control bits specify MAC frame handling

3.3.

| and-3.3.5).

ently

rrIeﬁned, any future frame formats are required to ‘adhere to the following conditions to ersure
compatibility:

may

ber
the

(see

3.2.3.2.2 LLC frames

If the frame-type bits indicate an LLC frame, the ZZZZZZ bits are designated as “rrrYYY”. The “rrr” bits
are reserved for future standardization and shall be transmitted as B'000' in all transmitted frames and may
be ignored upon reception. The “YYY” bits may be used to carry the user priority of the PDU from the
source LLC entity to the target LLC entity or entities. Note that P (the priority in the AC field of a frame)

doe:

S Not convey user priority.
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3.2.3.2.3 Undefined frame format

The ZZZZZZ bits are undefined and reserved for future standardization.

3.2.4 Destination address (DA) and source address (SA) fields

Each frame contains two address fields: the destination (station) address and the source (station) address, in
that order. Representation of addresses used in this standard are different than the representation utilized in

ISO/IEC 15802-1 : 1995.

3.2.4.1 Destination address (DA) field

The lframe’s DA identifies the station or stations for which the information field of the frame is.intended.
Inclded in the frame’s DA are two bits that 1) indicate whether the DA is a group or individual address
and ) indicate whether the DA is a locally or universally administered address.

< 6 octets

v

IIG UL

Sk 46 bits
I—————- universal (0) or local (1)

Individual (0) or group (1)

N
v

Figure 11—Destination.address field

3.2/4.1.1 Individual address

Whkn the first bit of the frame’s DA field is equal to a zero (0), the address is an individual addres§. An
individual address identifies a particular station and must be distinct from all other individual station
addresses on the same LAN (in the case of local administration) or from the individual addresses of pther
LAN stations on a global basis (in the case of universal administration).

3.24.1.2 Group address

WHen the first bit of the-frame’s DA field is equal to a one (1), the address is a group address. A group
address is used to address a frame to multiple destination stations. Group addresses may be associate with
zerp or more statiohs-on a given LAN. In general, a group address is an address associated by convention
with a group of legically related stations. It has been observed that several protocols in general usage foday
require support for one or more general group addresses, and that failure to provide station suppoyt for
multiple group address recognition can be a serious impediment to use of that station in multi-prgtocol
environmients. It is recommended that stations support recognition of multiple general group addresses.

3.2.4.1.3 Broadcast address

The group address X'FF FF FF FF FF FF' is defined as a broadcast address and denotes the set of all
stations on a given LAN. X'CO 00 FF FF FF FF is also a broadcast address for MAC frames. Note that this
requirement generally places the address X'CO 00 FF FF FF FF' in the set of addresses recognized by
the token ring station and therefore the use of X'CO 00 FF FF FF FF' for non-MAC frames should be
avoided.
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3.2.4.1.4 Null address

The individual address X'00 00 00 00 00 00' is defined as the null address. It indicates the frame is not
addressed to any station. No station shall be assigned the null address and therefore frames addressed to the
null address are not expected to be copied by the station.

3.2.4.1.5 Functional addresses (FAs)

FAs are contained within a subset of locally administered group addresses. They are bit-significant
addresses used to identify well-known functional entities. There are 31 functional addresses that are
indicated by the least significant 31 bits of the destination address when the most significa bits
indicate functional addressing. The functional address indicator (FAI) identifies an FA (versus a,general
grqup address) when the first 2 octets of the DA are X 'C000' and the first bit of the third octet-isB'0} (i.e.,
B'1100 0000 0000 0000 0'). The remaining 31 bits of the address field each represent a functiénal addyess.

octet: 0 1 2 3 4 5
bit: | 01234567 ] 01234567 |01234567 } 01234567 | 01234567 [ 01234567

11000000 | 00000000 | Oxxxxxxx | xXXXXXXX | XXX¥XXXX | XXXXXXXX

Functional Address .
Indicator (FAI) —>1¢— 31 Functional Addresses (FAs)——)I

Figure 12—Functional address format

The following functional addresses are defined for use’in'MAC frames:

Table 1—MAC functional address

Functional address (FA) Function name 6 octet addresp
B]xxx XXXX XXXX XXXX XXXX XXXX XXxXxxx1' Active monitor X'C0 00 00 00 00j01'
Bixxx XXXX XXXX XXXX XXXX XXXX XXXX xx1x' Ring parameter server (RPS) X'C0 00 00 00 00102
lexx XXXX XXXX XXXX XXXX'XXXX XXXX 1Xxxx' Ring error mdnitor (REM) X'C0 00 00 00 00[08'
lexx XXXX XXXX XXXXXXXX XXXX XXX1 Xxxx' Configuration report server (CRS) X'C0 00 00 00 0010

The 6 octet\address in the table indicates the address for that single function. Multiple functior}s are
addressed by combining the functional addresses. An example is X'C0 00 00 00 00 12' which is addressed
to both.the RPS and the CRS functions.

When a station “sets” a functional address, it will recognize all frames sent to that function by setting the A
bits and attempting to copy all frames whose DA contains the FAI and has the corresponding FA bit set to
B'l'. The active monitor functional address shall only be set as specified in 4.3.4. All other functional
addresses are set by management.

Use of functional addresses, octet 5 bit 1 through octet 5 bit 7, that are not defined above are reserved.
Functional addresses, octet 2 bit 1 through octet S bit 0, are available for general use.
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Refer to ISO/IEC TR 11802-2: 1995 for locally administered MAC group (functional) addresses used by
this part of ISO/IEC 8802. Also note that functional address X'CO 00 00 00 00 80' is widely used by higher
layer protocols and that functional address X'C0O 00 00 00 01 00' is widely used for bridging. Because a
functional address may be used simultaneously by multiple protocols, a user cannot assume that it desig-
nates a single function. Other frame fields should be used to identify the destination function.

The MAC protocol depends on receiving a proper INITIALIZE STATION MAC frame when the RPS
functional address is recognized by any station on the ring. The join ring process may not complete
properly (e.g., fail joining the ring) if the RPS function does not function as expected (see 4.3.4, J S=RQI).
Therefore, if a station does not perform the RPS function, it shall not recognize the RPS functional address

and W@.ﬂmﬂm—
3.2.4.1.6 Address administration

Thert are two methods of administering station addresses: locally or through a universal ‘authority. [The
secoI,d bit transmitted of the DA indicates whether the address has been assigned by a.universal or lpcal
admipnistrator:

0 = universally administered 1 = locally administered
3.2.4.1.7 Universal administration

WitH this method, all individual addresses are distinct from the individual addresses of all other LAN
statins on a global basis. The procedure for administration of<these addresses is not specified in (this
standard. Information concerning the registration authority and"its procedures may be obtained on request
from| the Secretary General, ISO Central Secretariat, Case Postale 56, CH-1211 Genéve, Switzerland.| For
infofmation on global address administration contact the-Registration Authority for ISO 8802-5, c/o [The
Institute of Electrical and Electronics Engineers, In¢Zy 445 Hoes Lane, P.O. Box 1331, Piscataway{ NJ
08835-1331, USA.

3.2.4.1.8 Local administration

IndiVidual station addresses are administered by a local (to the LAN) authority. Network administrators
shodld be careful when assigning‘locally administered addresses due to the structure of hierarcIical
addressing (defined in previou$.versions of this standard). The least significant 14 bits of the first|two
octefs of the address have aspecial meaning (ring ID). Two values of ring ID are assigned for use with all
statipns (null ring—all zeros, and any ring—all ones). Because of this, the following sets of addrgsses
should be used with care:X'40 00 xx xx xx xx', X'7F FF xx xx xx xx', X'C0 00 xx xx xx xx', X'FF FF xx
xx ¥x xx' (where x is.any hexadecimal value). When using locally administered addresses in these ranges,
it is [possible for the duplicate address test (DAT) to fail when another station is using an address that pnly
diffrs by the/first two octets. In addition, locally administered group addresses with the last 4 octets X'FF
FF FF FF-may also be recognized by hierarchical addressing as a broadcast address. Note that the hiprar-
chical dddressing “ring ID” is not associated with the “local ring number” subvector.

Hierarchical addressing for locally administrated addresses is not required nor specified by this standard.
Future implementations are discouraged from implementing hierarchical addressing.

3.2.4.2 Source address (SA) field

The frame’s SA identifies the station originating the frame. In contrast to the DA field, no individual/group
(I/G) bit is encoded in the SA since the SA is constrained to be an individual address. The implied value
for the I/G is always 0. In its place is the routing information indicator (RII) bit used to indicate the
presence or absence of a routing information (RI) field in the frame. If the RII bit is 0, then no RI field is
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present, and if the RII bit is 1, then a RI field is present. The universal/local (U/L) bit still indicates

whether the address is universally or locally administered, as in the DA.

€ 6 octets

A 4

RIl UL

> k¢ 46 bits
I——- univers_al (0) or !oca_l (1 )

routi =

N

v

Figure 13—Source address field

3.2.5 Routing information (RI) field

When a frame’s routing information indicator bit in the source address field isequal to 1 (RII=1),

he RI

fie]d shall be included in the frame. The following provides sufficient inforfation for the MAC entity to
determine the size of the RI field and parse the frame properly. The detailed ‘structure and contents fior the

Rlffield is described in ISO/IEC 10038 : 1993 and ISO/IEC 8802-2 : 1994:

<——— RI Field (Length representedby LTH Field) ————»

. LTH
3bits | 5t
RI = Routing Information (2t0°30 octets when present)
LTH = Length (5 bits) (number of octets)

Figure 14—Routing information field

3.2.5.1 Length bits (LTH)

These five bits indicate the length (in octets) of the RI field. Length field values shall be even
befween 2 and 30, inclusive.

3.2.6 Information (INFO) field

The information field contains zero, one, or more octets that are intended for MAC, MGT, or LL(
maximum:length of the information field is limited by the maximum frame length as specified in 4
Counter, transmitted octets. The format of the information field is indicated in the frame-type bits of t

balues

. The
2.4.1,
he FC

fie]d..The frame types defined are MAC frame and LLC frame.

3.2.6.1 Order of bit transmission
Each octet of the information field shall be transmitted most significant bit first.

3.2.6.2 MAC frame format

The format of the information field for MAC frames is specified in 3.3.2. All stations shall be capable of

receiving MAC frames whose total length is the size of the largest frame specified in table 5. Howeve:

T, it is
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recommended that all stations be capable of receiving MAC frames whose total length is up to and
including 96 octets.

3.2.6.3 LLC frame format
The format of the information field for LLC frames is not specified in this standard. However, in order to

promote interworking among stations, all stations shall be capable of receiving LLC frames whose
information field is up to and including 133 octets in length.

3.2.7 Frame-check sequence (FCS) field

The FCS is a 32-bit sequence based on the following standard generator polynomial of degree 32.
GO =X32+X26 4+ x23 + X2 4 X16 4 X124 X114 X104 XB 4 XT 4+ X5 4+ X4 + X2 + X +
A valid FCS is the ones complement of the sum (modulo 2) of the following:

a)| The remainder of Xk (X31 + X30 + X29 + ... + X2 + X + 1) divided (modulo 2) by G(X), wherek is
the number of bits in the FC, DA, SA, R, and INFO fields, and

b)| The remainder after multiplication by X32 and then division (modulo 2) by G(X) of the content
(treated as a polynomial) of the FC, DA, SA, RI, and INFO fields.

The FCS shall be transmitted commencing with the coefficient of the highest term. As a typical implemen-
tatioh, at the transmitter, the initial remainder of the divisiofpis’preset to all 1’s and is then modified by
dividion of the FC, DA, SA, RI, and INFO fields by the generator polynomial, G(X). The ones complement
of this remainder is transmitted, most significant bit first, as the FCS. At the receiver, the initial remaipder
is preset to all 1’s and the serial incoming bits of FC, DA, SA, INFO, RI, and FCS, when divided by G(X),
results, in the absence of transmission errors, in a tiique nonzero remainder value. The unique remaiphder
valug is the polynomial:

X314 x30 1 x26 +x25 1x24 1 x18 4 x15GQx14 +X12 4 X1 4X10 48 +X6 +X5 +X4 +X3 +X +1

3.2.8 Ending delimiter (ED)field

J = Non-data_J symbaql
| ! ; ! ! ! ! K = Non-data_K symbol
J K 1 J K 1 | E 1 = Data_one symbol
I I | I I I | | = intermediate frameg bit
E = error-detected bit

Figure 15—Ending delimiter field

The transmitting station shall transmit the delimiter as shown. Receiving stations shall consider the ED
valid if the first six symbols (J K 1J K 1) are received correctly.

3.2.8.1 Intermediate frame bit (I bit)

The I bit is optionally transmitted as 1 in intermediate (or first) frames of a multiple-frame transmission.
The I bit in the last or only frame of the transmission shall be transmitted as 0.
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3.2.8.2 Error-detected bit (E bit)

The E bit shall be transmitted as 0 by the station when it originates the token, abort sequence, or frame. All
stations on the ring check tokens and all frame formats for errors (for example, FCS error in a MAC or
LLC frame or non-data symbols within a frame or token). The E bit of a frame being repeated is set to 1
when a frame with an error (4.3.2) is detected and, optionally, the E bit of a token being repeated is set to 1
when a token with an error (4.3.1) is detected; otherwise, the E bit is repeated as received.

3.2.9 Frame status (FS) field

I I 1 ' ' A = address-recognized bits
A C r r A C r r C = frame-copied bits
1 l L L L L 1 r = reserved

Figure 16—Frame status field

Thjezeserved (r) bits are reserved for future standardization. They shall be tranismitted as 0’s and repeated
as received.

3.29.1 Address-recognized (A) bits and frame-copied (C) bits

Th¢ A and C bits shall be transmitted as O by the station when‘it originates the frame. If another station
recpgnizes the DA as its own address or relevant group address, or if indicated by the bridge interfdce, it
sety both of the A bits to 1. If it copies the frame, it also’sets both of the C bits to 1. The A and C b:Ls are
set without regard to the value of the received E bit and only if the frame is valid as defined in 4.3.2.

3.210 Interframe gap (IFG) field

Thg interframe gap is composed of fill (3.1:4) and shall be a minimum of 1 octet in length (a length of
2 ogtets is recommended) for 4 Mbit/s_transmission and shall be a minimum of 5 octets in length for
16 Mbit/s transmission. Note that the-size and content of the IFG may be altered (see 5.8.3.3). Recdiving
staions can not be assured of receiving the full IFG (5.8.3.3). Note that additional fill may follow the
intgrframe gap.

3.3 Medium Access'Control (MAC) frames

Thg following subclauses give descriptions of various MAC frames that are used in the management ¢f the
token ring. Définitions and requirements for PDU priority (Pm), FC, DA, INFO field content (Vector Class—
VG VectorIdentifier—VI, Subvector Identifier—S V1, and Subvector Value—SVV) are also given.

3.3, " MAC frame control

Frames with the following FC values are handled as follows:

a)  If the value of the FC of the frame is X'00" and it is addressed to the station, it will be copied only if
there is sufficient free buffer available for copying.

b) If the frame has an FC field value X'01' through X'3F, it is addressed to the station, and it has a
Destination Class B'0000' (station), then every effort should be made to copy the frame. The MAC
protocol (4.3.4) has been designed to handle the case when a MAC frame is not copied. FC values
of X'01' through X'06' shall only be used for the corresponding MAC frames as defined in table 4.
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3.3.2 MAC frame information field format

Figure 17 shows the format of the information field for MAC frames.

< Information Field
jg——— subvector | ———>|  ¢———— subvector n———>|
7 7
VL | vC | VI | SVL| SVI|SVLe|SVie| SW SVL | SVI |SVLe| SVie | SWV
/ L
7 7

Figure 177—MAC frame information field structure

Veclor. The fundamental unit of MAC and MGT information. A vector contains its length, an identifir of
its fiinction, and zero or more subvectors. Only one vector is permitted per MAC frame

VL |(vector length). A 16-bit binary number that gives the length, in octets, ©Of, the vector. The lepgth
inclides the length of the VL field and can have values such that X'0004' < VL < X'FFFF, subject t¢ the
othef constraints in clause 4 on the length of the INFO field.
VC |[(vector class). A one-octet code point that identifies the functioriclass of both the source and destina-

tion|entities. The function classes are defined as follows:

Table 2—Vector class values

Function class Class value
Ring station (RS) X'0
Configuration report server (CRS) X'4'
Ring parameter server (RPS) X's'
Ring error monitor (REM) X'6'
Network management’ (NM) X'g'

The organization of the vector class field is shown in figure 18.

T T T T T T
Destination class (DC) Source class (SC)
(4 l-ioits) | : (4 Ilaits)

Figure 18—Vector class field

The VC field is divided into two 4-bit fields specifying the destination class (DC) and the source class
(SO).

The DC field provides a means to route the frame to the appropriate management function within the
station. Table 5 defines the MAC frames sent to destination class O that are processed by the ring station as
specified in 4.3.4. All other MAC frames sent to destination class 0 may be ignored.
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The SC field allows the station’s MAC and MGT functions to reject vector identifiers from invalid sources.

VI (vector identifier). A one- or three-octet code point that uniquely identifies the vector. This field is one
octet in length if the first octet is not X'FF" and three octets in length if the first octet is X'FF". A value of X'FF'
means the vector code is contained in the next two octets. The definition of all undefined vector codes used
with a source class or destination class of zero (ring station) is reserved for future standardization.

SV (subvector). Vectors require all data or modifiers to be contained within subvectors. A separate
subvector is required to contain each piece of data or modifier that is being transported. A subvector is not
position-dependent within a vector, but rather, each subvector is identified by its subvector identifier.

SVIL (subvector length). A one-octet field that uniquely identifies the length of the subvector dépending
on|its value. If the SVL value is less than X'FF' then SVL contains the length, in octets, of the subyector
indluding the length of SVL, SVI, SVIe (if present), and SVV fields. If the value of SVL is X'FF', then the
subvector length is specified in the SVLe field.

SVI (subvector identifier). A one-octet field that identifies the subvector dependirig on its value. A |value
of X'FF' indicates the subvector code is contained in the SVIe field.

Definitions of the SVIe subvector codes are beyond the scope of this standard and are reserved for future
stahdardization. The subvectors with code points from X'00' through X'7F' are defined to have the|same
defiinition for all vectors so that certain specific strings that are common‘to many vectors can be formatted
and labeled in a standard manner. This standardization is intended to facilitate sharing of data bejween
MAC and MGT applications and make the data as application‘independent as possible. The subvgctors
with code points from X'80' through X'FE' are for specific-definition within a particular vector-by-yector
identifier. For example, the subvector X'90' can have an _entirely different definition in every different
vegtor. The subvector X'40' has only one definition. across all vectors and applications. Subvgctors
selves may contain other subvectors and other types of vectors and optional fields that are uniqu¢ only
to the particular subvector to which they belong.

e (extended subvector length). A zero-‘or two-octet field depending on the value of SVL. If thg SVL
e is less than X'FF' then the length of SVLe is zero, When the SVL value is X'FF, then the length of
thel SVLe field is 2 octets and its value identifies the length, in octets, of the subvector including the Jength
of the SVL, SVI, SVLe, SVIe (if ptesent), and SVV fields.

SVlle (extended subvector identifier). A zero- or two-octet field depending on the value of SVI Wwhose
valpe identifies the subvector. If the value SVI is less than X'FF' then the length of SVIe is zero. When the
SVI value is X'FF', the SVIe field is 2 octets in length and contains the code point identifying the SLIbvec-
tor| The definition\of the extended subvector identifier is provided for future expansion and definitjon of
the] SVIe subvector codes is reserved for future standardization.

SV|V (subvector value). This field contains the subvector information as described in 3.3.4.

3.3.3. Vector descriptions

Following is a list of vectors used by the ring station in numerical order of the vector identifier.

X'00'—Response (RSP). The RSP MAC frame is sent by a station as specified by the MAC protocol to
acknowledge receipt of, or to report an error in, a received MAC frame. The RSP MAC frame is never sent
to Destination Class 0 (ring station). The RSP MAC frame is not required to be sent if the received frame
initiating the response was sent to a broadcast address and the address-recognized and frame-copied bits in
the FS field were all ones.
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