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Foreword

ISO (
Electrg
Natior

he International Organization for Standardization) and IEC (the International
btechnical Commission) form the specialized system for worldwide standardization.
al bodies that are members of ISO or IEC participate in the development of

IntemTZtional Standards through technical committees established by the respective

organi
comm
govert
work.

In the
comm
comm
Stand

Intern
1SO/)

ations to deal with particular fields of technical activity. ISO and IEC technical
ttees collaborate in fields of mutual interest. Other international organizations,
imental and non-governmental, in liaison with ISO and IEC, also take part in the

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

htional Standard ISO/IEC 13239 was prepared by Joint Technical Committee
EC JTC 1, Information technology, Subcommittee SC 6, Telecommunications and

information exchange between systems.

Anne;

es A to G of this International Standard are for information only.
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Introduction

ISO/IEC 13239:1997(E)

This International Standard 1s a composition of the following HDLC-related Internhtional
Standards and Amendments:

ISO/IEC 3309:1993

Information technology — Telecommunications and information exdqhange
between systems — High-level data link control (HDLG)) procedures — [Frame
structure

ISO/IEC 3309:1993/DAM4

Information technology — Telecommunications and information exdhange
between systems — High-level data link_¢ontrol (HDLC) procedures — Frame
structure — Amendment 4: Optional range.of FCS checking

ISO/IEC 4335:1993

Information technology — /Telecommunications and information exdhange
between systems — High-level data link control (HDLC) procedures — Elgments
of procedures

ISO/IEC 4335:1993/Amd.6:1995

Information technology — Telecommunications and information exdhange
between systets — High-level data link control (HDLC) procedures — Elgments

of procedures:— Amendment 6: Extension of HDLC sequence number mpdulus

beyond 128
ISO/IEC 4335:1993/Amd.7:1995

Information technology — Telecommunications and information exdhange

between systems — High-level data link control (HDLC) procedures — El
of procedures — Amendment 7: Enhanced multi-selective reject option

ISO/IEC 4335:1993/DAMS

bments

Information technology — Telecommunications and information exdhange

between systems — High-level data link control (HDLC) procedures — El

bments

of procedures — Amendment 8: Unnumbered information frame with header

check (UIH) command and response
ISO/IEC 4335:1993/DAM9

Information technology — Telecommunications and information ex¢hange

between systems — High-level data link control (HDLC) procedures — El

pments

of procedures — Amendment 9: Span list encoding of the information field in the

mti-SRE frame

ISO/IEC 7809:1993

Information technology — Telecommunications and information exchange

between systems — High-level data link control (HDLC) procedures — Cla,
procedures

sses of
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vi

ISO/IEC 7809:1993/Amd.10:1995

ation1ec = f ; f (4
between systems — High-level data link control (HDLC) procedures — Classes

of procedures — Amendment 10: Extension of HDLC sequence number modulus
beyond 128

ISO/IEC 7809:1993/DAMI1 1

Information technology — Telecommunications and information exchange
between systems — High-level data link control (HDLC) procedures — Classes

of procedures — Amendment 11: Unnumbered information frame with header
check (UIH) command and response

ISO/IEC 7809:1993/DAM12

Information technology — Telecommunications and information exchange
between systems — High-level data link control (HDLC) procedures — Classes
of procedures — Amendment 12: Span list encoding of the information{field in
the multi-SREJ frame

ISO/IEC 8885:1993

Information technology — Telecommunications and information exchange
between systems — High-level data link control (HDLC) precedures — General
purpose XID frame information field content and format

ISO/IEC 8885:1993/Amd.9:1995

Information technology — Telecommunications and information exchange
between systems — High-level data link contrel (HDLC) procedures — General
purpose XID frame information fieldscontent and format — Amendment 9:
Extension of HDLC sequence number modulus beyond 128

ISO/IEC 8885:1993/DAM10

Information technology —_Telecommunications and information exchange
between systems — High-level data link control (HDLC) procedures — General
purpose XID frame information field content and format — Amendment 10:
Unnumbered information frame with header check (UIH) command and response

ISO/IEC 8885:1993/DAMI11

Information \ technology — Telecommunications and information exchange
between systems — High-level data link control (HDLC) procedures — General
purpose' XID frame information field content and format — Amendment 11:
Span list encoding of the information field in the multi-SREJ frame

ISU/IEC 84711787

Information processing systems — Data communication — High-level data link
control balanced classes of procedures — Data-link layer address
resolution/negotiation in switched environments



https://standardsiso.com/api/?name=5fb8bce0daedd566ef75f4e5cfdb834b

@ISO/IEC ISO/TIEC 13239:1997(E)

High-level data link control (HDLC) procedures are designed to permit synchronous or

start/stop, code-transparent data transmission. The normal cycle of the code-tran

data communication between two data stations consists of the transfer ,of
containing information from the data source to the data sink acknowiedged By a'fi
the opposite direction. Generally, until the data station comprising the/)data

sparent
frames
Fame in
source

receives an acknowledgement, it holds the original information in memory in dase the

need shouid arise for retransmissions.

In those situations that require it, data sequence integrity between the data source !fnd the
e

data sink is effected by means of a numbering scheme, which is\cyclic within a s
modulus and measured in terms of frames. An independent/numbering scheme
for each data source/data sink combination on the data }Jink.

1

The acknowiedgement function is accomplished~by the data sink informing t

cified
is used

he data

source of the next expected sequence number., This can be done in a separate frame, not

containing information, or within the control field of a frame containing informati

HDLC procedures are applicable to unbalanced data links and to balanced data lin

Unbalanced data links

An unbalanced data link involves two or more participating data stations. For

n.

Ks.

control

purposes, one data station, en‘the data link assumes responsibility for the organization of

data flow and for unrecoverable data link level error conditions. The data
assuming these responsibilities is known as the primary station in unb

station
hlanced

connection-mode data’links and as the control station in unbalanced connectionless-mode

data links, and the frames it transmits are referred to as command frames. The ot}
stations on the data link are known as the secondary stations in unbalanced conn
mode data\links and as the tributary stations in unbalanced connectionless-mo
links, -and the frames they transmit are referred to as response frames.

For the transfer of data between the primary/control station and the secondary/t
stations, two cases of data link control are considered (see figures A and B). In

case, the data station comprising the data source performs a primary/control stati
link control function and controls the data station comprising the data sink
associated with a secondary/tributary station data link control function, by selg
commands.

In the second case, the data station comprising the data sink performs a primary

er data
ection-
e data

ibutary
he first
bn data
that is

ct-type

control

station data link control function and controls the data station comprising the datd source

that is associated with a secondary/tributary station data link control function, t
type commands.

The information flows from the data source to the data sink, and the acknowledg
are always transmitted in the opposite direction.

y poll-

ements

These two cases of data link control may be combined so that the data link b

ccomes

capable of two-way alternate communication, or two-way simultaneous communication.

vii
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Balanced data links

A bal

each

" S,
lata station assumes responsibility for the organization of its data flow and for

unrecgverable data link level error conditions associated with the transmissions that it
originptes. Each data station is known as a combined station in balanced connection-
mode [data links and as a peer station in balanced connectionless-mode data links and is
capable of transmitting and receiving both command and response frames.

For the transfer of data between combined/peer stations, the data link control functions
illustrpted in figure C are utilized. The data source in each combined/peer station
contrgls the data sink in the other combined/peer station by the use of select-type

ackn
com

edgements are always transmitted in the opposite direction. The poll-type
ds may be used by each combined/peer station to solicit acknowledgements and

com£ds. The information flows from the data source to the data sink, and the
1

status|responses from the other combined/peer station.

. Select/information
Primary/ P»-| Secondary/
Control Tributary
station [« station
Acknowledgement
Data source Data sink

Figure A — Unbalanced data link functions.(case 1)

. Poll/acknowledgement
Primary/ J-| Secondary/
Control Tributary
station [ station
Information
Data sink Data source

Figure B— Unbalanced data link functions (case 2)

Select/information/acknowledgement/poll

Combined/ P Combined/
Peer Peer
statian’) ' | g station

Select/information/acknowledgement/poll

Ibata sink/data source Data sink/data source

Ei € Balanced-datalink functions

HDLC classes of procedures describe methods of data link operation which permit
synchronous or start/stop, code-transparent data transmission between data stations in a
variety of logical and physical configurations. The classes are defined in a consistent
manner within the framework of an overall HDLC architecture. One of the purposes of

this I

nternational Standard is to maintain maximum compatibility between the basic types

of procedures, unbalanced, balanced and connectionless, as this is particularly desirable

for d

ata stations with configurable capability, which may have the characteristics of a

primary, secondary, combined, control, tributary, or peer station, as required for a

speci

viii

fic instance of communication.
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Five fundamental classes of procedures (two unbalanced, one balanced, and two
connectlonlcss) are deﬂned herein. Thc unbalanced classes apply to both point-to-point
on 3 egondary

nomenclature) over elther dedlcatcd or swntched data transmlssmn faCllltlS A
characteristic of the unbalanced classes is the existence of a single primary,statior| at one
end of the data link plus one or more secondary stations at the other end(s) of the data
link. The primary station alone is responsible for data link management, hegce the
designation "unbalanced" classes of procedures.

Primary/ +“—>
Control =\ =
station
Secondary/ Secondary/
Tributary Tributary
station station
A N

Figure'D — Unbalanced data link configuration

The unbalanced confi€ctionless class applies to point-to-point configurations ovef either
dedicated or switched data transmission facilities, or to multipoint configurations over
dedicated data transmission facilities (as illustrated in figure D using the control/tributary
nomenclatute). A characteristic of the unbalanced connectionless class is the existence of
a single coritrol station at one end of the data link plus one or more tributary stations at
the other'end(s) of the data link. The control station is responsible for determining when
a tributary station is permitted to send. Neither the control station nor the trfibutary
station(s) support any form of connection establishment/termination procedurep, flow
control procedures, data transfer acknowledgement procedures, or error re¢orvery
procedures, hence the designation «connectionless» class of procedures.

Combined/ I Combined/
Peer P Peer
station station
A B

Figure E — Balanced data link configuration

The batanced class Eﬁﬁliés 0 pUlllt-[‘G-pUlllt CU'llﬂgU‘lﬁtlons (@s itfustrated in llgure E

using the combined nomenclature) over either dedicated or switched data transmission
facilities. A characteristic of the balanced class is the existence of two data stations,
called combined stations, on a logical data link, that may share equally in the
responsibility for data link management, hence the designation "balanced" class of
procedures.

X
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The balanced connectionless class applies to point-to-point configurations over either
dedicated or switched data transmission facilities (as illustrated in figure E using the peer
nome fsti i 1 i £

two djta stations, called peer stations, on a data link, that are each independently in

ishment/termination procedures, flow control procedures, data transfer
acknoledgement procedures, or error recovery procedures, hence the designation
"conn¢ctionless” class of procedures.

For each class of procedures, a method of operation is specified in terms of the
capabfiities of the basic repertoire of commands and responses that are found in that
class.

A variety of optional functions are also listed. Procedural descriptions for the use of the

optionjal functions are defined.

It is r¢cognized that it is possible to construct symmetrical configurations for operation
on a single data circuit from the unbalanced classes of procedures which are defingd in
this International Standard. For example, the combination of two unbalanced proCedures
(with [ frame flow as commands only) in opposite directions would create a sylnmeétrical
point-fo-point configuration (as illustrated in figure F).

Primary Secendary
station station
1 1
Secondary Primary
station station
2 2

Figure'F<— Symmetrical data link configuration

Thesqd HDLC procedures define the exchange identification (XID) command/response
frame| as an.optional function for exchange of data link information (identification,
paranjeters, functional capability, etc.). The content and format for a general purpose
XID qrame information field is defined.

These HDLC procedures also specify the parameters and procedures which may be
employed by two data stations to mutually determine the data link layer addresses to be
used prior to logical data link establishment.
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Information technology — Telecommunications and

information exchange between systems — High-level data
link control (HDLC) procedures

Thiq International Standard specifies the frame structure, the elements of procedures, the classes of procedurés)the contept and
fornjat of the general purpose Exchange Identification (XID) frame, and a means for resolution/negotiation of a data linK layer
addfess in switched environments for data communication systems using bit-oriented high-level data-link control (HDLC)
prodedures.

NOTE — The use of the phrase «bit-oriented», referring to the HDLC control procedures, pertains to the alldcation of a non-integral number of
bits {o various subfields used for HDLC control purposes. However, the frame as an entirety may be constriictéd from octet-oriented units (e.g.,
startistop mode) for transmission purposes.

The|frame structure portion defines the relative positions of the various components of the-basic frame and the bit combipation
for the frame delimiting sequence (flag). The mechanisms used to achieve bit pattern ‘independence (transparency) within the
frame are also defined. In addition, two frame checking sequences (FCS) are specified; the rules for address field extensipn are
defifed; and the addressing conventions available are described.

The|elements of procedures portion specifies elements of data link control“procedures for synchronous or start/stop, |code-
tranparent data transmission using independent frame numbering in both-directions.

Theye HDLC elements of procedures are defined specifically in terfis of the actions that occur on receipt of commands at a
secqndary station, a tributary station, a peer station, or a combined’station.

Thiq International Standard is intended to cover a wide range of applications; for example one-way, two-way alternate of two-
way|simultaneous data communication between data statioris‘'which are usually buffered, including operations on differenf types
of dpta circuits; for example multipoint/point-to-point, duplex/half-duplex, switched/non-switched, synchronous/start-stop, Etc.

The|defined elements of procedures are to be considered as a common basis for establishing different types of data link dontrol
prodedures. This International Standard does.niet.define any single system and should not be regarded as a specificatior] for a
datal communication system. Not all of the commands or responses are required for any particular system implementation.

The| classes of procedures portion describes the HDLC unbalanced classes of procedures, the HDLC balanced clgss of
prodedures, and the HDLC connectiofiléss classes of procedures for synchronous or start/stop data transmission.

For the unbalanced classes, the data-link consists of a primary station plus one or more secondary stations and operates in [either
the pormal response mode op-the.asynchronous response mode in a point-to-point or multipoint configuration. For the balanced
clasp, the data link consists_of two combined stations and operates in the asynchronous balanced mode in a point-topoint
configuration. For the-uribalanced connectionless class, the data link consists of a control station plus one or more triputary
stations and operates-in.the unbalanced connectionless-mode in a point-to-point or multipoint configuration. For the ba]anced

conmectionless class,‘the data link consists of two peer stations and operates in the balanced connectionless-mode in a po|nt-to-
poirjt configuration. In each class, a basic repertoire of commands and responses is defined, but the capability of the dafa link
may| be modified'by the use of optional functions.

Balgnced.operation is intended for use in circumstances which require equal control at either end of the data link. Operdtional
reqyirements are covered in accordance with the overall HDLC architecture. 1

The content and format of the Exchange Identification (XID) frame portion builds on the fact that the principal use of the XID
frame is to exchange data link information between two or more HDLC stations. For the purpose of this International Standard,
data link information shall include any and all essential operational characteristics such as identification, authentication and/or
selection of optional functions and facilities concerning each station. This International Standard defines a single-exchange
negotiation procedure for establishing operational characteristics when either one or more stations are capable of providing
multiple selections.

This International Standard provides a means for exchanging the necessary information to establish, at a minimum, a data link
connection between two correspondents wishing to communicate. It describes a general purpose XID frame information field
content and format for that purpose.
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It defines encoding for information related to the basic HDLC standards only. Mechanisms are provided to permit the general
purpose XID frame information field to be used to negotiate private parameters in a single XID exchange simultaneously with
negotiation of the defined basic parameters.

This International Standard does not limit or restrict the use of the XID frame information field from defining other standard

formats for use in specific applications.
The following are examples of potential uses of the XID command/response frame interchange:

a) Identification of the calling and calied stations when using circuit switched networks (including switched network backup
applications).

b) | Identification of stations operating on non-switched networks requiring identification at start-up.

¢) | The XID command frame with an individual, group or all-station address may be used to solicit XID response:frame(s)
from other station(s) on the data link, prior to or following data link establishment.

d) | Negotiation of the Frame Check Sequence (FCS) to be used for subsequent information interchange)by stations |that
support both 16-bit FCS and 32-bit FCS capabilities.

e) | Convey higher layer information that may be required prior to data link establishment.
f) | Transmission of an XID response frame at any respond opportunity to request an XID exchange to modify some of the

operational parameters (for example, window size) following data link establishment.

g) | Negotiation of the number of protected bits in the frame when an Unnumbered Information with Header check (4IH)
frame is used.

empldying HDLC balanced classes of procedures which provide the XID command/response capability with the two spepific
paramjeter fields, identified below. It is used to select a pair of operational linkaddresses when preassigned, system designated
addresses are not known on an a priori basis; e.g., switched circuited data links. Additional XID frame functions (including the
exchahge of operational parameters, command/response support, higher-layer information, etc.) may be accomplishedl in
conjufiction with data link layer address determination or following addfess determination, with additional XID frame exchaniges.

The mjeans for resolution/negotiation of a data link layer address in switched envirofiments portion is applicable to data sta:Ens

NOTE— Address resolution procedures for situations where the remote DTE ‘does not support XID frames, the "all-station" address, or complete
addresp support capabilities as defined in clause 8 below are not within the.scope of this International Standard.

2 Normative references

The following standards contains provisions which, through reference in this text, constitute provisions of this Internatipnal
Standard. At the time of publication, the editions indicated were valid. All standards are subject to revision, and partigs to
agreements based on this International Standard are encouraged to investigate the possibility of applying the most recent edifions
of the standards indicated below. Members\of IEC and ISO maintain registers of currently valid International Standards.
ISO/ IEC 646:1991, Information techriology — ISO 7-bit coded character set for information interchange.

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

ISO 7478:1987, Information-processing systems — Data communication — Multilink procedures.

ISO/EC 7498-1:1994;)Information technology — Open Systems Interconnection — Basic Reference Model: The Basic Model.

ISO/IEC 7776:1995¢ Information technology — Telecommunications and information exchange between systems — High-level
data link controlpfocedures — Description of the X.25 LAPB-compatible DTE data link procedures.

standatd data link layer protocols that utilize high-level data link control (HDLC) classes of procedures and list of standardized
XID jormat identifiers and privale parameler sef of 1dentificalion Vaiues.

ISOJfEiTR 10171:1994, Information technology — Telecommunications and information exchange between systems — Llst of

3 Definitions, acronyms and abbreviations

3.1 Definitions

The following definitions are to be used throughout this International Standard.

3.1.1 abort:

A function invoked by a sending primary, secondary, combined, control, tributary or peer station causing the recipient to discard
(and ignore) all bit sequences transmitted by the sender since the preceding flag sequence.
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3.1.2 accept:

The condition assumed by a data station (primary, secondary, combined, control, tributary or peer station) upon accepting a
correctly received frame for processing.

3.1.3 address field (A):

The sequence of eight (or any multiple of eight, if extended) bits immediately following the opening flag sequence of a frame
identifying the secondary/combined or tributary/peer station sending (or designated to receive) the frame.

3.1.4 address field extension:
Enfargingtieaddress fietd o inctude more addressing fmformmation:

3.1.5 address resolution/negotiation:
Prgcedure for exchanging/determining the data link layer identity of each data link layer entity.

3.1.6 basic status:
A $econdary/combined or tributary/peer station's capability to send or receive a frame containing an information field.

3.1.7 centralized control:
A ¢ontrol in which all the primary or control station functions of the data link are centralized-in\one data station.

3.1.8 combined station:
That part of a data station that supports the combined station control functions of the'data link.

N(QTE — The combined station generates commands and responses for transmission and interprets received commands and responses. [Specific
responsibilities assigned to a combined station include:

h)  initialization of control signal interchange;
b)  organization of data flow;
C)  interpretation of received commands and generation of appropriate-responses; and

d) actions regarding error control and error recovery functions’at the data link layer.

3.1.9 command:

In| data communication, an instruction repreésented in the control field of a frame and transmitted py the
primary/combined/control/peer station. It causesthe addressed secondary/combined/tributary/peer station to execute a fpecific
data link control function.

3.1.10 command frame:
a)| All frames transmitted by a primary/control station.

b)| Those frames transmitted by a combined/peer station that contain the address of the other combined/peer station.

3.1.11 contention mode:
A mode of transmiSsion in which a transmitter can send on its own initiative.

3.1.12 controlescape (CE):

THe unique-sequence of eight bits (10111110) employed to indicate the following octet has been modified according to the
trf1nsparency algorithm for start/stop transmission environments.

3.1.13 control field (C):
The sequence of eight (or 16/32/64, if extended) bits immediately following the address field of a frame.

NOTE — The content of the control field is interpreted by:

a) the receiving secondary/combined/tributary/peer station, designated by the address field, as a command instructing the performance of
some specific function; and

b)  the receiving primary/combined/control/peer station as a response from the secondary/combined/tributary/peer station, designated by the
address field, to one or more commands.

3.1.14 control field extension:
Enlarging the control field to include additional control information.
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3.1.15 control station:
The data station that supports the control station control functions of the data link.

NOTE — The control station generates command for transmission and interprets received responses. Specific responsibilities assigned to the
control station include:

a) initialization of control signal interchange, and

b)  organization of data flow.

3.1.16 data communication:

RO 2209 O o AO-01-0A2
See ISQAEE2382 e oo U0t

3.1.17 | data link:
See ISQ/IEC 2382-9, term 09.04.08.

3.1.18 | data link connection:
See ISQ/IEC 7498-1 : 1994.

3.1.19 | data link layer:

The cohceptual layer of control or processing logic existing in the hierarchical structure of a data: station (primary, secondgry,
combirjed, control, tributary or peer station) that is responsible for maintaining control of the data Tink.

NOTE {— The data link layer functions provide an interface between the data station higher layer\logic and the data link. These functipns
include

a) [transparency;
b) |address/control field interpretation;
¢) |command/response generation, transmission and interpretation; and

d) |frame check sequence computation and interpretation.

3.1.20| data transmission:
See ISP/IEC 2382-9, term 09.01.02.

3.1.21| duplex transmission:
See ISP/IEC 2382-9, term 09.03.01.

3.1.22| exception condition:

The c¢ndition assumed by a secondary/Combined station upon receipt of a frame which it cannot execute due either tp a
transmjfission error or to an internal procéssing malfunction.

3.1.23| flag sequence (F):
The urfique sequence of eight bits (01111110) employed to delimit the opening and closing of a frame.
3.1.24| format identifier:

Desigrator of one-of 128 different standardized formats or one of 128 user-defined formats of the Exchange Identification (X[ID)
frame |nformation, field.

3.1.25| frame:
The sogquénce-o

NOTE — A valid frame is at least 32 bits in length and contains an address field, a control field and a frame check sequence. A frame may or
may not include an information field.

3.1.26 frame check sequence (FCS):

The field immediately preceding the closing flag sequence of a frame, containing the bit sequence that provides for the detection
of transmission errors by the receiver.

3.1.27 group identifier:

Classifier of data link layer characteristics or parameters by function (for example, address resolution, parameter negotiation, user
data).
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3.1.28 half-duplex transmission:
See ISO/IEC 2382-9, term 09.03.02.

3.1.29 HDLC-based protocol:

A protocoi which is a subset of the elements and ciasses of procedure and optionai functions defined in the HDLC standard, and
adopted as a standard by ISO or a recognized international standards body (e.g., ITU-T).

3.1.30 higher layer:

The conceptual layer of control or processing logic existing in the hierarchical structure of a data station (primary, secondary,
combined, control, tributary or peer station) that 1s above the data link layer and upon which the performance of data link layer

L £ 1a d tral huffar o"nnof-nn atatinn + at
funftions are "“pcndem, 101 SXampil device CONird:, oulifr andcation, statidn manageément, €ic.

3.131 information field (INFO):
Thq sequence of bits, occurring between the last bit of the control field and the first bit of the frame check seguerice.

NOTE — The information field contents of I, UI, and UIH frames are not interpreted at the data link layer.

3.1/32 initiating combined station:
A sfation that sends the initial XID command frame as part of the address resolution process.

3.1)33 interframe time fill:
Thg sequence or condition transmitted between frames.

3.1}34 intraframe time fill:
In >tart/stop transmission, the sequence or condition transmitted within\a frame when the next octet is not available for
T

cont adiataly, falla tha nrasading aotat Do cunocheananag tha ig e mveow Fonee
Coniguous transmission umucumu.l] 1uuuvvu|5 ui® préceaing OCiCl. K Or Syncnronous ualmlummuu, uiic is nd pluvm O 1071

intraframe time fill.

3.1135 invalid frame:
A sgquence of bits, following the receipt of an apparent opening flag sequence, that either

4) isterminated by an abort sequence; or

B) contains less than 32 bits before an apparent closing flag sequence is detected.

3.1{36 layer parameter:
Thg¢ specification of data link layer characteristics and parameters, and their values, available or chosen.

3.1{37 non-initiating combined 'station:

A fdtation that waits for the.other combined station to send the initial XID command frame as part of the address resplution
progcess.

3.1{38 peer station:
The data station that-supports the peer station control functions of the data link.

NOJTE — The-peer station generates commands for transmission and interprets received commands and responses.

3.1}39-_primary station:
The-datastation-that-supports-the-primarystattoncontrot-funetions-of the-datatink:

NOTE — The primary station generates commands for transmission and interprets received responses. Specific responsibilities assigned to the
primary station include:

a) initialization of control signal interchange;
b)  organization of data flow; and

c) actions regarding error control and error recovery functions at the data link layer.

3.1.40 primary/secondary station:
The general case where the station may be either a primary station or a secondary station.
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3.1.41 private parameter:
An implementation-specific data link layer parameter not defined in the basic HDLC standards.

3.1.42 response:

In data communication, a reply represented in the control field of a response frame that advises the
primary/combined/control/peer station with respect to the action taken by the secondary/combined/tributary/peer station to one or
more commands.

3.1.43 response frame:
a) | All frames transmitted by a secondary/tributary station.

b) | Those frames transmitted by a combined/peer station that contain the address of the transmitting combined/peer-statio

=

3.1.44 secondary station:
The dhta station that executes data link control functions as instructed by the primary station.

NOTE|— A secondary station interprets received commands and generates responses for transmission.

3.1.43 secondary station status:
The clirrent condition of a secondary station with respect to processing the series of commands(re¢eived from the primary stafion.

3.1.4¢ single-exchange negotiation procedure:

The ipitiating station indicates its "menu" of capabilities in its command frame, and the responding station indicates its chgices
from the menu in its response frame.

3.1.47 tributary station:
The data station that executes data link control functions as instructed by the control station.

NOTH — The tributary station interprets received commands and generates Tesponses for transmission.

3.1.48 two-way alternate data communication:
See IBO/IEC 2382-9, term 09.05.03.

3.1.49 two-way simultaneous data communication;
See IBO/IEC 2382-9, term 09.05.02.

3.1.50 unique identifier:
A unjque bit/character sequence (for 'example, global telephone number, station identification, or equivalent) associated [with

3.1.5p unnumbered-responses:
The fesponses that/do not contain sequence numbers in the control field.

user'data:

laver

3.2 Acronyms and abbreviations
The following acronyms and abbreviations are used commonly throughout this International Standard.

A Address field

ABM Asynchronous Balanced Mode

ADM Asynchronous Disconnected Mode

ARM Asynchronous Response Mode

B Binary encoded

BAC Balanced operation Asynchronous balanced mode Class
BCC Balanced operation Connectionless-mode Class
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BCM Balanced Connectionless Mode
C Control field

CE Control Escape

C/R Command/Response

F Flag sequence

F Final bit

FI Format Identifier

DCl1 Device Control One

DC3 Device Control Three

DCE Data Circuit-terminating Equipment
DISC Disconnect

ISO/IEC 13239:1997(E)

Disconnected Mode

Data Terminal Equipment

bit Encoded

Frame Check Sequence

FRaMe Reject

Group Identifier

Group Length

High-level Data Link Control

Information frame

International Electrotechnical Commission
Initialization Mode

INFOrmation field

International Organization for Standardization

International Telecommunications Union — Telecommunication Staridardization Sector

Link Access Procedure Balanced
Least Significant Bit

Modifier function bit

Most Significant Bit

Multilink lost frame Timer 1
Multilink group busy Timer 2
Multilink reset confirmation Timer 3
Multilink Window size
Multilink guard region window size
Number of octets

Send sequence Number

Receive sequence Number

Not Applicable

Normal Disconnected Mode
Normal Response Mode

Poll bit

Poll/Final bit

Parameter Identifier

Parameter Length

Primary

Parameter-Value

Request Disconnect

REJect

Request Initialization Mode
Receive Not Ready

Receive Ready

ReSET

SARME
SBDPT

Sec

SIM

SM
SNRM
SNRME

Supervisory frame

Supervisory function bit

Set Asynchronous Balanced Mode

Set Asynchronous Balanced Mode Extended
Set Asynchronous Response Mode

Set Asynchronous Response Mode Extended
Seven-Bit Data Path Transparency

System Defined

Secondary

Set Initialization Mode

Set Mode

Set Normal Response Mode

Set Normal Response Mode Extended
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SREJ Selective REJect
TBD To Be Determined
TEST TEST
TR Technical Report
TWA Two-Way Alternate
TWS Two-Way Simultaneous
U Unnumbered frame
UA Unnumbered Acknowledgement
UAC Unbalanced operation Asynchronous response mode Class
uccC Unbalanced operation Connectionless-mode Class

UCM——Unbalanced-Connectiontess Mode

Ul Unnumbered Information
UIH Unnumbered Information with Header check
UN(Q Unbalanced operation Normal response mode Class
UP Unnumbered Poll
V(S Send state Variable
V(R Receive state Variable
XID eXchange IDentification
XOHF Transmitter OFF
XON Transmitter ON
4 LC frame structure

In HOLC, all transmissions are in frames. The basic frame structure does not include bits inserted for bit-synchronization (i
start or stop elements, see 4.3.2) or bits or octets inserted for transparency (see 4.2).

Each frame consists of the following fields (transmission sequence left to right):

* An ynspecified number of bits which in some cases may be a multiple.of a particular character size; for example, an octet.

wherg

Framg¢s containing only control sequences form a special case where there is no information field. The format for these frg

shall be
Flag Address | Control FCS Flag
01111110 8 bits 8 bits 16 or 32 bits 01111110
4.1 |Elements-of-the frame

4.1.1| Flag sequence

All frames(shall start and end with the flag sequence. All data stations which are attached to the data link shall continuously
for thiissequence. Thus, the flag is used for frame synchronization. A single flag may be used as both the closing flag fo

frame-anmd-the-opening-flag-for-thenext-frame-

Flag Address [ Control | Info. FCS Flag
01111110 8 bits 8 bits * 160132 bits | 01111110

Hlag = flag sequence

Address = data station address field
Control = control field

Information = information field

KFCS = frame checking sequence field

mes

hunt

one

4.1.2 Address field

In command frames, the address shall identify the data station(s) for which the command is intended. In response frames, the
address shall identify the data station from which the response originated.

4.1.3 Control field

The control field indicates the type of commands or responses, and contains sequence numbers, where appropriate. The control
field shall be used

a)
b)

to convey a command to the addressed data station(s) to perform a particular operation, or

to convey a response to such a command from the addressed data station.
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4.1.4 Information field

Information may be any sequence of bits. In most cases it will be linked to a convenient character structure, for example octets,
but, if required, it may be an unspecified number of bits and unrelated to a character structure.

For start/stop transmission there shall be eight (8) information bits between the start element and the stop element. If the
information field is other than a multiple of 8 bits, the final remainder less than an octet will require pad bits to complete the
octet. The method of providing and unambiguously identifying the pad bits is not a subject of this International Standard.

4.1.5 Frame checking sequencing (FCS) field

4.1.5.1 General

Two frame checking sequences are specified; a 16-bit frame checking sequence and a 32-bit frame checking sequenge. The
16fbit frame checking sequence is normally used. The 32-bit frame checking sequence is for use by prior agreemént in those
cages that need a higher degree of protection than can be provided by the 16-bit frame checking sequence.

Urnjless otherwise noted, the frame checking sequence is calculated for the entire length of the frame, excluding)the openihg flag,
thg FCS, any start and stop elements (start/stop transmission), and any bits (synchronous transmission) -or octets (start/stop
trapsmission) inserted for transparency. In those instances noted where the FCS is calculated over ‘an, ‘greed to, degignated
poftion of the entire frame, the calculation shall begin immediately after the opening flag and continue, over the dedignated
poftion of the entire frame, excluding any start and stop elements (start/stop transmission),_dnd any bits (synchronous
trapnsmission) or octets (start/stop transmission) inserted for transparency. The length of the designated portion of thg frame
belng protected by the FCS checking mechanism is determined by negotiation or known by @ priori knowledge.

NQTES

I If future applications show that other degrees of protection are needed, different numbers of bits in the FCS will be specified, |but they
will be an integral number of octets.

P.  Explanatory notes on the implementation of the frame checking sequence are/given in Annex A.

B.  The bits to be protected should include, at a minimum, all of the bits in th¢\address and control fields.

4.1.5.2 16-bit frame checking sequence
The 16-bit FCS shall be the ones complement of the sum (modulo'2) of

R) the remainder of
D i e L P AR AR e U A A A S S S )]
divided (modulo 2) by the generator polynomial
1616124054
where k is the number of bits being protected by the FCS and
b) the remainder of the division (modulo 2) by the generator polynomial
xl6+x12+x5+1
of the product of x'©by the content of the k bits being protected.

A{ a typical implementation, at the transmitter, the initial content of the register of the device computing the remaindey of the
diyision is preset to)all/ones and is then modified by division by the generator polynomial (as described above) of the address,
coptrol and anygremaining bits of the designated k& bits being protected; the ones complement of the resulting remajnder is
trgnsmitted as’the' 16-bit FCS.

Af the receiver, the initial content of the register of the device computing the remainder is preset to all ones. The final refnainder
affer multiplication by x' and then division (modulo 2) by the generator polynomial

a2 54

of the serial incoming protected bits and the FCS will be
0001 1101 0000 1111 (x'° through x°, respectively)

in the absence of transmission errors.

4.1.5.3 32-bit frame checking sequence
The 32-bit FCS shall be the ones complement of the sum (modulo 2) of

a) the remainder of
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xk(x3l +x30+x29 +x28 +x27+x26+x25 +x24+x23 +X22+X2| +x20+xl9+x18+x17+x16+x15 +xl4+xl3 +xl2+x” +x10+
LAl +8+ R+ x+ 1)

divided (modulo 2) by the generator polynomial

x32+x26+x23+x22+x16+x12+xll+x10+x8+x7+x5+x4+x2 +x+1,

where k is the number of bits being protected by the FCS and

b) the remainder of the division (modulo 2) by the generator polynomial

x32+x26+x23+x22+x16+x12+x11+x|0+x8+x7+x5+x4+x2 +x+1

of the product of x’* by the content of the & bits being protected.

As a typical implementation, at the transmitter, the initial content of the register of the device computing the remainder)ofthe
divisiqn is preset to all ones and is then modified by division by the generator polynomial (as described above) ofltfic/address,
control and any remaining bits of the designated k bits being protected; the ones complement of the resulting, remainder is
transnyitted as the 32-bit FCS.

At the|receiver, the initial content of the register of the device computing the remainder is preset to all ones. _The final remaifder
after multiplication by x*? and then division (modulo 2) by the generator polynomial

B2 B 2 g6 12 110 BT S X o x et ]

of theserial incoming protected bits and the FCS will be

1100 [0111 0000 0100 1101 1101 0111 1011 (x*' through x°, respectively) in the absence\of transmission errors.

4.2 [Transparency

4.2.1 | Synchronous transmission

The tfansmitter shall examine the frame content between the two flag sequences including the address, control and FCS figlds
and shall insert a "0" bit after all sequences of 5 contiguous "1" bits (ineluding the last 5 bits of the FCS) to ensure that a [flag
sequefce is not simulated. The receiver shall examine the frame content and shall discard any "0" bit which directly follows 5
contiguous "1" bits.

4.2.2 | Start/stop transmission - basic transparency

Two levels of transparency processing are specified, for use with start/stop mode transmission. These are seven-bit data
transplarency (SBDPT), specified in 4.2.2.1; and coritrol-octet transparency, specified in 4.2.2.2. Control-octet transparency ghall
alwayp be performed. SBDPT is an option, use(or ton-use of which is selected for a given data link by means outside the sqope
of thig International Standard (e.g., a priori knowledge, bilateral agreement, heuristic implementation techniques).

4.2.2]l Seven-bit data path transparency

Wher] SBDPT is selected, the content of each frame, from address field to FCS field inclusive, shall be transferred between
sendef and receiver as a frame-irhage derived from the original frame as follows, and as indicated in figure 1.

Origjinal
Frame

Original
Segment

Address | I FCS J
\ 7 octets I 7 octets l ‘ l n <=7 octets I

12345678

12345678

bath

Image
Segment

Frame
Image

10

Y

]

0 I 0 {£000000

8 octets

i n+l1 octets l '

Figure 1 — Original frame to frame-image transition
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The sequence of octets making up the frame content is considered as divided into a sequence of contiguous seven-octet segments,

with possibly a final segment having length between one and six octets inclusive. These segments are referred to as "original
segments."

The frame-image consists of a sequence of image segments defined, in one-to-one correspondence with the original segments, as
follows:

a) image segments occur in the same order as the corresponding original segments;
b) each image segment is one octet longer than its original segment;

¢) the first part of each image segment is a copy of its original segment, but with the most significant bit (MSB) of each octet
set-to-Zero:

d) the remaining, final, octet of each image segment has its least significant bit (LSB) set to the value of the MSB)of the last
octet of the original segment, its next to least significant bit set to the value of the MSB of the next to last gctet (if any) of
the original segment, and so on;

¢) in the final octet of each image segment, all higher order bits for which no corresponding octet exists in the original
segment are set to zero.

NOTE 1 — At the transmitter, the final octet of each image segment can be generated by shifting left the MSB of each octet in the ¢riginal
segrhent, in sequence, into an initially zero octet: this achieves the correct bit-positioning both for complete(seven-octet segments and arly short
segrnent at the end of the frame.

NOTE 2 — The MSB of each image-segment octet is defined as zero only for uniqueness of the mapping” because its value is known anld plays
no part in the reconstruction of the original segment at the receiver, it need not actually be transferred-across data paths that, for examplg, force
parify setting of the MSB of each octet.

4.22.2 Control-octet transparency

Thq following transparency mechanism shall be applied to each frame-image: a frame-image is as defined in 4.2.2.1] when
SBDPT is selected, and otherwise is identical to the frame content from address field to FCS field inclusive.
Thq control escape octet is a transparency identifier that identifies @n octet occurring within a frame to which the following
trarfjsparency procedure is applied. The encoding of the control escape octet is:
1 23 45 678 Bit position in octet
1 01 111710

+ Low order bit, first bit
transmitted/received

Thq transmitter shall examine the framesimage between the opening and closing flag sequences including the address, cpntrol,
and FCS fields and, following completioniof the FCS calculation, shall:

a) Upon the occurrence of the flag or a control escape octet, complement the 6th bit of the octet, and
H) Insert a control escape ‘octet immediately preceding the octet resulting from the above prior to transmission.

Thq receiver shall examire-the frame-image between the two flag octets and shall, upon receipt of a control escape octet angl prior
to HCS calculation:

a) Discard the.control escape octet, and
H) Restote the immediately following octet by complementing its 6th bit.

NOJE —< Other octet values may optionally be included in the transparency procedure by the transmitter. Such inclusion shall be subject to
prigr system/application agreement.

4.2.3 Start/stop transmission - extended transparency

When necessary and by prior agreement between the stations, the transmitter may apply the above transparency procedure (4.2.2)
to octets in the groups defined below, in addition to the flag and control escape octets.

4.2.3.1 Flow-control transparency

The flow-control transparency option provides transparency processing for the DC1/XON and DC3/XOFF control characters
defined in ISO/IEC 646 (i.e., 1000100x and 1100100x, respectively, where "x" may be either "0" or "1"). This has the effect of
assuring that the octet stream does not contain values which could be interpreted by intermediate equipment as flow control
characters (regardless of parity).

11
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4.2.3.2 Control-character octet transparency

The control-character octet transparency option provides transparency processing for all octets in which both the 6th and 7th bits
are "0" (i.e., xxxxx00x, where "x" may be either "0" or "1") as well as for the DELETE character octet (i.e., 1111111x, where "x"
may be either "0" or "1"). This has the effect of assuring that the octet stream does not contain values which could be interpreted
by intermediate equipment as the control characters or DELETE character defined by ISO/IEC 646 (regardiess of parity).

4.3 Transmission considerations

4.3.1 Order of bit transmission

Addrepses, commands, responses sequence numbers, and data link layer information within information fields shall| be
transnjitted low-order bit first (for example, the first bit of the sequence number that is transmitted shall have the weight 29.

The oxder of transmitting user data bits within the information field is not specified in this International Standard.

The FCS shall be transmitted to the line commencing with the coefficient of the highest term.

4.3.2 |Start/stop transmission

For sthrt/stop transmission, each octet (whether part of the basic frame structure or inserted by the trahsparency procedurg) is
delimited by a start element and a stop element. Mark-hold (continuous logical 1 condition) issused to inter-octet time fill if
requirgd. Typical octet transmission is as shown in figure 2.

octetn octet n+1 octet n+2

Llylelefelolo]ele] | ep[oo[o]e]e]efefe]o ]  [o]ofo]u]efefo]u]of ] o

Octet data bit (0 or 1)

Mark-hold (continuous marking condition) as required
Stop element (logical 1; marking condition)

Data bits (low ‘ofder first transmitted)

Start element (fogical 0; spacing condition)

Figure 2 — Typical octet transmission for start/stop transmission

4.4 |Inter-frame time fill

4.4.1 | Synchronous transmission

Inter-frame time fill shall be accomplishediby transmitting either contiguous flags or seven to fourteen contiguous "1" bits jor a
combjnation of both.

Selection of the inter-frame time fill iethod depends on systems requirements.
4.4.2 | Start/stop transmission

Inter-frame time fill shall Be‘accomplished by transmitting continuous mark-hold condition (logical "1" state) or continuous flags,
or a cpmbination of both.

4.5 |Invalid-frame

4.5.1| Synchronous transmission

bounded by two flags or

alid dine

de ne N0 ] one which is t00 at i ha
bits between flags when using the 16-bit FCS and shorter than 48 bits between flags when using the 32-bit FCS). Invalid frames
shall be ignored. Thus, a frame which ends with an all "1" bit sequence of length equal to or greater than seven bits shall be
ignored.

As an example, one method of aborting a frame would be to transmit 8 contiguous "1" bits.

4.5.2 Start/stop transmission

An invalid frame is defined as one that is not properly bounded by two flags or one that is too short (that is, shorter than four
octets between flags when using the 16-bit FCS and shorter than six octets between flags when using the 32-bit FCS, excluding
octets inserted for transparency), or one in which octet framing is violated (i.e., a "0" bit occurs where a stop element is
expected), or one that ends with a control escape-closing flag sequence. Invalid frames shall be ignored.

12
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4.6 Extensions

4.6.1 Extended address field
A single octet address field shall normally be used and all 256 combinations shall be available.

However, by prior agreement, the address field range can be extended by reserving the first transmitted bit (low-order) of each
address octet which would then be set to binary zero to indicate that the following octet is an extension of the address field. The
format of the extended octet(s) shall be the same as that of the first octet. Thus, the address field may be recursively extended.
The last octet of an address field is indicted by setting the low-order bit to binary one.

When extension is used, the presence of a binary "1" in the first transmitted bit of the first address octet indicates that only one
adqTessOCTeT {5 being used. The use of address extension Thus Testricts the range of single octet addresses to 128,

4.6l2 Extended control field

The control field may be extended by one or more octets. The extension methods and the bit patterns for theé commarlds and
responses are defined in 5.3 and 5.5.

4.7 Addressing conventions

4.711 General
The following conventions shall apply in the assignment of addresses of data stations for which commands are intended.

4.712 All-station address
The address field bit pattern 11111111 is defined as the all-station address.

The all-station address shall only be used with command frames, and it shall instruct all receiving data stations to accdpt and
actjon the associated command frame. Any response to a command With the all-station address shall contain the agsigned
indjvidual address of the data station transmitting the response.

The all-station address may be used for all-station polling. Whefithere is more than one receiving data station for wWhich a
command with the all-station is intended, any responses from these'data stations shall not interfere with one another.

NO]:' E — The mechanism used to avoid overlapping responses.t6/a poll using the all-station address is not specified in this Interfational
Stapdard.

The all-station address may be used to determine the-data link layer identification (assigned address) of data station(s} when
unknown; for example, in switched or reconfigured situations.

4.7t3 No-station address
The¢ bit pattern 00000000 in the first oetet of the extended or non-extended address field is defined as the no-station addresk.

Th¢ no-station address shall never/beassigned to a data station.
Th¢ no-station address may b€ used for testing when it is intended that no data station react or respond to a frame contain|ng the

no4station address.

4.714 Group addresses

In addition to an individual assigned address, one or more data stations may be assigned one or more group addresses. A group
address may b¢ used, for example, for

4) transmitting a frame simultaneously to the assigned group of data stations, or

) polling the assigned group of data stations.

Any address field bit pattern, except the all-station address, the no-station address and any individual address already assigned,
may be assigned as a group address.

A group address may be used for group polling. When there is more than one data station for which a command with a group
address is intended, any responses from these data stations shall not interfere with one another.

NOTE — The mechanism used to avoid overlapping responses to a poll using a group address is not specified in this International Standard.
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S HDLC elements of procedures

5.1 Data link channel states

5.1.1

Active data link channel state

5.1.1.1 General

A data link channel is in an active state when the primary station, a secondary station or a combined station is actively
transmitting a frame, a single abort sequence, or interframe time fill. In the active state, the right to continue transmission shall
be reserved.

5.1.1.27 Abort

5.1.1.2.1 Synchronous transmission

Abortihg a frame shall be accomplished by transmitting at least seven contiguous "1" bits (with no inserted "0")bits) to end
frame.

NOTE

transm

5.1.1.2.2 Start/stop transmission

Aborting a frame shall be accomplished by transmitting the two-octet sequence "control escape-closing flag". Receipt of
sequer|ce shall be interpreted as an abort and the receiving data station shall ignore the frame.

5.1.1.3 Interframe time fill

5.1.1.3.1 Synchronous transmission
Interframe time fill shall be accomplished by transmitting contiguous flags‘between frames.

5.1.1.3.2 Start/stop transmission

© ISO/IEC

tted at the time of the decision to abort, an idle data link channel state will result.

Receipt of seven contiguous "1" bits shall be interpreted as an abort and the receiving data station shall ignore the framfe.

the

L If more than seven "1" bits are sent to abort, care should be taken because if 15 or more "1" bits are sent, including those alrdady

his

Interframe time fill shall be accomplished by the transmission of either continuous flags or marking condition (logical "1" sthte)

betwe

5.1.14

5.1.1.
There

5.1.1.
Inter-

There

NOTE
fill within a frame. This time-6ut, function, if used, is started when inter-octet time fill is first detected and is stopped (reset) when the mark-

condit
beyon

.l Synchronous transmission

en frames. Selection of the interframe time fill method depends on systems requirements.

} Intraframe time fill

}.1 Synchronous transmission
is no provision for time fill within a frameé,

.2 Start/stop transmission

ctet time fill within a frame shal“be accomplished by transmitting continuous mark-hold condition (logical "1" st
is no provision for time filLwithin an octet (i.e., between the start element and stop element).

— A receiving station may-chpose to operate a system-defined time-out function for the purpose of determining excessive inter-octet

on ceases. Actions 10 be-followed upon expiration of the time-out function (e.g., discarding of octets of the frame received thus far
the scope of the International Standard.

Idle data link channel state

 link channel is in an idle state when a continuous "1" state is detected that has persisted for at least 15 bit times; deted]

te).

ime
hold
are

tion

d d d € dald y d D O dcrca 1o aiCd d CITIO ddld dallo d C qu d O

continue transmission.

5.1.2.2 Start/stop transmission

t to

A data link channel is in the idle state when a continuous mark-hold condition persists for the period of time determined by a
system-specified time-out function. The duration of this timer is not a subject of this International Standard.

S.2

Modes

Three operational modes and three non-operational modes are defined.
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5.2.1 Operational modes
The three operational modes are:

a) normal response mode (NRM);
b) asynchronous response mode (ARM); and

c) asynchronous balanced mode (ABM).

5.2.1.1 Normal response mode (NRM)
In NRM, which is an unbalanced data link operational mode, the secondary station shall initiate transmission only as the result of
receiving-exphicit-permission-to-do-so-from-the-primary-station—Aferreceiving-permission—the-secondary-station-shat-in
response transmission. The response transmission shall consist of one or more frames while maintaining an active 'data link
channel state. The last frame of the response transmission shall be explicitly indicated by the secondary station.-‘Following
indjcation of the last frame, the secondary station shall stop transmitting until explicit permission is again received frpm the
prifnary station.

itiate a

5.211.2 Asynchronous response mode (ARM)

In ARM, which is an unbalanced data link operational mode, the secondary station may initiate transmission without re¢eiving
explicit permission to do so from the primary station. Such an asynchronous transmission may contain single or multiple [frames
and shall be used for information field transfer and/or to indicate status changes in the secondary station (for examplle, the
number of the next expected information frame, transition from a ready to a busy condition‘or vice versa, occurrencg of an
exdeption condition).

5.211.3 Asynchronous balanced mode (ABM)

In ABM, which is a balanced data link operational mode, either combined statigh may send commands at any time afd may
inifiate response frame transmission without receiving explicit permission to,do’ so from the other combined station. Such an
asynchronous transmission may contain single or multiple frames and shall be used for information field transfer anfl/or to
indicate status changes in the combined station (for example, the number 0f the next expected information frame, transitign from
a rgady to a busy condition or vice versa, occurrence of an exception condition).

5.212 Non-operational modes
The three non-operational modes are:

3) normal disconnected mode (NDM);
) asynchronous disconnected mode (ADM); and
) initialization mode (IM).

The disconnected modes (NDM and ADM) differ from the operational modes in that the secondary/combined station is Idgically
disponnected from the data link; i.e., w0, information (I) or supervisory frames are transmitted or accepted. The initialjization
made (IM) differs from the operational)modes in that the secondary/combined station data link control program is either in need
of fegeneration or is in need of an\exchange of the parameters to be used in an operational mode.

Thpse two disconnected modes.(NDM and ADM) are provided to prevent a secondary/combined station from appearing|on the
data link in a fully operational'mode during unusual situations or exception conditions since such operation could cause:

i) unintended conténtion in ARM;

b)  sequence fumber mismatch between the primary station and the secondary station, or between combined stations; g

=2

) ambiguity in the primary/combined station as to the status of the secondary/other combined station.

A kecoridary station shall be system predefined as to the condition(s) that causes it to assume a disconnected modq. The
digcannected mode (NDM or ADM) shall also be system predefined. A combined station shall be system predefined ag to the

condittentsthateatses actad aada (A AN
©

oG C 7T TIvE)T

The secondary station capability in a disconnected mode shall be limited to:

a) accepting and responding to one of several appropriate mode-setting commands [set normal response mode (SNRM), set
asynchronous response mode (SARM), set normal response mode extended (SNRME), set asynchronous response mode
extended (SARME), set mode (SM) or set mode (SM) with the mode in the optional information field selected as normal
response mode or asynchronous response mode, set initialization mode (SIM), and disconnect (DISC)];

b) accepting and responding to an exchange identification (XID) command;
c) accepting and responding to a test (TEST) command;

d) accepting and responding to an unnumbered poll (UP) command,
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€) transmitting a disconnected mode (DM), request initialization mode (RIM), exchange identification (XID), or request
disconnect (RD) response frame at a respond opportunity to solicit a specific action on the part of the primary station;

f) accepting an unnumbered information (UI) command; and
g) transmitting a Ul response at a respond opportunity.

The capability of a combined station, as a receiver of commands, in the asynchronous disconnected mode, shall be the same as
that stated above for a secondary station [appropriate mode setting commands for a combined station include the set
asynchronous balanced mode (SABM), set asynchronous balanced mode extended (SABME), set mode (SM) or SM with the
mode in the optlonal mformahon field selected as balanced mode SIM and DISC commands] In addmon since the combined
station ha
or TE$T command

A secgndary/combined station in a disconnected mode (NDM or ADM) shall, as a minimum capability, be capable ofigenerating
the DM response with the F bit set to "1" in response to a command frame received with the P bit set to "1".

A secondary/combined station in a disconnected mode (NDM or ADM) receiving a DISC command shall respond with the DM
resporjses. A secondary/combined station in the initialization mode receiving a DISC command shall [respond with|the
unnut}bered acknowledgement (UA) response if it is capable of actioning the command. A secondary/command station in an
operational mode receiving a DISC command shall respond with the UA response.

Examples of possible conditions (in addition to receiving a DISC command) which shall cause a seeondary/combined statioh to
enter 3 disconnected mode are:

a) | the secondary/combined station power is turned on, or restored following a temporary.oss of power;
b) | the secondary/combined station data link layer logic is manually reset; and

¢) | the secondary/combined station terminal is manually switched from a locdl (home) condition to a connected-on-the-data-
link (on-line) condition.

A secpndary/combined station in a non-operational mode shall not establishna)frame reject exception condition.

5.2.2.] Normal disconnected mode (NDM)

In NOM, which is an unbalanced data link non-operational modejithe secondary station shall be logically disconnected from| the
data link and shall, therefore, not be permitted to accept information in I command frames or to transmit information [in 1
respofise frames. The secondary station shall, however, be'permitted to accept information in Ul command frames ang to
transmit information in UI response frames. The secondary station has normal mode respond opportunity and shall initidte a
singlel frame response transmission, indicating its stafus, as a result of receiving a command frame with the P bit set to ['1";
optionally, it may initiate such a response as the result’of receiving a UP command with the P bit set to "0".

In thi§ mode, a secondary station shall action only’mode setting, XID, Ul and TEST commands. Mode setting commands, exfept
the DfSC command, that can be actioned shall be responded to with the UA response at the earliest respond opportunity. [ An
XID gr TEST command that can be actioned shall be responded to with the XID and TEST response, respectively, at the ear|iest
respond opportunity. Receipt of an implemented mode setting, XID or TEST command that cannot be actioned, or receipt of[any
other |command (except a Ul command) with the P bit set to "1", shall cause a secondary station in NDM to respond at| the
earlieft respond opportunity with\the DM response, or, if the secondary station determines it is unable to function, with the RIM
respofse. Receipt of a Ul command with the P bit set to "1" shall cause a secondary station in NDM to respond at the eariest
ode

. Any
bed

loglcally dlsconnected from the data link and shall therefore not be permltted to acccpt information in I command frames/I
command or response frames, respectively, or to transmit information in I response frames/I command or response frames,
respectively. The secondary/combined station shall, however, be permitted to accept information in Ul command frames/UI
command or response frames, respectively, or to transmit information in Ul response frames/UIl command or response frames,
respectively. The secondary station, or combined station as a receiver of commands, has asynchronous mode respond
opportunity and may initiate a response transmission in two-way alternate exchange upon detection of an idle data link channel
state, and in two-way simultancous exchange at any time. Such a response transmission shall only consist of a Ul response
frame, a request for a mode setting command (DM), a request for exchange of identification (XID), or a request for initialization
(RIM) if the secondary station, or combined station as a receiver of commands, determines it is unable to function. The combined

station, as a transmitter of command frames, is also permitted to send a Ul command frame at any asynchronous mode respond
opportunity.
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In this mode a secondary station, or combined station as a receiver of commands, shall action only mode setting, XID, UI and
TEST commands. Mode setting commands, except the DISC command, that can be actioned shall be responded to with the UA
response at the earliest respond opportunity. An XID or TEST command that can be actioned shall be responded to with the XID
or TEST response, respectively, at the earliest respond opportunity. Receipt of an implemented mode setting, XID or TEST
command that cannot be actioned, or receipt of any other command (except a Ul command) with the P bit set to "1", shall be
responded to with a DM response, or, if the secondary station, or combined station as a receiver or commands, determines it is
unable to function, with the RIM response. Receipt of a UI command with the P bit set to "1" shall cause a secondary/combined
station in ADM to respond at the earliest respond opportunity with a U response, with a DM response, or with a RIM response.
Any command with the P bit set to "0", other than the implemented mode setting, XID, UL, TEST or UP commands as described
above, may be ignored by the secondary/combined station in ADM.

Begause a combined station is also a generator of commands, it can terminate a disconnected mode at any time by tran$mifting an
appropriate mode setting command (SABM, SABME, SM or SM with the mode in the information field selected-as bhlanced
mqde, or SIM). Such action can be taken spontaneously or as a result of transmission received from the other dombined| station
(for example, a DM or RIM response).

5.2.2.3 Initialization mode (IM)

In IM, which is an unbalanced data link or balanced data link non-operational mode, a secondary/one combined station dhta link

coptrol program may be initialized or generated by the primary/other combined station action, or,other parameters to be used in
thg operational mode may be exchanged. IM is invoked when the primary/one combined station.Coficludes that a secondaty/other
combined station is operating abnormally and needs its data link control program corrected( and for upgrading a secondaty/other

cd siatl > ODEral ceds I dala cOnio COTILLILA, anG 107 upgiadin G Stlunualy’ Uuicl

combined station data link control program. Similarly, a secondary/one combmed station-may determine it is unable to flinction
dug to program checks and request IM to obtain a good program from the primary/othér combined station.

A pecondary/combined station shall enter IM upon sending a UA response, at(jts system predefined respond opportuhity, in
regponse to the receipt of a SIM command. A secondary/combined station<dnay request a SIM command by sending|a RIM
rcigonse. In IM, the primary/one combined station and a secondary/other\combined station may exchange informatior} in the
prgdetermined manner specified for that secondary/each combined station(for example, Ul or I frames).

IM shall be terminated when a secondary/combined station receives, and acknowledges (via a UA response) one of the other
mqde setting commands, or when entering the disconnected mode caused by internal constraints such as loss of power.

5.8 Control field formats

5.3.1 General

The three formats defined for the basic (module, 8);control field (see table 1) are used to perform numbered information tfansfer,
numbered supervisory functions and unnumbered control functions and unnumbered information transfer.

Table 1 — Control field formats for modulo 8

Control field format for Control field bits*
1 2 | 3 ] 4 5 6 | 71 8
Information transfer command/ response (I format) 0 N(S) P/F N(R)
Supervisory commands/ responses (S format) 1 0 S S P/F NR)
Unnumbered.commands/ responses (U format) 1 1 M M | PF M [ M]

* [ N(S)= transmitting send sequence number (bit 2 = low-order bit)
N(R) = <{transmitting receive sequence number (bit 6 = low-order bit)
S ==supervisory function bit
M= modifier function bit
P/F = poll bit— primary station or combined station command frame transmissions/final bit — secondary station|or

combined cfaﬁgn_pgspgnse_ﬂ:ame_t;ansmissinnc (1 =noll/fina
Ay P 7

The control field may be extended by the addition of a second contiguous octet immediately following the basic control field of I
frames and supervisory frames. This capability shall provide for an N(S) and N(R) of modulo 128. Control field extension for
the information transfer command/response format (I format), the supervisory command/response format (S format), and the
unnumbered command/response (U format) shall be as shown in table 2.
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In tabl

Table 2 — Control field formats for modulo 128

© ISO/IEC

Control Control field bits
field -
format First octet Second octet
for 1] 2 3 4 516 71 81 9101112 )13]14}15]16
Iformat| O N(S) P/F N(R)
Sformatf 1 { o | s |s| x [x|x|x]|pF N(R)
U format| 1 I1I M|M|PFIM|M| M

2, x bits are reserved and set to "0". Bit 2 and bit 10 shall be the low-order bits of the sequence numbers.

The coptrol field may be extended by the addition of three contiguous octets immediately following the basicycontrol field

frames
for the

information transfer command/response format (I format), the supervisory command/response format (S format), and

unnumpered command/response (U format) shall be as shown in table 3.

In tabl
The cq

Table 3 — Control field formats for modulo 32 768

Control Control field bits
field -
format First two octets Second two octets
for 1l 2 3141516 71 81 9----16 LR 18 covevrenieiinnn, 32
I format | O N(S) P/F N(R)
Sformat] 1] 0] S|S| x |x]|x|x|xem- x |P/F N(R)
U format| 1 1 M|M|PFIM| M| M

e 3, the x bits are reserved and set to "0". Bit 2 and bit 18.shall be the low-order bits of the sequence numbers.

ntrol field may be extended by the addition of seven contiguous octets immediately following the basic control field

f1

and supervisory frames. This capability shall provide for an N(S) and N(R) of modulo 32 768. Céntrol field extensjon

the

f1

frameg and supervisory frames. This capability shall provide for an N(S) and N(R) of modulo 2 147 483 648. Control field
extcnslon for the information transfer command/rgsponse format (I format), the supervisory command/response format| (S
format), and the unnumbered command/response (U format) shall be as shown in table 4.
Table 4 —+Control field formats for modulo 2 147 483 648
Control Control field bits
field
format First four octets Next four octets
for o2 3141516 7] 81 9-++32133 [34:--cccveerennnn. 64
I format{ 0 N(S) P/F N(R)
Sformat| 1] 0| S|S| x |x|x|x/[x- x]|PF N(R)
Uformatl 1| 1| M| M|PF|M| M| M

In tabl

e 4,-the x bits are reserved and set to "0". Bit 2 and bit 34 shall be the low-order bits of the sequence numbers.

5.3.2

Information transfer (I) format

The I format is used to perform an information transfer. The functions of N(S), N(R) and P/F are independent; i.e., each I frame
shall have an N(S) sequence number, an N(R) sequence number which may or may not acknowledge additional I frames at the
receiving data station, and a P/F bit that may be set to "1" or "0".

533

Supervisory (S) format

The S format is used to perform data link supervisory control functions such as acknowledging I frames, requesting
retransmission of I frames, and requesting a temporary suspension of transmission of I frames. The functions of N(R) and P/F
are independent; i.e., each S format frame shall have an N(R) sequence number which may or may not acknowledge additional I
frames at the receiving data station, and a P/F bit that may be set to "1" or "0".

18


https://standardsiso.com/api/?name=5fb8bce0daedd566ef75f4e5cfdb834b

©ISO/IEC ISO/IEC 13239:1997(E)

5.3.4 Unnumbered (U) format

The U format is used to provide additional data link control functions and unnumbered information transfer. This format shall
contain no sequence numbers, but shall include a P/F bit that may be set to "1" or "0". Five "modifier" bit positions are available,
this allowing definition of up to 32 additional command functions and 32 additional response functions.

5.4 Control field parameters

5.4.1 Modulus

Each I frame shall be sequentially numbered with a number which may have the e 0 to mod minus one in ive (where
modulus is the modulus of the sequence number). The modulus equals 8, 128, 32 768 or 2 147 483 648. The sequence’numbers
cycle through the entire range. The control field formats for modulo 8 are shown in table 1. The control field formgts for
modulo 128 are shown in table 2. The control field formats for modulo 32 768 are shown in table 3. The control field f¢rmats
for modulo 2 147 483 768 are shown in table 4.

The|maximum number of sequentially numbered I frames that a primary, secondary or combined station fiay’have outstqnding
(i.e.] unacknowledged) at any given time (sometimes known as a «window» size) shall never exceed one fess‘than the modylus of
the pequence numbers. This restriction is to prevent any ambiguity in the association of transmitted T frames with sequence
nunibers during normal operation and/or error recovery action.

NOTE — The number of outstanding I frames may be further restricted by the data station frame storage,capability; for example, the number of I
framies that can be stored for transmission and/or retransmission in the event of a transmission error. ,Optimum data link efficiency can dnly be
obta|ned, however, if the minimum data station frame storage capacity is sufficient for the maximum.afiticipated round trip transmission d Elay.

5.4.p Frame state variables and sequence numbers

5.4.2.1 General

In HDLC operations, each data station shall maintain an independent send.stéte variable V(S) and an independent receiv¢ state
varipble V(R) for the I frames it sends to and receives from another data station. Each secondary station shall maintain a V(S) for
the | frames it transmits to the primary station and an V(R) for the I frames it correctly receives from the primary station. [[n the
samg manner, the primary station shall maintain an independent-V(S) and V(R) for I frames sent to and received |from,
respectively, each secondary station on the data link. Each combijried station shall maintain a V(S) for the I frames it transtits to
the pther combined station, and a V(R) for the I frames it correcily receives from the other combined station.

5.4.2.2 Send state variable V(S)

The[send state variable denotes the sequence number of the next in-sequence I frame to be transmitted. The send state vdriable
can fake the value 0 to modulus minus one inclusive(where modulus is the modulus of the sequence numbering scheme z;]\d the
numjbers cycle through the entire range). Thevalue of the send state variable shall be incremented by one with each succedsive I
franje transmission, but shall not exceed N(R) of the last received frame by more than modulus minus one.

5.4.p.3 Send sequence number N(S)

Only I frames shall contain N(S), th¢ send sequence number of transmitted frames. Prior to transmission of an in-sequ¢nce I
frame, N(S) shall be set equal t0 the value of the send state variable.

5.4.2.4 Receive state variable V(R)

The|receive state variable denotes the sequence number of the next in-sequence I frame expected to be received. The réceive
stat¢ variable can take the value 0 to modulus minus one inclusive (where modulus is the modulus of the sequence numbering
schgme and theiumbers cycle through the entire range). The value of the receive state variable shall be incremented by one on
recefipt of an«errof-free, in-sequence I frame whose send sequence number N(S) equals the receive state variable.

5.4.2.5°_Receive sequence number N(R)

All Hra d-S—formmatfrarmes strattcortat Ry-wirichrwi CeXCEPON Of the Setective Teject (SREJ) Supervisory frame
with the P/F blt set to "0" shall indicate the N(S) sequence number of the next expected I frame.

With this exception, prior to transmission of an I frame or S format frame, the N(R) shall be set equal to the current value of the
receive state variable. The N(R) indicates that the station transmitting the N(R) has correctly received all I frames numbered up
to N(R) - 1 inclusive.

In the case of the SREJ frame with the P/F bit set to "0". the N(R) indicates only that the I frame with N(S) equal to N(R) has not
been received.

As more than one SREJ frame with the P/F bit set to "0" may be outstanding at any one time, it is necessary to ensure that all
non-received I frames are ultimately correctly received. This may be achieved by multiple variable counters or by other means.

(See 5.5.2.4 for definition of the use of the SREJ command and response.)
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5.4.3 Poll/final (P/F) bit

The poll (P) bit set to "1" shall be used by the primary/combined station to solicit (poll) a response or sequence of responses from
the secondary station(s)/combined station.

The final (F) bit set to "1" shall be used:

a) by a secondary station in NRM to indicate the final frame transmitted as the result of a previous soliciting (poll)
command; and

b) by asecondary station in ARM and by a combined station in ABM to indicate the response frame transmitted as the result
of a soliciting (poll) command.

The ppll/final (P/F) bit shall serve a function in both command frames and response frames. (In command frames, the P/R bt is
referrdd to as the P bit. In response frames, it is referred to as the F bit.)

5.4.3.1 Functions of the poll bit

5.4.3.1.1 General
The P|bit set to '1" shall be used to solicit a response frame with the F bit set to "1" from the secondary/combined station.

On a|data link, only one frame with a P bit set to "1" shall be outstanding in a given direction/at’a given time. Befofe a
prima}y/combined station issues another frame with the P bit set to "1", it shall have recgived* a response frame from| the
seconflary/combined station with the F bit set to "1". If no valid response frame is obtained \within a system-defined timerout
period, the retransmission of a command with the P bit set to "1" for error recovery purposes.shall be permitted.

5.43.1.2 Functions of the poll bit in NRM

In NRM, the P bit shall be set to '1" to solicit response frames from the secendary station. The secondary station shall| not
transmit until it receives either a command frame with the P bit set to "1" or a.UP.command.

The s¢condary station may send I frames upon receipt of an I frame with the.P bit set to "1", certain S frames (RR, REJ or SREJ)
with the P bit set to "1", a Ul command with the P bit set to "1", or a UR’command with the P bit set to "1" or "0".

5.4.3]1.3 Functions of the poll bit in ARM and ABM
In ARM and ABM, the P bit set to "1" shall be used to solicitaFesponse, at the earliest respond opportunity, with the F bit sgt to

"l".

NOTH — For example, if the primary/combined station requires positive acknowledgement that a particular command has been received, if sets
the P Bit in the command to "1". This forces a response frém the secondary/combined station as described in 5.4.3.1.6.

5.4.32 Functions of the final bit

5.4.32.1 General

A regponse frame with the F bit set_tdo "1" shall be used by the secondary/combined station to acknowledge the receipt jof a
command frame with the P bit sét to "1".

5.4.3J2.2 Functions of thé-final bit in NRM

In NRM, if the right to)transmit was acquired by the receipt of a P bit set to "1", then the secondary station shall set the F it to
"1" ir] the last frame-ofiits response transmission. If the right to transmit was acquired by the receipt of a UP command with the P
bit sqt to "0", thien ‘the secondary station shall set the F bit to "0" in each frame (including the last frame) of its resppnse
transmission.

Following transmission of the last frame of its response transmission, the secondary station shall stop transmitting until eitler a
tent command frame with a P bit set to "1" is received, or a UP command is received.

5.4.3.2.3 Functions of the final bit in ARM and ABM

In ARM and ABM, the secondary station and the combined station, respectively, may transmit response frames with the F bit set
to "0" at any respond opportunity on an asynchronous basis. Following the receipt of a command frame and the P bit set to "1",
the secondary/combined station shall initiate transmission of a response frame with the F bit set to "1" at the earliest respond
opportunity.

In the case of a two-way simultaneous communication where the secondary/combined station is transmitting when the command
frame with the P bit set to "1" is received, the F bit shall be set to "1" in the earliest possible subsequent response frame to be
transmitted.

In ARM and ABM, the transmission of a response frame with the F bit set to "1" shall not require the secondary station or the
combined station, respectively, to stop transmitting response frames. Additional response frames may be transmitted following
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the frame which had the F bit set to "1". Thus, in ARM and ABM, the F bit shall not be interpreted as the end of transmission by
the secondary station or the combined station, respectively; it shall only be interpreted as indicating the response frame from the
secondary/combined station sent as a reply to the previous command frame received with the P bit set to "1".

In ABM, if a combined station receives a command with the P bit set to "1", transmission of a response with the F bit set to "1"
shall take precedence over transmission of commands, with the exception of the mode setting commands (SABM or SABME or
SM, SIM, DISC) and the reset (RSET) command.

5.4.3.3 Use of the P/F bit to assist in error recovery (see also 5.6.2.1)

5.

331 General

As
be
bit
in
of
prd

5.4

In
set]

least all I frames transmitted by the secondary/primary station previous to, and concurrent with, the last frame whi

tra

5.4

In
S€d
by

stalion with the F/P bit set to "1".

5.4
In

station to initiate appropriate error recovery if the N(R) does not acknowledge at least all 1 frames transmitted by the re

co
thd

54

Th|
tw

frz:{ne retransmission is required. This capability provides early detection of I frames not received by the remote data stat

issued until the previous P bit has been matched with an F bit, and, similarly, another F bit shall not be issued until’an|
is received), the N(R) contained in a received frame with a P bit (see 5.6.2.1h) or F bit set to "1" can be used‘to~deted

icates the frame sequence number where retransmission shall begin. This capability is referred to as checkpointing. Th
a correctly received I frame or S format frame, except for a SREJ frame with the P/F bit set td™0", shall ackno
viously transmitted I frames to N(R) - 1 inclusive.

.3.3.2 Checkpointing in NRM

NRM, the N(R) of a received I, receive ready (RR) or receive not ready (RNR) command/response frame which has the
to "1" shall cause the secondary/primary station to initiate appropriate error recovery_if the N(R) does not acknowl

hsmitted by the secondary/primary station with the F/P bit set to "1".
.3.3.3 Checkpointing in ARM

ondary/primary station to initiate appropriate error recovery if the N(R) does not acknowledge at least all I frames tran
the secondary/primary station previous to, and concurrent with, the’last frame which was transmitted by the secondary/y

.3.3.4 Checkpointing in ABM
ABM, the N(R) of a received I, RR or RNR response frame which has the F bit set to "1" shall cause the received co

bined station previous to, and concurrent with;'the last frame which was transmitted by the receiving combined stati
P bit set to "1".

.3.4 Summary of P/F bit functions

e applicability of the P/F bit functions in the three operational modes (NRM, ARM, and ABM) and on data links emj
-way alternate and two-way sifnultaneous data communication is summarized in table 5.

Table 5 — P/F bit functions

Operational mode NRM ARM ABM
Data Conimunication TWA | TWS | TWA | TWS [ TWA | TWS
P/F bit in command/ response P/F P/F P/F P/F P/F P/F
Solicit(information x/ x/

Lastframe indication X/X /X

Solicit supervisory or unnumbered response x/ x/ x/ x/ x/ x/
Checkpointing X/X X/X X/X X/X X/X X/X

the P and F bits set to "1" are always exchanged as a pair (for every P bit there shall be one F bit, and another P bit s]\all not

pther P
t that I
on and
e N(R)
wledge

P/F bit
edge at
th was

ARM, the N(R) of a received I, RR or RNR command/response frame which has the P/F bit set to "1" shall capise the

smitted
rimary

mbined
ceiving
n with

loying

Key:

x indicates that the function is applicable

TWA — two-way alternate

TWS — two-way simultaneous
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5.5 Commands and responses
The set of commands and responses is summarized in table 6.

5.5.1

Table 6 — Commands and responses

© ISO/IEC

Information transfer format commands

Information transfer format responses

I - Information

I - Information

Supervisory format commands

Supervisory format responses

RR - Receive ready

RR - Receive ready

RNR - Receive not ready
REJ - Reject
SRE] - Selective reject

RNR - Receive not ready
REJ - Reject
SREIJ - Selective reject

Unnumbered format commands

Unnumbered format responses

SNRM - Set normal response mode

SARM - Set asynchronous response mode

SABM - Set asynchronous balanced mode

DISC - Disconnect

SNRME - Set normal response mode extended
SARME - Set asynchronous response mode extended
SABME - Set asynchronous balanced mode extended
SIM - Set initialization mode

UP - Unnumbered poll

UI - Unnumbered information

XID - Exchange identification

RSET - Reset

TEST - Test

SM - Set Mode

UIH - Unnumbered information with header check

UA - Unnumbered acknowledgement
DM - Disconnected mode

RIM - Request initialization mode
RD - Request disconnect

UI - Unnumbered information

XID - Exchange identification
FRMR - Frame reject

TEST - Test

UIH - Unnumbered information with header check

The fupction of the information, I, command and response'shall be to transfer sequentially numbered frames, each containing|an

informftion field, across a data link.

Information transfer format command and response

The engoding of the I command/response control.field shall be as shown in figure 3a for modulo 8 numbering, in figure 3b ffor

modul¢ 128 numbering, in figure 3¢ for modulo 32 768 numbering and in figure 3d for modulo 2 147 483 648 numbering.

22

’—— First bit transmitted

1 2 3 4 5 6 7 8
0 N(S) P/F N(R)
Information Receive
transfer sequence number
format Send sequence Command (0to7)
n(l)lmbsr (poll)
(0t07) Response
(final)

Figure 3a — Information transfer format of control field bits for modulo 8 numbering
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’— First bit transmitted

1 2345678 9 10111213141516

0 N(S) P/F N(R)
Information Receive
transfer sequence number
format  Send sequence command (0to 127)
TIUTITbeT (poll)
(010 127)  Response
(final)

Figure 3b — Information transfer format of control field bits for modulo 128 numbering

’——-— First bit transmitted

1 2345678 9--16 17 1819 -- 32
0 N(S) P/F N(R)
Information Send sequence Command Receive
transfer number (poll)  sequence number
format (0 to 32 767) Responsed (0 to 32 767)
(final)

Figure 3¢ — Information transfer format of control field bits for modulo 32 768 numbering

f—_ First bit transmitted

1 23 456 7.8 9---32 33 3435 -- 64
0 N(S) P/F N(R)
Information Send-sequence Command
transfer number (poll)

format  (Oto2 147 483 647) Response  Receive
(final) Sequence number
(0to 2 147 483 647)

Figure 3d — Information transfer format of control field bits for modulo 2 147 483 648 numbering
The [ frame control field shall'contain two sequence numbers.
a)l N(S), send sequent€ number, which shall indicate the sequence number associated with the I frame; and

b)Y N(R), receive sequence number, which shall indicate the sequence number (as of the time of transmission) of thd next
expected I'frame to be received, and consequently shall indicate that the I frames numbered up to N(R) - 1 inclusivel have
been reeeived correctly.

(Seg¢ 5.4'3 for a description of the functions of the P/F bit.)

5.5.2 Supervisory format commands and responses

Supervisory, S, commands and responses shall be used to perform numbered supervisory functions such as acknowledgement,
polling, temporary suspension of information transfer, or error recovery.

Frames with the S format control field shall not increment the send state variable at the transmitter or the receive state variable at
the receiver. RR, RNR and REJ frames shall not contain an information field. SREJ frames may contain an information field for
the purpose of identifying additional I frames in need of retransmission when the multi-selective reject procedure is selected.

The encoding of the S format command/response control field shall be as shown in figure 4a for modulo 8 numbering, in figure
4b for modulo 128 numbering, in figure 4c for modulo 32 768 numbering, and in figure 4d for modulo 2 147 483 648
numbering. In figures 4a thru 4d, the SS bits define the following command and response supervisory functions:
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Commands SS Responses
RR - Receive ready 00 RR - Receive ready
REJ - Reject 01 REJ - Reject

RNR - Receive notready 10 RNR - Receive not ready
SREJ - Selective reject 11 SREJ - Selective reject

ﬁ First bit transmitted

© ISO/IEC

1 2 3 4 5 6 7 8
[ 1 o] s sler] N |
Supervisory

format Command  Receive

(poll) sequence number

Response (0to 7)
(final)
Supervisory
function

Figure 4a — Supervisory format of control field bits for modulo 8 numbering

’-—— First bit transmitted

12 3 4 5678 9 100y 16
[1o]s s[xxxx]pr ] “Nn) |

Supervisory Command Receive
format (poll) sequence number
Supervisory Response (0to 127)
function (final)

Figure 4b — Supervisory format of.control field bits for modulo 128 numbering

’——— First bit transmitted

1 2 3 4 5 -coeee- 16 17 18 --- 32
[ 150} s S [xemmemmem NEAERECEE
Supervisory Command Receive
format (poll) sequence number
Supervisory Response (0 to 32 767)
function (final)

Figure 4c — Supervisory format of control field bits for modulo 32 768 numbering

’— First bit transmitted

12 3 4 5 - 32 33 34 - 64
I | P | I R ]
I I U l ) O IX A l 7T l IN(KN) I
Supervisory l Command
format (poll) Receive
Supervisory Response sequence number
function (final) (0 to 2 147 483 647)

Figure 4d — Supervisory format of control field bits for modulo 2 147 483 648 numbering

An S format_ frame shall contain an N(R), receive sequence number. Except for the SREJ frame with the P/F bit set to "0", the
N(R) shall indicate, at the time of transmission, the sequence number of the next expected I frame to be received, and

consequently shall indicate that all received I frames numbered up to N(R) - 1 inclusive have been received correctly.
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The primary/combined station may use the S format command frames with the P bit set to "1" to solicit responses from (poll) a
secondary/combined station indicating its status.

(See

5.4.3 for a description of the functions of the P/F bit.)

5.5.2.1 Receive ready, RR, (S bits = 00) command and response

The
a)

receive ready, RR, frame shall be used by a data station to

indicate that it is ready to receive an I frame(s); and

b) acknowledge previously received I frames numbered up to N(R) - 1 inclusive.

Wth transmitted, the RR frame shall indicate the clearance of any busy condition that was initiated by the earlier tradsm

of ai

5.5.
The

N(RY).

tran

Wit}
anot
cong

The
fran

5.5.
The

N(R
fram

5.5.
The
con
retr
follg
addi

o

o

A splan list identifies the start-and the end of a sequence of contiguously numbered I frames in need of retransmission.

Whg
one

For
as p

illustrated iprfigure Sa.

For

i RNR frame by the same data station. (See 5.6.1.)

.2 Reject, REJ, (S bits = 01) command and response
reject, REJ, frame shall be used by a data station to request retransmission of I frames starting with the' frame nun

mission may be transmitted following the retransmitted I frame(s).

respect to each direction of transmission on the data link, only one REJ exception conditiori from a given data stat
her data station shall be established at any given time. A REJ frame shall not be transmitteéd*until an earlier REJ exc
ition or all earlier SREJ exception conditions have been cleared as indicated in 5.6.2.2,5:6-2.3 and 5.6.2.4.

C.

.3 Receive not ready, RNR, (S bits = 10) command and response

and any subsequent I frames received, if any, shall not be considered as acknowledged; the acceptance status of]
es shall be indicated in subsequent exchanges.

.4 Selective reject, SREJ, (S bits = 11) command arid'tésponse

selective reject, SREJ, frame shall be used by a data station to request retransmission of one or more (not neces
guous) I frames. The control field of the SREJ\frame shall contain the sequence number of the earliest I frame
nsmitted (not yet reported by a SREJ frame) and, if the multi-selective reject procedure is invoked, the information
wing the control field shall contain the identity of additional I frame(s), if any, in need of retransmission. The iden
tional I frames in need of transmission shali-be indicated by either —

one entry for every I frame in need of retransmission, or

one entry for every standalone’l frame in need of transmission plus a span list for every sequence of two or
contiguously numbered J-frames in need of retransmission.

n the multi-selectiye'reject procedure is employed without span lists, the information field shall be encoded such that th
pr more octets for‘each I frame in need of retransmission.

modulo 8 s¢quénce numbering, the N(R) value for each designed I frame shall occupy bit positions 6-8 of the one-octet
er the engoding of the N(R) field of the control field for modulo 8 sequence numbering, with bit positions 1-5 set to za

modulo 128 sequence numbering, the N(R) value for each designated I frame shall occupy bit positions 2-8 of the one

ission

bered

I frames numbered N(R) - 1 and below shall be considered as acknowledged. Additional 1" frames awaiting [initial

on to

Eption

12

REJ exception condition shall be cleared (reset) upon the receipt of an I frame with an N(S) equal to the N(R) of thg REJ

receive not ready, RNR, frame shall be used by a data station to indicaté\a busy condition; i.e., temporary inability to accept
subgequent I frames. I frames numbered up to N(R) - 1 inclusive shall*be-considered as acknowledged. The I frame nun

bered
these

sarily
to be

field
ity of

more¢

ere is

field,
ro, as

Foctet

fiel

, a5 per ine encoding or the N(K) Tield 1n the second octet oI the control Ti€ld 1or modulo [Z¥ sequence numbering, w

position 1 set to zero, as illustrated in figure 5b.

th bit

For modulo 32 768 sequence numbering, the N(R) value for each designated I frame shall occupy bit positions 2-16 of the two-
octet field, as per the encoding of the N(R) field in octets 3-4 of the control field for modulo 32 768, with bit position 1 in the

first

octet of the two-octet field set to "0", as illustrated in figure Sc.

For modulo 2 147 483 648 sequence numbering, the N(R) value for each designated I frame shall occupy bit positions 2-32 of
the four-octet field, as per the encoding of the N(R) field in octets 5-8 of the control field for modulo 2 147 483 768, with bit
position 1 in the first octet of the four-octet field set to "0", as illustrated in figure 5d.
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Any number of octet fields can be included, up to the maximum frame size. Only the I frame numbers in need of retransmission
shall be included. If, for example, in the case of modulo 128 sequence numbering, I frames 3, 5, 7, and 18 are being identified
for retransmission in a single SREJ frame, I frame number 3 shall be identified in the SREJ control field and I frames 5, 7, and 18
shall be identified, each within an octet of its own, in increasing order in the SREJ frame information field.

1 1 .
: Control field : Information field !
1 T T
1 1 .

11 2 3 4 5 67 8'1 2 3 45 67 8| 1 -8 1
1 0 1 |P/F| NR) I 0 0 0 0 0 | N®) I 0 e N®) | ok
Receive sequence Sequence number(s) * *
number of first I frame of later I framf.:(s)
to be retransmitted to be retransmitted

Figure 5a — Control field and information field encoding in SREJ frame for-modulo 8 numbering

I 1 l
: Control field : Iformation field :
] i !
1 1 '
L 1 16 17 18eweeB2 U 1 2 comemsiefomemracecas 16 1 2 ceeecmeemmeeeee 61
1O 0 0 o |pF| N® | o0 N®) I : NR) s
Receive sequence | Sequence number(s) * *
number of first I frame oflater I frame(s)
to be retransmitted to.be retransmitted

Figure 5b — Control field and information field encoding in SREJ frame for modulo 128 numbering

1 ! 1

: Control field : Information field '

1 1

1 ! :

1 16 17 18 --eememm- <y B — 16 1 216

w1011 0 0emmnde0 | PF|  N®) 0 NR) 0 | NR) FS

Receive sequence ’ Sequence number(s) * *
number of first I frame of later I framef(s)
to be retransmitted to be retransmitted

Figure Sc — Control field and information field encoding in SREJ frame for modulo 32 768 numbering

1 ) '

; Control field , e :

! 1

1 1 :

1 e < DT PO Y B A SN ? S SR SN 5 |

« 1011000 [PF| N®R |0 N®) 5 — —

Receive sequence | Sequence number(s) * *
number of first I frame of later I framef(s)
to be retransmitted to be retransmitted
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Figure Sd — Control field and information field encoding in SREJ frame for modulo 2 147 483 648 numbering
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When the multi-selective reject option is employed with span lists, the information field shall be encoded such that there is an
entry for each standalone I frame in need of retransmission and a span list, consisting of two entries, for each sequence of two or
more contiguously numbered I frames in need of retransmission. In the case of standalone I frames, their identity in the
information field consists of the appropriate N(R) value preceded by a «O» bit in the entry used, as per figure 5a for modulo 8,
figure 5b for modulo 128, figure Sc¢ for modulo 32 768, and figure 5d for modulo 2 147 483 768. In the case of span lists, the
identity of the start and end of the contiguous sequence of I frames consists of the appropriate N(R) values with their preceding
bit in each case (see figures 5a thru 5d) set to «1». Hence, individual frames are indicated by having the bit that precedes the
N(R) value set to «O», and a range of contiguous I frames (span list) is indicated by a contiguous pair of indicators (start and end
of contiguous sequence) each with the bit that precedes the N(R) value set to «1». Annex G illustrates examples of the possible
encodings of the information field in multi-selective reject frames.

If the P/F bit in the SREJ frame is set to "1", then I frames numbered up to N(R) - 1 inclusive (N(R) being the value|in the
control field) shall be considered as acknowledged. However, if the P/F bit in the SREJ frame is set to "0", then theN(R) in the
control field of the SREJ frame does not indicate acknowledgement of I frames.

Eadh SREJ exception condition shall be cleared (reset) upon receipt of each I frame with an N(S) equal to the(N(R) identified in
the|SREJ frame control field or information field.

A data station may transmit one or more SREJ frames with the P bit set to "0", each containing ore_or more differenf N(R)
valyies, before one or more earlier SREJ exception conditions have been cleared. However, a SREJ frame shall not be trangmitted
if gn earlier REJ exception condition has not been cleared, as indicated in 5.6.2.3 and 5.62.4,~(To do so would fequest
retransmission of an I frame that would be retransmitted by the REJ operation.) Likewise, a REJ\frame shall not be transmitted if
ong or more earlier SREJ exception conditions have not been cleared, as indicated in 5.6.2.3.and 5.6.2.4. I frames that maly have
been transmitted following the I frame(s) indicated by a SREJ frame shall not be retransuiitted as the result of receiving 4 SREJ
frame. Additional I frames awaiting initial transmission may be transmitted following the retransmission of the spdcific I
frampe(s) requested by all of the SREJ frames received.

(Seg 5.6.2 for N(S) sequence error recovery procedures.)

5.5{3 Unnumbered format commands and responses

Unpumbered, U, commands and responses shall be used to extend the-number of data link control functions. Frames trandmitted
with the U format shall not increment the state variables at either the transmitting or the receiving data station. Five "mddifier"
bitg are provided which allow up to 32 additional command functions and 32 additional response functions to be defined. Fifteen
command functions and nine response functions are defined below; all others are reserved.

Th¢ encoding of the U format command/response control field shall be as shown in figure 6.

’—— First bit transmitted

1 1 M M | PFF M M M
Unnumbered \'—_"/ d
format
5 “modifier”
Command bits
(poll) (s 5.5.3.3 and 5.5.3.4)
Response
(final)

Figure 6 — Unnumbered format of control field bits

(See 5.4.3 for a description of the functions of the P/F bit.)
Several unnumbered commands and responses (i.e., SNRM, SARM, SABM, SNRME, SARME, SABME, SM, UA, DISC, DM,
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5.5.3.1

Information field structure

© ISO/IEC

The general structure of the optional information field is illustrated in figure 7. The first octet of the information field, when
present, shall be a format identifier subfield. One or more data link layer subfields may follow the format identifier subfield.
These may be followed by a user data subfield.

5.5.3.1.1 Format identifier subfield
The fofmat identifier subfield is a fixed length of one octet and is illustrated in figure 7.

5.5.3.
The d

generdted and consumed by the data link layer logic. The length of these subfi€lds is limited by the maximum length restricti

on the

A dat

paramgter field (n octets). The general structure of a data link layer\subfield is illustrated in figure 8.

The g
Intern

The g
are in

NOTE]

Format
identifier
subfield
F A Control field FCS F
Data link User data
AP v P g P
1 octet subfields

Information field —_—_—>|

Figure 7— Format of the optional information field in specified unnumbered commands and responses

.2 Data link layer subfields
hta link layer subfields specify various data link layer characteristics and“parameters. The contents of these subfields

HDLC frame information field, taking into account the lengths of the\format identifier subfield and the user data subfie

link layer subfield consists of a group identifier (1 octet), a‘group length (1 or 2 octets, depending on usage), ar

Group identifier (GI) Group'length (GL) Parameter field

1 Octet 1 or 2 Octets n Octets
) Data link layer subfield >

Figure 8 — Data link layer subfield

oup identifier (GI) identifies the'\function of that data link layer subfield. Five data link layer subfields are defined in
ptional Standard:

Address resolution;
HDLC parameters;

Mode and modulus;
Multilink parameters; and
User-defined.parameters.

oup length (GL) indicates the length of the associated parameter field in octets. The highest order bits in a multi-octet
the fir§tactet transmitted.

—£Fhe group length value does not include the lengths of either itself or its associated identifier.

are
ons
d.

d a

this

GL

A group length value of zero indicates that there is no associated parameter field and that all parameters within the subfield
specified by the associated group identifier should assume their default values.

Depending on the data link layer subfield, the parameter field may consist of a series of parameter identifier (PI) (1 octet),
parameter length (PL) (1 octet), and parameter value (PV) (m octets) sets, one set for each defined data link layer subfield
element. For multi-octet PV’s that are binary, the higher-order bits are in the first octet transmitted. When this structure is used,
a data link layer subfield has the organization depicted in figure 9.
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GI GL Pl PL PV PI PL PV

1Octet 1Octet m Octet

Where
PI:  Parameter identifier, expressed as a decimal value
PL: Parameter length, expressed as a decimal value

Figure 9 — General organization of a data link layer subfield using the PI/PL/PV structure

TE — The value of PL does not include the lengths of either itself or its associated PI.

A KL value of zero indicates that the associated PV is absent and that the parameter shall assume the default value.

A PI/PL/PV set may be omitted if it is not required for conveying information or if default values for the parameters ar|

us

ignbred (except within the user-defined parameters subfield, in which Pls other than PI=0 may be defined by.a’prior agr
betiveen the stations). Except where noted, duplicate PIs should not be sent within the same data litk] Jayer subfield.

. A parameter field containing a PI that is not specified in this International Standard is defined as invalid and s

e to be
hall be
Pement
The

belavior of the receiver upon receipt of duplicate PIs within the same data link layer subfield is not definéd in this Interniational

Standard.
5.5]3.1.3 User data subfield
The user data subfield contains user information. This data link user information is transported transparently across the dqta link
laygr to the user of the data link. The amount of information (number of bits) that can be-accommodated is limited only|by the
makimum length restrictions on the HDLC frame information field, taking into ageount the lengths of the format idgntifier
subifield and the data link layer subfields.
The user data subfield is composed of a user data identifier (1 octet), and a us€r data field (n bits).
The user data subfield, therefore, has the organization illustrated in figure10:
User data identifier User data field
Figure 10 <<User data subfield

5.53.1.4 Allowable subfields in unnumbered format edmmand/response frames
The various subfields that may exist in the infortmation field of certain unnumbered format command and response frames are
given in table 7.

Table 7 +— Allowable subfields/groups in optional information

field in specified unnumbered format commands and responses

Subfields
Format Data Link Layer User Pata
Cgmmands/ Identifier Address HDLC Mode & User-defined
Responses Resoultion Parameters Modulus Multilink Parameters

DISC X X
DM X X X X X
SABM X X X X
SABME X X X X
SARM X X X X
SARME X X X X
SM X X X X N
SNRM X X X X
SNRME X X X X
UA X X X X X
XID X X X X X X

Subfield encodings for those subfields that are identified as being associated with the mode-setting command/response frames are
given in 5.5.3.2. The subfield encodings for those subfields that are identified as being associated with the general purpose XID
command/response frames are given in 7.2.
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5.5.3.2 Information field encoding of mode-setting command/response frames

The format identifier subfield is always the first octet of the optional information field. The data link layer subfields, if present,
follow in ascending order according to their GI values. Except where noted, specific data link layer subfields may appear only
once. The absence of a particular data link layer subfield should be interpreted to mean default values. The user data subfield, if
present, is always the last subfield.

5.5.3.2.1 Format identifier subfield encoding
The format identifier subfield can be encoded to have the capability of designating 256 different formats.

den er—sublicld-use HD =standard _general purpose e-gett] 3 o o ames 3 A ed in
the Infernational Standard shall be encoded as illustrated in figure 11.

First bit transmitted

¢ High order bit

Control 1 4 g 9 0 0 0 0 1 | Daulink
field layer subfield

Figure 11 — General purpose format identifier subfield encoding for mode-setting frames

All other values of the mode-setting command/response frame format identifier are reserved for future assignment.

5.5.3.p.2 Data link layer subfield encoding

Figurg¢ 12 indicates the GI encodings for the data link layer subfields that are id€ntified as being associated with the mode-sefting
commjand/response frames covered in this International Standard.

First bit transmitted  High order bis

Y

0 0\0 1 Mode and modulus
0C0 0 1 HDLC parameters
1°1 1 1 User-defined parameters

o o — «f—

(== R )
[ =)
o O O

Figure 12 — Group jidentifier encoding for data link layer subfields

The (I encoding of all ones (1111 1111) is\not used as a data link layer subfield identifier encoding. It serves as the idenfifier
encoding for the user data subfield.

All Gl encodings not assigned in thisInternational Standard (here and in 7.2) are reserved for future use.

NOTHS

1. The HDLC parameters data link layer subfield and the user-defined parameters data link layer subfield may each appear more than onge in
he information field{This allows the station to convey multiple menus in the information field.

2. The user-defined-parameters identifier is for use to identify parameters outside the scope of the HDLC parameters identifier while mgking
hse of those parameters that are explicitly identified under the HDLC parameters identifier.

5.5.3]2.2.} \Mode and modulus
The data-ink layer subfield associated with the mode and modulus group is illustrated in figure 13.
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First bit transmitted

Gl GL lf—— 10ctet —Pp» 1 Octet
10000001 01000000 o|0/1|0/1| Io 0/1|0/1|0/1 0|0|0|o| 0/1|0/1|0/1|0/1|
1Octet ——Jp-tag— 10ctet —Jp *
ABM Mod 8
ARM Mod 128
Mod 32 768
NRM Mod 2 147 483 648

I < Mode of Modulus of
operation _>I<_— operation —>|
Figure 13 — Mode and modulus group elements

Thg mode(s) of operation is indicated by setting the corresponding bit(s) to "1". The modulus for operation is indicated by|setting
the corresponding bit(s) to "1".

5.83.2.2.2 Parameter field elements
Table 8 identifies the parameter field elements that are defined here.

Table 8 — Mode-setting data link layer subfield pardmeter field elements
HDLC parameters (GI = 00000001)

PI Parameter field element
5 | Maximum information field length — transmit
6 | Maximum informationfi€ld length — receive
7 | Window size k — transmit
8 | Window size k—=receive

User-defined)parameters (GI = 00001111)

PI Parameter field element
0 | Parameter set identification

ThE following legend explains the symbels used in tables 9 and 10.

Indicates this field is binary €éncoded.
Number of octets.
A:  Not applicable.

zzw

Table 9 — HDLC parameters elements

Code Bit
Name PI | PL Parameter field element Type No. Value
Maximum information field length 5 N | Maximum information field length-transmit B NA B
(fransmit) (bits)
Maximum _information field length 6 N | Maximum information field length-receive B NA B
(feceive) (bits)

Window 'size k (transmit) 7 4 | Window size k-transmit (frames) B NA B
indow size k (rppphm) [ 4 Window.size kareceive (Frmnc) B DA B
Table 10 — User-defined parameters elements

Name PI PL Parameter field element Code type | Bit No. Value
Parameter set identification 0 N | Parameter set identification NA NA (See Note 1)
(Implementor-defined) (See Note 2) 1t0 255 N | (Implementor-defined) NA NA NA

NOTE 1 — Parameter set identification may be from 1 to 255 octets in length. Certain values are listed in ISO/IEC TR 10171.

NOTE 2 — The use of P/PL/PV encoding in this subfield for PI values other than PI=0 is not required. Such usage is at the discretion of the
organization associated with the parameter set identified by PI=0.
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5.5.3.2.3 User data subfield encoding

5.5.3.2.3.1 User data identifier encoding
The user data identifier identifies the subfield as the user data subfield. Figure 14 provides its encoding.

First bit transmitted ~ High order bit

\ |

1 1 1 1 1 1 1 1 Userdatasubfield identifier

Figure 14 — User data subfield identifier encoding

5.5.3.2.3.2 User data field

The uger data field is transported transparently by the data link and passed to the user of the data link. The encoding of the fiser
data fleld is the responsibility of the data link user and may be any format that is mutually agreed upon by the data link ugers
involved.

5.5.3.3 Unnumbered commands
The upnumbered command encodings are shown in figure 15.

’—— First bit transmitted

1 2 3 4 6

w
]
oo

SNRM command
SARM command
SABM command
DISC command
SNRME command
SARME command
SABME command
SIM command

UP command

Ul command

XID command
RSET command
(combined station only)
1 TEST command

1 SM command

I UIH command

— et e e
— e e e e e e
—_——, O O O e O = O
o~ ilia o2 - Bie - e o Hie - Mg v Bia v Bie - e o Bia - Ml v
O =~ OO~ OO0 — OO
O OO0 O O—m — — O OO
_—0 OO O ORI OO —~

0
1
1
0
1
1
1
1
0
0
1
1

1 1 0 0 P
1 1 0 0 P
1 1 1 1 P 1

O —

Figure15~— Unnumbered command control field bit assignments

The §NRM, SARM, SABM, DISG,'SNRME, SARME, SABME, SM and SIM unnumbered mode setting commands and| the
RSET unnumbered resetting. dommand, the XID unnumbered command, and the TEST unnumbered command, shall requirg the
secondary/combined statiofi-t0~acknowledge acceptance by responding with the appropriate unnumbered response frame (a|UA
respopse frame, an XID{response frame, and a TEST response frame, respectively). If the secondary/combined station receives
more [than one of the‘@above commands before a respond opportunity occurs, it shall transmit the response appropriate to the [first
of thg¢ received commiands at the first respond opportunity. The secondary/combined station transmission of the appropfiate
respohse following/the receipt of one of these commands shall take precedence over a response for any other previous comnjand
whiclf may be\waiting for a respond opportunity at the secondary/combined station. Following receipt of one of the aljove
comnjands, the secondary/combined station may ignore all frames received, except to detect the next respond opportunity, unfil it
has s¢nt-a response appropriate to that command. Following receipt of a RSET resetting command, a combined station may
discatdthe—formationfretd—comtaimed—many 1Bt or tiHframesreceived—but—shatt—contimue—toutitize—wiratever—control
information is contained in any frames received [for example N(R), change in busy/not busy status, request for retransmission,
indication of an exception condition, etc.] until it has sent a UA response acknowledging receipt of that resetting command.

In two-way alternate communications, a secondary/combined station, following the receipt of a mode setting command, or a
combined station, following the receipt of a resetting command, shall transmit a UA response frame at the next respond
opportunity. In two-way simultaneous communications, a secondary/combined station which is transmitting concurrent to the
receipt of a mode setting command, or a combined station which is transmitting concurrent to the receipt of a resetting command,
shall initiate transmission of a UA response frame at the earliest respond opportunity.

If appropriate to the mode of operation, the secondary/combined station may continue transmission following return of the UA
response.
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The respond opportunity at the secondary/combined station shall be determined by the operational mode setting command
(SNRM, SARM, SABM, SNRME, SARME, SABME or SM) that is accepted (i.e., the mode that the secondary/combined station
has accepted dictates when the response shall be transmitted), as follows:

a)  Upon receipt of a SNRM or SNRME command with the P bit set to "1", the secondary station shall respond with a single
UA frame with the F bit set to "1". If the SNRM or SNRME frame has the P bit set to "0", the secondary station shall
wait until a command frame is received with the P bit set to "1" and then shall respond with a single UA frame with the F
bit set to "1", or shall wait until a UP command is received with the P bit set to "0" and then shall respond with a single
UA frame with the F bit set to "0".

b)  Upon receipt of a SARM or SARME command with or without the P bit set to "1", the secondary station shall transmit a
UA frame:

1) upon detection of an idle data link channel state in TWA data communication; or
2) at the earliest respond opportunity in TWS data communication.

The UA frame shall have the F bit set to "1" if the command has the P bit set to "1". The UA frame,may be followred by
additional secondary station transmissions, if pending.

¢) Upon receipt of a SABM or SABME command, or a RSET command while in ABM, with of without the P bit set {o "1",
the combined station shall transmit a UA frame:

1) upon detection of an idle data link channel state in TWA data communication; o
2) at the earliest respond opportunity in TWS data communication.

The UA frame shall have the F bit set to "1" if the command has the P bit set t0"1". The UA frame may be followed by
additional combined station transmissions, if pending.

d)  Upon receipt of a SM command, the data station shall behave in accordance with a), b), or c) above, depending pn the
mode of operation indicated in the information field or known a priori.

In the case of the non-operational mode setting commands (SIM and DISC), the respond opportunity at the secondary/conjbined
station shall be system defined; i.e., a given secondary/combined station shall be system defined to use the normal mode respond
oppprtunity or the asynchronous mode respond opportunity for the tesponse following a SIM or DISC command, as follows:

a)  Upon receipt of the SIM command, the secondary/cofiibined station shall respond with the UA response. The UA [frame
shall have the F bit set to "1" if the SIM command has the P bit set to "1".

b)  Upon receipt of the DISC command, the_secondary/combined station shall respond with the UA or DM regponse
depending on whether the secondary/combined station was in an operational mode or a disconnected mode, respecfively,
at the time that the DISC command was\received. The UA or DM frame shall have the F bit set to "1" if the |DISC
command has the P bit set to "1".

If the secondary/combined station canfiotiaccept a mode setting command, or the combined station cannot accept a redetting
command, it shall, at its earliest respond opportunity, transmit a DM, FRMR, RD, or RIM response, as appropriate, indifating
nontacceptance of the mode setting.or resetting command.

5.5.8.3.1 Set normal response/mode (SNRM) command

The| SNRM command,shall be used to place the addressed secondary station in the normal response mode (NRM) whgre all
confrol fields shall/bevone octet in length. The secondary station shall confirm acceptance of the SNRM commafd by
tranpmission of a YA response at the first respond opportunity. Upon acceptance of this command, the secondary station} send
and[receive state variables shall be set to zero.

When thisieommand is actioned, the responsibility for all unacknowledged I frames assigned to data link control reverts to a
highler layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data link contfol for
tranmiSsion or not is decided at a higher layer.

An information field may be present in the SNRM command. The structure of the information field when present is as indicated
in 5.5.3.2 and table 7.

5.5.3.3.2 Set asynchronous response mode (SARM) command

The SARM command shall be used to place the addressed secondary station in the asynchronous response mode (ARM) where
all control fields shall be one octet in length. The secondary station shall confirm acceptance of the SARM command by the
transmission of a UA response at the first respond opportunity. Upon acceptance of this command, the secondary station send
and receive state variables shall be set to zero.

When this command is actioned, the responsibility for all unacknowledged I frames assigned to data link control reverts to a
higher layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control for
transmission or not is decided at a higher level.
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An information field may be present in the SARM command. The structure of the information field when present is as indicated

- -5 3 1.1

in 5.5.3.2 and tabie 7.

5.5.3.3.3 Set asynchronous balanced mode (SABM) command

The SABM command shall be used to place the addressed combined station in the asynchronous balanced mode (ABM) where
all control fields shall be one octet in length. The combined station shall confirm acceptance of the SABM command by
transmission of a UA response at the first respond opportunity. Upon acceptance of this command, the combined station send
and receive state variables shall be set to zero.

When e re edge e ¢
higher laycr Whether the content of the information ﬁeld of such unacknowledged I frames is rea551gned to data link conttol|for
transmission or not is decided at a higher layer.

An infprmation field may be present in the SABM command. The structure of the information field when present is'as indicgted

in 8§ §
imoJ.o.p.

5.5.3.3.4 Disconnect (DISC) command

The DISC command shall be used to terminate an operational or initialization mode previously set’by a command. In Both
switched and non-switched networks it shall be used to inform the addressed secondary/combined station(s) that |the
primaty/combined station is suspending operation and that the secondary/combined station(s)sshould assume a logicplly
discornected mode. In switched networks, a logically disconnected function at the data link-layer may aiso serve to initiatg, at
the phiysical layer interface, a physical disconnect operation of the physical layer; i.e., to have-the addressed secondary/combined
statior} go "on-hook". Prior to actioning the command, the secondary/combined station shall confirm the acceptance of the D[SC
commpnd by the transmission of a UA response.

When|(this command is actioned, the responsibility for all unacknowledged I frames assigned to data link control reverts fo a
higher| layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control for
transmission or not is decided at a higher layer.

An information field may be present in the DISC command. The structufe of the information field when present is as indicatefd in
5.5.3.2 and table 7.

5.5.3.3.5 Set normal response mode extended (SNRME) command

The YNRME command shall be used to place the addressed secondary station in a normal response mode where numbg¢red
command/response control fields shall be two octets in“length and unnumbered command/response control fields shall be [one
octet |n length (see 5.3.1). The secondary station shallconfirm acceptance of the SNRME command by transmission of a[UA
respomse at the first respond opportunity. Upenacceptance of this command, the secondary station send and receive §tate
varialjles shall be set to zero.

When| this command is actioned, the responsibility for all unacknowledged I frames assigned to data link control reverts fo a
highef layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control for
transtpission or not is decided at a higheér layer.

An ifformation field may be-present in the SNRME command. The structure of the information field when present i as
indicgted in 5.5.3.2 and table*/:

5.5.3.B.6 Set asynchronots response mode extended (SARME) command

The $ARME commanid shall be used to place the addressed secondary station in an asynchronous response mode where
numbgred command/response control fields shall be two octets in length and unnumbered command/response control fields ghall
be ong octetsinlength (see 5.3.1). The secondary station shall confirm acceptance of the SARME command by transmission jof a
UA r¢sponse'at the first respond opportunity. Upon acceptance of this command, the secondary station send and receive §tate
variablesshall be set to zero.

When this command is actioned, the responsibility for all unacknowledged I frames assigned to data link control reverts to a
higher layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control for
transmission or not is decided at a higher layer.

An information field may be present in the SARME command. The structure of the information field when present is as
indicated in 5.5.3.2 and table 7.

5.5.3.3.7 Set asynchronous balanced mode extended (SABME) command

The SABME command shall be used to place the addressed combined station in an asynchronous balanced mode where
numbered command/response control fields shall be two octets in length and unnumbered command/response control fields shall
be one octet in length (see 5.3.1). The combined station shall confirm acceptance of the SABME command by transmission of a

UA response at the first respond opportunity. Upon acceptance of this command, the combined station send and receive state
variables shall be set to zero.
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When this command is actioned, the responsibility for all unacknowledged 1 frames assigned to data link control reverts to a
higher layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control for
transmission or not is decided at a higher layer.

An information field may be present in the SABME command. The structure of the information field when present is as
indicated in 5.5.3.2 and table 7.

5.5.3.3.8 Set initialization mode (SIM) command

The SIM command shall be used to cause the addressed secondary/combined station to initiate a station-specified procedure(s) to
initialize its data link layer control functions. No information field shall be permitted with the SIM command. The
secqndary/compined station shall” conlirm acceptance o the SIM command by the transmission of a UA response at,thk first
resppnd opportunity. Upon acceptance of this command, the secondary/combined station send and receive state variables shall
be sgt to zero.

Whgn this command is actioned, the responsibility for all unacknowledged I frames assigned to data link centrol reverts to a
higher layer. Whether the content of the information field of such unacknowledged I frames is reassigned to,d4ta link contfol for
trangmission or not is decided at a higher layer.

5.5.3.3.9 Unnumbered poll (UP) command

The|UP command shall be used to solicit response frames from a group of secondary stations\(greup poll), from all secandary
statipns (all-station poll) or from a single secondary/combined station (individual poll) by éstablishing a logical oper(]:ional
|

condition that exists at each addressed data station for one respond opportunity. In the casé-0f a group poll or all-station pd|ll, the
mechanism employed to control response transmissions (to avoid simultaneous transmiSsions) is not defined in this International
Starjdard. The UP command does not acknowledge receipt of any response frames thdt may have been previously transmitfed by
the jecondary/combined station. No information field shall be permitted with the-UP command.

The[secondary/combined station(s) which receives the UP command with a gfoup or all-station address shall respond in thd same
manper as when polled using an individual address. The response frame(s) shall contain the sending secondary/conjbined
statipn's individual address, plus N(S) and N(R) numbers as required*by’the particular response(s). The continuity of each
secqndary/combined station's N(S) shall be maintained. If the WP command has the P bit set to "1", each addfessed
secqndary/combined station shall respond with at least one frame,‘the last frame having the F bit set to "1". If the UP comjmand
has the P bit set to "0", each addressed secondary/combined station may or may not respond depending on the status pf the
secdndary/combined station. Secondary/combined station responses sent in reply to a UP command with the P bit set to "0 shall
havg the F bit set to "0" in all frames of each secondary/combined station's response. A secondary/combined station vhich
receyves a UP command with the P bit set to "0" shall re§pond when:

a] it has an I/UI frame(s) to send;

b] it has an I frame to resend because it did not receive an acknowledgement;

c] it has received, but not acknowledged, an I frame(s);

d) it has received, but not responded to, a XID or TEST command;

e] it has experienced an exception condition or change of status that has not been reported; or

f) it has a status that has-to be reported again (for example, a FRMR, RIM or RD, or, optionally, an appropriate frame to
report a no-traffic condition, or a DM response to request a mode setting command).

If ay idle data link ¢hannel state (15 "ones") exists following the receipt of a frame(s), or no response is received within a|given
peripd of time, it.shall be assumed that the secondary/combined station has completed, or will not initiate, transmission.

5.5.8.3.10 -Unnumbered information (UI) command

The layer
progra aria it any
station. Receptlon of the UI command is not sequence number verified by the data link procedures therefore, the Ul frame may
be lost if a data link exception occurs during transmission of the command, or duplicated if an exception condition occurs during
any reply to the command. There is no specified secondary/combined station response to the Ul command. The Ul command
may be sent independently of the mode of the data link station.

Ul command shall be used to send mformatmn (for example status, appllcatlon data, operatlon mtermptlon data link
i P

5.5.3.3.11 Exchange identification (XID) command

The XID command shall be used to cause the addressed secondary/combined station to identify itself, and, optionally, to provide
primary/combined station identification and/or characteristics to the addressed secondary/combined station. An information field
is optional with the XID command. A secondary/combined station receiving a XID command shall, if capable, action the XID
command in any mode unless a UA response to a mode setting command is awaiting transmission or a FRMR condition exists.

If an XID command contains an information field, the first octet of the information field shall be the format identifier for the
remainder of the information field.
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The encoding of the format identifier shall be as shown in figure 16.

’—— First bit transmitted

Format identifierbits 1 2 3 4 5 6 7 8
Standardized format x x x x x x x 1
User-defined format x x x x x x x,0

\ /

L +ad ifiarualuao
Formattdentitervatue

Figure 16 — XID format identifier

NOTE|— The format identifier has a capability of designating 128 different standardized formats and 128 different user-defined, formats.

In an pperational mode (NRM, ARM or ABM), a FRMR condition may be established if the received XID command informgtion
field ¢xceeds the maximum defined storage capability of the secondary/combined station.

5.5.3.8.12 Reset (RSET) command

The RSET command shall be used by a combined station in an operational mode to reset _the\réceive state variable in| the
addrepsed combined station. No information field shall be permitted with the RSET command, The addressed combined stgtion
shall fonfirm acceptance of the RSET command by transmission of a UA response at th€ first respond opportunity. Upon
accepfance of this command, the addressed combined station receive state variable shall.be set to zero. If the UA responge is
received correctly, the initializing combined station shall reset its send state variable to zero.

The RSET command shall reset all frame rejection conditions in the addressed\combined station, except for an invalid IN(R)
condilion which the addressed combined station has reported by a FRMR _ frame. The RSET command may be sent by the
combjned station which detects an invalid N(R) to clear such a frame rejection condition in place of sending a FRMR frame] To
clear [an invalid N(R) frame rejection condition with a RSET command;’ the RSET command shall be transmitted by the
combjned station that detects the invalid N(R).

Wher} this command is actioned, the responsibility for all unacknowledged I frames assigned to data link control reverts|to a
higher layer. Whether the content of the information field of such*unacknowledged I frames is reassigned to data link contrd|l for
transmission or not is decided at a higher layer.

5.5.3]3.13 Test (TEST) command

The TEST command shall be used to cause the addresséd secondary/combined station to respond with the TEST response af the
first fespond opportunity, thus performing a basic\test of the data link control. An information field is optional with the TEST
command. If present, however, the received information field shall be returned, if possible, by the addrgssed
secorjdary/combined station with the TEST response. The TEST command shall have no effect on the mode or sequence
variaples maintained by the secondary/combined station.

The primary/combined station shall\consider the data link layer test terminated upon receipt of the TEST response or when a
ut period has run out. The results of the TEST command/response exchange may be made available for interrogation|by a
highdr layer.

5.5.3]3.14 Set mode (SM) command

The $M commandsshall be used to place the addressed station (combined/secondary) in one of the operational modes where
numbered comnfand/response control fields are greater than two octets in length. The SM command may be used to plac¢ the
addrgssed station(combined/secondary) in one of the operational modes where numbered command/response control fields are
one dr two ogtets in length.

The gpecific operational mode, in which the addressed station is placed using the SM command, may be determined by
means (See below). Furthermore, use ol the Tame may
format and S format command/response control fields.

ther
inl

Various ways in which the mode and the modulus for operation can be selected are:

(a) with a priori knowledge;
(b) through XID exchange; or
(c) through the use of an information field in the SM command.

An information field may be present in the SM command. The structure of the information field when present is as indicated in
5.5.3.2 and table 7.

If the mode and modulus element or the HDLC optional functions element is present, the mode of operation and the modulus for
operation shall be negotiated by setting the appropriate bits in the corresponding element; if not, then the mode of operation and
modulus for operation shall be specified as in items (a) or (b). The combined/secondary station shall confirm the acceptance of
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the SM command by transmission of a UA response at the first respond opportunity. Upon acceptance of this command, the
combined/secondary station's send and receive state variables shall be set to zero.

When this command is actioned, the responsibility for all unacknowledged 1 frames assigned to data link control reverts to a
higher layer. Whether the content of the information field of such unacknowledged I frames is reassigned to data link control for
transmission or not is decided at a higher layer.

5.5.3.3.15 Unnumbered information with header check (UIH) command

The UIH command shall be used to send information where the integrity of the information being transferred is of lesser
importance than its delivery to the correct secondary/combined station(s) without affecting the V(S) or V(R) variables at either
station. For the UIH command frame. the FCS shall be calculated over onlv a specified ]ength of the hpginnGng of the frame.
The] length of the protected portion shall be determined by parameter negotiation (XID exchange or mode-settifig |frame
exchange), a priori knowledge or as a system definition.

Recpption of the UIH command is not sequence number verified by the data link procedures; therefore, the UIH frame nf ay be
lostlif a data link exception occurs during the transmission of the protected portion of the command, or duplicated if an excpption
condlition occurs during any reply to the command. There is no specified secondary/combined station(fesponse to th¢ UIH
command. The UIH command may be sent independently of the mode of the data link station.

NOTE — Cases where the integrity of the information being transferred is of lesser importance than its delivery(to the correct station inclyde the
time]y transmission of packetized voice, video/graphic data, or periodically updated information.

5.5.83.4 Unnumbered responses
Thelunnumbered response encodings are shown in figure 17.

’——— First bit transmitted

1 2 3 4 5 6 7 8

1 1 0 0 F 1 1 0  UA response

1 1 1 0 F 0 0 I FRMR response
1 1 1 1 F 0o 0 DM response

1 1 0 0 F 0 1 0  RD response

1 1 1 0 E 0 0 0  RIM response

1 1 0 0 F 0 0 0 Ul response

1 1 1 1 F 1 0 1 XID response

1 1 0 0 F 1 1 I TEST response
1 1 1 1 F 1 1 1 UIH response

Figure 17 3 Unnumbered response control field bit assignments

5.5.8.4.1 Unnumbered acknowledgement (UA) response

The|UA response shall be used(by) the secondary/combined station to acknowledge the receipt and acceptance of SABM, SNRM,
SARM, SNRME, SABME, SARME, SM, RSET, SIM and DISC commands. An information field may be present in the UA
resppnse. The structure of-the information field when present is as defined in 5.5.3.2 and table 7.

Wh¢n the UA responsevhas an information field containing the mode and modulus element, at most one mode bit anfl one
modulus bit can b&set to «1».

5.5.3.4.2 Frame reject (FRMR) response

The[FRMR ‘response shall be used by the secondary/combined station in an operational mode to report that one of the foll wing
conditions, that is not correctable by retransmission of the identical frame, resulted from the receipt of a frame without FCS error
from the primary/combined station:

a) the receipt of a command or a response that is undefined or not implemented;

b) the receipt of an I/UI/UIH command or response, or, optionally, a TEST command, or, optionally, a XID command or
response, with an information field which exceeded the maximum information field length which can be accommodated
by the secondary/combined station;

c) the receipt of an invalid N(R) from the primary/combined station, i.e., an N(R) which identifies an I frame which has
previously been transmitted and acknowledged or an I frame which has not been transmitted and is not the next sequential
I frame awaiting transmission; or

d)  The receipt of a frame containing an information field when no information field is permitted by the associated control
field.
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The secondary/combined station shall transmit the FRMR response at the first respond opportunity.

R ATy

After sending a FRMR response, ihe secondary/combined station:

a)

b)

(See 5/6.4 for a description of command-response rejection procedures.)

The ptimary/co

resetti

SNRME, SARME, SABME, SM, or DISC command, as applicable.

An information field shall be returned with this response to provide the reason for the frame rejection,” When moduio 8 is u
the information field shall contain the fields shown in figure 18a.

The fynctions of these fields shall be as follows:

a)

b)
<)

d)
e)

f)

g)

h)

The «
the fr|

shall stop transmitting I frames if the frame reject exception condition was caused by an invalid N(R) since its direction of

transmission is affected; or

may, because the opposite direction of transmission is affected, optionally continue sending I frames if the frame reject

exception condition was caused by:

1) acommand or response that is undefined or not implemented, or

mbined station receiving the FRMR response shall be responsible for initiating the appropriate fndde setting
\g corrective action by initializing one or both directions of transmission using the RSET, SNRM; SARM, SAH

First bit transmitted

123456789 10111213 14151617 181920

Rejected frame

control field 0] N(S) |CR| NR)fw |x|y|z

Figure 18a — Information field format for FRMR response in modulo 8 operation

condition.
N(S) shall be the current value of the send state variable at the secondary/combined station (bit 10 = low-order bit).

C/R set to "1" shall indicate that the frame which caused the frame reject exception condition was a response frame,
C/R set to "0" shall indicate that the frame which caused the frame reject exception condition was a command frame.

N(R) shall be the current value of the receive state variable at the secondary/combined station (bit 14 = low-order bit).

w set to "1" shall indicate that the\control field received and returned in bits 1 to 8 inclusive was undefined or
implemented.

set to "1" in conjunctien-with this bit.

accommodateddy the secondary/combined station.

z set to "1" shall indicate that the control field received and returned in bits 1 to 8 inclusive contained an invalid N(R)

hmeé for'one or more of the conditions cited above. If required, the information field contained within the FRMR resp

may |

a be

The rejected frame control field shall be the control field of the received frame which caused the frame reject excepfion

and

not

x set to "1" shall indicate-that the control field received and returned in bits 1 to 8 inclusive was considered inyalid
because the frame contained an information field which is not permitted with this command or response. Bit w shall be

y set to "1" shalléindicate that the information field received exceeded the maximum information field length which cah be

, x, ¥ 4ndz bits in the information field of the FRMR response may all be set to zero, indicating an unspecified rejectign of

nse

¢ padded with zero bits so as to end on any convenient, mutually agreed upon character, byte, word or machine-depenfdent

boundary. (See also 5.6.4.)

When the control field extension (see 5.3.1) is used for modulo 128, the format for the information field returned with the FRMR
response shall be as shown in figure 18b.
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control field
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Bit 18 and bit 26 are the low-order bits of the current value of the send state and receive state variables, respectively, at the
secondary/combined station.

In the extended FRMR response format in modulo 128 operation, the rejected frame control field is the control field of the
received frame which caused the frame reject exception condition. When the rejected frame is an unnumbered frame, the control
field of the rejected frame is positioned in bit positions 1 to 8, with bits 9 to 16 set to zero.

When the control field extension (see 5.3.1) is used for modulo 32 768, the format for the information field returned with the
FRMR response shall be as shown in figure 18c.

’— First bit transmitted

Tooemreeennnens 32 33 34----48 49 50----64 65 66 67 68

Rejected extended

frame control field 0 NE) CR N(R) L R I

Figure 18c — Information field format for FRMR response in modulo 32 768 operation

Bit B4 and bit 50 are the low-order bits of the current value of the send state and receive state variables, respectively, [at the
secqndary/combined station.

In the extended FRMR response format in modulo 32 768 operation, the rejected frame controlMield is the control field fof the
recdived frame which caused the frame reject exception condition. When the rejected frame. is_an unnumbered frame, the dontrol
field of the rejected frame is positioned in bit positions 1 to 8, with bits 9 to 32 set to zero:

When the control field extension (see 5.3.1) for modulo 2 147 483 648 is used, the forfat for the information field returned with
the FRMR response shall be as shown in figure 18d.

’———— First bit transmitted

| RS 64 65 66----96 97 98 ---128 129 130 131 132

Rejected extended

frame control field 0 N(S) C/R N(R) wilx tyl]z

Figure 18d — Information field format for FRMR response in modulo 2 147 483 648 operation

Bit 66 and bit 98 are the low-order bits of the current value of the send state and receive state variables, respectively, [at the
secqndary/combined station.

In the extended FRMR response format in modulo 2 147 483 648 operation, the rejected frame control field is the control fleld of
the feceived frame which caused the frame reject exception condition. When the rejected frame is an unnumbered franje, the
conjrol field of the rejected frame is poSitioned in bit positions 1 to 8, with bits 9 to 64 set to zero.

5.5.p.4.3 Disconnected mode (DM)response

The] DM response shall be ysed-to report a status where the secondary/combined station is logically disconnected from thg data
link{ and is, by system definition, in NDM or ADM.

Thel DM response shall be sent by the secondary/combined station in NDM or ADM to request the primary/other conjbined
statfon to issue a_made setting command, or if sent in response to the reception of a mode setting command, to inform the
primary/other combined station that it is still in NDM/ADM and cannot action the mode setting command. An informatiog field
may be present.in‘the DM response. The structure of the information field when present is as indicated in 5.5.3.2 and table 1.

A spcondary/combined station in NDM or ADM shall monitor received commands to detect a respond opportunity in order to
(re)frafismit the DM response (or the RIM, XID, UI TEST or RD responses, as approprlate) i.e., no commands (other thhn the

setting

command (SNRM SARM SABM SNRME SARME SABME SM, or SIM as approprlate)

5.5.3.4.4 Request disconnect (RD) response

The RD response shall be used to indicate to the primary/combined station that the secondary/combined station wishes to be
placed in the disconnected mode (NDM or ADM). No information field shall be permitted with the RD response.

A secondary/combined station which has sent an RD response and receives a command frame(s) other than the DISC command
shall accept the command frame(s) if it is able to do so. If the secondary/combined station accepts the non-DISC command
frame(s), it shall follow the normal procedures when responding to the primary/combined station. Secondary/combined station
acceptance of a frame other than the DISC command after sending an RD response cancels the RD response. If the
secondary/combined station still wishes to be placed in the disconnected mode (NDM or ADM), it shall re-issue the RD
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response. If the secondary/combined station cannot accept the non-DISC frames due to internal problems, it may again respond
with an RD response to the non-DISC frames.

5.5.3.4.5 Request initialization mode (RIM) response

The RIM response shall be used in any mode to report a secondary/combined station's need for initialization. No information

field shall be permitted with the RIM response.

Once a secondary/combined station has sent a RIM response, additional commands subsequently received (other than the SIM or
DISC command, or, if capable, the XID or TEST command) shall be monitored to detect a respond opportunity to retransmit the
RIM response, as an indication that the need for initialization persists.

L2 AL Tlawiialonwad oafnmmmntion
5.5.3.4.6 Unnumbered information (U}) response

The U[ response shall be used to send information (for example, status, application data, operation, interruption, ,ortempgral
data) tp a primary/combined station without affecting the V(S) or V(R) variables at either station. Reception of the-UI responsg is
not sequence number verified by the data iink procedures; therefore, the Ul frame may be iost if a data link @xX¢eption ocdurs
duringtransmission of the Ul response, or duplicated if an exception condition occurs during any reply to the ULfesponse.

The U] response may be sent during any mode of the data link station.

5.5.3.4.7 Exchange identification (XID) response

T ~ T

The XID response shali be used to repiy to an XiD command, or to request an XID command/response exchange. |An
information field containing the secondary/combined station identification and/or characteristics may be optionally present with
the ;:]D response. A secondary/combined station in any mode receiving an XID comiand shall, if capable, send the XID
response, unless a UA response is pending or a FRMR condition exists.

If an XID response contains an information field, the first octet of the information field shall be the format identifier for|the
remainder of that information field. See figure 19 for the encoding of the format'identifier field.

A cnn 1
A DCCPIIUC
including

ax sramaalia
1 u“bUll\rltCU AllJ 1TUOpPULISL Cll ally/1vspuliu

A combined station in ABM may establish a FRMR exception condition if the information field of a received XID respdnse
exceeds the maximum defined storage capability of the combined;station.

5.5.3.4.8 Test (TEST) response

The TEST response shall be used to reply to the TEST command in any mode. A secondary/combined station, receiving a TEST
commpnd, shall, if capable, send the TEST responselin ‘accordance with the defined mode, unless a UA response is pending pr a
FRMR condition exists.

An information field, if present in the TEST*command, shall be returned with the corresponding TEST response. If|the
secongdlary/combined station is busy and-eannot accept an information field, a TEST response without an information field shall
be rethrned. If the secondary/combin¢d-station is in an operational mode (NRM, ARM, ABM), a FRMR condition may be
establjshed if the received TEST-command has an information field which exceeds the maximum established frame stofage
capab]lity of the secondary/combined station. If a FRMR response is not returned for this condition, a TEST response withouf an
information field shall be returned.

5.5.3.4.9 Unnumberedinformation with header check (UIH) response

The UIH response ‘shall be used to send information where the integrity of the information being transferred is of lepser
importance than.its/delivery to the correct primary/combined station(s) without affecting the V(S) or V(R) variables at either
station. For the UIH response frame, the FCS shall be calculated over only a specified length of the beginning of the frame. [The
length of the protected portion shall be determined by parameter negotiation (XID exchange or mode-setting frame exchangg), a
priori[khewledge or as a system definition.

Reception of the UIH response is not sequence number verified by the data link procedures; therefore, the UIH frame may be lost
if a data link exception occurs during the transmission of the protected portion of the response, or duplicated if an exception
condition occurs during any reply to the response. There is no specified primary/combined station response to the UIH response.
The UIH response may be sent independently of the mode of the data link station.

NOTE — Cases where the integrity of the information being transferred is of lesser importance than its delivery to the correct station include the
timely transmission of packetized voice, video/graphic data, or periodically updated information.
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5.6 Exception condition reporting and recovery

The following procedures are available to effect recovery following the detection/occurrence of an exception condition at the data
link layer. The exception conditions described are those situations which may occur as the result of transmission errors, data
station malfunction or operational situations.

5.6.1 Busy

The busy condition shall result when a data station is temporarily unable to receive, or unable to continue to receive, I frames due
to internal constraints; for example, receive buffering limitations. In this case, an RNR frame shall be transmitted with the N(R)
number of the next I frame that is expected. Traffic awaiting transmission may be transmitted from the busy data station prior to,
or foHowing; RNR—franTc: i tstenee-of-a-busy-conditions y TSst RNR frame
at ¢ach P/F frame exchange.

A dlata station receiving an RNR frame when in the process of transmitting (i.c., two-way simultaneous) shall stop-transnjitting 1
frajnes at the earliest possible time. It is suggested that a secondary station in NRM return a frame and the F bit'set to "1'| before
sugpending transmission. A secondary/combined station in ARM/ABM, respectively, shall perform a response/commanyl time-
ouf before resuming transmission.

Indication that a busy condition has cleared and that I frames will now be acceptable shall be reported by the transmission of an
RR, REJ, SREJ, SNRM, SARM, SABM, SNRME, SARME, SABME, SM, or UA frame with or ‘without the P/F bit setfto "1".
Clgarance of a busy condition at a primary station shall also be indicated by the transmission oféan I frame with the P bit set to
"1'1. Clearance of a busy condition at a secondary/combined station shall also be indicated by the transmission of an I frame with
thg F bit set to "1".

5.4.2 sequence error

An N(S) sequence error exception condition shall occur in the receiver whenwan I frame received error free (no FC§ error)
coftains an N(S) that is not equal to the receive state variable at the receiver/ The receiver shall not acknowledge (ie., not
indrement its receive state variable) the frame causing the sequence error.or any I frames which may follow until an I frame with
thq correct N(S) is received. Unless the SREJ frame is to be used to recovet from a given sequence error, the information [field of
allfl frames received whose N(S) does not equal the receive state variable shall be discarded. (See 5.6.2.3 for SREJ recovry.)

A primary, secondary or combined station which receives one or‘more I frames having sequence errors, but which are otherwise
errpr free, shall accept the control information contained in thé:N(R) field and the P/F bit to perform data link control functions;
fol example, to receive acknowledgement of previously transmitted I frames, to cause a secondary/combined station to fespond
(P[bit set to "1"), and, in NRM, to detect that the secondary station is terminating transmission (F bit set to "1"). Therefpre, the
retransmitted I frame may contain an N(R) field and/erP/F bit information that are updated and different from those contdined in
thq originally transmitted I frame.

Foflowing the occurrence of a sequence errof; the following means are available for initiating the retransmission of lost I frames
or those with errors.

5.64.2.1 Poll/final (P/F) bit (checkpoint) recovery (see also 5.4.3.2)

When a data station receives a fraihe with the P/F bit set to "1", it shall initiate retransmission of unacknowledged I|frames
pr¢viously transmitted with s€quence numbers that are less than the V(S), send state variable, value that was current at the|time of
trapnsmission of the last frame with the F/P bit, respectively, set to "1". Retransmission shall start with the oldest numbered
urIcknowledged I framies"1 frames shall be retransmitted sequentially. New I frames may be transmitted if they become
avhilable. Such retransmission of I frames as a result of an exchange of P/F bits set to "1" is known as checkpoint retransnpission.

When using the multi-selective reject procedure, any I frames that were retransmitted subsequent to the transmission of fhe last
frame with th€ P/F bit, respectively, set to "1", shall not be retransmitted. For a combined station, if any frames are retrangmitted,
th¢n a pollsshall be sent, either by transmitting an RR command (or RNR command if the station is in the busy conditiop) with
th¢ P bit set'to "1" or by setting the P bit to "1" in the last retransmitted I frame.

=

CHecKpoint retransmission shall not be initiated under the following conditions:

a) In the case of a secondary/primary station, if a REJ frame with the P/F bit set to "0" has been received and actioned,
checkpoint retransmission shall be inhibited on the next P/F frame received, if it would cause retransmission of the same
particular I frame; i.e., same N(R) in same numbering cycle.

b) In the case of a combined station, if a REJ command with the P bit set to "0" or "1", or a REJ response with the F bit set
to "0", has been received and actioned while a P bit set to "1" was unanswered, checkpoint retransmission shall be
inhibited on the next frame received with the F bit set to "1", if it would cause retransmission of the same particular I
frame; i.e., same N(R) in same numbering cycle.

c) In the case of a secondary/primary station, if the multi-selective reject procedure is not used and if one or more SREJ
frames with the P/F bit set to "0" have been received and actioned, checkpoint retransmission shall be inhibited on the
next frame received with the P/F bit set to "1" when this frame is a SREJ frame and contains the same N(R) as the oldest
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unresolved SREJ frame, if it would cause retransmission of the same particular 1 frame; i.e., same N(R) in same
numbering cycle.

d) In the case of a combined station, if the multi-selective reject procedure is not used and if a SREJ command with the P bit
set to "0" or "1", or one or more SREJ responses with the F bits set to "0", have been received and actioned, checkpoint
retransmission shall be inhibited on the next frame received with the F bit set to "1" when this frame is a SREJ frame and
contains the same N(R) as the oldest unresolved SREJ frame, if it would cause retransmission of the same particular I
frame; i.e., same N(R) in same numbering cycle.

e) IfaP/F bitsetto"1" isreceived in an unnumbered format frame, checkpoint retransmission shall be inhibited.

: c a frame with the e geme ame before
receiving the corresponding frame with the F/P bit set to "1", checkpoint retransmission on the frame with the F/P/bit

set
to "1" shall be inhibited.
g) | If a SREJ frame with the P/F bit set to "1" is received, the SREJ recovery retransmission shall be used and not'eheckpgint

retransmission.

h) |In the case of a combined station, if any frame with the P bit set to "1" is received, checkpoint retransmission shall| be
inhibited.

i) |In the case of a primary/secondary station, when the multi-selective reject procedure is used, eheckpoint retransmisgion
on receipt of an RR frame with the P/F bit set to "1" shall be inhibited if any new I frames wer€ transmitted subsequent to
the last frame with the P/F bit set to "1". In the case of a combined station, when the multi-selective reject procedurg is
used, checkpoint retransmission on receipt of an RR frame with the F bit set to "1" shal) be inhibited if any new I frapes
were transmitted subsequent to the last frame with the P bit set to "1".

5.6.2.2 REJ recovery

The REJ command/response shall be used primarily to initiate an exception recoyery (retransmission), following the detectiop of
a seqence error, earlier than is possible by checkpoint (P/F bit) recovery; for example, in two-way simultaneous informafion
transfgr, if a REJ frame is immediately transmitted upon detection of a sequence error, then there is no requirement to wait fpr a
frame with the P/F bit set to "1".

With gespect to each direction of transmission on the data link, only, oné "sent REJ" exception condition from a given data stafion
to another given data station shall be established at a time. A "sentREJ" exception condition shall be cleared when the requested
is received or when the response/command time-out funetion runs out. When the data station perceives by time-out fhat
the reqquested I frame has not been received, because either. the requested I frame or the REJ frame was in error or lost, the REJ
frame|may be repeated.

A datg station receiving a REJ frame shall initiate sequential transmission (or retransmission) of [ frames starting with the I frime
indicated by the N(R) contained in the REJ frame. jNew I frames may be transmitted subsequently if they become available.

If

a) | retransmission beginning with a\particular frame occurs due to checkpointing (see 5.4.3.2.1, 5.4.3.2.2, 5.4.3.2.3, 5.4.3]2.4
and 5.6.2.1), and

b) | a REJ frame is received which would also start retransmission with the same particular I frame [as identified by the N(R)
in the REJ frame],

the refransmission resulfing from the REJ frame shall be inhibited.

5.6.2.3 SREJ recovery

The J comimand/response shall be used primarily to initiate more efficient error recovery by requesting the retransmission of
one of more \(not necessarily contiguous) I frame(s) following the detection of sequence errors rather than the retransmissiop of
the earliest frame in need of retransmission plus all additional I frames which may have been transmitted subsequently.

5.6.2.3.1 Single SREJ recovery

Single SREJ recovery shall be used to request the retransmission of a single I frame following the detection of a sequence error.

When an I frame sequence error is detected, and it is determined that SREJ recovery is to be employed, the SREJ frame shall be
transmitted at the earliest possible time. When a primary/secondary station sends one or more SREJ frames, each with the P/F bit
set to "0", and these "sent SREJ" exception conditions are not cleared when the primary/secondary station is ready to issue the
next frame with the P/F bit set to "1", the primary/secondary station shall send a SREJ frame with the P/F bit set to "1" with the
same N(R) as the oldest unresolved SREJ frame. When a combined station sends one or more SREJ commands, each with the P
bit set to "0", or one or more SREJ responses, each the F bit set to "0", or a SREJ command with the P bit set to "1", and these
"sent SREJ" exception conditions are not cleared when the combined station is ready to issue the next response frame with the F
bit set to "1", the combined station shall send a SREJ response with the F bit set to "1" with the same N(R) as the oldest
unresolved SREJ frame.
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In a primary/secondary station, since an I or S format frame sent with the P/F bit set to "1" has the potential of causing
checkpoint retransmission, a primary/secondary station shall not send SREJ frames until it receives at least one in-sequence I
frame or it perceives by time-out that the checkpoint retransmission will not be initiated by the remote station. In a combined
station, since an I or S format frame sent with the F bit set to "1" has the potential of causing checkpoint retransmission, a
combined station shall not send SREJ frames until it receives at least one in-sequence I frame or it perceives by time-out that the
checkpoint retransmission will not be initiated by the remote station.

With respect to each direction of transmission on the data link, one or more "sent SREJ" exception conditions from a given data
station to another given data station may be established at a time. A "sent SREJ" exception condition shall be cleared when the
requested I frames have all been received.

a data sta 2 > e or
the $REJ frame was in error or lost, the SREJ frame may be repeated.

A data station receiving one or more SREJ frames shall, when appropriate, initiate retransmission of the individual’l ffames
indi¢ated by the N(R) values contained in each SREJ frame. After having retransmitted these I frames, new.I-frames may be
trangmitted subsequently if they become available.

Whdn a primary/secondary station receives and actions one or more SREJ frames, each with the F bit (primdry station) of P bit
(secpndary station) set to "0", it shall disable actioning of the next SREJ frame received if that frame\has the F bit (pfjmary
statipn) or P bit (secondary station) set to "1" and has the same N(R), (i.c., same value and safme) numbering cycle) 4s the
previously actioned SREJ frame, and if the resultant retransmission was made following the retran§mission of the P bit (pr mary
statipn) or the F bit (secondary station). When a combined station receives and actions one ormore SREJ commands, eacH with
the I} bit set to "0", or a SREJ command with the P bit set to "1", or one or more SREJ responses, each with the F bit set to 0", it
shal| disable actioning of the next SREJ response frame received if that SREJ frame has\the F bit set to "1" and has the|same
N(R) (i.e., same value and same numbering cycle) as a previously actioned SREJ framie,*and if the resultant retransmissioh was
madg following the retransmission of the P bit set to "1".

Whgn the SREJ mechanism is used, the receiving station shall retain correctly)réceived I frames and deliver them to the H igher
layef in sequence number order.

5.6.2.3.2 Multiple SREJ recovery

Multiple SREJ reject recovery shall be used when the multi-selective reject procedure is used to request the retransmission ¢f one
or more (not necessarily contiguous) I frame(s) following the detection of a sequence error.

Whdn a primary/secondary or combined station receives an'out-of-sequence I frame, the I frame shall be held for later del very.
The|l frame shall be delivered to the upper layer only when all I frames numbered below N(S) are correctly received. If frame
number N(S)-1 has not been received previously, thenvan SREJ frame with the P/F bit set to "0" shall be transmitted, ht the
earlipst possible time, that contains the sequence-ntimbers of the list of consecutive missing I frames ending at N(S)-1; the|N(R)
field in the control field shall be set to the first séquence number in the list; the information field shall contain the rest of the
sequence numbers. If the list of sequence numbers is too large to fit in the information field of the SREJ frame, then the lisq shall
ncated by including only the earligst\sequence numbers. The primary/secondary or combined station on receiving an SREJ

with the P/F bit set to 0 shall‘retransmit all requested I frames. After having retransmitted these I framed, the

Whdn a primary/secondary station)is ready to issue the next frame with the P/F bit to "1" and if there are out-of-sequence I fiames
savef in the receive buffer, th¢ primary/secondary station shall send a SREJ frame with the P/F bit set to "1" with N(R) eqpal to
the gldest unacknowledgéd- frame and the information field containing the sequence numbers of the rest of the missing I frhmes.
Whdn a combined statjen)is ready to issue the next response frame with the F bit to "1" and if there are out-of-sequence I ffames
in the receiye buffer, the combined station shall send a SREJ response with the F bit set to "1" with N(R) equal {o the
oldept unacknowledged I frame and the information field containing the sequence numbers of the rest of the missing I frams. If
the fist of sequence numbers is too large to fit in the information field of the SREJ frame, then the list shall be truncatfd by
inclyding only-the earliest sequence numbers. When a primary/secondary station receives an SREJ frame with the P/F bit ket to
"1", [the/primary/secondary station shall retransmit all requested 1 frames, except those that were transmitted subsequent fo the
last frame with the P/F bit set to "1". When a combined station receives an SREJ frame with the F bit set to "1", the compined
station shall retransmit all requested I frames, except those that were transmitted subsequent to the last frame with the P bit set to
"1". After having retransmitted these I frames, the primary/secondary or combined station may transmit new I frames, if they
become available.

Annex B includes examples of the possible use of the multi-selective reject procedure and implementation guidelines.

5.6.2.4 Time-out recovery

In the event that the remote data station, as a result of a transmission error, does not receive (or receives and discards) a
transmission consisting of a single I frame or the last I frame(s) in a sequence of I frames, it will not detect an out-of-sequence
exception condition and therefore will not transmit a SREJ/REJ frame. The data station which transmitted the unacknowledged 1
frame(s) shall, following the completion of a system defined time-out period, take appropriate recovery action to determine the
point at which retransmission shall begin.
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A primary/combined station should inquire status with a supervisory frame. When

a)

a secondary station has a respond opportunity, and

b) an optional time-out or equivalent function for unacknowledged I frames has run out, and

©)

no new I frames are available,

© ISO/IEC

then the secondary station should transmit only the last I frame and should wait until status is received from the primary station.

If the multi-selective reject procedure is used, then status inquiry should be done using a supervisory frame. For a

primary/secondary station, I frame retransmissions shall be done only after a frame with the P/F bit set to "1" or an S

REJ fr

ame
vith

me.

ery,

with tiePAb o0 ved—or-acombtred-Sstation; arme-retra ons—shall be-doneonhafl espons

the F Bit set to "1" or an SREJ response with the F bit set to "0" is received.

NOTES

1. Ifla data station retransmits one of the unacknowledged I frames (not the last I frame) after a time-out, the data station shiouid keep reford
of the highest value of V(S) that had been sent so as to be able to identify an N(R) received as acknowledging or not acknowledging spme
of all of the I frames previously transmitted.

2. If a data station does retransmit all unacknowledged I frames after a time-out, it should be prepared to receive a‘following REJ or SREJ
filame with an N(R) greater than the send state variable at the data station which retransmits.

3. When, as a result of a time-out, a secondary/combined station decides to retransmit a response frame, the’ retransmitted response frlame
should have the F bit set to "0" unless an unanswered P bit set to «1" has been received since the earlier transmission of the response fr

4. are should be taken if a higher layer attempts to change an information field which is being rétransmitted as part of time-out reco
bEcause the new information field is discarded if the receiving data station had correctly receiyed.an I frame with the same N(S).

5. account for possible retransmissions after time-out, a receiving data station should not$et a SREJ exception condition when it recgives

ah I frame with an N(S) one less than its receive state variable.

5.6.3 | FCS error
Any frame received with a FCS error shall not be accepted by the regeiver and shall be discarded. At a secondary/combjned

respo
initiat

statioi, no action shall be taken as the result of that frame. At a primidry/combined station, if the frame with the FCS error was a

ng recovery action.

5.6.4 | Command/response frame rejection

und

€

A cota)mand/response rejection exception condition shall be established upon the receipt of an error-free frame which containfs an
ned or not implemented command/response inthe control field, an invalid frame format, an invalid N(R) or an informgtion

field which exceeds the maximum information field.length which can be accommodated by the receiving data station.

Ataj

N(R),| recovery shall include, at least, the issuance of a mode setting command.

At a $econdary station, this exceptién condition shall be reported by a FRMR response for appropriate primary station ac
Once|a secondary station has established a FRMR exception condition, no additional I frames shall be accepted, excep
exam|nation of the state of the’P-bit and the value of the N(R) field, until the condition is cleared by the primary station issuipg a

mode]

primdry station.

At a dJombined stationythis exception condition shall be dealt with in either of two ways:

se frame with the F bit set to "1", a resulting time-out function shall occur in the primary/combined station prigr to

rimary station, this exception condition shall be subject to recovery/resolution at a higher layer. In the case of an invalid

ion.
for

setting command. The\FRMR response shall be repeated at each respond opportunity until recovery is effected by the

a) [ The combined station may follow a course of action similar to that described for a primary station, where the exception
condition is resolved as a higher layer function. The combined station shall issue a mode setting command or a RSET
cofumand, as appropriate, as a part of this recovery action.

b) L_The combined station may follow a course of action similar to that described for a secondary station and request that the

44

other combined station resolve the exception condition and effect the required recovery.

In the case of exception conditions that are not related to the I frame transmission from the reporting data station, the
transmission of I frames may continue, with received I frames being examined only for the state of the P and F bits and
the value of the N(R) field until the exception condition is cleared by the other combined station issuing a mode setting
command or a RSET command, as appropriate. If recovery is not effected by the other combined station within a
specified time-out interval, the reporting combined station may repeat the FRMR frame, or it may choose to assume
control of the recovery function as described in a). If the other combined station that receives the FRMR frame is unable
to effect an appropriate recovery action, it shall reply with a FRMR frame of its own, rejecting the received FRMR frame.
The combined station that sent the original FRMR frame shall then initiate an appropriate recovery function as described

in a).
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5.6.5 Contention situations

Contention may occur in ARM (ABM) during a mode setting action in either TWA or TWS communications, or following an
extended period of inactivity (idle data link channel state) in a TWA configuration. In the TWA case, the primary/one combined
station and secondary/other combined station are contending for the use of the logical communication path for mode setting or
data interchange purposes. In the TWS case, the primary/one combined station and secondary/other combined station are
contending with regard to initiating a mode setting function.

In all of the above cases, the contention situation shall be resolved through the use of different value time-out functions in each
data station. The time-out function employed by secondary/one combined station shall be greater than that employed by the
primary/other combined station so as to permit such contention situations to be resolved in favour of the primary/specified
co binad ctats

o ea-Station-

6 HDLC classes of procedures

Fivg basic classes of procedures are defined in HDLC: two unbalanced classes of procedures, a balanced class of procedures,
and|two connectionless classes of procedures. (See 6.6.)

6.1 Types of data station

The|types of data station that are defined in this International Standard utilize the building bloeks illustrated in Figure 19.

Data Source and
flow sink*
Command Response Command and
Control
control control response control

Primary Control Secondary Tributary = Combined Peer
station  station station  station station  station

For send-only I frame stations or receive-only I frame stations, remove source or sink capability, as appropriate.
Figure 19 — HDLC stations — Building blocks

Twq types of data)station are defined for the unbalanced classes of procedures (see figure 19):

a) prifary station, which sends commands, receives responses and is ultimately responsible for data link layer| error
recovery;

bj—SeTomdary Statiors, WiTCHT Teceive CONmTands, SeNd TeSpoTSes and Ay IMitiate data Hnk layer error Fecovery.

One type of data station is defined for the balanced class of procedures (see figure 19), i.e., combined stations, which send both
commands and responses, receive both commands and responses, and are responsible for data link layer error recovery.

Three types of data stations are defined for the connectionless classes of procedures (see figure 19):

a) control station in unbalanced connectionless class of procedure, which sends commands, receives responses, but does not
support any form of data link layer connection establishment/termination, flow control, acknowledgement, or error
recovery;

b) tributary stations in unbalanced connectionless class of procedure, which receives commands, sends responses, but does
not support any form of data link layer connection establishment/termination, flow control, acknowledgement, or error
recovery;
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commands and responses, but are not responsible for any form of data link

flow control, acknowledgement, or error recovery.

c) peer stations in balanced connectionless class of procedures which send both commands and re sponses, recelv
Tiem o Tan
1

NOTE — The above terms are introduced in order to avoid having to use compound terms such as "connectionless secondary station", etc.,
throughout the subclauses that deal with connectionless classes of procedures.

6.2 Configurations
For the two unbalanced classes of procedures, a single primary station plus one or more secondary station(s) shall be connected

togeter over various types of transmission facilities to build point-to-point or multipoint, half-duplex or duplex, switched or
non-switched configurations.

For the balanced class of procedures, two combined stations shall be connected together over various types offtransmigsion
facilifies to build point-to-point, half-duplex or duplex, switched or non-switched configurations.

For the unbalanced connectionless class of procedures, a single control station plus one or more tributary|station(s) shafl be
conngcted together over various types of transmission facilities to build point-to-point or multipoint,shalf-duplex or duplex,
switched or non-switched configurations.

For the balanced connectionless class of procedures, two peer stations shall be connected together over various typds of
transthission facilities to build point-to-point, half-duplex or duplex, switched or non-switched/Configurations.

10 Dunda pon

6.3 |Operational modes

In anl unbalanced class, any coupling of a primary station with secondary statiefi(s) shall be operated in either the normal
respopse mode (NRM) or the asynchronous response mode (ARM), two-way dlternate or two-way simultaneous, in accordance
with the capability of the configuration being employed. In the balanced class, two combined stations shall be operated ip the
asyndhronous balanced mode (ABM), two-way alternate or two-way simultaneous, in accordance with the capability of the
confipuration being employed.

In the unbalanced connectionless class, any coupling of a controlstation with tributary station(s) shall be operated i the
unbalanced connectionless mode (UCM), two-way alternate or-fwo-way simultaneous, in accordance with the capability of the
configuration being employed.

In th¢ balanced connectionless class, two peer stations,shall be operated in the balanced connectionless mode (BCM), tworway
alternate or two-way simultaneous, in accordance with the capability of the configuration being employed.

6.4 | Addressing scheme

In al] classes (unbalanced, balanced, and:connectionless), commands shall always be sent containing a destination data sttion
addr¢ss, and responses shall always be.sent containing the assigned transmitting data station address.

The [all-station" address or a "greup" address may be used to transmit a command frame simultaneously to all the secondary
statigns on a multipoint configuration or to the defined group. of secondary stations. The addressing convention is specifigd in
4.7. |The mechanism to avoid-Overlapping responses to multiple station addressing is system dependent and is not specifigd in
this International Standard.

6.5| Send and 'receive state variables

For gach primary-to-secondary or combined-to-combined pairing, a separate pair of send and receive state variables shall be|used
for epchdirection of transmission of information (I) frames. Upon receipt and acceptance of a mode setting command, both the
send|and receive state variables of the receiving station shall be set to zero. Upon receipt and acceptance of an acknowledggment
response to a mode seffing command, both the send and receive state variables of the originating station shall be Set {0 Zero.

For each control-to-tributary or peer-to-peer pairing, there are no send and receive state variables used for each direction of
transmission of data.

6.6 Fundamental classes of procedures

6.6.1 Designations
Five fundamental classes of procedures are defined. They are designated:

UNC - Unbalanced operation Normal response mode Class;

UAC - Unbalanced operation Asynchronous response mode Class;
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BAC - Balanced operation Asynchronous balanced mode Class;
UCC - Unbalanced operation Connectionless mode Class; and
BCC - Balanced operation Connectionless mode Class.
In these designations
— the first letter, U or B, indicates unbalanced or balanced operation;

— the second letter, A, N, or C, indicates asynchronous, normal, or connectionless response mode; and

—the-thirdHetter—C—standstorelass

6.6{2 Basic repertoires

Thg following basic repertoires utilize single octet addressing, unextended control field format, a 16-bit FCS,.and synch

trarjsmission.

6.6{2.1 UNC
Thg basic repertoire of commands and responses for UNC shall be as follows:

Commands  Responses

1 I
RR RR
RNR RNR
SNRM UA
DISC DM
FRMR
6.6]2.2 UAC

Th¢ basic repertoire of commands and responses for UAC shall be as follows:

Commands  Responses
I 1

RR RR
RNR RNR
SARM UA
DISC DM
FRMR
6.6/2.3 BAC

Thg¢ basic repertoire of commands and responses for BAC shall be as follows:

Commands  Responses
I I

RR RR
RNR RNR
SABM UA
DISC DM
FRMR
6.612.4 UCC

The basicgepertoire of commands and responses for UCC shall be as follows:

Commands Rpcpnncpﬂ

ronous

Ul Ul

6.6.2.5 BCC
The basic repertoire of commands and responses for BCC shall be as follows:

Commands  Responses
Ul

6.7 Optional functions

Table 11 lists the optional functions that are available to modify the fundamental classes of procedures defined in 6.6. These
optional functions involve the additions or deletions of commands and responses to or from the basic repertoires, or the use of
alternate address or control field formats or alternate frame checking sequences or alternate form of transmission (see table 11).
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6.8 Consistency of classes of procedures

The consistency in the five classes of procedures, obtained through the use of the concepts of modes of operation, basic
command/response repertoires, and hierarchical structuring, is illustrated in 6.6.2. This consistency in repertoire facilitates the
inclusion of multiple versions of the classes of procedures in a data station that is configurable.

© ISO/IEC

Table 11 — Optional functions
Option Functional description Required change UNC | UAC | BAC | UCC | BCC
1 Provides the ability to exchange identification and/or | Add command: XID X X X X X
characteristics of data stations Add response: XID
2 Provides the abilty for more tmety reporting of T 7dd-commmamd—RES 3 a3 3¢
frame sequence errors Add response: REJ
3.1 Provides the ability for more efficient recovery from I | Add command: SREJ X X X
frame sequence errors by requesting retransmission of | Add response: SREJ
a single frame
3.2 Provides the ability for more efficient recovery from I | Add command: SREJ X X X
frame sequence errors by requesting retransmission of | Add response: SREJ
one or more individual I frames with a single request Support multi-selective
consisting of individual I-frame indicators only reject procedure using
individual I-frame
indicators only
33 Provides the ability for more efficient recovery fromI | Add command: SREJ X X X
frame sequence errors by requesting retransmission of | Add response: SREJ
one or more individual I frames with a single request Support multi-selective
consisting of individual I-frame indicators and span reject procedure using in-
list indicators, as appropriate dividual I-frame indicators
and span list indicators
4 Provides the ability to exchange information fields Add command: Ul X X X
independent of the mode (operational or non- Add response: Ul
operational) without impacting the I frame sequence
numbers
5 Provides the ability to initialize a remote data station, | Add command: SIM X X X X X
and the ability to request initialization Add response: RIM
6 Provides the ability to perform unnumbered group Add:command: UP X X X X X
and all-station polling as well as unnumbered
individual polling
7 Provides for greater than single octet addressing Use extended addressing X X X X X
format instead of basic
addressing format
8 Limits the procedures to allow I frames to"be Delete response: 1 X X X
commands only
9 Limits the procedures to allow I frames to be Delete command: I X X X
responses only
1041 Provides the ability to use extended sequence Use extended control field X X X
numbering (modulo 128) format instead of basic
control field format; use
the SXXME command
instead of the SXXM
command
102 Provides th€ ability to use extended sequence Use extended control field X X X
numbering,(modulo 32 768) format instead of basic
control field format; use
the SM command instead
of the SXXM command
1083 Provides the ability to use extended sequence Use extended control field X X X
numbering (modulo 2 147 483 648) format instead of basic
control fictd format, use
the SM command instead
of the SXXM command
11 Provides the ability to reset the state variables as- Add command: RSET X
sociated with only one direction of information flow
12 Provides the ability to perform a basic data link test Add command: TEST X X X X X
Add response: TEST
13 Provides the ability to request logical disconnection Add response: RD X X X
14 Provides for 32-bit frame checking sequence (FCS) Use the 32-bit FCS instead X X X X X
of the 16-bit FCS
15.1 Provides for start/stop transmission with basic Use start/stop transmission X X X X X
transparency with basic transparency
instead of synchronous
transmission
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Option Functional description Required change UNC UAC BAC | UCC | BCC
152 Provides for start/stop transmission with basic Use start/stop transmission X X X X X
transparency and flow-control transparency with basic transparency
and flow-control
transparency instead of
synchronous transmission
15.3 Provides for start/stop transmission with basic Use start/stop transmission X X X X X
transparency and control-character octet transparency | with basic transparency
and control-character octet
transparency instead of
synchronous transmission
16 Provides for operation in a start/stop transmission Use the seven-bit data path X X X
environment that only permits transfer of seven data transparency function, in
bits per character conjunction with one of
the Option 15 functions
17 Provides the ability to set up a link Use the Set Mode X X X
command in place of the
corresponding frame from
the basic repertoire
(SXXM) or the associated
extended frame (SXXME)
to set up the link
18 Provides the ability to have an optional information Use the UA and DM X X X
field in the UA and DM response frames and the responses and the DISC
DISC command frame command with an optional
information field
19 Provides the ability to have an optional information Use the corresponding X X X
field in different mode setting commands from the mode setting command
basic repertoire (i.e., SABM, SARM, SNRM) or the with an optional
alternative frame per optional function 10.1 (i.e., information-field
SABME, SARME and SNRME)
20 Provides the ability to exchange information fields Add\command: UIH X X X X X
that are not fully protected by a check sequence, Add'response: UIH
independent of the mode (operational or non
operational) without impacting the I frame sequence
numbers.
6.9 Conformance to the HDLC classes of procedures
A Hata station shall be described as conforming to a given class of procedures, with optional functions, if it implem¢nts all
commands and responses in the basic repertaire for the class of procedures as modified by the selected optional functions, j.e.,
1) a primary station shall have the ability to receive all of the responses in the basic repertoire for the unbalanced ¢lass of
procedures as modified by the selected optional functions;
b) a secondary station shall have the ability to receive all of the commands in the basic repertoire for the unbalanced ¢lass of
procedures as modifi€d by the selected optional functions;
) a combined station’ shall have the ability to receive all of the commands and responses in the basic repertoire [for the
balanced cldss.of procedures as modified by the selected optional functions.
1) a control ‘station shall have the ability to receive all of the responses in the basic repertoire for the unbalanced
connectionless class of procedures as modified by the selected optional functions;
) /4 _tfibutary station shall have the ability to receive all of the commands in the basic repertoire for the unbglanced

connectionless class of procedures as modified by the selected optional functions;

f)  apeer station shall have the ability to receive all of the commands and responses in the basic repertoire for the balanced

connectionless class of procedures as modified by the selected optional functions.

6.10 Method of indicating classes and optional functions

The classes of procedures and the optional functions shall be indicated by specifying the designation of the class (see 6.6.1) plus
the number(s) of the accompanying optional functions (see 6.7).

Example 1: Class UNCI1,2,6,9 indicates the unbalanced operation normal response mode class of procedures with the
optional functions for identification (XID), REJ recovery (REJ), unnumbered polling (UP), and one-way data flow from the
secondary station(s) to the primary station.
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Example 2: Class UACI1,5,10.1,13 indicates the unbalanced operation asynchronous response mode class of procedures
with the optional functions for identification (XID), initialization (SIM, RIM), extended sequence numbering (modulo 128),
and request disconnect (RD).

Example 3: Class BAC2,8 indicates the balanced operation asynchronous balanced mode class of procedures with the
optional functions for REJ recovery (REJ) and the ability to send I frames as commands only.

Example 4: Class UCC1,12 indicates the unbalanced connectionless operation connectionless-mode class of procedures
with the optional functions for identification (XID) and data link test (TEST).

Example 5: Class BCC1,14 indicates the balanced connectionless operation connectionless-mode class of procedures with

the optional functions for identification (XID) and 32-bit FCS.

6.11| Unbalanced operation (point-to-point and multipoint)

6.11.1 General
The f¢llowing requirements apply to the procedure for unbalanced operation of synchronous or start/stop data transmission

pointto-point or multipoint data links with two-way alternate or two-way simultaneous data transfer. The’procedure uselj the

HDL(Q frame structure defined in clause 4 and the HDLC elements of procedures described in clause 5. It uses the
and/response repertoire designated UNC or UAC (see 6.6.2.1 or 6.6.2.2, respectively). Although only the basic comm¢
and r¢sponses are described, there are several optional functions available for enhanced operation» These are listed in 6.7
shown in table 11. '

— The HDLC unbalanced classes of procedures operate as illustrated in the examples given in Annex B.

6.11.2 Description of the data link

6.11.2.1 Configuration (see figure D, Introduction)

pver

asic
inds
and

The ynbalanced operation data link configuration shall consist of one¢primary station and one or more secondary stations

intercpnnected by physical layer transmission facilities.

6.11.2.2 Physical layer transmission facilities

The physical layer transmission facilities may provide either half-duplex or duplex transmission over switched or non-swit¢hed
data dircuits.

NOTH — In the case of a switched data circuit, the procedures described assume that the switched data circuit has been established.

The data link layer shall not initiate data transmissjon until an indication of circuit availability is provided by the physical layer.
(In sqme systems providing two-way alternate data exchange on physical layer data circuits using half-duplex transmission,|this
indicgtion of physical layer circuit availability is indicated by an idle data link channel state.)

6.11.3 Description of the procedures

6.11.3.1 General

Unbajanced control procedures-shall operate on a data link with one primary station and one or more secondary station(}) in

The grimary station shallbe ultimately responsible for overall data link error recovery.

normal or asynchrenous response mode. Only one secondary station at a time shall be put in asynchronous response mode.

Each|data station-shall check for the correct receipt of the I frames it has sent to the remote data station by checking the N(R) of

each received I'frame and supervisory frame.

6.11.8.2.7 Data station characteristics

The frimary station shall be responsible for:
a) setting up the data link and disconnecting the data link;

b) sending information transfer, supervisory and unnumbered commands; and
c) checking received responses.

Each secondary station shall be responsible for:
a) checking received commands; and

b) sending information transfer, supervisory and unnumbered responses as required by the received commands.
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6.11.4 Detailed definition of the procedures
The procedures for a permanently connected data link or an established switched connection are defined in 6.11.4.1 to 6.11.4.6.

The protocol for establishing and disconnecting a switched data circuit is not within the scope of this International Standard.
However, the ability to exchange identification and/or characteristics after the switched connection is established is available as
an optional function.

6.11.4.1 Setting up and disconnecting the data link

6.11.4.1.1 Setting up the data link
‘-u.n ation ha initi 176 - i 1 a ccondaanrs .lln ‘lll:. NRM 0 Als a and Sha"
sta The addressed secondary station, upon receiving the SNRM (ot

If the SNRM (or SARM) command, UA response or DM response is not received correctly, it shall.be ignored. The resplt will
be [that the primary station's response time-out function (or equivalent) will run out, and the.primary station may resgnd the

The¢ primary station shall disconnect the data link(s) with secondary station(s), by sending a DISC command and shall|start a
response time-out function (or equivalent). The addressed secondary station(s), upon receiving the DISC command cofrectly,
shdll send a UA response at its first opportunity and shall enter the mormal disconnect mode (NDM), or the asynchronous
disfonnected mode (ADM), as predefined for that secondary station. “Mf, upon receipt of the DISC command, the addressed
sedondary station is already in the disconnected mode, it shall send-the DM response. The primary station, upon receiving a UA

When it is a multipoint configuration, the UA response. ftom secondary stations shall not interfere with one anothef. The
mefhanism used to avoid overlapping responses to the -disconnect (DISC) command using a group address or the all{station
address is system-defined.

If the DISC command, UA response or DM responise is not received correctly, it shall be ignored by the receiving statior). This
will result in the expiry of the primary station’s résponse time-out function (or equivalent), and the primary station may resgnd the
DISC command and restart the response time=out function (or equivalent) (see 6.11.4.3).

Thijs action may continue until eitherthe UA response or a DM response has been received correctly or until recovery| action
takles place at a higher layer.

6.11.4.1.3 Procedure in a disconnected mode

A $econdary station in NDM-(or ADM) shall monitor commands, shall react, at the earliest respond opportunity, to a SNRM (or
SARM) command as outlified in 6.11.4.1.1, and shall respond with a DM response to a received DISC command. The sedondary
stafion shall respond, to,other commands received with the P bit set to "1" with a disconnected mode (DM) response with the F
bit|set to "1". Other.commands received with the P bit set to "0" shall be ignored. The DM response shall be used to regort the

6.11.4.2 ‘Exchange of information (I) frames

6.11.42.1 Sending 1 frames

The control field format shall be as defined in 5.5.1 for an I frame with N(S) set to the value of the send state variable V(S) and
with N(R) set to the value of the receive state variable V(R). Following data link set-up, both V(S) and V(R) shall be set to zero.
The maximum length of the information field in I frames shall be a system-defined parameter.

If the data station is ready to send an I frame numbered N(S), where N(S) is equal to the last received acknowledgement plus the
modulo - 1, the data station shall not send the I frame but shall follow the procedures described in 6.11.4.3.

6.11.4.2.2 Receiving I frames

After a data station receives correctly an in-sequence I frame [i.e., N(S) equals the value of the receive state variable V(R)] that it
can accept, it shall increment its receive state variable V(R), and, at its next opportunity to send, take one of the following
actions:
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a)

b)

<)

If the
an RN

6.11.4

If a frame is received with an incorrect FCS, it shall be discarded.

If an
discai
shall,
I fran

NOTH

optiorfal function 3 for individual frame retransmission, the N(S) field is not ignored and the information field is retained.

The H

6.11.

A da!a station receiving an I, RR or RNR frame with a valid N(R) = x shall treat as acknowledged all previously transmit

fram
6.11.

equi
expir]
secor]

The
the d

6.11.
P/F b

6.11.4.5 Two-way alternate considerations

In th
a)

b)

If information is available for transmission and the remote data station is ready to receive, it shall act as described in
6.11.4.2.1 and acknowledge the received I frame(s) by setting N(R) in the control field of the next transmitted I frame to
the value of V(R).

If information is not available for transmission but the data station is ready to receive I frames, the data station shall send
an RR frame and acknowledge the received I frame(s) by setting N(R) to the value of V(R).

If the data station is not ready to receive further I frames, the data station may send an RNR frame and acknowledge the
received I frame(s) by setting the N(R) to the value of V(R).

data station is unable to accept the correctly received I frame(s), V(R) shall not be incremented. The data station may send
IR frame with the N(R) set to the value of V(R)

.2.3 Reception of incorrect frames

frame is received with a correct FCS but with an incorrect N(S), the receiving data station shall ignore‘the-N(S) field and
d the information field in that frame. This shall continue until the expected I frame is received correetlys The data station
however, use the P/F and N(R) indications in the discarded I frames. The data station shall then acknowledge the expqcted
e, when received correctly, as described in 6.11.4.2.2.

— Ignoring the N(S) field and discarding the information field of an I frame applies to the basic repertoife. When using any varignt of

/F recovery (checkpointing) shall cause retransmission of the I frames received incorrectly, as described in 5.4.3.2.

1.2.4 Data station receiving acknowledgements
d 1

(¢}

s up to and including the I frame transmitted with N(S) equal to x - /.

.3 Time-out considerations

In O:Iier to detect a no-reply or lost-reply condition, each primarystation shall provide a response time-out functiony (or

alent). Also, in ARM, each secondary station shall provide @command time-out function (or equivalent). In each casd, the
y of the time-out function (or equivalent) shall be used>to initiate appropriate error recovery procedures. In NRM, a
dary station shall depend on the primary station to initidte time-out recovery.

uration of time-out functions (or equivalent) shall*be-system-dependent. To resolve possible contention situations in ARM,
hration of the secondary station's time-out function-shall be different from that of the primary station.

4.4 P/F bit usage .
it usage in the unbalanced classes of procedures, UNC and UAC, shall be as described in 5.4.3.

case of normal respond opportunity, two-way alternate, data link operation
transmission from the\primary station shall not be allowed until either:
1) receipt of a\frame with the F bit set to "1", or
2) expiry ‘of-a no-response time-out function; and

transmission from the secondary station shall not be allowed until receipt of a frame with the P bit set to "1".

NOT}

the prrmary station may transmit frames with the P bit set to "0" to non-polled secondary stations in the above mentioned period.

1 4= In multipoint configurations of normal respond opportunity, two-way alternate, data link operation over duplex physical facilities,

In the case of normal respond opportunity, two-way alternate, data link operation, a data station shall not accept further frames
after a frame with the P/F bit set to "1" was accepted and before it sends a frame with the F/P bit, respectively, set to "1".

In the case of asynchronous respond opportunity, two-way alternate, data link operation, transmission from a data station shall
not be allowed until either

a)
b)

detection of an idle data link channel state after receipt of a frame or a flag; or

the end of an extended period of inactivity (idle data link channel state).

NOTE 2 — In the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control the direction of data
transmission. The direction of transmission is controlled by the data link layer, and may be signalled by the physical layer.
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If no frames are transmitted from either data station while in ARM and information is waiting for transmission, it is advisable that
the data station transmits at first a supervisory frame only in order to avoid long time recovery action, which would occur in the
case of I frame contention.

If a data station has transmitted frames and no further frames are pending for transmission, it shall give the right to transmit to the
remote data station.

6.11.4.6 Two-way simultaneous considerations

For each unbalanced class of procedures, two-way simultaneous communication protocols may be used independent of physical
data circuit capabllrty (1 e, half duplex transmnssron) However in the case of half duplex data 01rcu1t facrlmes approprlate

aa¥e S m n m e an by the
datl lmk layer In addmon in the case of normal respond opportumty, data transmrssron from the secondary statlon shalllnot be
alldwed until receipt of a frame with the P bit set to "1".

6.12 Balanced operation (point-to-point)

6.12.1 General

Th¢ following requirements apply to the procedure for balanced operation of synchronous or start/stop data transmissidn over
poipt-to-point data links with two-way alternate or two-way simultaneous data transfer. The pfocedure uses the HDL({ frame
strycture defined in clause 4 and the HDLC elements of procedures described in clause 5. (Ttyses the basic command/response
repprtoire designated BAC (see 6.6.2.3). Although only the basic commands and responsés are described, there are peveral
optjonal functions available for enhanced operation. These are listed in 6.7 and shown¢in table 11.

NOJFE — The HDLC balanced class of procedures operates as illustrated in the examples given in Annex B.

6.12.2 Description of the data link

6.12.2.1 Configuration (see figure E, Introduction)
Th¢ balanced operation data link configuration shall consist of two' combined stations interconnected by physical layer
trajsmission facilities.

6.12.2.2 Physical layer transmission facilities
Th¢ physical layer transmission facilities may provide eitherhalf-duplex or duplex transmission over switched or non-switched
dath circuits.

NOJI'E — In the case of a switched data circuit, the procedures described assume that the switched data circuit has been established.

Th¢ data link layer shall not initiate data transmission until an indication of circuit availability is provided by the physica| layer.
(In|some systems providing two-way alternate-data exchange on physical layer data circuits using half-duplex transmissign, this
indjcation of physical layer circuit availability is indicated by an idle data link channel state.)

6.1R.3 Description of the procedures

6.12.3.1 General

Balanced control procedures shall operate on a data link where the data station at each end of the data link is a combined §tation.
Th¢ procedures shallcuse-the asynchronous balanced mode. Each combined station shall be equally responsible for data link
laygr error recovery,

Eagh combined station shall check for the correct receipt of the I frames it has sent to the remote combined station by checking
the|N(R) of-each’received I frame or supervisory frame.

6.12.3:2 “Combined station characteristics

Eac
receive commands and responses.

6.12.4 Detailed definition of the procedures
The procedures for a point-to-point data link using a permanently connected or an established switched connection are defined in
6.12.4.1t06.12.4.6.

The protocol for establishing and disconnecting a switched data circuit is not within the scope of this International Standard.
However, the ability to exchange identification and/or characteristics after the switched connection is established is available as
an optional function.
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6.12.4.1 Setting up and disconnecting the data link

6.12.4.1.1 Setting up the data link

Either combined station may take the initiative to initialize the data link. It shall send the SABM command and start a response
time-out function (or equivalent). The other combined station, upon receiving the SABM command correctly, shall send a UA
response and reset both its send and receive state variables to zero. If the UA response is received correctly, the data link set-up
shall be complete, and the initiating combined station shall set both its state variables to zero, stop the response time-out function
(or equivalent), and enter the indicated mode. If, upon receipt of the SABM command, a combined station determines that it can
not enter the indicated mode, it shall send the DM response. If the DM response is received correctly, the initiating combined
station shall stop the response time-out function (or equivalent).

If an JABM command, UA response or DM response is not received correctly, it shall be ignored. The result will be that|the
response time-out function (or equivalent) will run out in the combined station which originally sent the SABM command gnd
that combined station may resend the SABM command and restart the response time-out function (or equivalent) (see,6-12.4.3).

This a¢tion may continue until a UA response has been received correctly or until recovery action takes place at a higher layer;

6.12.4{1.2 Disconnecting the data link

Either|combined station may take the initiative to disconnect the data link. It shall send the DISC command and start a response
time-ojut function (or equivalent). The other combined station, in an operational mode, upon reCeiving the DISC commpnd
correctly, shall send a UA response and enter the asynchronous disconnected mode (ADM). \If,“upon receipt of the DISC
d, the other combined station is already in the disconnected mode, it shall send the DM response. The initialing
combiped station, on receiving a UA or DM response to a sent DISC command, shall stepZits response time-out function|(or

If a DSC command, UA response or DM response is not received correctly, it shall be ignored. The result will be that|the
resporise time-out function (or equivalent) will run out in the combined station whichloriginally sent the DISC command unleps a
separafe mode setting command is received, in which case the response time-out{function (or equivalent) may be stopped. This
combihed station may resend the DISC command and restart its response time=out function (or equivalent).

This aftion may continue until a UA or DM response has been received correctly, a DISC command has been received corregtly,
or unt{l recovery action takes place at a higher layer.

6.12.
A conpbined station in ADM shall monitor received commands, shall react to a SABM command as outlined in 6.12.4.1.1, fnd
S

1.3 Procedure in a disconnected mode

shall respond with a DM response to a received DISC command. It shall respond to other commands received with the P bif set
to "1"[with a disconnected mode (DM) response with the.F bit set to "1". Other commands received with the P bit set to "0" shall
be ignpred. The DM response shall be used to report:the combined station status asynchronously in ADM.

6.12.

When|a combined station issues a mode setting command and, before receiving an appropriate response, receives a mode set}ing
commgnd from the remote combined station, a contention situation has developed. Contention situations shall be resolved in|the
following manner.

1.4 Simultaneous attempts to set mode (contention)

Whenl(the sent and received modeé.setting commands are the same, each combined station shall send a UA response at the earliest
resporfid opportunity. Each-Combined station shall either enter the indicated mode immediately or defer entering the indicated
mode [until receiving a UA Tesponse. In the latter case, if the UA response is not received, the combined station may enter|the
mode |when the response.time-out function (or equivalent) expires, or the combined station may reissue the mode setfing
commiand.

When|the mode'setting commands are different, each combined station shall enter ADM and issue a DM response at the earliest
respofd oppertunity. In the case of a DISC command contention with a different mode setting command, no further actiop is
requirgd. /In the case of contention between a SABM and a SABME or SM command, the combined station sending the SAB‘ME

or SNI‘ecommand shall have priority over the combined station sending the SABM command in re-attempting data |ink
establishment.

6.12.4.2 Exchange of information (I) frames

6.12.4.2.1 Sending I frames

The control field format shall be as defined in 5.5.1 for an I frame, with N(S) set to the value of the send state variable V(S) and
with N(R) set to the value of the receive state variable V(R). Following data link set-up, both V(S) and V(R) shall be set to zero.
The maximum length of the information field in I frames shall be a system-defined parameter.

If the combined station is ready to send an I frame numbered N(S), where N(S) is equal to the last received acknowledgement
plus the modulo - 1, the combined station shall not send the I frame but shall follow the procedures described in 6.12.4.3.
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The decision whether to send an I frame as a command or as a response, i.¢., to use the remote or the local address to indicate a P
or an F bit, respectively, shall depend on the need to acknowledge a received P bit set to "1" by transmitting a response with the F

hit cat tn "
Uil OV W

6.12.42.2 Receiving I frames

After a combined station receives correctly an in-sequence I frame [i.e., N(S) equals the value of the receive state variable V(R)]
that it can accept, the combined station shall increment its receive state variable V(R), and, at its next opportunity to send, take
one of the following actions:

a) if mfonnatlon is avallable for transmlssmn and thc remote combmed statlon is ready to receive, it shall act as described in
the value of V(R)
b) if information is not available for transmission, but the combined station is ready to receive I frames, the conibined station
shall send an RR frame and acknowledge the received I frame(s) by setting N(R) to the value of V(R); or
c] if the combined station is not ready to receive further I frames, the combined station may send.am RNR frame and
acknowledge the received I frame(s) by setting the N(R) to the value of V(R).
If the combined station is unable to accept the correctly received I frame(s), V(R) shall not be jncremented. The combined
station may send an RNR frame with the N(R) set to the value of V(R)

The
set

I or supervisory frame transmitted will be either a command or a response depending on whether a P bit set to "1" or an F bit
0 "1" transmission, respectively, is required. If the transmission of a P bit or F-bit set to "1" is not requirefl, the

acknowledgement frames may be either commands or responses.

6.11.4.2.3 Reception of incorrect frames

If a frame is received with an incorrect FCS, it shall be discarded.

If an I frame is received with a correct FCS but with an incorrect N(S), the.réeeiving combined station shall ignore the N(S) field
and|discard the information field in that frame. This shall continue*until the expected I frame is received correctly| The
comlbined station shall, however, use the P/F and N(R) indications,if’the discarded I frames. The combined station shall then
acknowledge the expected I frame, when received correctly, as deséribed in 6.12.4.2.2.

NOTE — Ignoring the N(S) field and discarding the information field of an I frame applies to the basic repertoire. When using any vatfiant of
optignal function 3 for individual frame retransmission, the N(S) field"is not ignored and the information field is retained.

The|P/F recovery (checkpointing) shall cause the retransmission of the I frames received incorrectly, as described in 5.4.3.2
6.13.4.2.4 Combined station receiving acknowlédgements

A combined station receiving an I, RR, or RNR frame with a valid N(R) = x shall treat as acknowledged all prevjously

transmitted I frames up to and including the I frame transmitted with N(S) equal to x - 1.

6.12

In ¢
equ

The

4.3 Time-out considerations

rder to detect a no-reply (or)lost-reply condition, each combined station shall provide a response time-out functign (or
valent). The expiry of the-time-out function (or equivalent) shall be used to initiate appropriate error recovery procedutes.

duration of time-eut_functions (or equivalent) shall be system-dependent. The duration of the time-out functi

n (or

equ
alte

The
requ
the

fnate operation:

time-out funetion (or equivalent) shall be started whenever the combined station has transmitted a frame for which a rg
ired. When the expected reply is received, the time-out function (or equivalent) shall be stopped. If, during the interv
time-out function (or equivalent) is running, other frames are sent for which acknowledgements are required, the tin

valent) in the two\combined stations shall be unequal in order to resolve contention situations, especially in twp

-way

ply is
bl that
he-out

fung

tiofi)(or equivalent) may have to be restarted.

If the response time-out function (or equivalent) runs out, a command with the P bit set to "1" may be (re)transmitted, and the
response time-out function (or equivalent) restarted.

6.12.4.4 P/F bit usage
P/F bit usage in the balanced class of procedure, BAC, shall be as described in 5.4.3.

6.12.4.5 Two-way alternate considerations
In two-way alternate, data link operation, transmission from a combined station shall not be allowed until either

a)
b)

detection of an idle data link channel state after receipt of a frame or a flag; or

the end of an extended period of inactivity (idle data link channel state).
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NOTE — In the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control the direction of data
transmission. The direction of transmission is controlled by the data link layer, and may be signalled by the physical layer.

If no frames were transmitted from either combined station while in ABM and information is waiting for transmission, it is
advisable that the combined station transmits at first a supervisory frame only in order to avoid long time recovery action, which
would occur in the case of I frame contention.

If a combined station has transmitted frames and no further frames are pending for transmission, it shall give the right to transmit
to the remote combined station.

6.12.4.6 Two-way simultaneous consideration

For afbalanced class of procedures, two-way simultaneous communication protocols may be used independent of physical [data
circuif capability (i.e., half-duplex or duplex transmission). However, in the case of half-duplex data circuit facilities, appropfiate
accommodation has to be made to control the direction of data transmission. The direction of transmission is contrélled by the

data ljnk layer.

6.1

6.13.] General

The

Unbalanced connectionless operation (point-to-point and multipoint)

llowing requirements apply to the procedure for unbalanced connectionless operation of\syfnchronous or start/stop [data

transtpission over point-to-point or multipoint data links with two-way alternate or two-way. simultaneous data transfer. |The
procefdure uses the HDLC frame structure defined in clause 4 and the HDLC elements of\procedures described in clause §. It

uses

descr|bed, there are several optional functions available for enhanced operation. These are listed in 6.7 and shown in table 11.

6.13.2 Description of the data link

6.13.2.1 Configuration

The

conngctionless stations interconnected by physical layer transmission facilities.

6.13.2.2 Physical layer transmission facilities

The
data

NOTHE — In the case of a switched data circuit, the procedures described assume that the switched data circuit has been established.

he basic command/response repertoire designated UCC (see 6.6.2.4). Although only the basic command and respons¢ are

Unbalanced connectionless operation data link configuration shall(€ensist of one control station plus one or more tribyitary

physical layer transmission facilities may provide either half-duplex or duplex transmission over switched or non-switched
ircuits.

The data link layer shall not initiate data transmission until an indication of circuit availability is provided by the physical layer.

(In's

indichtion of physical layer circuit availability is indicated by an idle data link channel state.)

6.13.3 Description of the procedures

6.13.p.1 General

me systems providing two-way alterhate*data exchange on physical layer data circuits using half-duplex transmission, the

Unbdlanced connectiontéss-Control procedures shall operate on a data link with one control station and one or more tribptary
statiqn(s). The procedures shall use the connectionless-mode of operation. The control station shall be responsible for sending
unnumbered command frames and receiving unnumbered response frames. The tributary station(s) shall be responsibl¢ for

recei

estabjishment/ermination, flow control, acknowledgements, or error recovery.

ing unnumbered command frames and sending unnumbered response frames. Neither shall be responsible for connegtion

Both|the control station and the tributary station(s) shall check incoming frames for correct frame check sequence and carrect

fram

format. Incorrect frames shall be discarded without notification to the other station.

6.13.3.2 Unbalanced connectionless station characteristics
The control station shall be responsible for:

a)
b)
)

sending unnumbered command frames;
receiving unnumbered response frames; and

determining when each tributary station shall send.

The tributary station shall be responsible for:

a)
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b) sending unnumbered response frames when given the right to transmit.

6.13.4 Detailed definition of the procedures
The procedures for a permanently connected (dedicated) data link or an established switched connection are defined in 6.13.4.1

t0 6.13.4.6. The protoco! for establishing and disconnecting a switched data circuit is not within the scope of this International

Standard. However the ability to exchange identification and/or characteristics after the switched connection is established is
available as an optional function.

6.13.4.1 Setting up and disconnecting the data link
[There-are
profpedures.]

6.18.4.2 Exchange of unnumbered information (UI) frames

6.18.4.2.1 Sending UI frames
Thg control field format shall be as defined in 5.5.3 for a Ul frame. The maximum length of the information field in Ul [frames

ha a quctam._dafinad naramotor
OC a SySiWem-Geiinda paraiiicicr.

connectionless class service. The tributary station(s) shall only send UI response frames whemgiven permission to do so.

.4.2.2 Receiving Ul frames

When a control or tributary station receives correctly a UI frame that it can accept, the.information field contents are passedl up to
the|higher layer. If the control or tributary connectionless station is unable~to accept the correctly received UI frame, the
infgrmation field contents are discarded.

If af tributary station correctly receives a Ul command frame with the P bit'set to "1", the tributary station shall send whatgver Ul
response frames it has to send and then will send a UI response frame with'the F bit set to "1". The UI response frame with the F
bit et to "1" shall contain a zero length information field (in order to minimize its exposure to transmission errors).

6.18.4.2.3 Reception of incorrect frames

If 4 frame is received with an incorrect FCS, it shall beidiscarded. If a frame is received with incorrect format, it shall be
disgarded.

6.18.4.2.4 Unbalanced connectionless station rec€iving acknowledgements

Unpalanced connectionless stations do not operate with acknowledgements per se. A tributary station reacts to the receipt of a
UI pommand frame with the P bit set to "1"by sending a Ul response frame with the F bit set to "1" as part of the polling pfocess.
A dontrol station reacts to the receipt of-a\UI response frame with the F bit set to "1" as a result of a previously sent Ul coimand
frame with the P bit set to "1" as an_indication that the secondary is through sending UI frames.

6.18.4.3 Time-out considerations

In ¢rder to detect a no-reply or lost-reply condition relative to P/F bit exchange (i.e., polling), each control station shall prgvide a
resgonse time-out function’ (or equivalent). The expiry of the time-out function (or equivalent) shall be available for Juse to
initjate transmission-efianother P bit set to "1" UI command frame, to the same or a different tributary station.

The¢ duration of the'time-out function (or equivalent) shall be system-dependent.

Th¢ time-out-function (or equivalent) shall be started whenever the control station has transmitted a Ul command frame wfith the
P biit set/to"1". When a Ul response frame with the F bit set to "1" is received from the tributary station, the time-out fynction
(or|equivalent) shall be stopped.

If the response time-out function (or equivalent) runs out, a Ul command frame with the P bit set to "1" may be transmitted, and
the response time-out function (or equivalent) restarted.

6.13.4.4 P/F bit usage

P/F bit usage in the unbalanced connectionless class of procedure, UCC, serves to indicate which tributary station is being
allowed to transmit. The issuance of a UI response frame with F bit set to "1" indicates that the tributary station has no more
information to send.

6.13.4.5 Two-way alternate considerations
In two-way alternate data link operation

a) transmission from the control station shall not be allowed until either:
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1) receipt of a Ul response frame with the F bit set to "1", or
2) expiry of a no-response time-out function (or equivalent); and
b) transmission from a tributary station shall not be allowed until receipt of a Ul command frame with the P bit set to "1".

NOTE 1 — In multipoint configuration, two-way alternate data link operation over duplex physical facilities, the control station may transmit Ul
command frames with the P bit set to "0" to non-polled tributary stations in the above mentioned period.

NOTE 2 — In the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control the direction of data
transmission. The direction of transmission is controlled by the data link layer, and may be signalled by the physical layer.

6.13.4.6—Two-way-simultaneous-consideration

For the unbalanced connectionless class of procedures, two-way simultaneous operation may be used independent of phydical
data dircuit capability (i.e., half-duplex or duplex transmission). However, in the case of half-duplex data circuityfacilifies,
appropriate accommodation has to be made to control the direction of data transmission. The direction of trahsmissiop is
contrdlled by the data link layer. In addition, data transmission from the tributary station shall not be allowed until-receipt pf a
frame(with the P bit set to "1".

6.14| Balanced connectionless operation (point-to-point)

6.14.1 General

The fpllowing requirements apply to the procedure for balanced connectionless operation-of synchronous or start/stop fata
transmission over point-to-point data links with two-way alternate or two-way simultanéous data transfer. The procedure jises
the HDLC frame structure defined in clause 4 and the HDLC elements of procedures(described in clause 5. It uses the Hasic
comnjand/response repertoire designated BCC (see 6.6.2.5). Although only the basic command defined is described, therq are
severgl optional functions available for enhanced operation. These are listed in 6:7and shown in table 11.

6.14.2 Description of the data link

6.14.2.1 Configuration

The balanced connectionless operation data link configuration shall consist of two peer stations interconnected by physical layer
transrpission facilities.

6.14.2.2 Physical layer transmission facilities
The pghysical layer transmission facilities may provide-either half-duplex or duplex transmission over switched or non-swit¢hed
data dircuits.

NOTH — In the case of a switched data circuit, the.procedures described assume that the switched data circuit has been established.

The data link layer shall not initiate data‘tran'smission until an indication of circuit availability is provided by the physical l3yer.
(In sqme systems providing two-way.alternate data exchange on physical layer data circuits using half-duplex transmission| the
indication of physical layer circuit availability is indicated by an idle data link channel state.)

6.14.3 Description of the pracedures

6.14.3.1 General

Balarjced connectionléss control procedures shall operate on a data link where the data station at each end of the data link] is a
peer $tation. The procedures shall use the connectionless-mode of operation. Each peer station shall be responsible for sending
UI cqmmand frames and receiving Ul command frames, but shall not be responsible for connection establishment/termination,
flow fontrol,;acknowledgements, or error recovery.

Each|connectionless station shall check incoming frames for correct frame check sequence and correct frame format. Incofrect
fram Ot

6.14.3.2 Balanced connectionless station characteristics

Each station shall be a peer station. It shall be able to both send and receive Ul command frames without the need for a data link
connection to be established.

6.14.4 Detailed definition of the procedures

The procedures for a point-to-point data link using a permanently connected (dedicated) or an established switched connection
are defined in 6.14.4.1 to 6.14.4.6. The protocol for establishing and disconnecting a switched data circuit is not within the
scope of this International Standard. However, the ability to exchange identification and/or characteristics after the switched
connection is established is available as an optional function.
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6.14.4.1 Setting up and disconnecting the data link
[There are no data link set-up procedures or data link disconnect procedures in the balanced connectionless class of procedures.]

6.14.4.2 Exchange of unnumbered information (UI) frames

6.14.4.2.1 Sending Ul frames

The control field format shall be as defined in 5.5.3 for a Ul frame. The maximum length of the information field in UI frames
shall be a system-defined parameter.

Whenever a peer station is ready to send a Ul command frame, it shall send it immediately since there is no flow control in

to the
ts are

6.1414.2.3 Reception of incorrect frames

If a|frame is received with an incorrect FCS, it shall be discarded. If a frame is received with incorrect format, it shpll be
discarded.

6.144.2.4 Balanced connectionless station receiving acknowledgements
Peer| stations do not operate with acknowledgements.

6.144.3 Time-out considerations

In ofder to detect a no-activity condition in two-way alternate configurations; each peer station shall provide a no-activity|time-
out function (or equivalent) - idle data link channel state detector. The’expiry of this time-out function (or equivalent) shall be
available for use to initiate transmission of Ul command frames.

=3

The [duration of this time-out function (or equivalent) shall be system-dependent. The duration of the time-out functi¢n (or
equivalent) in the two peer stations shall be unequal in twosway alternate operation in order to resolve contention situdtions.
Thig time-out function (or equivalent) shall be started wheriever the peer station observes a steady idle state condition. When a
UI qommand frame is received the time-out function (oryequivalent) shall be stopped. If the no-activity time-out functign (or
equivalent) runs out, a Ul command frame may be transmitted.

6.14.4.4 P/F bit usage
Thefe is no P/F bit usage in the balanced corinectionless class of procedure, BCC.

6.144.5 Two-way alternate considerations
In two-way alternate data link operation, transmission from a peer station shall not be allowed until either:

a) detection of an idle dat@link channel state after receipt of a frame or a flag; or
b] the end of an extended period of inactivity (idle data link channel state).

NO'ﬂ’I;Zl — In the case<of half-duplex data circuit facilities, appropriate accommodation has to be made to control the direction dof data
trangmission. The-diréction of transmission is controlled by the data link layer, and may be signalled by the physical layer.

If ng frames Were transmitted from either peer station for quite some time and information becomes available for transmissjon, it
is aqvisablethat the peer station transmits at first a Ul command frame with a zero length information field in order to avoid long
timer réeovery action, which would occur in the case of contention of UI frames with information.

If a peer station has transmitted frames and no further frames are pending for transmission, it shall give the right to transmit to the
remote peer station.

6.14.4.6 Two-way simultaneous consideration

For the balanced connectionless class of procedures, two-way simultaneous operation may be used independent of physical data
circuit capability (i.e., half-duplex or duplex transmission). However, in the case of half-duplex data circuit facilities, appropriate
accommodation has to be made to control the direction of data transmission. The direction of transmission is controlled by the
data link layer.
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6.15 Uses of the optional functions

Some uses of the optionai functions defined in 6.7 are described in this ciause. The optionai functions provide additionai
capabilities beyond the basic operations described in 6.11, 6.12, 6.13 and 6.14. The commands and responses identified are, in
general, defined in 5.5.

6.15.1 Option 1 — identification

The identification optional function provides the means for data link layer entities to exchange data link layer parameters and
characteristics of operation before or during normal operation. The function utilizes the Exchange Identification (XID) command
and response frames.

A prime application of Option 1 is in conjunction with a switched network connection. Following the indication of a Working
physital path from the physical layer, and prior to establishing a logical data link connection over which higher layer information
can b exchanged, the data link layer entities can exchange details concerning the data link layer addresses (individual and grpup)
that they are responsive to, the capabilities that they support (for example options, class(es) of procedure, etc.), and, the parameter
valuep employed (for example, value of reply timer, receive window size, maximum information field length; ete.). The manner
in whiich these details are encoded in the information field of the XID frames exchanged is the subject of clause’7.
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information field. This may be useful in applications where security and/or authentication chieck-routines must be invpked
to the establishment of a logical data link connection between higher layer entities. _Such” information is transpgrted
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for indicating a change in data link layer parameter value(s) while in the information transfer phase. Examples of such
eters are the receive window size and the maximum frame length. Local cofiditions at one end of a data link conne{tion
ample, long term congestion or non-temporary reduction in buffering capacity) may dictate a change in operation of the
remofe station in order to maintain efficient utilization of the physical facilities. The identification function allows a locdl-to-

Option 2 — REJ recovery

J recovery optional function provides a mechanism for reporting an observed out-of-sequence exception conditign of
receiyed I frames, and thereby requesting the retransmission of b frames starting with the first missing I frame. The mechanigm is

nction has its greatest utility in systems that support two-way simultaneous operation, so that an observed gap in recgived
nce numbers can be reported immediately, during incoming information transfer. In two-way alternate operation, the|REJ
functjon offers a somewhat lesser utility, but does.separate the sequence error reporting from the P/F bit exchange checkpoifting
functjon that in some modes of operation is required to be associated with the last frame transmitted in each transmit opportuhity.

In two-way simultaneous operation, the.improvement in performance gained by using the REJ function is measured by the
number of I frames that would be senf after the point in time where the gap is reported, versus when the transmitter's trajsmit
windpw is exhausted or acknowledgement timer times-out, and the status enquiry process performed. In cases of large trarjsmit
windpws or long acknowledgement timers, this could be a substantial amount of time.

6.15.3 Option 3 — SREJ recovery

This pptional function-is.equally adaptable to both two-way simultaneous operation and two-way alternate operation. In twojway
simujtaneous operation, the retransmitted I frames are interspersed in the ongoing sequential transmission of new I framed. In
two-yvay alternategperation, the requested I frames alone are retransmitted, followed by new I frames as appropriate. Althpugh
this gptional funetion imposes greater buffering requirements in the receiver data link layer to hold out-of-sequence, higher-
numbered,good frames received until the required lower-numbered frames are received, it yields a better utility of the informjtion
transfer.Capacity of the data link.

6.15.3.1 Option 3.1 — single individual I frame retransmission request

The single individual I frame retransmission optional function provides a mechanism for a receiver to request retransmission of a
single I frame out of a series of I frames. Any number of requests for different I frames may be outstanding at a time. The
mechanism is the selective reject (SREJ) command/response frame.

The SREJ frame does not incorporate an acknowledgement function for I frames received when the P/F bit is set to "0"; it does
when the P/F bit is set to "1". For example, to report frames numbered X, X+3, and X+5 missing, a SREJ(X) frame could be sent
with its P/F set to "1", when appropriate for the mode of operation, to acknowledge receipt of I frames numbered up through X-1.
SREJ(X+3) and SREJ(X+5) frames could be sent immediately with their P/F bits set to "0", not acknowledging any I frames
received. Acknowledging receipt of a retransmitted I frame is usually accomplished by an I, RR or RNR frame transmission with
an N(R) value that identifies the correct receipt of the requested I frame.
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Another request for retransmission can take place when it is perceived that the desired action has not taken place. This
perception comes about either as the result of a SREJ timer timeout, or by the receipt of requested I frame X before requested I
frame X - n (the request for I frame X - n precedes the request for I frame X).

6.15.3.2 Option 3.2 — multiple individual I frame(s) retransmission request consisting of individual I-frame indicators
only

The multiple individual 1 frame(s) retransmission optional function that uses only individual I-frame indicators provides a
mechanism for a receiver to request retransmission of one or more individual I frame(s) out of a series of I frames with a single
request by incorporating an information field in the SREJ frame. Any number of requests for different I frames may be
outstanding at a time. The mechanism is the selective reject (SREJ) command/response frame with the multi-selective reject
prdcedure using only individual I-frame indicators.

The multi-selective reject procedure SREJ frame using only individual I-frame indicators does not imcofporate an
acknowledgement function of I frames received when the P/F bit is set to «0»; it does when the P/F bit is set to «1%;.45 in the case
.15.3.1 above. With this multi-selective reject procedure, to report I frames numbered X, X+3 and X+5 missing, 4 single
J frame would be sent with "X" encoded in the control field N(R) subfield and with "X+3" and "X+5"encoded as individual
I-filame indicators in the information field of the SREJ frame. Acknowledging receipt of retransmitted 'frames is accomplished
in the normal manner by an I, RR or RNR frame transmission with an N(R) value that identifies the correct in-sequence regeipt of

Anpther request for retransmission can take place when it is perceived that the desired action'\lias'not been accomplished. This
periception comes about either as the result of a SREJ timer time-out, or by the receipt of a-requested I frame X before reqyested I
e X-n (the request for I frame X-n precedes the request for I frame X, either in an €arlier SREJ frame or the samg multi-
selective reject procedure SREJ frame that uses only individual I-frame indicators).

6.15.3.3 Option 3.3 — multiple individual I frame(s) retransmission request consisting of individual I-frame indicafors
and span list indicators, as appropriate

The multiple individual I frame(s) retransmission optional function that uses both individual I-frame indicators and span list
indicators, as appropriate, provides a mechanism for a receiver to request retransmission of one or more individual I framg(s) out
of a series of I frames with a single request by incorporating an information field in the SREJ frame. Any number of requgsts for
different I frames may be outstanding at a time. The mechanism is the selective reject (SREJ) command/response frame with the
multi-selective reject procedure using both individual I-frame ifidicators and span list indicators, as appropriate.

The multi-selective reject procedure SREJ frame using both‘individual I-frame indicators and span list indicators, as appr¢priate,
dog¢s not incorporate an acknowledgement function of Iframes received when the P/F bit is to «0»; it does when the P/F bjt is set
to {«1», as in the case of 6.15.3.1 above. With the multi-selective reject procedure, to report I frames numbered, X, X+3, X+5,
X+6, X+7, and X+8 missing, a single SREJ fram€ would be sent with «X» encoded in the control field N(R) subfield, ad with
«XJ+3» encoded as an individual I-frame indicator, and «X+5, X+6, X+7 and X+8» encoded in a span list indicator|in the
infprmation field of the SREJ frame. Acknowledging receipt of retransmitted I frames is accomplished in the normal marnner by
an [, RR or RNR frame transmission withan'N(R) value that identifies the correct in-sequence receipt of the requested I frames.

ther request for retransmission.can’ take place when it is perceived that the desired action has not been accomplished. This
pefception comes about either as the/result of a SREJ timer time-out, or by the receipt of a requested I frame X before requested I
frame X-n (the request for I frame X-n precedes the request for I frame X, either in an earlier SREJ frame or the same| multi-
selective reject procedure SREJ frame that uses individual I-frame indicators and span list indicators, as appropriate.

6.15.4 Option 4 — unnumbered information

Thg unnumbered;information optional function provides a mechanism for the sending of higher layer information at arly time
without any .impact on whatever mode of operation may be in use. The mechanism is the unnumbered informatign (UI)
command/respense frame.

There are no flow control procedures and no acknowledgement procedures associated with Ul frame operation. There|are no
data link establishment and no error recovery procedures required with UI frame operation. Error control procedures covgr only
those matters concerned with frame structure and the frame check sequence, Ieading to the frame being discarded and no action
taken. The only data link layer parameter that is involved is the maximum established information field size at the receiver.
Violation of maximum information field size may lead to a frame rejection (FRMR) exception condition when received during an
operational mode (see 5.2.1).

UI frames can be transmitted to one or more or all multiple stations without concern for sequence number alignment at the
stations involved. Depending on the application, UI frames can be transmitted repeatedly with the same contents to improve the
likelihood that a good copy of the transmittal is received correctly at all intended receivers.

UI frame-only operation may be a logical choice of operation in highly reliable, error-free data link layer environments. Higher
layer provision of error recovery procedures and flow control procedures may result in an acceptable information transport
mechanism for the users of such configurations.
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6.15.5 Option 5 — initialization

The initialization optional function provides the mechanisms for requesting and initiating an initialization mode of operation
wherein system-defined initialization procedures are utilized. The mechanisms are the set initialization mode (SIM) command
and the request initialization mode (RIM) response frames.

This function can be employed at any time, whenever it is deemed necessary by the station involved. A RIM response would
result in an SIM command being sent. The SIM command shall be responded to using the UA response frame. The nature and
make-up of the exchange or exchanges involved to realize a successful initialization are system defined. The conclusion of the
initialization mode is identified by the exchange of an appropriate mode-setting command frame and the UA response frame.
When a primary/combined station initiates the initialization procedures, a SIM command frame is sent without there being a
requegfing RIM response irame.

6.15.4 Option 6 — unnumbered polling

The upnumbered polling optional function provides the mechanism for a primary/combined station to poll one orymote or ajl of
the associated secondary/combined stations with a single frame transmission. The mechanism is the unnufmbered poll (UP)
commgand frame.

The UP command frame contains no sequence numbers, acknowledges no frames received and is addressable to one or morg or
all of|the stations on the data link. The order of response and ensuring non-overlap of responses.is not the subject of [this
Internptional Standard. Responses are optional or mandatory depending on whether the UP command frame had its P bit s¢t to
"0" of "1", respectively. Unless the underlying response-ordering-mechanism provides an indicator of "last responder”, |t is
suggepted that a specified "last" station respond to every UP command frame received, with(an'F bit set to the value of the I bit
in the]UP command frame, so that the station which sent the UP command does not have to reply on time-out.

6.15.7 Option 7 — multi-octet addressing

The nulti-octet addressing optional function defines the means for having an addtess field of N octets in length. The mechanism
empldys one bit per octet to act as an end-of-address-field indicator. This bit set to "0" means that another address field qctet
follows. This bit set to "1" means that this octet is the final octet in the address field. The sum of the 7N bits in the identified N-
octet hddress field constitutes a single address. This address can be anvindividual or group address. The all-station addregs is
an address octet of "1" bits. An N-octet address field can\be ‘considered to have an address that is expressed as 3 bit
of 7N bits, or as an N-character series, for instance, using the ISO 646 character set.

This ¢ptional function may be employed in situations where it\is’considered desirable for each data link location within a sygtem
(even|a system that spans independent data links) to have atnique data link layer identifier. System management and stdtion
administration may benefit as a result. Station portability from data link to data link within the system could be enhanced. [This
optiomal function may also be employed in situations\where one octet of addressing (i.e., 256 total addresses, including the [null
and the all-station addresses) is insufficient.

6.15.
The

Option 8 — command I frames only
mmand I frames only optional function restricts I frames to being I command frames only.
In balanced operation, each combined station's ability to send I frames is only impeded to the extent that an I response fijame
cannqt be utilized to return an F'bit'set to "1" when an F bit set to "1" must be sent. A non-I response frame must be utilized. If

a serifs of I command frames,iS.in the process of transmission when an F bit set to "1" must be sent, a non-I response frame fnust
be ingerted into the stream'of)l frames, between I frames, in order to convey the F bit set to "1" to the remote station.

In unpalanced operation;-applying the optional function results in a quite different overall service, one that yields an informgtion
send-pnly service at\the primary station and an information receive-only service at the secondary station(s).

6.15.

The rpsponse [ frames only optional function restricts I frames to being I response frames only. This function was defined to be
the procedural complement of the command I frames only optional function (see 6.15.8).

Option9 — response I frames only

In balanced operation, each combined station's ability to send I frames is only impeded to the extent that I frames cannot carry P
bits. Hence, a non-I command frame must be sent if a P bit set to "1" is required. If a series of I response frames is in the process
of transmission when a P bit set to "1" must be sent, a non-I command frame must be inserted into the stream of I frames,
between I frames, in order to convey the P bit set to "1" to the remote station.

In unbalanced operation, applying the optional function results in a quite different overall service, one that yields an information
receive-only service at the primary station and an information send-only service at the secondary station(s).

6.15.10 Option 10 — extended sequence numbering

Typical applications for modulus values greater than 8 are: satellite operations, long propagation delay environments and very
high speed/heavy traffic load situations. The greater modulo value allows for larger send and receive windows to be defined so
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that information transfer performance can be improved in such applications. The choice of higher modulus value depends on the
actual delay and other parameters of the specific environment.

6.15.10.1 Option 10.1 — extended sequence numbering — modulo 128

The extended sequence numb

o my ering modulo 128 ontional function vidog tha macbkamices £on dafinias ¢ ceauence niimharing
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for I frame transfer to be modulo 128. The mechanism is in the form of separate mode-setting commands and different frame
formats for extendcd sequence numbering for the normal response mode (NRM) operation, the asynchronous response mode

The send and receive sequence numbers in I frames are modulo 128. The receive sequence number in supervisory frames is
mo( Xtended 1o two octets in length. The control fjeld in

unnp lthrPd frames remains one octet in Ipnoth

6.13.10.2 Option 10.2 — extended sequence numbering — modulo 32 768

The extended sequence numbering modulo 32 768 optional function provides the mechanism for definifig the sequence
numbering for I frame transfer to be modulo 32 768. The mechanism is in the form of an SM command with an optional
infgrmation field to indicate the modulo and the mode of the operation (i.c., the normal response mode-(NRM) operatiqn, the
asynchronous response mode (ARM) operation, and the asynchronous balanced mode (ABM) operation).

The send and receive sequence numbers in I frames are modulo 32 768. The receive sequence number in supervisory frames is
modulo 32 768. The control field in I frames and cnnpr\ncm’\/ frames is extended to four gotate in lenoth. The control fleld in
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unnumbered frames remains one octet in length.

6.15.10.3 Option 10.3 — extended sequence numbering — modulo 2 147 483 648

The extended sequence numbering modulo 2 147 483 648 optional function provides the mechanism for defining the sequence
numbering for I frame transfer to be modulo 2 147 483 648. The mechanismiis in the form of an SM command with an optional
infqrmation field to indicate the modulo and the mode of the operation (i-e., the normal response mode (NRM) operatign, the

AL

asyncnronous lcprlle lIlUUC \/‘\NVI) opcrduun, and the dbyllbllrUllUub Ualanceu moac (/'\DIVI) opcrauon)

The send and receive sequence numbers in I frames are modulo 2(147 483 648. The receive sequence number in supefvisory
frames is modulo 2 147 483 648. The control field in I frames and*supervisory frames is extended to eight octets in length. The
control field in unnumbered frames remains one octet in length:

6.15.11 Option 11 — one-way reset

Thd one-way reset optional function provides a mechanism for initiating the resetting of the logical data link for one direcfion of
infgrmation transfer in the balanced mode of-operation without affecting the logical data link for the other directjon of
infqrmation transfer. The mechanism is the réset (RSET) command frame.

A combined station initiates a reset of the, logical data link relative to its I frame transmission by sending the RSET command
frame. The remote station acknowledgesithe RSET command frame by returning a UA response frame.

Thq send state variable is reset at the RSET sender, and the receive state variable is reset at the UA sender. The retransnjission
coupter is reset at the RSET-sénder. The UA response indicates that any busy condition that existed at the UA sender haf been
clegred. Also, any framdreject (FRMR) condition that existed at the UA sender has been cleared.

Resetting one direction of the logical/data link results in the following events taking place at the RSET sender and the UA Tnder.
i

6.15.12 Option 42— data link test

Thgq data link test)optional function provides a mechanism for testing the basic data link layer function at a remote station, |at any
timg, indepéndent of the mode of operation or the phase of the procedures. The mechanism is the test (TEST) command and
response frames. It is not intended as a conclusive test of remote station operation.

Thq test/function checks the following capabilities at the remote station:

a) detect an opening flag;

b) remove zero bits that have been inserted for transparency from the received bit stream following the opening flag;
c) detect a closing flag;

d) calculate an FCS for the received bit stream;

€) check that the unique FCS remainder was obtained;

f)  decode its address as being the contents of the address field;

g) decode the control field as the TEST command;

h) accommodate the length of the information field;

63


https://standardsiso.com/api/?name=5fb8bce0daedd566ef75f4e5cfdb834b

ISO/IEC 13239:1997(E) © ISO/IEC

i)  generate a bit stream consisting of its own address in the address field, the TEST response encoding in the control field
with the F bit set to the same value as the P bit in the received TEST command control field, and the information received

in the information field;

J)  send an opening flag;

k) insert zero bits into the transmitted bit stream following the opening flag so that a flag sequence is not simulated before

the closing flag is sent;

1) calculate an FCS on the transmitted bit stream (consisting of the address, control and information fields) and append
the transmitted bit stream for zero bit insertion; and

it to

m) ["end the fransmission with a closing ilag.

6.15.13 Option 13 — request disconnect

The rgquest disconnect optional function provides a mechanism for a secondary/combined station to request(that a data
disconnect be initiated by a primary/combined station. The mechanism is the request disconnect (RD) respons¢ frame.

At an appropriate respond opportunity, a secondary/combined station may send a RD response frame)to indicate to
primafy/combined station that the secondary/combined station wishes to be placed in the disconnected mode (NDM or AL
Upon|receipt of the RD response frame, the primary/combined station may

a) | ignore the RD response frame and continue with the normal procedures; or

b) [ accept the RD response and issue a DISC command frame.

6.15.14 Option 14 — 32-bit FCS

The 3R-bit FCS optional function provides a higher degree of transmission error.detection capability than that available with
normgl 16-bit FCS capability. The generator polynomial and the FCS generation/and checking process are described in 4.1.5

Use of this optional function is determined by prior agreement or by use of.the FCS negotiation mechanism described in Aq
E.

6.15.15 Option 15 — start/stop transmission

envir
indic:

nments. The mechanism for start/stop transmission is described in 4.3.2. The three levels of transparency available
ted below. Use of this optional function is determinged by prior agreement.

6.15.15.1 Option 15.1 — start/stop transmission'Wwith basic transparency

The basic transparency option provides transparency processing for the flags and the control escape octets.

6.15.15.2 Option 15.2 — start/stop transmission with basic transparency and flow-control transparency

In addition to the basic transparency,.the flow control transparency option provides transparency processing for the DC1/X
and DC3/XOFF control characters défined in ISO/IEC 646. This has the effect of assuring that the octet stream does not con
value$ which could be interpréted by intermediate equipment as flow control characters.

6.15.15.3 Option 15,3 ~start/stop transmission with basic transparency and control-character octet transparency

In addition to the basie transparency, the control-character octet transparency option provides transparency processing fo
octets) in which both'the 6th and 7th bits are "0" as well as for the DELETE character octet. This has the effect of assuring
the ogtet stream~does not contain values which could be interpreted by intermediate equipment as the control character
DELHTE character defined by ISO/IEC 646.

The ]tart/stop transmission optional function permits HDLC frames and procedures to be used in start/stop transmijsion
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6.15.

The seven-bit data path transparency option, for use in conjunction with any of the functions of Option 15, permits HDLC frames
and procedures to be used in start/stop transmission environments where only seven data bits per start/stop character can be

transferred (e.g., where bit 8 is used for parity). The mechanism for seven-bit data path transparency is described in 4.2.2.1.
of this optional function is always in conjunction with one of the transparency functions of Option 15; selection of the partic

Use
ular

Option 15 transparency function is independent from the use of Option 16. Use of Optional Function 16 is determined by prior

agreement.

6.15.17 Option 17 — set mode command (SM) with optional information field used in place of SXXM or SXXME
command

The optional function provides an alternate mechanism for data link set-up in place of the use of SXXM (modulo 8) or SXX
(modulo 128) commands. The mechanism is the set mode (SM) mode setting command.
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The SM frame may contain an information field, in which the mode of operation and the modulus to use may be identified. Also
includable in the information field can be items such as the operational parameters (both standard and user-defined) and higher
layer user data. This function thereby allows the use of a single mode setting command, SM, in place of up to six set mode
commands (SABM, SARM, SNRM, SABME, SARME and SNRME) in those environments where more than one mode of
operation, or both moduli, are supported by a single data link layer entity.

6.15.18 Option 18 — presence of an information field in UA and DM responses, and in DISC commands

This optional function allows for information to be conveyed in mode setting response frames (UA and DM) and in the mode
setting disconnect command frame (DISC). The mechanism is the incorporation of an information field in these frames.

nmeter
hme is
10.3,

IABM,
of an

being

it may
ithout
d is of
lesser importance than its delivery to the correct station(s). Cases where, the integrity of the information being transferrefd is of
lesser importance than its delivery to the correct station include the timely transmission of packetized voice, video/graphif data,
or geriodically updated information.

2

General purpose Exchange Identification (XID) frame

A general purpose XID frame is defined for use by two_torrespondents wishing to communicate with one another in an HDLC
envjronment.

7.1 General purpose XID frame-information field structure

Thq general purpose XID frame information field structure is the same as that described in 5.5.3.1 for mode-setting commands
and| responses.

7.1{1 Format identifier subfield

Thq format identifier (FI) subfield is defined in 5.5.3.3.11. The list of standard XID format identifiers that are registered i given
in ISO/IEC TR 10171.

7.2 General purpose XID frame information field encoding

Thq generalspurpose XID format identifier subfield is the first octet of the general purpose XID information field. The data link
laygr subfields, if present, follow in ascending order according to their GI values. Except where noted, specific data link layer
subfields'may appear only once in the general purpose XID information field. The absence of a particular data link layer sybfield
sholld-be interpret m within this subfield shall maintain thei eld, if
present, is always the last subfield of the XID information field.

7.2.1 Format identifier subfield encoding
The format identifier (FI) subfield is encoded as illustrated in figure 21.
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7.2.2

F igur( vy er; G OUIES 10

The (I encoding of all ones (1111 1111) is not used as a data link layer subfield encoding,

All G| encodings not assigned in this International Standard (here and in 5.5.3.2.2)are reserved for future use.

NO[ES

)]

2)

The group length is expressed as a two-octet binary number representing the length of the associated parameter field in octets

The following is a list of parameter field elements that are defined for the address resolution, HDLC parameters, mult
parameters, and user-defined parameters data lifik layer subfields.

The fpllowing legend explains the symbolstused in tables 12, 13, 14, 15 and 16.

PI Parameter Identifier, expressed as a decimal value.

PL Parameter Length in‘octets, expressed as a decimal value.

E Indicates the field-is bit encoded. When this bit position is "1", the feature is present or supported by the sef
When the bit\pesition is "0", the feature is absent or not supported by the sender.

B Indicates this field is binary encoded.

N Numberof octets.

NA Not ‘applicable.

SD System defined.

Bit No./A_t Numerical order of bits transmitted.

TBD . To be determined.
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First bit transmitted

;High order bit

01 00 0 0 0 1 General purpose XID format identifier
Figure 21 — General purpose XID format identifier subfield encoding

Data link layer subfield encoding

First bit transmitted

;High order bit
0
1
1
1

1 0000O0O01 Address resolution
000O0O0O0O HDLC Parameters
0001000 Multilink parameters
0000111 User-defined parameters

Figure 22 — General purpose XID data link layer subfield identifier,encodings

The HDLC parameters data link layer subfield and the user-defined parameters data link layer subfield may each appear more than
in an XID information field. This allows a station to convey multiple-menus of supportable parameters through a single XID f}
exchange.

The user-defined parameters identifier is for use to identify parameters outside the scope of the HDLC parameters identifier, Y

with a single XID exchange.

IEC

jonce
rame

vhile

making use of those parameters that are explicitly identified by’the HDLC parameters identifier — thus allowing parameter negotiption

link

der.
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Table 12 — Data link layer subfield parameter field elements
Address resolution (GI = 10000010)

PI Parameter field element

1 | Unique identifier

2 | Local data link layer address

HDLC parameters (GI = 00000001)

PI Parameter field element

1 | Unique identifier

2 | Class of procedures

3 | HDLC optional functions

4 | Group address(es)

5 | Maximum information field length - transmit

6 | Maximum information field length - receive

7 | Window size (k) - transmit

8 | Window size (k) - receive

9 | Acknowledgement timer

10 | Retransmission attempts

11 | Reply delay timer

12 | Port number

13 | Number of protected bits in a UIH frame

Multilink parameters (GI = 00010001)

PI Parameter field.element

1 | Lost frame timer (MT1)

2 | Group busy timer (MT2)

3 | Reset confirmation timer (MT3)

4 | Multilink window size (MW) - transmit

5 | Multilink window size (MW) - receive

6 | Guard region window size (MX)

7 | Multilink group size

8 | Multilink.group member(s)

User-defined parameters (GI = 00001111)
PI Parameter field element
0\ |)Parameter set identification
TFable 13 — Address resolution data link layer subfield parameter field elements
Name PI PL Parameter field element Code type Bit No. Value
Id¢ntifier 1 TBD | Unique identifier B TBD B (see the not¢)
Address 2 N Local data link layer address NA NA SD
NOTE ~— The value of this PV is a subject for further study.
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Table 14 — HDLC parameters elements

Code
Name PI PL Par ter field el t type Bit No. Value
Identifier 1 TBD | Unique identifier B TBD B"
Classes of procedures? 2 2 Balanced ABM E 1 0/1
Unbalanced NRM-Primary E 2 0/1
Unbalanced NRM-Secondary E 3 0/1
Unbalanced ARM-Primary E 4 01
Unbalanced ARM-Secondary E 5 0/1
Balanced BCC E 8 0/1
Unbalanced UCC-Control E 9 0/1
Hnbat d-HEEC~Fributary £ 16 6+
Two-way alternate E 6 0A
Two-way simultaneous E 7 0/1
Reserved 11to 16 0
HDL( optional functions? 3 5 1 Reserved 1 0
2 REJ cmd/resp E 2 0/1
3.1 SREJ cmd/resp single frame E 3 0/1
3.2 SREJ cmd/resp multiple frames-individual I-frame E 22 0/1
indications only
3.3 SREJ cmd/resp multiple frames-individual I-frame E 24 0/1
indications and span list indicators
4 UI cmd/resp E 4 0/1
5 SIM cmd/RIM resp E 5 0/1
6 UP cmd E 6 0/1
7 Basic address (basic capability) E 7 0/1
7.1 Extended address E 8 0/1
8 Delete resp | E 9 0/1
9 Delete cmd 1 E 10 0/1
10 Modulo 8 (basic capability) E 11 0/1
10.1 Modulo 128 E 12 0/1
10.2 Modulo 32 768 E 25 0/1
10.3 Modulo 2 147 483 648 E 26 0/1
11 RSET cmd E 13 0/1
12 TEST cmd/resp E 14 0/1
13 RD resp E 15 0/1
14 16-bit FCS (basic capability) E 16 0/1
14.1 32-bit FCS E 17 0/1
15 Synchronous tr ission (basic capability) E 18 0/1
15.1 Start/stop tr ission with basic transparency E 19 0/1
15.2 Start/stop transmission with basic and flow control E 20 0/1
transparency
15.3 Start/stop transmission with basic and control-character E 21 0/1
octet transparency
16 Transfer of seven data bits/character in start/stop E 30 0/1
tr ission environments
17 Set Mode command with an optional information field to E 27 01
be used in place of SXXM or SXXME
18 UA and DM responses, and the DISC command with an E 28 0/1
optional information field
19 SABM, SNRM, SARM, SABME, SNRME, SARME E 29 0/1
command with an optional information field
20 UIH cmd/resp E 23 0/1
Reserved 31 to 40 0
Groilp address(es)* 4 N Data link group address NA NA SD
Maxjmum information field 5 N Maximum information field length transmit (bits) B NA B
length (transmit)
Mﬂmum information field 6 N Maximum information field length receive (bits) B NA B
length (receive)
Windlow Size K (transmit) 7 N Window size k-transmit (frames) B NA 0 to moduluf -1
Winglow’size k (receive) 8 N Window size k-receive (frames) B NA 0 to modulu -1
Acknowtedgement timer T N W It Tor aCKTOWICAEEent timer (1Sec) B NA B
Retransmission attempts 10 N Maximum number of retransmission attempts B NA B
Reply delay timer 11 N Maximum delay in generation of reply (msec) B NA B
Port number 12 2 Local port identifier (for multilink use) B NA B
Number of protected bits 13 N Number of protected bits in a UIH frame B NA B
NOTES

1. The value of this PV is beyond the scope of this Intemational Standard.
2. This parameter field element may be repeated to specify multiple operational configurations.
3. This parameter field element may be repeated for multiple group addresses.
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Table 15 — Multilink parameters elements

ISO/IEC 13239:1997(E)

Code
Name PI PL Parameter field element type Bit No. Value
Lost frame timer 1 N MT]1 - lost frame timer (msec) B NA B
Group busy timer 2 N MT?2 - Group busy timer (msec) B NA B
Reset confirmation timer 3 N MT3 - Reset confirmation timer (msec) B NA B
Multilink window size 4 2 Multilink window size (MW) - transmit B 1-12 0 through 4095- MX
(transmit) (frames)
Reserved B 13-16 0
Multilink window size S 2 Multilink window size (MW) - receive B 1-12 0 through 4095-MX
(rpeeive) tirames)
Reserved B 13-16 0
Gpard region window 6 2 Guard region window size (MX) B 1-12 B
sige (frames)
Reserved B 13-16 0
Multilink group size 7 1 Number of data links in multilink group B NA B
Multilink group member 8 4 Local port number - remote port B NA B
(see note) number, for the data link connection
NQTE — This parameter field element is repeated for each member of the multilink group.
Table 16 — User-defined parameters elements
Code
Name Pl PL Parameter field element type Bit No. Value
Identifier 0 N Parameter set identification NA NA (See Note|1)
(Implementor-defined) 1to N (Implementor-defined) NA NA NA
Jee Note 2) 255

NJTE 1 — Parameter set identification may be from 1 to 255 octets in length. (Cértain values are listed in ISO/IEC TR 10171.

NJTE 2 — The use of PV/PL/PV encoding in this subfield for PI values other;than PI=0 is not required. Such usage is at the discretion of the
orgpnization associated with the parameter set identified by PI=0.

7.2.3 User data subfield encoding

7.2.3.1 User data identifier encoding
Thg user data identifier identifies the subfield as the-user data subfield. Figure 23 provides its encoding.

7.2.3.2 User data‘subfield encoding

ThE user data subfield is transported transparently by the data link and passed on to the user of the data link. The encoding of the
usdr data subfield is the responsibility of the data link user, and may be any format that is mutually agreed upon by the data link

usgrs involved.

1111111

First bit transmitted

;High order bit

User data identifier

Figure 23 — User data subfield encoding

. L
7.3—Single-frame-exchange negotiation proecess

This subclause defines a single-frame exchange negotiation process using the XID command/response frame exchange with a
general purpose XID information field to identify and profile the correspondents desiring to communicate over either switched or

private data links.

The primary/combined station desiring to, or having been requested to, initiate the XID frame exchange transmits an XID
command frame with the P bit set to "1" with an information field containing an offered profile of supportable parameters.

The responding station initiates an XID response frame with an information field that indicates the parameter selection from the

profile.
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7.3.1 Address resolution
See clause 8.

7.3.2 Parameter negotiation

7.3.2.1 Specifying supportable parameters
The XID command frame shall specify the modes which are supported by the local station. Encoding of these modes shall be as
follows:

— In situations where XID frame collisions are possible during parameter negotiation, the local unique identifier shall be
placed 1n the Parameter field.

— [Pairs of classes of procedures and the HDLC optional functions parameter value are used to specify multiple modes|of
operation. Each pair shall be encoded such that all HDLC optional functions specified in the HDLC optional functigns
parameter value are supported in association with all classes of procedure specified in the classes of procedures value.

— |All other parameter values are encoded as necessary.

7.3.2.2| Specifying parameter values selected

The X]ID response frame shall designate the mode in which the local station will operate. Acceptance criteria or method| of
selectign of parameter values by the responding station from those offered by the initiating station-is\as follow:

— |For the "E" bit encoded parameters, only options supported by both stations may be sel€cted.
— |For the window size parameters and the maximum information field length paraméters, the minimum values are chosen|
— |Parameter fields not supported by the receiver are ignored and omitted from'the XID response frame.

— |In the case of HDLC optional function parameters 3, 7, 10 and 15 (sée table 14), one alternative must be chosen. The
method of changing from one version to another version, in these cases} is not the subject of this International Standard,

— |In the case of HDLC optional function parameter 14 (see table4), one or both versions may be identified as supported.
The method of selection is in accordance with the single-frame.exchange negotiation process. The operation of a sysfem
that supports both versions is described in 7.4.

7.3.2.3 Collision of XID command frames

Which| station has control of parameter selection during collision situations shall be resolved in the following way. The ldcal
uniquq identifier is compared with the remote unique identifier received in the XID command frame. If the local unique
identiffer is greater than the remote unique identifier; then the local station shall select the operating parameters from the offefed
profilg of supportable parameters supplied by the remote station in the XID command frame. Selection of these operatjing
paramgters and transmission of the XID response frame is described in 7.3.2.2. If the local unique identifier is less than Jthe
remotq unique identifier, then the local(Station yields control of operating parameter selection to the remote station. If an XID
response frame does not contain an HDEC parameters subfield, this is interpreted to mean that parameters within this subfield
shall maintain their present values-(see 7.2).

7.3.2.4 User-defined parameters negotiation

Every juser-defined parameters subfield must contain one and only one parameter set identification parameter, and it must be|the
first pgrameter within thesubfield.

Parampter set identification values (PV of PI=0) are by prior agreement between data link layer entities, and are not a subjec} of
this Internatiorial-Standard. (See ISO/IEC TR 10171 Table 3 for specific values.) It is the responsibility of the stations selecting
paramgter set\identification values to insure that the values are unique within the scope of the intended application.

A statjorr’decoding a user-defined parameters subfield containing an unrecognized parameter set identification value shall igrjore
that entire subfield. Likewise if a station does not support user-defined parameters at all, subfields with group identifiers of
00001111 shall be ignored.

Multiple user-defined parameters subfields with different parameter set identification values are permitted and are to be treated
independently of one another by the station. Handling of multiple user-defined parameters subfields with identical parameter set
identification values is to be determined by the stations agreeing to use the given parameter set identification value. For example,
it may be designated that only one of those user-defined parameters subfields with identical parameter set identification values
may be returned in an XID response (selection from a menu).

The interpretation of parameter set identifier values other than PI=0 is determined by prior agreement between the stations.
However, user-defined parameters are not to be used for conveyance of parameters or information for the use of higher layer
entities (the user data subfield should be used for this purpose). Neither may user-defined parameters negotiation be used to
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negotiate parameters which are defined in the basic HDLC standards (the standard mechanisms defined elsewhere in this
International Standard should be used for this purpose).

7.4 Frame check sequence negotiation rules’

Two cases are covered: the general case and a constrained case. The constrained case allows for some simplification in the
operating procedures (by virtue of the known roles of initiating and responding station) and in the capabilities that the stations
involved must support (because collision situations do not exist). The differences in the basic principles (rules) that are used in
the FCS negotiation process are noted by parenthetical explanations below and in the second example given in Annex E.

The following basic principles (rules) apply to stations that support both 16-bit FCS and 32-hit FCS as far as frame check

sequence negotiation is concerned.
— FCS negotiation or re-negotiation is only performed in the logical data link disconnected phase.

—t The initiating station will start the negotiation process from the 16-bit FCS mode as far as transmitted)XID fram¢s are
concerned.

—  During the FCS negotiation process, and until the mode-setting command and response have been.exchanged, the stations
will receive and process frames in both the 16-bit FCS mode and the 32-bit FCS mode simultaneously. (I the
constrained case, it is not necessary for the initiating station to process received frames in_both-16-bit FCS and 32-bif FCS
modes simultaneously since the responding station does not send frames with 32-bit \FCS until after it has ind{cated
selection of the 32-bit FCS mode and has received a set mode command with a 32-bit ECS from the initiating station|.

~

— The responding station will select the value of FCS to be used from that which both stations are indicating they support,
and will indicate the selected value in the XID response HDLC parameters datallink layer subfield.

— The stations will disable the unusable FCS mode upon the sending of 6r the receipt of the mode-setting commanf{l that
confirms the other station's concurrence as far as the value of FCS to bedised for information transfer is concerned.

— The stations will reactivate the disabled FCS mode upon the sending of or the receipt of a mode-setting disconnect jmode
command, thereby returning to a condition where all frames are;received and processed in both the 16-bit FCS mode and
the 32-bit FCS mode simultaneously.

Illustrative examples of the application of these FCS negotiation'tules are given in Annex E.

8 Resolution/negotiation of data link layer address in switched environments

8.1 Operational requirements

XID Command/Response Frame Support: All stations shall support the XID frame optional function defined as Opfional
Function 1 (see 6.15.1).

2] All-Stations Address Support:) All stations shall support the "all-stations" address capability.

3] Station Address Suppert:/All stations shall be capable of supporting the complete range of assignable addresses Within
the constraints of HDL:€ procedures.

8.2| Address résolution

In chses where the operational data link layer addresses are not known on an a priori basis (e.g., on switched circuit data links),
the $tations.involved that initially are assuming an initiating combined station status shall start the address resolution prodedure
in ofderto éstablish the data link layer addresses to be employed in subsequent frame exchanges.

Upd shall
transmit as soon as possible an XID command frame as indicated in 8.2.1 below. The non-initiating combined station, upon
receipt of an indication from the physical layer that a physical connection exists, shall await the receipt of an XID command
frame in order to transmit an XID response frame as described in 8.2.2 below.

In order to prevent stations from assuming the "all-stations” or "no-stations" data link layer address, as a result of address
resolution, stations sending XID command frames shall choose data link layer addresses in the range from 2 to 253.

8.2.1 Generating XID command frames

An address resolution XID command frame shall be sent that contains, within the information field, both the Local Data Link
Layer Address parameter and the Unique Identifier parameter, in accordance with clause 7. The XID command frame shall be
sent with the "all-stations" address in the address field and with the P-bit set to «1».
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If a valid XID response frame is not received within a predefined time, another XID command frame shall be sent, containing the
then current value of that station's Local Data Link Layer Address parameter as well as the station's Unique Identifier parameter.
This procedure may be repeated "n" times (where the value of "n" is implementation dependent).

For the non-initiating combined station, if a valid XID command frame is not received within a predefined time, the non-
initiating combined station shall assume the role of an initiating combined station.

Whenever a station initiates address resolution (i.e., has sent an XID command frame with the "all-stations" address), it shall
remain in the disconnected phase until it has successfully completed an XID frame exchange.

8.2.2 Generating XID response frames

Upor reception of an XID command frame, the received data link layer address parameter field is compared with the localfdata
link lpyer address.

—|{ If the two addresses are different, no address modification is necessary. An XID response frame shall be transmitted|with
the local data link layer address contained in the address field of the frame as well as in the local data-link layer adfiress
parameter field.

—| If the two addresses are identical, the local data link layer address must be modified before transmitting the XID response
frame. If the local Unique Identifier parameter value is greater than the Unique Identifier parameter value containgd in
the information field of the received XID command frame, then the local station shall incremént its data link layer adfiress
by one.

If the local Unique Identifier parameter value is less than the Unique Identifier parameter value contained in the recgived
XID command frame, then the local station shall decrement its data link layer address by one.

Oncgd the address has been modified, an XID response frame shall be sent with the fiew local data link layer address containgd in
the afldress field of the frame as well as in the local data link layer address paraméter field.

NOTE 1 — The Unique Identifier parameter values are considered as pure binary nunibers for performing the comparison.

NOTE 2 — In the case of multiple octet addressing, the incrementation/decrementation operation shall be done such that the bits reserv¢d for
addrefs extension, low order bit «b1», are not changed.
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In

Annex A
(informative)

Explanatory notes on the implementation of the frame checking sequence

order to permit the use of existing devices that are arranged to use a zero preset register, the following implementation may be

used. (This example is given in terms of the 16-bit frame checking sequence, and assumes that all bits of the frame are checked.)

At

ontp the line:

At

of the frame as received from the line:

In the absence of errors, the FCS register will contain all zeros after the FCS is shifted in.

In

regjsters to go to the all zeros state.

Th

notto invert the FCS in which case it has to check for the unique nonzero remainder specified in 4.1.5.

4) preset the FCS register to zeros;
B) invert the first 16 bits (following the opening flag) before shifting them intd the FCS checking register;
d) shift the remaining elements of the frame, up to the beginning of the EES, into the checking register uninverted;

d) invert the FCS sequence before shifting into the checking register.

the transmitter, generate the FCS sequence in the following manner while transmitting the elements of the frame unlaltered

a) preset the FCS register to zeros;

b) invert the first 16 bits (following the opening flag) before shifting them into the FCS register;
¢) shift the remaining fields of the frame into the FCS register uninverted;

d) invert the contents of the FCS register (remainder) and shift onto the line as the FCS sequencé.

the receiver, operate the FCS checking register in the following manner while receiving (and.storing) unaltered the elements

he above, inversion of the first 16 bits is equivalent to a.onés preset, and inversion of the FCS at the receiver caukes the

transmitter or the receiver can independently use the.ones preset or the first 16-bit inversion. Also, the receiver can choose

It shall be realized that inversion of the FCS by the'receiver requires a 16-bit storage delay before shifting received bits ipto the
regfster. The receiver cannot anticipate the beginning of the FCS. Such storage, however, will normally take place natufally as
the|] FCS checking function will need to differéntiate the FCS from the data, and it will thus withhold 16 bits from the next

funiction at all times.

Thi

4) C~the £ bits of data which are being checked by the FCS can be represented by a polynomial G(x).

Flag Address Control Information Frame checking sequence Flag
k bits 16 bits
-——— Gt -l
n bits
e M) >

procedure for using the FCS is based on the assumptions that:

Example: G(x) = x*+x*+1 represents 101001.

b) The address field, control field and information field (if it exists in the frame) are represented by the polynomial G(x) .

c) For the purpose of generating the FCS, the first bit following the opening flag is the most significant bit of G(x)

regardless of the actual representation of the address, control and information fields.

d) There exists a generator polynomial P(x) of degree 16, having the form P(x) = x Y px? 4y’ +1.

The FCS is defined as the ones complement of a remainder R(x) obtained from the modulo 2 division of
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G+ x (xR xS X P Dby
the generator polynomial P(x).

G+ G+ +x+1) RS
=Q(x)+——
P(x) P(x)

16 . . . . 16

corresponds to initializing the initial remainder to a value of all "ones". This addition is provided for the pu

againgt the obliteration of leading flags, which may be non-detectable if the initial remainder is zero. The complementmg of

'Cl
..,
T
(]
7]
a
C»

R(x ), by the transmitter, at the completion of the division ensures that the received, error-free message will result.in a unifjue,

non-zgro remainder at the receiver. The non-zero remainder provides protection against potential non.detectability of] the
oblitefation of trailing flags.

At the transmitter, the FCS is added to the x“”G(x), resulting in an M(x)of length n, where
M(Jc)=x]6G(x)+FCS.

At th receiver, the incoming M(x) is multiplied by x'®, added to X" (x> + x'* 4 \F x +1) and divided by P(3

A

x[xG(x)+ FCS]+ x"(x" +x"“ +-- -+ x +1) L o)+ _Pr(x)
P(x) P(x)

If the transmission is error free, the remainder Rr(x) will be "0001 11010000 1111" (xiS through X 0 , respectively).

X' L(x)

) where L(x)=x15+x“+---+x+l. This can be shown by
X

Rr(¥) is the remainder of the division

establiishing that all other terms of the numerator of the re€eiver division are divisible by P(x).

Note that FCS= R(x) = L(x)+ R(x). [Adding L(x) without carry to a polynomial of its same length is equivalent{to a
bit-by-bit inversion of the polynomial.]

The equation above, for the FCS receivefiresidual, is used in the following to show that inverting the FCS at the receiver returns
Al
x"L(x) = O(x)+ Rr(x)
P(x) P(x)

the checking register to zero. This equation is ————— where L(X) is as defined above and Rr(x)

is the{residual contents of thé\FES register.

x"L(x)+x"°L(x) _
P(x) -

If x' 5L(JC ) is added4o the above numerator, the result is

Physikally, the-addition of x'6L(x ) is achieved by inverting the FCS.
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Annex B
(informative)

Example of the use of commands and responses

B.1 Introduction

B.1.1 [ General nofation

The nqtation used in the diagrams in this annex is illustrated below.

/N

Frame|with error :

Information frame :

:Frame containing information

Flag (i.e. frame boundarv)ﬁ\

| | _———Frame without information

o

B.1.2| Notation for primary and secondary stations

Information format
rSmd sequence number

I N(S), N(R) P/F ===—Poll or final bit ON

Receive sequence number (next expected frame)

Example : Pri xmits : 12,6 P. This depotes'a primary information frame with send sequence number 2, the next expected | frame from

the siondary is receive sequence number 6 (frames numbered 5 and below are therefore acknowledged) and the poll bit is
secondary is to initiate transmission with | frames if available).

(i.e. tl

Supefvisory frame :

XXX

Supervisory command/response

N(R), P/F <a—Poll or final bit ON

Receive sequence number

set to “1”

Example : Pri xmits : RR2 P. This denotes a receive ready (RR) command, N(R) = 2 li.e. the next expected | frame from the
secondary is receive sequence number 2); and the poll bit is set to 1.

Unnumbered frame :

r—-Unnuml'mfed command or response

XXXX,

P/F <a— Poll or final bit ON

Example : Pri xmits : SNRM, P. This denotes the normal response mode (NRM) mode-setting command with the P bit set to “1"".
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B.1.3 Notation for combined siations

Address

Information format
‘\— {—Send seauence number

Information frame : X, | N(S), N(R) P/F -a——Poll or final bit ON
L Receive sequence number (next expected frame)
— Address
Y f—Supervisory command/response
Supetvisory frame : X, XXX NI(R), P/F -a——Poli or final bit ON

Receive sequence number

Address
; Unnumbered command or response

Unnumbered frame : X, XXXX, P/F -a—Poll or final bit ON

B.2 | Examples of normal response mode (NRM) two-way alternate (TWA) transmission
B.2.]1 Normal response mode (NRM) TWA without'transmission errors

B.2.1}1 NRM start-up procedure and secondary only information transfer

SNRM P RRQ.P RR3.P
Pri xmmjits : :j m [::1
UAF 10,0 11,0 12,0F 13,0 14,0
Sec xfits : m b + + 4 — ' N
B.2.112 NRM start-up procedure and primary only information transfer
| SNRM.P 100 11,0P 12,0 13,0
Pri xmrfit§: : b —+ i - - !
UAF RR2,F
Sec xmits : t: m
B.2.1.3 NRM information transfer by primary and secondary
10,0 11,0 12,0P 13,2 14,2P 15,3
Pri xmits : — +— $ - e + — —
19,3 11,3F 12,5F
Sec xmits : F + — _—
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B.2.2 Normal response mode (NRM) TWA with transmission errors in command frames
B.2.2.1 NRM start-up command error

SNRM P SNRM P 10.0
Time-out

Pr xmits -] —_

UA.F

Sec xfmits - —]

B.2.2.2 NRM primary information frame error

Retransmitted frames

10.0 11,0 12,0P 11,2 12,2 13,2f
Pri xrhits : F + A /.L — : } } —
/ 14
10,1 11,1F
Sec Amits : - } 4
B.2.2.3 NRM primary poll frame error
Retransmitted frame
10,0 11,0 lZ,GP/ - RRO.P 12,2 13,2 14,2

Pri xfpits : } ; ; /Av R — : 1

19,2 11,2F
Sec kmits : I { —

B.2|3 Normal response mode (TWA) HDX with transmission errors in response frames

B.23.1 NRM start-up response error

SNRM,P - SNRM,P 10,0
Pri xmits : m —— me-out —— E —_—

UAF UAF
Sec xmits : ¢ m

B.2|3.2 NRM secondary information frame error

Retransmitted frarfpes
8.8 - 2.0 110 l4.9P /\ 15.2
Pri xmits :  — 4 } { p— } 1 / \ —
10.3 11,3F 19,5 11,5F
Sec xmits : } /AV /§ — f— + —
or Retransmitted frames
' 100 11,0 12,0P RROP 13,2
Pri xmuts — } ' — t_—_:1 —
1,3F 19.3 11,3F
S ra - L l°,3 /1 A —_ 1 1 _J
ec xmits : | / A 1 | t {
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B.2.3.3 NRM secondary ‘‘final’’ frame error
Retransmitted frame
00 110 120p Time-out or 13.1 14,1P 15.3

Pri xrats - b n ; . idle line detect N . ~ }__?

123 R ] 115 12 §F
Sec xmjits : = + /AT,A — + 4
or Retransmitted frame

00 1o [20P _ Time-out or RR1P 133
Pri xmiks - b : % . idle line detect m ;
10,3 11,3F 11,3 12:3F
Sec xmits : — + A_4 —_ ey
7V

B.3 |Examples of asynchronous response mode (ARM) two-way aiternate (TWA) transmission

B.3.1| Asynchronous response mode (ARM) TWA without transmission errors

B.3.1.1 ARM start-up procedure and secondary only information transfer

SARMP RR2 RR3
Pri xmfts : m m m

UAF 0.0 11,0 12,0
Sec xrits : m Indefinite time,\\p=—+———  —

B.3.1/2 ARM primary and secondary information transfer with contention situation

Contention

SARMP \wo.o (1,0P _ 100 11.0p
L ! 1 Primary | L —

Pri xmjts : m F ! ! time-out ! v '

’— Indefinite time ————’

UAF 0.0 11,0 10,2F

", Secondary - .
Sec xinits :1 Indefinite time | l |~ time-out =
-

B.3.2 Asynchronous response mode (ARM) TWA with transmission errors in command frames

B.3.2.1 ARM start-up command error

SARM P SARM.P

Pri xmits : W—‘ Time-out { I
UAF
Sec xmits : E

78


https://standardsiso.com/api/?name=5fb8bce0daedd566ef75f4e5cfdb834b

©ISO/IEC ISO/IEC 13239:1997(E)

B.3.2.2 ARM primary information frame error

NOTE — Recovery procedure is identical to NRM operation.

Retransmitted frames

SARMP IO.OA 11.0P 10.0 11.0P
Pri xmits . t: Indefinite time | 7V t

UA F RROF RR2,F

whe — —

i d
t —

1
T

Indefinite time

-

~

B.3.2.3 ARM primary ‘‘poll’’ information frame error

NOT[E — Recovery procedure is identical to NRM operation.

/— Retransmitted frame
SARM P 10.0 11,0P, 0.0 12, 0P
N Idle I
Pri xfnits : m Indefinite time '__—‘_'7%4 r da&emctoj —_ RR3,F indefinfte time

UAF RR1

Sec kmits : [:J :]

B.3{3 Asynchronous response mode (ARM) TWA with transmission errors in response frames
B.3.3.1 ARM start-up

SARM P SARM.P
Pri xfmits : [:I_‘ Time-out :

UAF UAF.

Sec kmits : m E

B.33.2 ARM secondary iaformatioa frame error

Retransmitted frames

SARM P RRO.P RR2
Pri xmits : Am m /\\ tj
o

; UAF ‘ IO,% /i “'og le.0F 11, Indefinite time

Sec umits._. ',_.I TR 7 ' A
e
B.3.3.3 ARM secondary ‘‘final’’ information frame error
SARM.P RA2
Pri xmits : !:1 r:—!
19.0 10.0 1.0
Sec xmts . ! Indefinite time "_744 Time-out '7_‘__—‘ Indefinite time
UAF <p- —— g ]

Retransmitted frame
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B.4 Examples of normal response mode (NRM) two-way simultaneous (TWS) transmission

B.4.1 Normal response mode (NRM) TWS without transmission errors

B.4.1.1 NRM start-up procedure and secondary only information transfer

HN-R-MTP—B-BD,D 281 /R2 BRI /R4 RRS P
P xmuth : m :1 m m E ::] m
UA F 10.0 11,0 12,0 13.0 14,0F RRQ.F
Sec xmjts : :J - } . } — | :I
or (whdre primary acknowledgments are returned for several response frames)
SNRM,P RROP RR3 RRS5.P
Pri xmifs : E m I: [:-__:j
UA F 10,0 1.0 12,0 13.0 14,0F RIRQ,.F
Sec xriits : — — + + + + 1 1T
B.4.1.2 NRM start-up procedure and primary only information transfer
SNRM.,P 10,0P 11,0 12,0P 13,0 14,0P 15,0
Pri xmifs : ::1 } — —+ + ' + 2
UAF RR1.F RR3,F RRS,F
Sec xnjits : | —| —| — t:—_-j
or (where primary sets poll bit to *‘1”’ to solicit acknowledgment for several frames)
SNRM.P 10,0P 179 12,0 13,0 14,0 15,0P
Pri xmifs : E — + + - ' ' )
UAF RR1,F RR6,F
Sec xmits : I: E:l l:1
B.4.1.3 NRM start-up procedure and primary/secondary information transfer
SNRMP 10,0P 11,0 121 13.4 14.4 15.4 16.5 7.5
Pri xmfts : = [ + + : } t ' r
UAF 10.0 11 12,2 13.2 14,2 15.5 16.7
Sec xits.” — — + t + + 4 + 4
B.4.2 Normal response mode (NRM) TWS with transmission errors in command frames
B.4.2.1 NRM REJ capability
Retransmitted frames
Abort* / * \
10.0P 11.0 I2,0/ 131 l4,-2—\ 12,3 I 13.4 145
Pri xmits : } + /Av + + — 1 +
101 11.2 122 REJ2 13,2 14.2 15.3 16 4
Sec xmuts : b + 4 I + 4 + —

* Optional : Frame may be completed or aborted.
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B.4.2.2 NRM SREJ capability

Retransmitted frame

10.0P 11.0 12,0 13.1 14,2 12,3 15,4 16.5

Pri xmits : - L L A/L L 4 L s 1
T T / v T T T T 1
101 11,2 12,2 SREJ2 13.2 14.2 15.5 16.6

Sec xmuts : ! ' ; — - ; ; 3
B.4.3 Normal response mode (NRM) TWS with transmission errors in response frames
B.4.3.1 NRM REJ capability

0P 110 12,2 13,1 14,1 REJ1 151 16.1 171 10,2
Pr{ xmits : i~ + + + H]L +— T + 7

10.1 11,2 12,3 13,4 186 12,7 13,0

Séc xmits : b 4- AV 4 + $ + 4

\

Retransmitted frames

B.4.3.2 NRM SREJ capability

o0P 110 12,0 13,1 14,1 SREJ1 151 16,1 17,4 10,4

Pr} xmits — } + + 4 1__{"—‘ + + — 1
19,1 11,2 / 12,3 13,4 11,5 14,6 15,0
S¢c xmits : p— + /Ar‘r + $ ’ + $ )
Retransmitted frame

B.5.1 Asynchronous response mode (ARM) TWS without transmission errors

B/5.1.1 ARM stari-ap procedure and intermittent secondary or primary information transfer

SARM.P 10.1 11,2P

Pti xmits m }

<+

7

B.S Examples of asynchronous response mode (ARM) two-way simultaneous (TWS) transmisgion

UAF 188 H-8 AA2.E

—
Sec xmits : — Indefinite time | f 1 —

.

B.5.1.2 ARM start-up procedure and continuous primary/secondary information transfer

SARMP looP 11,0 12,1 13,2 14,2 15,3 16,4P
Pri xmits : - $ + +— 5 + + ?
- —— _b,__-!\_..-.\",______i ¢
UAF Indefinite t 10.0 111F 12,2 13.4F 145
m
Sec xmits : Ej‘rnemvel ’4-=‘r + + + + !
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B.5.2 Asynchronous response mode (AR

© ISO/IEC

) TWS with transmission errors in command frames

w

B.5.2.1 ARM start-up command error
SARM.P SARM P
Pri xmits . Time-out :] Indefinite time
’ JE— i S
UA.F
eC ximifs | ————
B.5.2.2 ARM REJ capability
Abort * Retransmitted frames
SARM.P 10,0P 11,0 12,0 13,1\ 11,2P 12,3 13.5 143
Pri xmits - —t Indefinite , s 1 . _N ¢ L n L 1
. ‘__‘ “me T L ----- %T U v L -' o 1 T A Y
UAF RR1,F 10,1 {1,171 REJ 121 RR2.F 33
Sec xmifts : m t:‘ ; + j__rll — t: | ———.
B.5.2.3 ARM SREJ capability
/-— Retransmitted frame
SARM P 10,0P “'OA/ 12,0 131 11,2pP 143 15)3
Pri xmits : ; : T / V t T T :' + + o]
Indefinite Lo, [P
time ! !
—— ' !
UAF RR1,F 101 11,1 SREJT (21 RR4 F 35
Sec xnfits : = ' i—l'_' - ':: _
B.5.3| Asynchronous response mode (ARM) TWS with transmission errors in response frames
B.S.3.1 ARM REJ capability
Time-out
- .
SARM.P 10.0P 1,0 12,1 131 REJ1 141P 15,1 16.2P
Pri xmlts -  — b t t t I t + ?
Indefinite
time
UA.F 0,0 111 12,2 13.3 14,4 11,4 12,5F 135 146
N I A A - d 'S 5 4 . 4 4
Sec xmits : t: — t / 14 T T T !lj\f \ T * 1
Abort * / Retransmitted frames
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