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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of Internatlonal Standards through technical comm|ttees establlshed by the respect|ve organization to deal with

particular
internatio

al organizations, governmental and non- governmental in liaison W|th ISO and IEC, also take paft'i

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part.3.

In the fiel
Internatio
Internatio

Attention i

0 of information technology, ISO and IEC have established a joint technical committee, 1SO/IE
al Standards adopted by the joint technical committee are circulated to national bodies for voting.
al Standard requires approval by at least 75 % of the national bodies casting a Vote.

5 drawn to the possibility that some of the elements of this International Standard may be the subje

ISO and IEC shall not be held responsible for identifying any or all such patent rights)

International Standard ISO/IEC 13239 was prepared by Joint Technical Committee 1ISO/IEC liif@rhation te
Subcommjttee SC &,elecommunications and information exchange between systems

This seco

Annex H f

nd edition cancels and replaces the first edition (ISO/IEC,13239:1997), which has been technically

Drms a normative part of this International Standard,-Adnexes A to G are for information only.

interest. Other
the work.

FC JTC 1. Draft
Publication as an

Ct of patent rights.

thnology

evised.
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Introduction

This International Standard is a composition of the following HDLC-related International Standard
and approved Amendments:

e |SO/IEC 13239: 1997

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

e ISOIEC 13239: 1997/DAM1

Informatjon technology— Telecommunications and information exchange between systems
High-level data link control (HDLC) procedures- Amendment 1: Non-basic frame formats
General

e ISQIEC 13239: 1997/DAM2

Informatjon technology— Telecommunications and information exchange between systems
High-level data link control (HDLC) procedures- Amendment 2: Non-basic frame formats
Provisiop for multiple address fields

e |ISOIEC 13239: 1997/DAM3

Informatjon technology— Telecommunications and information exchange<between systems
High-level data link control (HDLC) procedures Amendment 3: Provision for8-bit FCS

e ISQOIEC 13239: 1997/DAM4

Informatjon technology— Telecommunications and information exchange between systems
High-level data link control (HDLC) procedures: Amendment 45 Frame format field

e |SOIEC 13239: 1997/DAM5

Informatjon technology— Telecommunications andginformation exchange between systems
High-level data link control (HDLC) procedures Amiendment 5: Intra-frame timeout

e |ISQIEC 13239: 1997/DAM6

Informatjon technology— Telecommunications and information exchange between systems
High-level data link control (HDLC) precedures: Amendment 6: Header check sequence

High-level data link control (HDLC), procedures are designed to permit synchronous or start/stop,
code-trapsparent data transmission. The normal cycle of the code-transparent data communication
betweer] two data stations €ensists of the transfer of frames containing information from the data
source tp the data sink acknowledged by a frame in the opposite direction. Generally, until the data
station domprising the data source receives an acknowledgement, it holds the original information in
memory|in case the-need should arise for retransmissions.

In those|situations-that require it, data sequence integrity between the data source and the data sink is
effected|by means of a numbering scheme, which is cyclic within a specified modulus and measured
in termd offrames. An independent numbering scheme is used for each data source/data sink

combindtier-en-the-data-tni

The acknowledgement function is accomplished by the data sink informing the 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 information.

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

© ISO/IEC 2000 — All rights reserved \
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Unbalanced data links

An unbalanced data link involves two or more participating data stations. For control purposes, one
data station on the data link assumes responsibility for the organization of data flow and for
unrecoverable data link level error conditions. The data station assuming these responsibilities is
known as the primary station in unbalanced 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 other data stations on the data link are known as the secondary stations in unbalanced
connection-mode data links and as the tributary stations in unbalanced connectionless-mode data
links, and the frames they transmit are referred to as response frames.

= tha it £ fdata batia, . H il tral oty -tk &l PIL3oH SO i
For-te-transterof-databetweenthe-prmarecontret-stattonana-Hhe-seeendaryirpdiary stations, two

cases of data link control are considered (see figures A and B). In the first casg| the data station
comprising the data source performs a primary/control station data link contrekfunctjon and controls

the data station comprising the data sink that is associated with a secondary/tributary station data link
control function, by select-type commands.

In the second case, the data station comprising the data sink performs,a primary/cgntrol station data
link control function and controls the data station comprising the data-source that is associated with a
secondary/tributary station data link control function, by poll-typ€ commands.

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

These two cases of data link control may be combined-so that the data link becomes capable of two-
way alternate communication, or two-way simultaneous communication.

. Select/information
Primary/ | Secondary
Control Tributary
station |- station
Acknowledgement
Data source Data sink

Figure A — Unbalanced data link functions (case 1)

) Poll/acknowledgement
Primary/ | Secondary,
Control Tributary
station | : station
Information
Data sink Data source

Figure B— Unbalanced data link functions (case 2)

Balanced data links

A balanced data link involves only two participating data stations. For control purgoses, each data
station assumes responsibility for the organization of its data flow and for unrecoJerable data link
level error conditions associated with the transmissions that it originates. Each datd station is known

vi

as—acombimetstattom i batancetconmectiorrmodedatetmks—amd—as—apeer—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 illustrated in
figure C are utilized. The data source in each combined/peer station controls the data sink in the
other combined/peer station by the use of select-type commands. The information flows from the
data source to the data sink, and the acknowledgements are always transmitted in the opposite
direction. The poll-type commands may be used by each combined/peer station to solicit
acknowledgements and status responses from the other combined/peer station.

© ISO/IEC 2000 — All rights reserved
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Select/information/acknowledgement/pgl

Combined/ B> Combined|
Peer Peer
station |- station
- Select/information/acknowledgement/pott——
Data sink/data source Data sink/data source

Figure C — Balanced data link functions

confiaurations
)

HDLC cl
start/sto
physical
overall

asses of procedures describe methods of data link operation which permit synchronous or
h, code-transparent data transmission between data stations in a variety of logical and
configurations. The classes are defined in a consistent manner within the framework of an
HDLC architecture. One of the purposes of this International Standard is to maintain

maximuim compatibility between the basic types of procedures, unbalanced, balanced and

connect

onless, as this is particularly desirable for data stations with configurable capability, which

may haye the characteristics of a primary, secondary, combined, control, tributary, or peer station, as

required

Five fun
defined
(as illus

for a specific instance of communication.

Hamental classes of procedures (two unbalanced, one balanced, and two connectionless) are
herein. The unbalanced classes apply to both point-to-point and multipoint configurations
frated in figure D using the primary/secondary nomenclature) over either dedicated or

switched data transmission facilities. A characteristic of the unbalanced classes,isthe existence of a

single p

imary station 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, hence the

designa

The unb|
switched
facilities
unbalan
plus ong
respons

ion "unbalanced" classes of procedures.

Primary/ <+—>
Control -— -
station

Secondary Secondary.
Tributary Tributary
statien station
A N

Figure D +~Unbalanced data link configuration

planced connectionless class applies to point-to-point configurations over either dedicated or
data transmission facilities, or to multipoint configurations over dedicated data transmission
(as illustrated(in figure D using the control/tributary nomenclature). A characteristic of the
Ced connectionless class is the existence of a single control station at one end of the data link
e or more tributary stations at the other end(s) of the data link. The control station is
ble’for determining when a tributary station is permitted to send. Neither the control station

nor the

tributary station(s) support any form of connection establishment/termination procedures,

flow con

trol procedures, data transfer acknowledgement procedures, or error recorvery procedures,

hence the designation “connectionless” class of procedures.

The balanced class applies to point-to-point configurations (as illustrated in figure 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.

© ISO/IEC 2000 — All rights reserved
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Combined/ Combined/
Peer > Peer
station station

A B

Figure E— Balanced data link configuration

The balanced connectlonless class applles to pomt -to- p0|nt conflguratlons over either dedicated or

characterlstlc of the balanced connectlonless class is the exnstence of two data St
stations, on a data link, that are each independently in control of when they ean)se
station supports any form of connection establishment/termination procedure
procedures, data transfer acknowledgement procedures, or error recovery procs
designation "connectionless" class of procedures.

For each class of procedures, a method of operation is specified\in-terms 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
functions are defined.

It is recognized that it is possible to construct,symmetrical configurations for opera
data circuit from the unbalanced classes .of\procedures which are defined in t
Standard. For example, the combinatiafy of two unbalanced procedures (with

commands only) in opposite directionsswould create a symmetrical point-to-point ¢
illustrated in figure F).

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

Figure F— Symmetrical data link configuration

These HDLC procedures define the exchange identification (XID) command/respd
optional function for exchange of data link information (identification, paramet
capability, etc.). The content and format for a general purpose XID frame info
defined.

efnenclature). A
ations, called peer
nd. Neither peer
5, flow control
bdures, hence the

apabilities of the
of the optional
tion on a single
nis International

frame flow as
pnfiguration (as

nse frame as an

brs, functional
mation field is

viii

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

1 Scqpe

This Intgrnational Standard specifies the frame structures, the elements of procedures, the classes of'procedures, the content
and fornpat of the general purpose Exchange Identification (XID) frame, and a means for resolution/negotiation of a data link
layer address in switched environments for data communication systems using bit-oriented high-level data link ¢ontrol
(HDLC) procedures.

NOTE— The use of the phrase “bit-oriented”, referring to the HDLC control procedures, pertains to the allocation of a non-integral number
of bits to yarious subfields used for HDLC control purposes. However, the frame as an entirety may.be constructed from octet-oriented units
(e.g., staft-stop mode) for transmission purposes.

The franpe structure portion defines the relative positions of the various components’of the basic frame format and the non-
basic frame format. The mechanisms used to achieve bit pattern independence (transparency), where and when fequired,
within the frame are also defined. In addition, three frame checking sequenees (FCS) are specified; the rules for address field
extensign are defined; and the addressing conventions available are desctibed.

The elenents of procedures portion specifies elements of data link control procedures for synchronous or start/stop, code-
transparent data transmission using independent frame numberingqdn-both directions.

These HDLC elements of procedures are defined specifically initerms of the actions that occur on receipt of commands at a
seconddry station, a tributary station, a peer station, or a combined station.

This Intg¢rnational Standard is intended to cover a widevrange of applications; for example one-way, two-way alternate or
two-way| simultaneous data communication between ‘data stations which are usually buffered, including operatipns on
different| types of data circuits; for example Mmultipoint/point-to-point, duplex/half-duplex, switched/non-switched,

synchropous/start-stop, etc.

The defined elements of procedures are to be considered as a common basis for establishing different types of data link
control procedures. This International-Standard does not define any single system and should not be regardgéd as a
specificgtion for a data communicatipn'system. Not all of the commands or responses are required for any particular| system
implemgntation.

class of

erates in
For the
point-to-
r more
For the
5-mode in

Balanced operation is intended for use in circumstances which require equal control at either end of the data link.
Operational requirements are covered in accordance with the overall HDLC architecture.

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.

© ISO/IEC 2000 — All rights reserved 1
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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.

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:

dlentification of the cal Ing and called stafions when using circuit switched networks ilnclualng switched nefwork

hckup applications).

a)

o

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

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

d) egotiation of the Frame Check Sequence (FCS) to be used for subsequent information interchange, by statipns that

pport both 16-bit FCS and 32-bit FCS capabilities.

N
s

e) donvey higher layer information that may be required prior to data link establishment.
T

f)

ansmission of an XID response frame at any respond opportunity to request.amXID exchange to modify sqme 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 (UIH)
frame is used.

The medns for resolution/negotiation of a data link layer address in switched environments portion is applicable {o data
stations femploying HDLC balanced classes of procedures which provide the XID command/response capability with the two
specific parameter fields, identified below. It is used to select a pair of operational link addresses when preassigned] system
designaled addresses are not known on an a priori basis; e.g., switched circuited data links. Additional XID frame fupctions
(including the exchange of operational parameters, command/response support, higher layer information, etc.) may be
accomplished in conjunction with data link layer address determination or following address determination, with addjtional
XID franje exchanges.

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

2 Normative references

The follgwing normative documents c@ntain provisions which, through reference in this text, constitute provisions ¢f this

Internatipnal Standard. For dated réferences, subsequent amendments to, or revisions of, any of these publications do not
apply. However, parties to agreements based on this International Standard are encouraged to investigate the possibility of
applying the most recent editigfis-of the normative documents indicated belown&ated references, the latest edition gf
the normative document referred to applies. Members of ISO and IEC maintain registers of currently valid Interngtional
Standargs.

ISO/IEC]|646 : 1991Information technology— ISO 7-bit coded character set for information interchange
ISO/IEC]2382-9_:'1999nformation technology— Vocabulary—Part 9: Data communication

ISO 747B : 1987Information processing systems Data communicatior— Multilink procedures

ISO/IECL7498-1 : 1994Information technology— Open Systems Interconnection Basic Reference Model: The Basi
Model.

ISO/IEC 7776 : 1995|nformation technology— Telecommunications and information exchange between systeHfigh-
level data link control procedures- Description of the X.25 LAPB-compatible DTE data link procedures

ISO/IEC TR 10171 : 1994information technology— Telecommunications and information exchange between systems
List of standard data link layer protocols that utilize higéwEl data link control (HDLC) classes of procedures and list of
standardized XID format identifiers and private parameter set of identification values.
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3 Definitions, acronyms and abbreviations

3.1 Definitions
For the purposes of this International Standard, the following definitions apply.

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

312

accept
the condition assumed by a data station (primary, secondary, combined, control, tributary or peer stati@icapting a
correctly received frame for processing

3.1.3

address field (A)
the sequence of eight (or any multiple of eight, if extended) bits identifying the secondary/combined or trijutary/peer station
sending (or designated to receive) the frame

3.14
address field extension
enlarging the address field to include more addressing information

3.15
address resolution/negotiation
procedure for exchanging/determining the data link layer identity. of each data link layer entity

3.1.6
basic status
a secondary/combined or tributary/peer station's capability to sereteive a frame containing an information field

3.1.7
centralized control
a control in which all the primary or controlstation functions of the data link are centralized in one data statjon

3.1.8
combined station
that part of a data station that\supports the combined station control functions of the data link

NOTE — The combined station generates commands and responses for transmission and interprets received commands and responses
Specific responsibilities @ssigned to a combined station include:

a) initialization. of eontrol 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.

34.9
command
in data communication, an instruction represented in the control field of a frame and transmitted by the
primary/combined/control/peer station, which causes the addressed secondary/combined/tributary/peer station to execute a
specific 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

© ISO/IEC 2000 — All rights reserved 3
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3.1.12

control escape (CE)

the unique sequence of eight bits (10111110) employed to indicate the following octet has been racddielihg to the
transparency 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

ofsame specific function: and
T

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

3.1.14
control fleld extension
enlargingy the control field to include additional control information

3.1.15
control gtation
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 contr¢l station include:
a) irnitialization of control signal interchange, and
b) ofganization of data flow.

3.1.16
data coimunication
see ISO|IEC 2382-9, term 09.01.03

3.1.17
data link]
see ISO|IEC 2382-9, term 09.04.08

3.1.18
data linkjconnection
see ISOJ[IEC 7498-1 : 1994

3.1.19
data linkjlayer
the condeptual layer of control or{processing logic existing in the hierarchical structure of a data station (primary, secondary,
combingd, control, tributary or p€er station) that is responsible for maintaining control of the data link

NOTE —|The data link layerfunetions provide an interface between the data station higher layer logic and the data link. These fupctions
include:
a) transparency;
b) afldress/contrelfield interpretation;

c) cpmmand/iesponse generation, transmission and interpretation; and
d) frame check sequence computation and interpretation.
3.1.20

data transmission
see ISO/IEC 2382-9, term 09.01.02

3.1.21
duplex transmission
see ISO/IEC 2382-9, term 09.03.01

3.1.22

exception condition

the condition assumed by a secondary/combined station w@@ipt of a frame which it caot execute due either to a
transmission error or to an internal processing malfunction
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3.1.23
flag sequence (F)
the unique sequence of eight bits (01111110) employed to delimit the opening and closing of a frame

3.1.24

format identifier

designator of one of 128 different standardized formats or one of 128 user-defined formats of the Exchange Identification
(XID) frame information field

3.1.25
frarme

the sequence of address, control, information, and FCS fields, bracketed by opening and closing flag séquences

NOTE— A valid frame is at least 24 bits in length and contains an address field, a control field and a frame check segpence. 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 thgt provides for the
detection of transmission errors by the receiver

3.1.27
frame format identifier
an optional field in non-basic frame format mode that identifies the format-of the frame

3.1.28

group identifier
classifier of data link layer characteristics or parameters by function (for example, address resolution, parameter negotiation,
user data)

3.1.29
half-duplex transmission
see ISO/IEC 2382-9, term 09.03.02

3.1.30

header check sequence (HCS)
a check sequence using one of the/standard 8, 16, or 32 bit polynomials that is computed over the fields between the opening
flag sequence and the HCS field

3.1.31

HDLC-based protocol
a protocol which is a stubset of the elements and classes of procedure and optional functions defined in the HDLC standard,
and adopted as a standard by ISO or a recognized international standards body (e.g., ITU-T)

3.1.32

higher layger
the coneeptual layer of control or processing logic existing in the hierarchical structure of a data station (pfimary, secondary,
combined, control, tributary or peer station) that is above the data link layer and upon which the performance of data link
layerfunctions are dependent; for example device control, buffer allocation, station management, etc.

3.1.33
information field (INFO)
the sequence of bits, occurring between the last bit of the control field and the first bit of the frame check sequence

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

3.1.34
initiating combined station
a station that sends the initial XID command frame as part of the address resolution process

3.1.35

interframe time fill
the sequence or condition transmitted between frames
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3.1.36

intraframe time fill

in start/stop transmission, the sequence or condition transmitted within a frame when the next octet is not available for
contiguous transmission immediately following thegeding octet (For synobinous transmission, there is no provision for
intraframe time fill)

3.1.37
invalid frame
a sequence of bits, following the receipt of an apparent opening flag sequence, that either

a) isterminated by an abort sequence; or

b) cpntainsTess than 32 bits before an apparent closing flag Sequence is detected

3.1.38
layer pafameter
the spedjification of data link layer characteristics and parameters, and their values, available or chosen

3.1.39
non-initiating combined station
a statior] that waits for the other combined station to send the initial XID command frame as{part of the address redolution
process

3.1.40
peer stagion
the datajstation that supports the peer station control functions of the data link

NOTE—[The peer station generates commands for transmission and interprets receiyed*commands and responses.
3.141

primary $tation
the data]station that supports the primary station control functions:ofthe data link

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

a) iritialization of control signal interchange;

b) ofganization of data flow; and

c) aftions regarding error control and error recavery functions at the data link layer.

3.1.42
primary/secondary station
the gendral case where the station may be either a primary station or a secondary station

3.1.43
private garameter
an implgmentation-specific data link layer parameter not defined in the basic HDLC standards

3.1.44
response
in data] communication, a reply represented in the control field of a response frame that advises the

primary/gpombined/control/peer station with respect to the action taken by the secondary/combined/tributary/peer station to
one or nlore‘commands

3.1.45
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 station
3.1.46

secondary station
the data 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.
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3.1.47

secondary station status

the current condition of a secondary station with respect to processing the series of cometand=drfrom the primary
station

3.1.48

single-exchange negotiation procedure

the initiating station indicates its "menu” of capabilities in its command frame, and the responding station indicates its
choices from the menu in its response frame

3.1.49
tributary station
the data station that executes data link control functions as instructed by the control station

NOTE— The tributary station interprets received commands and generates responses for transmission.

3.1.50
two-way alternate data communication
see ISO/IEC 2382-9, term 09.05.03

3.151
two-way simultaneous data communication
see ISO/IEC 2382-9, term 09.05.02

3.1.52

unique identifier
a unique bit/character sequence (for example, global telephoneiumber, station identification, or equivalgnt) associated with
each station

3.1.53
unnumbered commands
the commands that do not contain sequence numbers in the control field

3.1.54
unnumbered responses
the responses that do not contain sequenee numbers in the control field

3.1.55
user data
the information obtained from.@r'delivered to the user of the data link layer

3.2 Acronyms anchabbreviations
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
C Control field

CE Control Escape

C/IR Command/Response

F Flag sequence

F Final bit

FI Format Identifier

DC1 Device Control One

DC3 Device Control Three

DCE Data Circuit-terminating Equipment

DISC Disconnect

DM Disconnected Mode

DTE Data Terminal Equipment
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FCS
FRMR
Gl

GL
HCS
HDLC

IEC
IM
INFO

bit Encoded

Frame Check Sequence
FRaMe Reject

Group ldentifier

Group Length

Header Check Sequence
High-level Data Link Control
Information frame
International Electrotechnical Commission
Initialization Mode
INFOrmation field

ISO
ITU-T
LAPB
LSB

MSB
MT1
MT2
MT3
MW
MX

N(S)
N(R)
NA

NDM
NRM

P/F
PI
PL
Pri
PV
RD
REJ
RIM
RNR
RR
RSET

SABM
SABM
SARM
SARM

SBDPTY

SD
Sec
SIM
SM
SNRM

Lot £ Lo H 4 £ fayy PP H o
nermraturiar rgyarnZauuilmiurn owdiuardizatuurt

International Telecommunications Unier Telecommunication Standardization 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

Supervisory frame

Supervisory function bit

Set Asynchronous Bafanced Mode
Set Asynchronous’Batanced Mode Extended
Set Asynchrongus:Response Mode
Set Asynchrgnous Response Mode Extended
Seven-BitData Path Transparency
System Defined

Secendary

Set Initialization Mode

Set Mode

Set Normal Response Mode

SNRM
SREJ
TBD
TEST
TR
TWA
TWS

UA
UAC
uUcCcC
UCM
Ul

Ser Normat ReESponse Mode EXtended
Selective REJect

To Be Determined

TEST

Technical Report

Two-Way Alternate

Two-Way Simultaneous

Unnumbered frame

Unnumbered Acknowledgement

Unbalanced operation Asynchronous response mode Class
Unbalanced operation Connectionless-mode Class
Unbalanced Connectionless Mode

Unnumbered Information

© ISO/IEC 2000 — All rights reserved


https://standardsiso.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

UIH Unnumbered Information with Header check

UNC Unbalanced operation Normal response mode Class
UP Unnumbered Poll

V(S) Send state Variable

V(R) Receive state Variable

XID eXchange IDentification

XOFF Transmitter OFF

XON Transmitter ON

4 HDLC frame structure

ln-HDI (", alltransmissions-atre-inframes—Erames may- be-either-inbasicframe-format-or-ir-hRon-basic-frame format. Neither

the basic nor the non-basic frame format structure includes bits inserted for bit-synchronization (i.e., Staft or stop elements
see 4.3.2) or bits or octets inserted for transparency (see 4.3).

Basic and non-basic frame formats can not be used simultaneously on the same media. See-Clause }.5 for the rules for
negotiating from the basic frame format to the non-basic frame format. However, it is possible-far different format types of
the non-basic frame to exist simultaneously on the same media.

4.1 Frame formats

4.1.1 Basic frame format
Each frame using the basic frame format consists of the following fields (tranSmission sequence left to right):

Flag Address [ Control Info. FES Flag
01111110 8 bits 8 bits * 16 bits 0111111p

* An unspecified number of bits which in some cases may be a mdltiple of a particular character size; for eqample, an octet.
where
Flag = flag sequence
Address = data station address field
Control = control field
Information = information field
FCS = frame checking sequence field

Frames containing only control sequences form a special case where there is no information field. The format for these
frames shall be

Flag Address [ Control FCS Flag
01111110 8 bits 8 bits 16 bits 0111111p

4.1.2 Non-basic frame format

A frame using the.non-basic frame format does not follow the structure of 4.1.1 in one or more ways. For example, a frame
using a non-basic-frame format

e insteadof having only one address field, has more than one address field (see 4.2.2); or

e instead of an address field consisting of a single octet, has an extended address field consisting of gne or more octets
(see 4.7.1 and 6.15.7); or

¢ instead of a basic control field consisting of a single octet, has an extended control field of more than one octet (see
472 and 6 18 10);nr

e instead of a 16-bit FCS, has an 8-bit FCS (see 4.2.5.4 and 6.15.14.2) or a 32-bit FCS (see 4.2.5.3 and 6.15.14.1); or
e instead of being transmitted in synchronous mode, is sent in start/stop mode (see 4 and 6.15.15); or

e instead of having an address field follow the opening flag sequence, has a frame format field following the opening
flag sequence; or

e instead of having the information field follow the control field, there may be a header check sequence following the
control field.
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4.2 Elements of the frame

4.2.1 Flag sequence

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

4.2.2 Address field(s)

Frames using the basic frame format shall have one address field immediately following the opening flag. Frames using the
non-basic frame format may have more than one address field. When more than one address field is used, they shall be

present nthe frame in a consecutive manner

In commland frames, the address(es) shall identify the data station(s) for which the command is intended. In responsg frames,
the address shall identify the data station from which the response originated.
4.2.3 dontrol field
The control field indicates the type of commands or responses, and contains sequence numbers{where appropriate. The
control fleld shall be used

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

b) tq convey aresponse to such a command from the addressed data station.
4.2.4 Ifformation field
Informatjon may be any sequence of bits. In most cases it will be linked to a gonvenient character structure, for example
octets, Hut, if required, it may be an unspecified number of bits and unrelated to-a‘character structure.
For starf/stop transmission there shall be eight (8) information bits between the start element and the stop elemertt. If the
informatjon field is other than a multiple of 8 bits, the final remainder less\than an octet will require pad bits to complefe the
octet. THe method of providing and unambiguously identifying the pad_bits is not a subject of this International Standafd.
4.2.5 Frame checking sequencing (FCS) field
4.2.5.1 |General
Three frame checking sequences are specified; an 8-bit frame checking sequence, a 16-bit frame checking sequenge, and a
32-bit frgme checking sequence. The 16-bit frame cheeking sequence is normally used. The 8-bit frame checking sequence is
for use Ry prior agreement in those cases where short-frames are used such that the protection afforded is adequate and/or the
overheafl of a longer frame checking sequenceNis of concern. The 32-bit frame checking sequence is for use by prior
agreemént in those cases that need a higher degree of protection than can be provided by the 16-bit frame checking sequence.
Unless gtherwise noted, the frame checking.sequence is calculated for the entire length of the frame, excluding the ppening
flag, thg FCS, any start and stop eléments (start/stop transmission), and any bits (synchronous transmission) qr octets
(start/stgp transmission) inserted fof, transparency. In those instances noted where the FCS is calculated over an agreed to,
designated portion of the entire frame, the calculation shall begin immediately after the opening flag and continue, ojer the
designated portion of the entire frame, excluding any start and stop elements (start/stop transmission), and gny bits
(synchrdgnous transmission)(or, octets (start/stop transmission) inserted for transparency. The length of the designated portion
of the frgme being protected by the FCS checking mechanism is determined by negotiation or known by a priori knowlg¢dge.
NOTES

1. Ifffuture 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.
2. Ekplanatory notes on the implementation of the frame checking sequence are given in Annex A.
3. e Uilb L0 D€ pratecicu srouid iIILIUUU, dl d Illillilllulll, dll OI e Uilb ill e aduress drid COrrol IiUIUb, altd, WIETT usedaq, tne frame
format field.

4.2.5.2 16-bit frame checking sequence

The 16-bit FCS shall be the ones complement of the sum (modulo 2) of

a) theremainder of

Xk(X15+Xl4+xl3+X12+Xll+XlO+X9+X8+X7+X6+X5+X4+X3+X2+X+1)

divided (modulo 2) by the generator polynomial

X16+X12+X5+ 1Y

wherek is the number of bits being protected by the FCS and

10
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b) the remainder of the division (modulo 2) by the generator polynomial
X16+X12+X5+ 1
of the product oik'® by the content of thé& bits being protected.

As a typical implementation, at the transmitter, the initial content of the register of the device computing the remainder of the
division is preset to all ones and is then modified by division by the generator polynomial (as described above) of the
address, control and any remaining bits of the designkteids being protected; the ones complement of the resulting
remainder is transmitted as the 16-bit FCS.

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

X16+X12+X5+1

of the serial incoming protected bits and the FCS will be

0001 1101 0000 1111x{ throughx’, respectively) in the absence of transmission errors.

4.2.5.3 32-bit frame checking sequence
The 32-bit FCS shall be the ones complement of the sum (modulo 2) of

a) theremainder of

Xk(X31+X30+X29+X28+X27+X26+X25+X24+X23+X22+X21+X20+X19+X18+Xl7+xl6+X15+X14+X13+)(12+X11+
X+ + X + X8+ + X+ + % + x+ 1)

divided (modulo 2) by the generator polynomial
X230+ )B4+ X x4 X+ X048+ X+ + X+ A X L,
wherek is the number of bits being protected by the FCS-and

b) the remainder of the division (modulo 2) by the generator polynomial
X230+ )B4+ X X2 X+ X048+ X R X+ X+
of the product o&*? by the content of thé bits:being protected.

As a typical implementation, at the transmitter, the initial content of the register of the device computing th¢ remainder of the
division is preset to all ones and is then*madified by division by the generator polynomial (as descrined above) of the
address, control and any remaining bits-of the designktéits being protected; the ones complement of| the resulting

remainder is transmitted as the 32-bit\FCS.

At the receiver, the initial content of the register of the device computing the remainder is preset to aJl ones. The final
remainder after multiplication 2 and then division (modulo 2) by the generator polynomial

X240+ x4 7+ X4 Pk X0+ X+ + X+ X X+ 1
of the serial incoming(protected bits and the FCS will be
1100 0111 0000°0¥00 1101 1101 0111 10%£%# throughx’, respectively) in the absence of transmission efrors.

4.2.5.4 8-bitframe checking sequence
The 8-bit KCS shall be the ones complement of the sum (modulo 2) of

a) . the remainder of

XX +x8+ 5+ 3+ 5+ + x+ 1)

tivided(moduto-2) by thegemerator potyromiat
X+ +x+1,

wherek is the number of bits in the frame existing between, but not including, the final bit of the opening flag and the first
bit of the FCS, excluding start and stop elements (start/stop transmission), and bits (synchronous transmission) and
octets (start/stop transmission) inserted for transparency, and

b) the remainder of the division (modulo 2) by the generator polynomial
X+xe+x+1

of the product o5& by the content of the frame existing between, but not including, the final bit of the opening flag
and the first bit of the FCS, excluding start and stop elements (start/stop transmission), and bits (synchronous
transmission) and octets (start/stop transmission) inserted for transparency.
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As a typical implementation, at the transmitter, the initial content of the register of the device computing the remainder of the
division is preset to all ones and is then modified by division by the generator polynomial (as described above) of the
address, control and information fields; the ones complement of the resulting remainder is transmitted as the 8-bit FCS.

At the receiver, the initial content of the register of the device computing the remainder is preset to all ones. The final
remainder after multiplication by’ and then division (modulo 2) by the generator polynomial

R+ +x+1

of the serial incoming protected bits and the FCS, will be “1111 003 "tffroughx’, respectively) in the absence of
transmission errors.

d h ) (LHICS) fiald
4.2.6 Headerchecksegquence-{(HCS)ield

The HC$ field, if present, follows the control field and is either 8, 16, or 32 bits long. This check sequence is applied 1p only

the header, i.e., the bits between the opening flag sequence and the header check sequence. The HCS may be(any of the 8, 16,
or 32 bif check sequences defined for the HDLC frame check sequence in 4.2.5. The choice of HCS is determined a$ part of
the definjition of the frame format and distinguished by the format type subfield in the frame format field. The)HCS wil| use

the same polynomial as the FCS and thus will have the same length.

Frames that do not have an information field or have an empty information field, e.g., as with some\supervisory frames, do
not contpin an HCS and FCS, only an FCS.

4.3 Transparency

4.3.1 Yynchronous transmission

The trarjsmitter shall examine the frame content between the two flag sequences-including the address, control gnd FCS
fields, ag well as the frame format and HCS fields, when present, and shall insert‘@a "0" bit after all sequences of 5 contiguous
"1" bits (including the last 5 bits of the FCS) to ensure that a flag sequence(is not simulated. The receiver shall exanjine the
frame cdntent and shall discard any "0" bit which directly follows 5 contigubus™"1" bits.

4.3.2 Start/stop transmission - basic transparency

Two levels of transparency processing are specified for use with ‘start/stop mode transmission. These are seven-bit data path
transparency (SBDPT), specified in 4.3.2.1; and control-octet.transparency, specified in 4.3.2.2. Control-octet transparency
shall alwWays be performed. SBDPT is an option, use or noh:dse of which is selected for a given data link by means putside
the scopge of this International Standard (e.g., a priori knowledge, bilateral agreement, heuristic implementation technigues).

4.3.2.1 [Seven-bit data path transparency

When SBDPT is selected, the content of each frame, from address field or frame format field, when present, to FQS field
inclusivg, shall be transferred between sender and receiver as a frame-image derived from the original frame as follows, and
as indicdted in figure 1.

Origina|

Frame Address I I FCS |

7 octets l 7 octets | | l n <=7 octets |
- e ND e | 12345678 ]
segmept | i lo | i ] ] ] ¢ 1N

[ | I L
B [P i R L B A
Segment OI OI OI OI OI OI O Ol | OI OIOOOOOO
........................... ]

Frame . 8 octets [80ctets .... | | [ n+1 octets [
Image |

Figure 1 — Original frame to frame-image transition

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."
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The frame-image consists of a sequence of image segments defined, in one-to-one correspondenc
segments, as follows:

000(E)

e with the original

a) image segments occur in the same order as the corresponding original segments;

b) eachimage segment is one octet longer than its original segment;

c) 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 octet (if
any) of the original segment, and so on;

e) in the final octet of each image segment, all higher order bits for which no porrdmg octet exists(inyfhe 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
segment, in sequence, into an initially zero octet: this achieves the correct bit-positioning both for complete’seven-oc
short segment 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 it
plays no part in the reconstruction of the original segment at the receiver, it need not actually be transferred acros
example, force parity setting of the MSB of each octet.

4.3.2.2 Control-octet transparency

The following transparency mechanism shall be applied to each frame-image: a frame-image is as defin
SBDPT is selected, and otherwise is identical to the frame content from(@address field or frame format field
FCS field inclusive.

The control escape octet is a transparency identifier that identifies an octet occurring within a frame to wl
transparency procedure is applied. The encoding of the controllescape octet is:

1 23 456738
10111 1.1v0

Bit position in octet

Low order bit, first bit
transmitted/received

The transmitter shall examine the frame-image between the opening and closing flag sequences inc
control, and FCS fields, as well as the.frame format and HCS fields, when present, and, following comp
calculation, shall:

a)
b)

The receiver shall examine the frame-image between the two flag octets andipballeceipt of a control escap
prior to FCS calculation:

Upon the occurrence of the flag or a control escape octet, complement the 6th bit of the octet, and

Insert a control eseape’octet immediately preceding the octet resulting from the above prior to trans

a)
b)

NOTE <~ Other octet values may optionally be included in the transparency procedure by the transmitter. Such inclusiqg
prior System/application agreement.

Discard-the’control escape octet, and

Restare the immediately following octet by complementing its 6th bit.

4,3.3 Start/stop transmission - extended transparency

octet in the original
et segments and any

value is known and
b data paths that, for

ed in 4.3.2.1 when
, When present, to

hich the following

uding the address,
letion of the FCS

Mmission.

b octet and

n shall be subject to

When necessary and by prior agreement between the stations, the transmitter may apply the above transparency procedure

(4.3.2) to octets in the groups defined below, in addition to the flag and control escape octets.

4.3.3.1 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
control characters (regardless of parity).

4.3.3.2 Control-character octet transparency

equipment as flow

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 octeil

© ISO/IEC 2000 — All rights reserved
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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 (regardless
of parity).

4.3.4 Non-basic frame format transparency

When using the non-basic frame format with the frame format field, the length subfield obviates the need for the bit or octet
insertion methods to achieve transparency. This capability is selected by the use of Option 24 described in 6.15.24. The use
of the frame format field may be established by a priori agreement or may be selected with the XID or set mode using a
negotiation procedure specified in 7.

4.4 Transmission considerations

4.4.1 Qrder of bit transmission

Addresses, commands, responses, sequence numbers, frame formats, and data link layer information within informatipn fields
shall be|transmitted low-order bit first (for example, the first bit of the sequence number that is transmitted, shall haye the
weight

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

The FC$ and HCS, when present, shall be transmitted to the line commencing with the coefficient.of the highest term.

4.4.2 Start/stop transmission

For starf/stop transmission, each octet (whether part of the frame structure or inserted’by the transparency procgdure) is
delimitedl by a start element and a stop element. Mark-hold (continuous logical 1 copdition) is used for inter-octet time|fill, if
required| Typical octet transmission is as shown in figure 2.

octetn octet n+1 octet n+2

lofe[qleelele oo | wp[o]o oo o [o]o o ]ofs o] o]o]o 000 o] o]2] 00
[ -

Octet data bit,(0 or 1)

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

Data bits*(low order first transmitted)

Start.element (logical O; spacing condition)

Figure 2 — Typical octet.transmission for start/stop transmission

4.5 |Inger-frame time fill

4.5.1 Yynchronous transmission

Inter-frame time fill shall be aceomplished by transmitting either carttigs flags or seven to fourteen contiguous "1" bits,
a combiation of both.

=

Selectiof of the inter-frame time fill method depends on systems requirements.

4.5.2 Start/stop.fransmission

Inter-frame time™ill shall be accomplished by transmitting contius mark-hold condition (logical "1" state) or continuou
flags, orjacombination of both.

[

4.6 Invalid frame

4.6.1 Synchronous transmission

An invalid frame is defined as one that is not properly bounded by two flags or one which is too short (that is, shorter than 24
bits between flags when using the 8-bit FCS, shorter than 32 bits between flags when using the 16-bit FCS, and shorter than
48 hits 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.
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4.6.2 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

000(E)

is, shorter than 3

octets between flags when using the 8-bit FCS, 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.

4.6.3 Start/stop transmission intra-frame time-out recovery
The intra-frame timeout for start/stop transmission is an optional timeout used for recovering from sit

uations in which

excessive periods of time elapse between transmitted octets within a frame. This time-out function (or equivalent) only
applles to a frame that is belng recelved The tlme out function (or equwalent) is started once the stop bit of an octet is

duration of the time-out functlon (or equwalent) normaIIy will be well within 1 second.

If the time-out function (or equivalent) runs out, the data stream is scanned for the next opening flag seque]

4.7 Extensions

4.7.1 Extended address field
A single octet address field shall normally be used and all 256 combinations shall b€, available.

ent) runs out. The

nce.

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 exten
field. The format of the extended octet(s) shall be the same as that of the first.0ctet. Thus, the address field
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
one address octet is being used. The use of address extension thus'restricts the range of single octet addr|

4.7.2 Extended control field

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

4.8 Addressing conventions

4.8.1 General
The following conventions shall applyin.the assignment of addresses of data stations for which commands

4.8.2 All-station address
The address field bit pattern-13111111 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 stg

action the associated command frame. Any response to a command with the all-station address shall g
individual address.6fthe data station transmitting the response.

The all-statiop-address may be used for all-station polling. When there is more than one receiving data
command with_the all-station is intended, any responses from these data stations shall not interfere with or]

NOTE ~The mechanism used to avoid overlapping responses to a poll using the all-station address is not specified
Standard:

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

ion of the address
may be recursively

ndicates that only
psses to 128.

the commands and

are intended.

tions to accept and
ontain the assigned

station for which a
e another.

in this International

ata station(s) when

4.8.3 No-station address

The bit pattern 00000000 in the first octet of the extended or non-extended address field is defined as the no-station address.

The no-station address shall never be assigned to a data station.

The no-station address may be used for testing when it is intended that no data station repcinol tes frame
the no-station address.

4.8.4 Group addresses
In addition to an individual assigned address, one or more data stations may be assigned one or more
group address may be used, for example, for

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

© ISO/IEC 2000 — All rights reserved
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b) 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.

4.9 Frame format field

This optional field is present only when using the non-basic frame format. When present, it follows the opening flag
sequen:le.

The franpe format field is 1, 2, or 3 octets (and may be extended to more) in length and consists of three subfields.ref¢rred to
as the fqrmat type subfield, the segmentation subfield and the frame length subfield. The format of the frame format field is
as follows:

Table 1— Frame format field structures
TYPEO
MSB LSB

Format FRAME LENGTH
TYPE

1 bit 7 bits

TYPES 1 through 7
MSB LSB

Format FRAME LENGTH &-optional
TYPE Segmentation.subfield

4 bits 12 bits

TYPE 8
MSB LSB

Format 000 FRAME LENGTH & optional Segmentation
TYPE subfield

8 bits 3.bits 13 bits

Table 2— Frame format field encodings

MSB LSB

TypeO[ O] LA LT L]L]L LSB

Type1| 2 oo of *[ [ Ll ] L] ]L

Type2 [ YfNaf o af <[ o ol cf ]l L]L

Type3 [N 1l of A o L] ]]L

Typedn] of af af <[ ol cf ]l ]L

Types| 1| 2 of of [ o L] ff ] ]L

Type6 [ 2] af of af A o ] cfef L]t

Type7 | 2| af af of A L]l ]L LSB
Expandéd, Typed 1 L L h b b lofofofofo* Lt W L L L L LT T LT

L - Length subfield
* - Optional Segmentation subfield

Note 1— Specific frame formats are specified in Annex H. As requirements for new frame formats arise Annex H should be
amended to include them. Otherwise, all values of the format type subfield are reserved for future standardization.

Note 2— Some frame format types may use the segmentation subfield. The use of this subfield must be specified as part of
its definition. If it is used, it reduces the length of the frame length subfield by one bit.

In the event that a ninth frame format type is needed (i.e., format type 8), then the frame format field is expanded to a three
octet field where the four most significant bits of the first octet, starting with the MSB of the field, are all ones (1). The
format type subfield is expanded to 8 bits. The 3 most significant bits of the second octet are set to “000”.
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4.9.1 Format type subfield
A MSB value of “0” in the frame format field designates it as the one-bit format type subfield, and further

000(E)

implies that the

frame format field is a one-octet field. A MSB value of “1” in the frame format field with the first four bits of the frame

format field not equal to “1111” designates the frame field as a two-octet field, the four most significant bits

of which are the

format type subfield. A MSB value of “1” in the frame format field with the first four bits of the frame format field equal to
“1111” designates the frame format as a three-octet field, the most significant octet of which is the format type subfield. The
frame format field may be extended in this manner if the need arises. The encodings of the types are shown above.

4.9.2 Frame length subfield

If the MSB of the frame format field is “0”, then the frame length subfield is the next 7 bits. If the MSB of the frame format

field is “1” and the four maost Qignifir‘:mf hits_are not “11 11" then the frame. Inngfh subfield is the last 1

bits (11 if the

optional segmentation subfield is used). If the MSB of the frame format field is “1” and the four most(sig
“1111”, then the frame length subfield is the last 13 bits (12 if the optional segmentation subfield is used).
the frame format types shall specify whether or not they use the segmentation subfield and, therefore, ha
or 13 bit frame length subfield.)

The value of the frame length subfield is the count of octets in the frame excluding the opéning and closi
The value of the frame length subfield does not included any bits inserted for transparency.’A frame lengt
“0” is a means of indicating a frame abort. A frame length subfield value of “1”, “2”, 73", or “4” shall be int
invalid frame.

The frame length subfield allows the use of the bit or octet insertion methodsfonr transparency to be avo
(see 6.15.24).

4.9.3 Segmentation subfield

The segmentation subfield of 1 bit follows the format type subfield~and if present reduces the length sy
When the segmentation field is present, the field is used as follows:

1) All DLSDUs transmitted shall have the segmentation, algorithm applied. The algorithm shall be ap
which fit in a single HDLC frame or those which must be transmitted as a sequence of HDLC frameg|.

2) The final HDLC frame of a DLSDU shall be sentwith segmentation subfield set to 0.

3) When DLSDUs must be transmitted in multiple HDLC frames, all except the final HDLC frame of th
be sent with their segmentation subfield.sétto 1.

4) The HDLC window sequence numbers guarantee that all segments arecsswnetl in order and that Id

can be detected.

5 HDLC elements of procedures

5.1 Data link channgl'states
5.1.1 Active data link.channel state

5.1.1.1 General

A data link ghanhel is in an active state when the primary/control station, a secondary/tributary station o
station istactively transmitting a frame, a single abort sequence, or interframe time fill. In the active 3
continue transmission shall be reserved.

514.2 Abort

nificant bits are
(The definition of
e an 11 bit, 12 bit,

hg flag sequences.
h subfield value of
erpreted as an

ided, if so desired

bfield by one bit.

blied to DLSDUs

e DLSDU shall

st segments

a combined/peer
tate, the right to

51121 Q\l/nr-hrnnnnc transmission

Aborting a frame shall be accomplished by transmitting at least seven gond'1" bits (with no inserted "0" bits) to end

the frame. Receipt of seven coniigus "1" bits shall be interpreted as an abort and ¢eeiving data station shal
frame.

Il ignore the

NOTE — 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 already

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

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 this

sequence shall be interpreted as an abort and the receiving data station shall ignore the frame.

© ISO/IEC 2000 — All rights reserved
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5.1.1.3 Interframe time fill
5.1.1.3.1 Synchronous transmission
Interframe time fill shall be accomplished by transmitting comtigs flags between frames.

5.1.1.3.2 Start/stop transmission

Interframe time fill shall be accomplished by the transmission of either mootis flags or marking condition (logical "1"
state) between frames. Selection of the interframe time fill method depends on systems requirements.

5.1.1.4 Intraframe time fill

5114. Syll\;hIUIIUUD th\IIDIII;DQ;UII

There is|no provision for time fill within a frame.

5.1.1.4.2 Start/stop transmission

Inter-octet time fill within a frame shall be accomplished by transmitting coatiis mark-hold condition (logical) *1" state).
There is|no provision for time fill within an octet (i.e., between the start element and stop element).

NOTE —JA receiving station may choose to operate a system-defined time-out function for the purpose of determihing excessive intpr-octet
time fill wjthin a frame. This time-out function, if used, is started when inter-octet time fill is first detected and.is stopped (reset) whe¢n the

mark-holg@ condition ceases. Actions to be followed upon expiration of the time-out function (e.g., discarding/of octets of the frame rgceived
thus far) @re beyond the scope of the International Standard.

5.1.2

dle data link channel state

5.1.2.1 [Synchronous transmission

A data ljnk channel is in an idle state when a continuous "1" state is detected that has persisted for at least 15 bif times;
detectiop of the idle state at the data link layer shall be considered to indicate* that the remote data station has relinqu|shed its
right to dontinue transmission.

5.1.2.2 |Start/stop transmission

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

5.2 Mpdes
Three operational modes and three non-operational modes are defined.

5.2.1 (perational modes
The threle operational modes are:

a) nprmal response mode (NRM);
b) a

c) &

ynchronous response-mede (ARM); and

ynchronous balanced mode (ABM).

In NRM| which is @n)unbalanced data link operational mode, the secondary station shall initiate transmission only|as the

shall inifiate.@ response transmission. The response transmission shall consist of one or more frames while maintajning an
active data-link channel state. The last frame of the response transmission shall be explicitly indicated by the se¢ondary
station. Fellewingindication-ofthe j h e ptH-explict issieon-isdagain

received from the primary station.

5.2.1.2 Asynchronous response mode (ARM)

In ARM, which is an unbalanced data link operational mode, the secondary station may initiate transmission without
receiving explicit permission to do so from the primary station. Such an asymohs 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
example, the number of the next expected information frame, transition from a ready to a busy condition or vice versa,
occurrence of an exception condition).
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5.2.1.3 Asynchronous balanced mode (ABM)

In ABM, which is a balanced data link operational mode, either combined station may send commands at any time and may
initiate response frame transmission withoegeiving 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 and/or to
indicate status changes in the combined station (for example, the number of the next expected information frame, transition
from a ready to a busy condition or vice versa, occurrence of an exception condition).

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

a) normal disconnected mode (NDM);

b) asynchronous disconnected mode (ADM); and
c) initialization mode (IM).

The disconnected modes (NDM and ADM) differ from the operational modes in that the secondary/combined station is
logically disconnected from the data link; i.e., no information (I) or supervisory frames are' transmitted pr accepted. The
initialization mode (IM) differs from the operational modes in that the secondary/combinedstation data link control program
is either in need of regeneration or is in need of an exchange of the parameters to be used.ih an operation@l mode.

These 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 operdtion could cause:

a) unintended contention in ARM;
b) sequence number mismatch between the primary station and the secondary station, or between combined stations; or
c) ambiguity in the primary/combined station as to the status of the secondary/other combined station.

A secondary station shall be system predefined as to the condition(s) that causes it to assume a discgnnected mode. The
disconnected mode (NDM or ADM) shall also be system predefined. A combined station shall be system predefined as to the
condition(s) that causes it to assume the asynchronous diséonnected mode (ADM).

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

a) accepting and rpsnding to one of several appropriate mode-setting commands [set normal responge 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 informatjon field selected
as normal response mode or asynchronous response mode, set initialization mode (SIM), and discgnnect (DISC)];

b) accepting and resnding to an exehange identification (XID) command;
c) accepting and reending to altest (TEST) command;
d) accepting and resndingtQ an unnumbered poll (UP) command;

e) 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 alunhumbered information (Ul) command; and
g) transmittibgya Ul response at a respond opportunity.

The capability_ of a combined station, as a receiver of commands, in the asgocisrdisconnected mode, shal| be the same

as that stated above for a secondary station [appropriate mode setting commands for a combined station include the set
asynchtonous balanced mode (SABM), set asynchronous balanced mode extended (SABME), set mode (SM) or SM with the
mode;ih the optional information field selected as balanced mode, SIM and DISC commands]. In agldition, since the
combined station has the ability to transmit commands at any time, the combined station may transmit anp appropriate mode
setting, XID, Ul or TEST command.

A secondary/combined station in a disconnected mode (NDM or ADM) shall, as a minimum capability, be capable of
generating the DM response with the F bit set to "1" in response to a command &eeneed with the P bit set to "1".

A secondary/combined station in a disconnected mode (NDM or ADddgiving a DISC command shall pend with the

DM responses. A secondary/combined station in the initialization medgiving a DISC command shall pend with the
unnumbered acknowledgement (UA) response if it is capable of actioning the command. A secondary/command station in an
operational mode receiving a DISC command shapoesl with the UA response.

Examples of possible conditions (in addition to receiving a DISC command) which shall causmdagtcombined station
to enter a disconnected mode are:

a) the secondary/combined station power is turned on, or restored following a temporary loss of power;

b) the secondary/combined station data link layer logic is manually reset; and
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c) the secondary/combined station terminal is manually switched from a local (home) condition to a connected-on-the-
data-link (on-line) condition.

A secondary/combined station in a non-operational mode shall not establish a frame reject exception condition.

5.2.2.1 Normal disconnected mode (NDM)

In NDM, which is an unbalanced data link non-operational mode, the secondary station shall be logically disconnected from
the data link and shall, therefore, not be permitted to accept information in | command frames or to transmit information in |
response frames. The secondary station shall, however, be permiteeddpt information in Ul command frames and to
transmit information in Ul response frames. The secondary station has normal mode respond opportunity and shall initiate a
single frame response transmission, indicating its status, as a resattedfing a command frame with the P bit set to "1";

optionally a A Heh-aresponse-—as 2 Heede-argP-ecommeantd LG

In this njode, a secondary station shall action only mode setting, XID, Ul and TEST commands. Mode setting Cominands,
except the DISC command, that can be actioned shall be responded to with the UA response at the earliest fespond
opportumity. An XID or TEST command that can be actioned shall be responded to with the XID and FEST resgonse,
respectiyely, at the earliest respond opportunitgc@pt of an implemented mode setting, XID or TEST‘¢emmand that
cannot le actioned, oeceipt of any other command (except a Ul command) with the P bit set to "1", shall causmdagc
station i NDM to respond at the earliest respond opportunity with the DM response, or, if the secondary station detgrmines
it is unaple to function, with the RIM responseeéeipt of a Ul command with the P bit set to "1" shall cause arsgary
station ih NDM to respond at the earliest respond opportunity with a Ul response, with a DM, Tesponse, or with § RIM
responsg. In the case where an implemented mode setting, XID or TEST command hacbeedlbut canot be actioned
or a stafus condition is to be reported, a UP command with the P bit set to "0" shall cause’a secondary station in NDM to
respond|with a DM or RIM response, as appropriate. Any command with the P bit sét to "0", other than the implemented
mode sdtting, XID, Ul, TEST or UP commands as described above, may be ignoredby-the secondary station in NDM.

5.2.2.2 |Asynchronous disconnected mode (ADM)

In ADM,|which is an unbalanced data link or balanced data link non-operational mode, the secondary/combined statign shall
be logicplly disconnected from the data link and shall, therefore, naot.be permitted to accept information in | confmand
frames/ljcommand or response frames, respectively, or to transmit information in | response frames/| command or r¢sponse
frames, fespectively. The secondary/combined station shall, however, be permittecepd information in Ul command
frames/YI command or response frames, respectively, or to transmit information in Ul response frames/Ul commpnd or
responsg frames, respectively. The secondary station, or coembined statioea@svarrof commands, has asynmhous
mode respond opportunity and may initiate a response transmission in two-way alternate exchange upon detection of an idle
data linq channel state, and in two-way simultaneous exehange at any time. Such a response transmission shall only consist
of a Ul fesponse 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 a&teiver of commands, determines it i
unable tp function. The combined station, as atransmitter of command frames, is also permitted to send a Ul commar]d frame
at any agynchronous mode respond opportunity:

In this mode a secondary station, or combined station asawer of commands, shall action only mode setting, XID, Ul and
TEST cgmmands. Mode setting commands, except the DISC command, that can be actioned shall be responded to|with the
UA resppnse at the earliest respond‘epportunity. An XID or TEST command that can be actioned shall be responded|to with

the XID pr TEST response, respectively, at the earliest respond opportuaitgig® of an implemented mode setting, XID o
TEST cgmmand that cannot beZactioned, exraipt 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 statioecaer or commands,
determirjes it is unable to*function, with the RIM responsecétpt of a Ul command with the P bit set to "1" shall cause|a
seconddry/combinedsstation in ADM to respond at the earliest respond opportunity with a Ul response, with a DM regponse,
or with d RIM response. Any command with the P bit set to "0", other than the implemented mode setting, XID, Ul, TEST or

UP comfnands as-dé&scribed above, may be ignored by the secondary/combined station in ADM.

Becausd a‘combined station is also a generator of commands, it can terminat@rmetised mode at any time by
transmitfing~an appropriate mode setting command (SABM, SABME, SM or SM with the mode in the information ffield
selected as balanced mode, or ~Such action can De taken Spontaneously Of as a result of rarsceissonrom e
other combined 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 data
link control program may be initialized or generated by the primary/other combined station action, or other parameters to be

used in the operational mode may be exchanged. IM is invoked when the primary/one combined station concludes that a
secondary/other combined station is operating abnormally and needs its data link control program corrected, and for
upgrading a secondary/other combined station data link control program. Similarly, a secondary/one combined station may
determine it is unable to function due to program checks and request IM to obtain a good program from the primary/other

combined station.
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A secondary/combined station shall enter IM upon sending a UA response, at its system predefined respond opportunity, in
response to theeceipt of a SIM command. A sendary/combined station may request a SIM command by sending a RIM

response. In IM, the primary/one combined station and a secondary/other combined station may exchange information in the
predetermined manner specified for that seconeagli combined station (for example, Ul or | frames).

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

5.3 Control field formats

5.3.1 General

pered information

combined station response frame transmissions (1= poll/final)

The control field may be extended by the addition of a second contiguous octet immediately following the
of | frames and supervisory frames. This capability shall provide for an N(S) and N(R) of modulo 12
extension for the information transfer command/response format (I format), the supervisory command/r
format), and the unnumbered command/response-format (U format) shall be as shown in table 4.

Table 4— Control field formats for modulo 128

Control Control field bits
field -
format First octet Second octet
for | 4 3| 4|5 |6]| 7| 8| 9| 10| 11| 12| 13| 14 | 15|16
| format| O N(S) P/F N(R)
S formag, 1 S| S| x|x | x| x|P/H N(R)
U format| 1 PIEIM | M| M

In table 4, X\bits are reserved and set to "0". Bit 2 and bit 10 shall be the low-order bits of the sequence nu

format), and the unnumbered command/response format (U format) shall be as shown in table 5.

transfer, numbered supervisory functions and unnumbered control functions and unnumbered informatien frransfer.
Table 3— Control field formats for modulo 8
Control field format for Control field bits*
1 2 | 3] 4 5 6 | 7| I8
Information transfer command/ response (I formdt) 0 N(S) RIF N(R
Supervisory commands/ responses (S format) 1 0 S $ P/F N(R)
Unnumbered commands/ responses (U format) 1 1 M N PIE M 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/fina bitcondary station or

basic control field
8. Control field
bsponse format (S

nbers.

The cofitrpl field may be extended by the addition of three contiguous octets immediately following the bagic control field of
| frames and supervisory frames. This capability shall provide for an N(S) and N(R) of modulo 32 768. Control field
extension for the information transfer command/response format (I format), the supervisory command/r

esponse format (S

Table 5— Control field formats for modulo 32 768

Control Control field bits
field -
format First two octets Second two octets
for 14 3| 4| s|e| 7| 8l o-16]| 17[ 18 iiiiiiiin 32
| format| O N(S) P/F N(R)
Sformaf 1 S| S| x|x x| x/|[x---- x |P/IF N(R)
U format| 1 M| M|P/FIM | M| M

In table 5, the x bits are reserved and set to "0". Bit 2 and bit 18 shall be the low-order bits of the sequence numbers.
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The control field may be extended by the addition of seven contiguous octets immediately following the basic control field of

| frames and supervisory frames. This capability shall provide for an N(S) and N(R) of modulo 2 147 483 648. Control field
extension for the information transfer command/response format (I format), the supervisory command/response format (S
format), and the unnumbered command/response format (U format) shall be as shown in table 6.

Table 6— Control field formats for modulo 2 147 483 648

Control Control field bits

field X
format First four octets Next four octets

for 11 2 3 41 516 7] 8l 9----321 331 34+ ieinnnn 64
I format| O N(S) P/IF N(R)
Sformaj 1| 0| S| S| x|x | x| x|x-- x|PF N(R)
Uformaf 1 [ 1| M| M| PIF[M [ M| M

In table §, 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 | fofmat is used to perform an information transfer. The functions of N(S), N(R) and P{F afe independent; i.e., pach |
frame shall have an N(S) sequence number, an N(R) sequence number which may or(may not acknowledge addjtional |
frames gt the receiving data station, and a P/F bit that may be set to "1" or "0".

5.3.3 Supervisory (S) format

The S fprmat is used to perform data link supervisory control functions such as acknowledging | frames, reqyesting

retransnpission of | frames, and requesting a temporary suspension of transmission of | frames. The functions of N(R) aind P/F
are indgpendent; i.e., each S format frame shall have an N(R) sequence number which may or may not ackngwledge
additiongl | frames at the receiving data station, and a P/F bit that may be'set to "1" or "0".

5.3.4 Unnumbered (U) format

The U format is used to provide additional data link control functions and unnumbered information transfer. This fprmat
shall cofptain no sequence numbers, but shall include a P/F bit-that may be set to "1" or "0". Five "modifier" bit positiops are
availabl¢, 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 | frame shall be sequentially numbered ,with a number which may have the value 0 to modulus minus one inglusive
(where modulus is the modulus of the_seguence number). The modulus equals 8, 128, 32 768, or 2 147 483 648. The
sequende numbers cycle through the.entire range. The control field formats for modulo 8 are shown in table 3. The [control
field formats for modulo 128 are shown in table 4. The control field formats for modulo 32 768 are shown in table 5, The

control fleld formats for modulo 2(147 483 768 are shown in table 6.

imum number of sequentially numbered | frames that a primary, secondary or combined station may have
outstanding (i.e., unacknowledged) at any given time (sometimes known as a “window” size) shall weeer@xe less than
the modplus of the sequence numbers. This restriction is to prevent any ambiguity in the association of transmitted I[frames
with seguence numbérs-during normal operation and/or error recovery action.

NOTE — The number’of outstanding | frames may be further restricted by the data station frame storage capability; for exampgle, the
number ¢f | frafies* that can be stored for transmission and/or retransmission in the event of a transmission error. Optimum data link
efficiency| can‘enly be obtained, however, if the minimum data station frame storage capacity is sufficient for the maximum antigipated
round trig transmission delay.

5.4.2 Frame state variables and sequence numbers

5.4.2.1 General

In HDLC operations, each data station shall maintain an independent send state variable V(S) and an independent receive
state variable V(R) for the | frames it sends to and receives from another data station. Eactasgstation shall maintain a

V(S) for the | frames it transmits to the primary station and an V(R) for the | frames it correctly receives from the primary
station. In the same manner, the primary station shall maintain an independent V(S) and V(R) for | frames sent to and
received from, respectively, each sadary station on the data link. Each combined station shall maintain a V(S) for the |
frames it transmits to the other combined station, and a V(R) for the | frames it correctly receives from the other combined
station.
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5.4.2.2 Send state variable V(S)

The send state variable denotes the sequence number of the next in-sequence | frame to be transmitted. The send state
variable can take the value 0 to modulus minus one inclusive (where modulus is the modulus of the sequence numbering
scheme and the numbers cycle through the entire range). The value of the send state variable shall be incremented by one

with each successive | frame transmission, but shall not exceed N(R) of the last received frame by moatiias minus

one.

5.4.2.3 Send sequence number N(S)

Only I frames shall contain N(S), the send sequence number of transmitted frames. Prior to transmission
frame, N(S) shall be set equal to the value of the send state variable.

of an in-sequence |

5.4.2.4 Receive state variable V(R)

The receive state variable denotes the sequence number of the next in-sequence | frame expected(fo be

state variable can take the value 0 to modulus minus one inclusive (where modulus is the modulus of the s
scheme and the numbers cycle through the entire range). The value of the receive state variaple shall be
on receipt of an error-free, in-sequence | frame whose send sequence number N(S) equals the-receive sta

5.4.2.5 Receive sequence humber N(R)
All I frames and S format frames shall contain N(R) which with the exception ofithe selective reject (S
frame with the P/F bit set to "0" shall indicate the N(S) sequence number of the.next expected | frame.

With this exception, prior to transmission of an | frame or S format frame, the’N(R) shall be set equal to th
the receive state variable. The N(R) indicates that the station transmitting the N(R) has correctly rec
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 | frame with N(S)
not been received.

As more than one SREJ frame with the P/F bit set to "0" maybe outstanding at any one time, it is necessa
non-received | frames are ultimately correctly received.cfhis may be achieved by multiple vaoablers o
means.

(See 5.5.2.4 for definition of the use of the SREJ command and response.)

5.4.3 Pollffinal (P/F) bit

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

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

a) by a secondary statiofn-in' NRM to indicate the final frame transmitted as the result of a previou
command; and
b) by a secondary-station in ARM and by a combined station in ABM to indicate the response frame

result of a saficiting (poll) command.

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

5.4.3.1<_Bunctions of the poll bit

54\3:1.1 General

eceived. The receive
equence numbering

incremented by one
e variable.

REJ) supervisory

e current value of
pived all | frames

pqual to N(R) has

Iy to ensure that all
by other

ence of responses

5 soliciting (poll)

ransmitted as the

frames, the P/F bit

The P bit set to '1" shall be used to solicit a response frame with the F bit set to "1" from the secondary/cor’rrbined 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. Before a
primary/combined station issues another frame with the P bit set to "1", it shall have receivembrsefame from the
secondary/combined station with the F bit set to "1". If no valid response frame is obtained within a system-defined time-out
period, the retransmission of a command with the P bit set to "1" for error recovery purposes shall be permitted.

5.4.3.1.2 Functions of the poll bitin NRM

In NRM, the P bit shall be set to "1" to solicit response frames from the secondary 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 secondary station may send | frames upemeipt of an | 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 UP command with the P bit set to "1" or "0".

5.4.3.1.3 Functions of the poll bitin ARM and ABM
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In ARM and ABM, the P bit set to "1" shall be used to solicit a response, at the earliest respond opportunity, with the F bit
setto "1".

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

5.4.3.2 Functions of the final bit

5.4.3.2.1 General

A response frame with the F bit set to "1" shall be used by the secondary/combined station to acknowleelcgiphefra
command frame with the P bit set to "1".

5.4.3.2.2 Functions of the final bitin NRM

In NRM,|if the right to transmit was acquired by the receipt of a P bit set to "1", then tlmmdary station shall set the\F-bit
to "1" in|the last frame of its response transmission. If the right to transmit was acquired bactiptrof a UP command
with the|P bit set to "0", then the secondary station shall set the F bit to "8adh frame (including the last-framme) of its
responsg transmission.

Following transmission of the last frame of its response transmission, the secondary station shall stop.transmitting untjl either
a subseqiuent 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 ttansmit response frames with the F bit
set to "0[' at any respond opportunity on an asynchronous basis. Followingdiptrof a‘command frame and the P bit s¢t
to "1", tHe secondary/combined station shall initiate transmission of a response frame with the F bit set to "1" at the ¢arliest
respond|opportunity.

In the chse of a two-way simultaneous communication where the secondary/combined station is transmitting when the
commar]d frame with the P bit set to "1" is received, the F bit shall be setto "1" in the earliest possible subsepoese rgs
frame to|be transmitted.

In ARM and ABM, the transmission of a response frame with the EQit set to "1" shall not require the secondary station|or the
combingd station, respectively, to stop transmitting response, frames. Additional response frames may be trarjsmitted
following 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
transmigsion by the secondary station or the combined station, respectively; it shall only be interpreted as indicating the
responsg frame from the secondary/combined station,s€nt as a reply to the previous commaretéies with the P bit
set to "1J.

In ABM, |if a combined station receives a command with the P bit set to "1", transmission gi@eeswith the F bit set to
"1" shall take precedence over transmission of-Ccommands, 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 efror recovery (see also 5.6.2.1)

5.4.3.3.1 General

As the H and F hits set to "1 are always exchanged as a pair (for every P bit there shall be one F bit, and another P pit shall
not be igsued until the prévious P bit has been matched with an F bit, and, similarly, another F bit shall not be issugd until
another P bit 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 lised to
detect that | frame retransmission is required. This capability provides early detection of | frames not received by the femote
data stafion and indicates the frame sequence number where retransmission shall begin. This capability is referrgd to as
checkpdinting+The N(R) of a correctly received | frame or S format frame, except for a SREJ frame with the P/F bit [set to
"0", shall acknowledge previously transmitted | frames to N(R) - 1 inclusive.

5.4.3.3.2 Checkpointing in NRM

In NRM, the N(R) of a received I, receive ready (RR) or receive not ready (RNR) commamatisesframe which has the

P/F bit set to "1" shall cause the secondary/primary station to initiate appropriate error recovery if the N(R) does not
acknowledge at least all | frames transmitted by the secondary/primary station previous to, and concurrent with, the last frame
which was transmitted by the secondary/primary station with the F/P bit set to "1".

5.4.3.3.3 Checkpointing in ARM

In ARM, the N(R) of a received I, RR or RNR commandfrease frame which has the P/F bit set to "1" shall cause the
secondary/primary station to initiate appropriate error recovery if the N(R) does not acknowledge at least all | frames
transmitted by the secondary/primary station previous to, and concurrent with, the last frame which was transmitted by the
secondary/primary station with the F/P bit set to "1".
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5.4.3.3.4 Checkpointing in ABM

In ABM, the N(R) of a received |, RR or RNR rpense frame which has the F bit set to "1" shall cause #oeived
combined station to initiate appropriate error recovery if the N(R) does not acknowledge at least all | frames transmitted by
the receiving combined station previous to, and concurrent with, the last frame which was transmitted by the receiving
combined station with the P bit set to "1".

5.4.3.4 Summary of P/F bit functions

The applicability of the P/F bit functions in the three operational modes (NRM, ARM, and ABM) and on data links
employing two-way alternate and two-way simultaneous data communication is summarized in table 7.

Table 7— P/F bit functions

Operational mode NRM ARM ABM

Data Communication TWA TwWS TWA TWY TWA[ TWS
P/F bit in command/ response P/ P/F PIF PIF PJF AF
Solicit information x/ x/

Last frame indication XIX /X

Solicit supervisory or unnumbered responjse A/ (/ A A X| X|
Checkpointing XIX X/X X/X XIX XIX XIX

Key:

x indicates that the function is applicable
TWA — two-way alternate

TWS — two-way simultaneous

5.5 Commands and responses
The set of commands and responses is summarized in table 8:

Table 8— Commands-and responses

Information transfer format commands Information transfer format responses

| - Information | - Information

Supervisory format commands Supervisory format responses
RR - Receive ready RR - Receive ready
RNR - Receive not ready RNR - Receive not ready
REJ - Reject REJ - Reject
SREJ - Selective reject SREJ - Selective reject

Unnumbered\fermat commands Unnumbered format responses
SNRM - Set normal response mode UA - Unnumbered acknowledgement
SARM - Set asynchronous response mode DM - Disconnected mode
SABM - Set asynchronous balanced mode RIM - Request initialization mode
DISC - Disconnect RD - Request disconnect
SNRME - Set normal response mode extended Ul - Unnumbered information

SARME - Set asynchronous response mode extenfledID - Exchange identification
SABME - Set asynchronous balanced mode extenfldeRMR - Frame reject

SIM - Set initialization mode TEST - Test

UP - Unnumbered poll UIH - Unnumbered information with header chegk
Ul - Unnumbered information

XID - Exchange identification

RSET - Reset

TCOT = TESL

SM - Set Mode

UIH - Unnumbered information with header check

5.5.1 Information transfer format command and response
The function of the information, I, command and response shall be to transfer sequentially numberedetemesntaining
an information field, across a data link.

The encoding of the | command/response control field shall be as shown in figure 3a for modulo 8 numbering, in figure 3b
for modulo 128 numbering, in figure 3c for modulo 32 768 numbering and in figure 3d for modulo 2 147 483 648
numbering.
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}7 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 -, mand (0to7)
number (poll)
(0 to 7) Resnanse
(final)

Figure 3a— Information transfer format of control field bits for modulo 8 numbering

h First bit transmitted

1 2345678 9 10111213141516

0 N(S) P/F N(R)
Information Receive
transfer sequence number
format  Send sequencggmmang (010 127)
number (poII)
(010 127)  Response
(final)

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

’7 First bit transmitted

1 234567 89- 1617 1819 - 32
0 N(S) P/F N(R)
Information ~ Send,seguence Command  Receive
transfer number (poll)  sequence number
format (Qto 32767) Response (0to 32 767)
(final)

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

}7 First bit transmitted

1 23456 7 8 9- 3233 3435 - 64
0 N(S) P/F N(R)
Information ~ Send sequence Command
transfer number (poll) )
format (0102 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) N(S), send sequence number, which shall indicate the sequence number associated with the | frame; and
b) N(R), receive sequence number, which shall indicate the sequence number (as of the time of transmission) of the next
expected | frame to be received, and consequently shall indicate that the | frames numbered up to N(R) - 1 inclusive

have been received correctly.
(See 5.4.3 for a description of the functions of the P/F bit.)
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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 | frames in need of retransmission when the multi-selective reject

procedure is selected.

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

}7 First bit transmitted

1 2 3 4 5 6 7 8
[ 1 o[ s s]rF]| NR) |
Supervisory

Command Receive

(poll)y'sequence number
Respofise (0 to 7)
(final)

format

Supervisory
function

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

h First bit transmitted

12(C3 4567 8 9 10 - 16
[1{0]s s[x x x x| pF| NR) |
Supervisory | Command  Receive
format (poll)  sequence number
Supervisory Re§ponse (0to 127)
function (final)

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

h First bit transmitted

12 3 4 5 - 16 17 18 - 32
[10]s s[x— x | PIF| NR) |
Supervisary | Command Receive
f'ormat ’ | (poll)  sequence number
Supervisory Response (0to 32 767)
function (final)

Figure 4c— Supervisory format of control field bits for modulo 32 768 numbering
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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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}7 First bit transmitted

12 3 45 --- 32 33 34 --- 64
[10]s s|x-— x | PIF | NR) |
Supervisory Command _
format (poll) Receive
Supervisory Responsesequence number
function (final) (Oto2 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't0){0", the
N(R) shpll indicate, at the time of transmission, the sequence number of the next expected | frame to be fegeived, and
conseqyently shall indicate that all received | frames numbered up to N(R) - 1 inclusive have been received correctly.

The prirmary/combined station may use the S format command frames with the P bit set to "1" to solicit responses fronp (poll)
a seconglary/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 recgive ready, RR, frame shall be used by a data station to

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

b) afknowledge previously received | frames numbered up to N(R) - 1 inclusive.

When tfansmitted, the RR frame shall indicate the clearance of any bdsy“condition that was initiated by the parlier
transmigsion of an RNR frame by the same data station. (See 5.6.1.)

5.5.2.2 |Reject, REJ, (S bits = 01) command and response

The rejefct, REJ, frame shall be used by a data station to requestretransmission of | frames starting with the frame nyimbered
N(R). | frames numbered N(R) - 1 and below shall be considered as acknowledged. Additional | frames awaiting |initial
transmigsion may be transmitted following the retransmitted {.frame(s).

With respect to each direction of transmission on the datajlink, only one REJ exceptiditian from a given data station to
another |data station shall be established at any given time. A REJ frame shall not be transmitted until an earlier REJ
exceptign condition or all earlier SREJ exception.canditions have been cleared as indicated in 5.6.2.2, 5.6.2.3 and 5.64.2.4.

The REJ exception condition shall be cleared (reset) uporettedpt of an | frame with an N(S) equal to the N(R) of the RHJ
frame.

5.5.2.3 |Receive not ready, RNR, (S(bits’= 10) command and response

The recgive not ready, RNR, frame)shall be used by a data station to indicate aobd#jon; i.e., temporary inability to
accept qubsequent | frames. | frames numbered up to N(R) - 1 inclusive shall be considered as acknowledged. Theg | frame

numberg¢d N(R) and any subbsequent | frames received, if any, shall not be considered as acknowledged; the acceptanfce status
of these[frames shall be ifidicated in subsequent exchanges.

5.5.2.4 [Selective reject, SREJ, (S bits = 11) command and response
The selgctive rejeet, SREJ, frame shall be used by a data station to request retransmission of one or more (not necessarily
contigudus) t frames. The control field of the SREJ frame shall contain the sequence number of the earliest | frame to be
retrans |tted (not yet reported by a SREJ frame) and, if the multi- selectlve reject procedure is mvoked the |nformat|on field

= sed-ofretrs ity of

additional | frames in need of transmlssmn shaII be mdrcated by e+ther

a) one entry for every | frame in need of retransmission, or

b) one entry for every standalone | frame in need of transmission plus a span list for every sequence of two or more
contiguously numbered | frames in need of retransmission.

A span list identifies the start and the end of a sequence of contiguously numbered | frames in need of retransmission.

When the multi-selective reject procedure is employed without span lists, the information field shall be encoded such that
there is one or more octets for each | frame in need of retransmission.
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For modulo 8 sequence numbering, the N(R) valuesfich designed | frame shall occupy bit positions 6-8 of the one-octet
field, as per the encoding of the N(R) field of the control field for modulo 8 sequence numbering, with bit positions 1-5 set to

zero, as illustrated in figure 5a.

For modulo 128 sequence numbering, the N(R) valueefmh designated | frame shall occupy bit positions 2-8 of the one-
octet field, as per the encoding of the N(R) field in the second octet of the control field for modulo 128 sequence numbering,

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

For modulo 32 768 sequence numbering, the N(R) value#&oh designated | 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 5c.

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 14
bit position 1 in the first octet of the four-octet field set to "0", as illustrated in figure 5d.

ositions 2-32
7 483 768, with

| I 1
: Control field : Information field :
|
: . :
| 1 1
11 2 3 4 5 6 7 81 4 5 6 7 8] 1--—--- 5 6--8 1
1 0 1 1]|PF N(R) 0O 0 0 o0 O N(R) 0 ----- N(R) FCS
Receive sequence Sequence number(s) T T
number of first | fram of later | frame(s)
to be retransmitted to be retransmitted
Figure 5a— Control field and information field encodingiin SREJ frame for modulo 8 numbering
1 1
: Control field : Information field
L}
: i
]
1 8 9 10— G D S — 8 1  2-es 8
1 01 1 0 Oememmmmmemmees 0 |P/F| N(R) | 0 | N(R) | 0 N(R) FCS
Receive sequence Sequence number(s) ? ?
number of first | fraph of later | frame(s)
to be retransmitted to be retransmitted
Figure 5b— Contral field and information field encoding in SREJ frame for modulo 128 numbering
1 1 1
: Control field : Information field !
1 ! 1
1 ! 1
11 16 17 18- 3211 2 1 T N R 16 1
1 0 AV 0 O-mmemmemmemeee- 0 |PIF| N(R) 0 N(R) 0 | N(R) FCS

Receive sequence

number of first | framJ

Sequence number(s)

of later | frame(s)
1o be retransmitted

ol - dharpal
w o Icudrisimnicu

Figure 5c— Control field and information field encoding in SREJ frame for modulo 32 768 numbering
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1 1 1
: Control field : Information field !
1 1 1
1 1 1
11 7 I K QY B— YA T S —— I R JO— 32 1
1011 0 O 0 [PF[ NER) 0 N(R) 0 N(R) FCS

Receive sequence Sequence number(s) * *
number of first | frameJ of later | frame(s)

to be retransmitted to be retransmitted

Figure 5d— Control field and information field encoding in SREJ frame for modulo 2 147 483 648 numbering

Any number of octet fields can be included, up to the maximum frame size. Only the | frame numbérs in ne
retransnpission shall be included. If, for example, in the case of modulo 128 sequence numbering, | frames-3, 5, 7, an
being identified for retransmission in a single SREJ frame, | frame number 3 shall be identified in the 'SREJ control fie|
| frames|5, 7, and 18 shall be identified, each within an octet of its own, in increasing order in the SREJ frame inforn
field.

bd of
18 are
d and
hation

When the multi-selective reject option is employed with span lists, the information field shalbe*encoded such that thefe is an

entry forleach standalone | frame in need of retransmission and a span list, consisting oftwe‘entries, for each sequend
or more|[contiguously numbered | frames in need of retransmission. In the case of standalone | frames, their identity
informatfon field consists of the appropriate N(R) value preceded by a “0” bit in the entry used, as per figure dauto m
8, figure|5b for modulo 128, figure 5¢ for modulo 32 768, and figure 5d for modulo 2 147 483 768. In the case of spai]
the identity of the start and end of the contiguous sequence of | frames consists of the appropriate N(R) values wi
precedirjg bit in each case (see figures 5a thru 5d) set to “1”. Hence, individual frames are indicated by having the
precedep the N(R) value set to “0”, and a range of cowtis | frames (span list) is indicated by a contiguous pair
indicatofs (start and end of contiguous sequereamh with the bit that‘precedes the N(R) value set to “1". Annex
illustratds examples of the possible encodings of the information fielddn multi-selective reject frames.

If the P/F bit in the SREJ frame is set to "1", then | frames numbered up to N(R) - 1 inclusive (N(R) being the value
control fleld) shall be considered as acknowledged. Howeveryifithe P/F bit in the SREJ frame is set to "0", then the N
the control field of the SREJ frame does not indicate acknowledgement of | frames, but rather indicates an outsta|
frame in|need of transmission.

Each SREJ exception condition shall be cleared (reset) ugmmipt of each | frame with an N(S) equal to the N(R) identifie|
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 one or more differen
values, pefore one or more earlier SREJ.\exception conditions have been cleared. However, a SREJ frame shal
transmitjed if an earlier REJ exception.condition has not been cleared, as indicated in 5.6.2.3 and 5.6.2.4. (To do s
request fetransmission of an | frame.that would be retransmitted by the REJ operation.) Likewise, a REJ frame shal
transmitfed if one or more earlief SREJ exception conditions have not been cleared, as indicated in 5.6.2.3 and 5

e of two
in the

lists,
h their
bit that
Df

G

n the
(R)in
nding |

t N(R)
not be
b would
not be
6.2.4. |

frames that may have been tranSmitted following the | frame(s) indicated by a SREJ frame shall not be retransmitted as the

result of receiving a SREJ-frame. Additional | frames awaiting initial transmission may be transmitted following
retransnpission of the speeific | frame(s) requested by all of the SREJ frames received.

(See 5.4.2 for N(S) séquence error recovery procedures.)

5.5.3 Unnumbered format commands and responses
Unnumberedy U, commands and responses shall be used to extend the number of data link control functions.

the

Frames
tation.

transmitfed.with the U format shall not increment the state variables at either the transmitting or the receiving data

Five "modifier" bits 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.

The encoding of the U format command/response control field shall be as shown in figure 6.
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’7 First bit transmitted

1 2 3 4 5 6 7 8
1 1 M M P/F M M M
Unnumbered \ / —
format
5 “modifier”
Command bits
(poll) (see553.3and 5.53.4)
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, XID) may have an optional information field as defined in 5.5.3.1. The\information field for FRMR is defined in
5.5.3.4.2.

5.5.3.1 Information field structure
The general structure of the optional information field is illustratedtin)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.

Format
identifier
subfield
E A Control field FCS F
Data link User data
P — laver —P— piicld
1 octet subfields

}4— Information field ———— 3|

Figure 7— Farmat of the optional information field in specified unnumbered commands and responges

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

5:%6.8.1.2 Datalinklayer subfields

) [ ol these subfields are
generated and consumed by the data I|nk Iayer Ioglc The Iength of these subflelds is limited by the maximum length
restrictions on the HDLC frame information field, taking into account the lengths of the format identifier subfield and the
user data subfield.

A data link layer subfield consists of a group identifier (1 octet), a group length (1 or 2 octets, depending on usage), and a
parameter field (n octets). The general structure of a data link layer subfield is illustrated in figure 8.

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
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The group identifier (GI) identifies the function of that data link layer subfield. Five data link layer subfields are defined in
this International Standard:

Address resolution;
HDLC parameters;

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

The group length (GL) indicates the length of the associated parameter field in octets. The highest order bits in a multi-octet
GL are in the first octet transmitted.

NOTE— The group length value does not include the lengths of either itself or its associated identifier

A groupllength value of zero indicates that there is no associated parameter field and that all parameters withinthe 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-(P1) (1 |octet),
parameter length (PL) (1 octet), and parameter value (PV) (m octets) sets, one set for each defined dataylink layer pubfield
element| For multi-octet PV’s that are binary, the higher-order bits are in the first octet transmitted.When this strucfure is
used, a flata link layer subfield has the organization depicted in figure 9.

Gl GL Pl PL PV Pl PL RV,
1 Octet 1Octet mOctets

Where

Pl. 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

NOTE—I The value of PL does not include the lengths of either itself or its associated PI.
A PL valpe 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 are|to be
used. A [parameter field containing a Pl that is not specified in this International Standard is defined as invalid and shall be
ignored [(except within the user-defined parameters subfield, in which Pls other than PI=0 may be defined by g prior
agreemgnt between the stations). Except where_figted, duplicate Pls should not be sent within the same data link layer
subfield] The behavior of the receivepon eceipt ofduplicate Pls within the same data link layer subfield is not defined fin
this Intefnational Standard.

5.5.3.1.3 User data subfield

The usef data subfield contains userinformation. This data link user information is transported transparently across the data
link layef to the user of the data.link. The amount of information (number of bits) that candeenmodated is limited only
by the maximum length restrictions on the HDLC frame information field, taking into account the lengths of the fdrmat
identifief subfield and the datalink layer subfields.

The usef data subfield is‘feomposed of a user data identifier (1 octet), and a user data field (n bits).

The usef data subfield, therefore, has the organization illustrated in figure 10.

User data identifier User data field

Figure 10— User data subfield
5.5.3.1.4 Allowable subfields in unnumbered format command/response frames

The various subfields that may exist in the information field of certain unnumbered format command and response frames are
given in table 9.
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Table 9— Allowable subfields/groups in optional information
field in specified unnumbered format commands and responses

Subfields
Format Data Link Layer User Data

Commands/ Identifier Address HDLC Mode & User-defined

Responses Resolution | 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
SARME X X X
SM X X X X
SNRM X X X
SNRME X X X
UA X X X X X
X|D X X X X X X

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

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 Gl values. Except where noted, specific data link layer subfields may

appear only once. The absence of a particular data link layersubfield should be interpreted to mean defallt 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.

The format identifier subfield used for HDLC-standard, general purpose mode-setting command/responsg¢ frames as defined
in the International Standard shall be encoded as illustrated in figure 11.

First bit transmitted

¢ High order bit

Control | 4 9 0 0 0 0 0 1| Datalink
field layer subfield

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

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

5.5.3.2:2/ Data link layer subfield encoding

Figure 12 indicates the Gl encodings for the data link layer subfields that are identified as being associated with the mode-
Setting command/response frames covered in this International Standard.

First bit transmitted  High order bit

0 1 Mode and modulus
0 1 HDLC parameters
1 1 User-defined parameters

oo r «—

O O o
O O o
o O o
= O O
= O O

Figure 12— Group identifier encoding for data link layer subfields

The Gl encoding of all ones (1111 1111) is not used as a data link layer subfield identifier encoding. It serves as the identifier
encoding for the user data subfield.
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All Gl encodings not assigned in this International Standard (here and in 7.2) are reserved for future use.
NOTES

1. The HDLC parameters data link layer subfield and the user-defined parameters data link layer subfield may each appear more than
once in the 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
making use of those parameters that are explicitly identified under the HDLC parameters identifier.

5.5.3.2.2.1 Mode and modulus
The data link layer subfield associated with the mode and modulus group is illustrated in figure 13.

First bit transmitted

Gl GL 1 Octet —p» 1 Octet

1000000101 0000O00O0 0|0/l|0/10|0|0/1|0/l|0/1 0| 0| O|0| OIJ[ O/}. 0/|l 0/}

lf—— 1 Octet — - -ff— 1 Octet — + + +
TWS ABM Mod 8

TWA
ARM Mod 128
Mod 32 768
NRM Mod\2' 147 483 648

< Mode of 3 < Modulus of 3
operation operation

Figure 13— Mode and modulus group elements

The mote(s) of operation is indicated by setting the corresponding bit(s) to "1". The modulus for operation is indicajed by
setting the corresponding bit(s) to "1".

5.5.3.2.2.2 Parameter field elements

Table 1( identifies the parameter field elements that aré defined here.

Table 10— Mode-setting data.link layer subfield parameter field elements
HDLC parameters (Gl = 00000001)

PI Parameter field element

5~ [~Maximum information field length— transmit
6 -1 Maximum information field length— receive
7 | Window size k— transmit

8 | Window size k—receive

User-defined parameters (Gl = 00001111)

! Parameter field element
0 | Parameter set identification

The follqwing fegend explains the symbols used in tables 11 and 12.

B: Indicates this field 1s binary encoded.
N: Number of octets.
NA: Not applicable.

Table 11— HDLC parameters elements

Code Bit
Name Pl | PL Parameter field element Type No. Value

Maximum information field length 5 N | Maximum information field length-transmit B NA B
(transmit) (bits)

Maximum information field length 6 N | Maximum information field length-receive B NA B
(receive) (bits)

Window size K (transmit) 7 4| Window size k-transmit (frames) B NA B
Window size k (receive) 8 4|  Window size k-receive (frames) B NA B
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Table 12— User-defined parameters elements

Name Pl PL Parameter field element Code typg  Bit N@. Value
Parameter set identification 0 N Parameter set identification NA NA (See Npte 1)
(Implementor-defined) (See Note 2 1to 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 PI/PL/PV encoding in this subfield for Pl 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.

5.5.3.2.3 User data subfield encoding

5.5.3.2.3.1 _USerdata iaentifrer encoding
The user data identifier identifies the subfield as the user data subfield. Figure 14 provides its encoding:

First bit transmitted  High order bit
11111111 Userdatasubfieldidentifier

Figure 14— User data subfield identifier encoding

5.5.3.2.3.2 User data field

The user data field is transported transparently by the data link and passedto the user of the data link. The encoding of the
user data field is the responsibility of the data link user and may be anyformat that is mutually agreed upn by the data link
users involved.

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

}7 First bit transmitted

1 2 3 4 5 6 7 8

1 1 0 0] P 0 0 1 SNRM command
1 1 1 1 P 0 0 0 SARM command
1 1 1 1 P 1 0 0 SABM command
1 1 Q 0 P 0 1 0 DISC command

1 1 1 1 P 0 1 1 SNRME command
1 1 1 1 P 0 1 0 SARME command
1 1 1 1 P 1 1 0 SABME command
1 1 1 0 P 0 0 0 SIM command

T 1 0 0 P 1 0 0 UPcommand

1 1 0 0 P 0 0 0 Ul command

1 1 1 1 P 1 0 1 XID command

1 1 1 1 P 0 0 1 RSET command

(combined station only)
1 1 0 0 P 1 1 1 TEST command
1 1 0 0 P 0 1 1 SMcommand
1 1 1 1 P 1 1 1 UIH command

Figure 15— Unnumbered command control field bit assignments

The(SNRM, SARM, SABM, DISC, SNRME, SARME, SABME, SM and SIM unnumbered mode setting coinmands and the
RSET unnumbered resettrng command the XID unnumbered command and the TEST unnumbered command, shall require
5 sponse frame
(a UA response frame an XID response frame and a TEST response frame, respectrvely) If the secondary/combined station
receives more than one of the above commands before pndsopportunity occurs, it shall transmit the response
appropriate to the first of the received commands at the firgpores$ opportunity. The secondary/combined station
transmission of the appropriate response following theeipt of one of these commands shall take precedence over a
response for any other previous command which may be waiting for a respond opportunity at the secondary/combined
station. Following receipt of one of the above commands, therslary/combined station may ignore all framesaived,
except to detect the next respond opportunity, until it has sent a response appropriate to that command. Feteptraf a
RSET resetting command, a combined station may discard the information field contained in any I, Ul or UIH frames
received but shall continue to utilize whatever 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 acknowledgingaeipt of that resetting command.
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In two-way alternate communications, a secondary/combined station, followingdb#t of a mode setting command, or a
combined station, following the receipt of a resetting command, shall transmit a ihanss 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.

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 ttendacy/combined
station has accepted dictates when thpaase shall be transmitted), as follows:

a) Upon receipt of a SNRM or SNRME command with the P bit set to "1", thersdary 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 secongary
ation shall wait until a command frame is received with the P bit set to "1" and then sipahdcewith 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 ghall
rg¢spond with a single UA frame with the F bit set to "0".

0

b) Upon receipt of a SARM or SARME command with or gut the P bit set to "1", the secondary station shal
trensmit a UA frame:

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

1

2

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 follgwed
by additional secondary station transmissions, if pending.

u

C) pon receipt of a SABM or SABME command, or a RSET command while*in ABM, with dnaut the P bit set to

"1", the combined station shall transmit a UA frame:
upon detection of an idle data link channel state in TWA data.communication; or

at the earliest respond opportunity in TWS data communieation.

additional combined station transmissions, if pending.

d) pon receipt of a SM command, the data station shall behave in accordance with a), b), or c) above, depending on the

1

2

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 follgwed
b

U

node 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
seconddry/combined station shall be system defined; i.e., a given secondary/combined station shall be system defin¢d to use
al mode respond opportunity or the asynchronous mode respond opportunity for the response following a [SIM or
mand, as follows:

a) pon receipt of the SIM conimand, the sedary/combined 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) pon receipt of the DISC'command, the esedary/combined station shall respond with the UA or DM response

depending on whetheb the secondary/combined station was in an operational mode or a disconnected mode,
rg¢spectively, 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 sefondary/combined station canaotept a mode setting command, or the combined statiomotaccept a resetting
commarld, it shall, at its earliest respond opportunity, transmit a DM, FRMR, RD, or RIM response, as appropriate,
indicating nonacceptance of the mode setting or resetting command.

5.5.3.3.1 Set normal response mode (SNRM) command

The SNRM command shall be used to place the addressed secondary station in the normal response mode (NRM) where all
control fields shall be one octet in length. The secondary station shall coaficeptance of the SNRM command by
transmission of a UA response at the first respond opportunity. @dpoeptance of this command, the@edary station send

and receive state variables shall be set to zero.

When this command is actioned, the responsibility for all unacknowledged | frames assigned to data link control reverts to a
higher layer. Whether the content of the information field of such unacknowledged | 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 SNRM command. The structure of the information field when present is as
indicated in 5.5.3.2 and table 9.
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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 res

000(E)

ponse mode (ARM)

where all control fields shall be one octet in length. The secondary station shall cawaiieptance of the SARM command
by the transmission of a UA response at the first respond opportunity. dpoeptance of this command, the sedary

station send and receive state variables shall be set to zero.

When this command is actioned, the responsibility for all unacknowledged | frames assigned to data link control reverts to a

higher layer. Whether the content of the information field of such unacknowledged | frames is reassigned t
for transmission or not is decided at a higher level.

o data link control

An information field may be present in the SARM command. The structure of the information field when present is as

indicated in 5.5.3.2 and table 9.

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’ balg
where all control fields shall be one octet in length. The combined station shall confirm acceptance of the
by transmission of a UA response at the first respond opportunity. @poeptance of this command, the conj
send and receive state variables shall be set to zero.

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

An information field may be present in the SABM command. The structufe~of the information field wh
indicated in 5.5.3.2 and table 9.

5.5.3.3.4 Disconnect (DISC) command

The DISC command shall be used to terminate an operational ©r initialization mode previously set by a
switched and non-switched networks it shall be used to inferm the addressed secondary/combined
primary/combined station is suspending operation and that-the secondary/combined station(s) should
disconnected mode. In switched networks, a logically disconnected function at the data link layer may also
the physical layer interface, a physical disoect eperation of the physical layer; i.e., to have t
secondary/combined station go "on-hook". Prior to_ actioning the command, the secondary/combined statid
acceptance of the DISC command by the transmission of a Uforese.

When this command is actioned, the respansibility for all unacknowledged | frames assigned to data link ¢
higher layer. Whether the content of the.information field of such unacknowledged | frames is reassigned
for transmission or not is decided at a-higher layer.

An information field may be present’in the DISC command. The structure of the information field wh
indicated in 5.5.3.2 and table 9t

5.5.3.3.5 Set normal respanse mode extended (SNRME) command

The SNRME commandishall be used to place the addressed secondary station in a normal response m
command/response_control fields shall be two octets in length and unnumbered command/response contr

anced mode (ABM)
SABM command
bined station

ontrol reverts to a
0 data link control

BN present is as

command. In both

station(s) that the
assume a logically
serve to initiate, at
he addressed

n shall confirm the

ontrol reverts to a
o data link control

BN present is as

bde where numberec
bl fields shall be one

octet in length (see'5:3.1). The secondary station shall corfaceptance of the SNRME command by transmission of a UA

response at thié\first respond opportunity. Umeeptance of this command, the @edary station send anea
variables shall-be set to zero.

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

An information field may be present in the SNRME command. The structure of the information field wh

leive state

ontrol reverts to a
0 data link control

en present is as

Indicated In 5.5.3.2 and table 9.

5.5.3.3.6 Set asynchronous response mode extended (SARME) command

The SARME command shall be used to place the addressed secondary station in an asynchronous response mode where

numbered command/response control fields shall be two octets in length and unnumbered command/res

ponse control fields

shall be one octet in length (see 5.3.1). The secondary station shall caadreptance of the SARME command by
transmission of a UA response at the first respond opportunity. @dpoeptance of this command, the@edary station send

and receive state variables shall be set to zero.

When this command is actioned, the responsibility for all unacknowledged | frames assigned to data link control reverts to a
higher layer. Whether the content of the information field of such unacknowledged | frames is reassigned to data link control

for transmission or not is decided at a higher layer.
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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 9.

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. @dpoeptance of this command, the combined station send

and receive state variables shall be set to zero.

o data link c

ontrol reverts to a
o-gatetik-gontrol

When this command is actioned, the responsibility for all unacknowledged | frames assigned t

An inforfation field may be present in the SABME command. The structure of the information field when present|is as

Set initialization mode (SIM) command

The SINl command shall be used to cause the addressed secondary/combined station to. initiate a station-dpecified
procedufe(s) to initialize its data link layer control functions. No information field shall be permitted with the SIM commiand.
The secpndary/combined station shall confaoteptance of the SIM command by the transmission’ of a Uporese at the
first resgond opportunity. Upoacceptance of this command, the@edary/combined station seénd‘\arteive state variables
shall be et to zero.

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

5.5.3.3.9 Unnumbered poll (UP) command

The UP fommand shall be used to solicit response frames from a group“of secondary stations (group poll), from all segondary
stations(all-station poll) or from a single secondary/combined station’(individual poll) by establishing a logical operational

conditiof that exists at each addressed data station for opengspportunity. In the case of a group poll or all-station poll,
the mechanism employed to control response transmissions~({to avoid simultaneous transmissions) is not defined in this
Internatipnal Standard. The UP command does not acknowledge receipt of gonsesframes that may have bee
previoudly transmitted by the secondary/combined station, No information field shall be permitted with the UP command.

=

The secpndary/combined station(s) whieleeives the*UP command with a group or all-station address shpdnésn the
same rmanner as when polled using an individual address. The response frame(s) shall contain the $ending
secondgry/combined station's individual address) plus N(S) and N(R) numbers as required by the particular responsg(s). The
continuify of each semdary/combined statign's N(S) shall be maintained. If the UP command has the P bit setetactl",
addressgd secondary/combined station-Shall respond with at least one frame, the last frame having the F bit set to "1". If the
UP command has the P bit set to "0'each addressexhdacy/combined station may or may not respond depending on fthe
status of the secondary/combined station. Secondary/combined station responses sent in reply to a UP command with the P
bit set fo "0" shall have the 'F)bit set to "0" in all frames of eachosédary/combined station's response. A
secondgry/combined station whidgkceives a UP command with the P bit set to "0" shajpoesl when:

a) itlhas an I/Ul frame(s)to send;

b) itlhas an | frame.to resend because it did not receive an acknowledgement;

c) itlhas received, but not acknowledged, an | frame(s);

d) itlhasdeceived, but not nesnded to, a XID or TEST command;

e) itlhas’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 an idle data link channel state (15 "ones") exists following the receipt of a frame(s), or pansesis eceived within a
given period of time, it shall be assumed that the secondary/combined station has completed, or will not initiate,
transmission.

5.5.3.3.10 Unnumbered information (Ul) command

The Ul command shall be used to send information (for example, status, application data, operation, interruption, data link
layer programs, temporal data or parameters) to a secondary/combined station(s) without affecting the V(S) or V(R) variables
at any station. Reception of the Ul 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

38 © ISO/IEC 2000 — All rights reserved


https://standardsiso.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

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.

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 stattmeiving 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
1ITI |ai| |u'c| Uf Li Ic il IfUI IIIaLiUI 1 Itlcil,;

The encoding of the format identifier shall be as shown in figure 16.

’7 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

Format identifier value
Figure 16— XID format identifier

NOTE— The format identifier has a capability of designating 128 different$tandardized formats and 128 different user-defined formats.

In an operational mode (NRM, ARM or ABM), a FRMR condition may be established if the received|XID command
information field exceeds the maximum defined storage capability of thenslecy/combined station.

5.5.3.3.12 Reset (RSET) command

The RSET command shall be used by a combined:station in an operational mode to reset the receive state variable in the
addressed combined station. No information fieldsshall be permitted with the RSET command. The addressed combined
station shall confirm acceptance of the RSET ‘command by transmission of a pPéneesat the first respond ppportunity.

Upon acceptance of this command, the addressed combined station receive state variable shall be sef to zero. If the UA
response isaceived correctly, the initializidg combined station shall reset its send state variable to zero.

The RSET command shall reset allframe rejection conditions in the addressed combined station, except for an invalid N(R)
condition which the addressed combined station has reported by a FRMR frame. The RSET command may be sent by the
combined station which detectstan 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
combined station that detects the invalid N(R).

When this command. is actioned, the responsibility for all unacknowledged | frames assigned to data link gontrol reverts to a
higher layer. Whether'the content of the information field of such unacknowledged | frames is reassigned to data link control
for transmission abnot is decided at a higher layer.

5.5.3.3.13 <Fest (TEST) command

The TESTcommand shall be used to cause the addressed secondary/combined station to respond with the TEST response a
the first.réspond opportunity, thus performing a basic test of the data link control. An information field is ¢ptional with the
TESF command. If present, however, the received information field shall be returned, if possible, by the addressed
secondary/combined station with the TEST response. The TEST command shall have no effect on thelmode or sequence
variables maintained by the secondary/combined station.

The primary/combined station shall consider the data link layer test terminated egmptrof the TEST rgmnse or when a
time-out period has run out. The results of the TEST command/response exchange may be made available for interrogation
by a higher layer.

5.5.3.3.14 Set mode (SM) command

The SM command shall be used to place the addressed station (combined/secondary) in one of the operational modes where
numbered command/response control fields are greater than two octets in length. The SM command may be used to place the
addressed station (combined/secondary) in one of the operational modes where numbered command/response control fields
are one or two octets in length.
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The specific operational mode, in which the addressed station is placed using the SM command, may be determined by other
means (see below). Furthermore, use of the SM frame may require these other means to set the number of octets to be used in
| format and S format command/response control fields.

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

(&) witha 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 9.

odulus
for operption shall be negotiated by setting the appropriate bits in the correspondlng element; if not, then thexmode of
operatioh and modulus for operation shall be specified as in items (a) or (b). The combined/secondary statior, shall gonfirm

When this command is actioned, the responsibility for all unacknowledged | frames assigned to datacink’control revefts to a
higher Idyer. Whether the content of the information field of such unacknowledged | frames is reassigned to data link ¢ontrol

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 infornation being transferred is of [lesser
importarjce than its delivery to the correct secondary/combined station(s) without affecting the V(S) or V(R) varialjles at
either sthtion. For the UIH command 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 parameternegotiation (XID exchange or mode{setting
frame ejchange), a priori knowledge or as a system definition.

Receptign of the UIH command 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_pretected portion of the command, or duplicated if an
exceptign condition occurs during any reply to the command. There'is no specified secondary/combined station resgonse to
the UIH pommand. The UIH command may be sent independently'ef the mode of the data link station.

NOTE —] Cases where the integrity of the information being transfejred is of lesser importance than its delivery to the correct ptation
include the timely transmission of packetized voice, video/graphic-data, or periodically updated information.

5.5.3.4 |Unnumbered responses
The unnumbered response encodings are shown.n-figure 17.

h First bit transmitted

1 2 3 4 5 6 7 8

1 1 0 0 F 1 1 0 UAresponse

T 1 1 0 F 0O O 1 FRMRresponse
1< 1 1 1 F 0 O 0 DM response

1 1 0 0 F 0 1 0 RD response

1 1 1 0 F 0O O 0 RIMresponse

1 1 0 0 F 0O O 0 Ul response

1 1 1 1 F 1 0 1 XID response

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

Figure 17— Unnumbered response control field bit assignments

5.5.3.4.1 Unnumbered acknowledgement (UA) response

The UA response shall be used by the secondary/combined station to acknowledgeetheand acceptance of SABM,
SNRM, SARM, SNRME, SABME, SARME, SM, RSET, SIM and DISC commands. An information field may be present in
the UA response. The structure of the information field when present is as defined in 5.5.3.2 and table 9.

When the UA response has an information field containing the mode and modulus element, at most one mode bit and one
modulus bit can be set to “1”.

5.5.3.4.2 Frame reject (FRMR) response
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The FRMR response shall be used by the secondary/combined station in an operational mode to report that one of the
following 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)
b)

c)

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

the receipt of an I/UI/UIH command or r@snse, or, optionally, a TEST command, or, optionally, a XID command or
response, with an information field which @eded the maximum information field length which can be
accommodated by the smwdary/combined station;

the receipt of an invalid N(R) from the primary/combined station, i.e., an N(R) which identifies an | frame which has
previously been transmitted and acknowledged or an | frame which has not been transmitted and is not the next
anlnnntial Lframe nwniting tmnemicainn; or

d)

a)

b)

a)

b)

0)

The secondary/combined station shall transmit the FRMR response at the first respond opportunity.

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

(See 5.6.4 for a description of command-response rejection procedures.)

The functions of thése fields shall be as follows:

The receipt of a frame containing an information field when no information field is permitted\by the associated
control field.

shall stop transmitting | frames if the frame reject exception condition was,caused by an inval{d N(R) since its
direction of transmission is affected; or

may, because thepposite direction of transmission is affected, optionally\continue sending | frames if the frame
reject exception condition was caused by:

1) acommand or response that is undefined or not implemented;<or

2) an | frame with an information field which exceeded the maximum information field length| which can be
accommodated by the smwdary/combined station.

The primary/combined station receiving the FRMRpmsse shall be responsible for initiating the appropriat¢ mode setting
or resetting corrective action by initializing one or both.difections of transmission using the RSET, SNRM| SARM, SABM,
SNRME, SARME, SABME, SM, or DISC command, as‘applicable.

An information field shall be returned with this tésponse to provide the reason for the frame rejection. When modulo 8 is
used, the information field shall contain the fields shown in figure 18a.

ﬁ First bit transmitted

123456 7 8 9 101112 13 141516171819 20

Rejected frame

control field 0| N(S) | C/Rl N(R)|w|x]|y]|z

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

The rejected frame control field shall be the control field of the received frame which caused|the frame reject
exception 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,
and C/R set to "0" shall indicate that the frame which caused the frame reject exception conditiorlu was a command
frame.

d)

e)

9)

h)

N(R) shall be the current value of the receive state variable at th@dary/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 inclusivenvdasined or not
implemented.

x set to "1" shall indicate that the control field received and returned in bits 1 to 8 inclusive was considered invalid
because the frame contained an information field which is not permitted with this commangansesBitw shall
be set to "1" in conjunction with this bit.

y set to "1" shall indicate that the information field received exceeded the maximum information field length which
can be accommodated by the sedary/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).
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The w, X, yand z bits in the information field of the FRMR response may all be set to zero, indicating an unspecified
rejection of the frame for one or more of the conditions cited above. If required, the information field contained within the
FRMR response may be padded with zero bits so as to end on any convenient, mutually agreed upon character, byte, word or
machine-dependent 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.

ﬁ First bit transmitted

T oo, 16 17 18---24 25 26- 3233--- 36

control field

Figure 18b— Information field format for FRMR response in modulo 128 operation
Bit 18 amnd bit 26 are the low-order bits of the current value of the send state and receive state variables,respectively, at the
seconddry/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 except@mmition. When the rejected frame is an unhumbered frame, the
control fleld of the rejected frame is positioned in bit positions 1 to 8, with bits 9 to 16 set to zer0:

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 reésponse shall be as shown in figure 18c.

ﬁ First bit transmitted

A RLITERTIPRRPRYY 32 33 34---- 48 49 50--- 64)65 66 67 68

N(S) | CR NRM| wi x|y z

Rejected extende 0
frame control field

Figure 18c— Information field format for FRMR response in modulo 32 768 operation
Bit 34 and bit 50 are the low-order bits of the current value 'ofthe send state and receive state variables, respectively, at the
seconddry/combined station.

In the extended FRMR response format in modulo 32.768 operation, the rejected frame control field is the control field| of the
received frame which caused the frame reject exceptwmdition. When the rejected frame is an unnumbered frame, the
control fleld of the rejected frame is positioned in bit positions 1 to 8, with bits 9 to 32 set to zero.

When thie control field extension (see 5.3.1)\fof modulo 2 147 483 648 is used, the format for the information field retufned
with the FRMR response shall be as shown'in figure 18d.

ﬁ First bit transmitted

R AR 64 65 66--- 96 97 98-- 128 129 130 131 132

Rejected extende|1 N(S) C/IR NR) | wix |y]| z

frame control field

Figure\28d— Information field format for FRMR response in modulo 2 147 483 648 operation

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

In the extended FRMR response format in modulo 2 147 483 648 operation, the rejected frame control field is the control
field of the received frame which caused the frame reject excepbaditon. 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 64 set to zero.

5.5.3.4.3 Disconnected mode (DM) response
The DM response shall be used to report a status where the secondary/combined station is logically disconnected from the
data link, and is, by system definition, in NDM or ADM.

The DM response shall be sent by the secondary/combined station in NDM or ADM to request the primary/other combined
station to issue a mode setting command, or if sent in response tedbption 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 information
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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 9.

A secondary/combined station in NDM or ADM shall moniteceived commands to detect apesd opportunity in order

to (re)transmit the DM response (or the RIM, XID, Ul, TEST or RD responses, as appropriate); i.e., no commands (other
than the XID, Ul, and TEST commands) are accepted until theodisected mode is terminated by the receipt of a mode
setting command (SNRM, SARM, SABM, SNRME, SARME, SABME, SM, or SIM, as appropriate).

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 disennected mode (NDM or ADM). No information field shall be permitted with the RD response.

A secondary/combined station which has sent an RD responseeapiles a command frame(s) other, tzlan the DISC
command shall accept the command frame(s) if it is able to do so. If tlemdary/combined statioaccepts theon-DISC
command frame(s), it shall follow the normal procedures when responding to the primary/cdmbined station.
Secondary/combined stati@eceptance of a frame other than the DISC command after sendingcan jRinsestancels the

RD response. If the secondary/combined station still wishes todueglin the disennected mode(NDM or ADM), it shall
re-issue the RD response. If the secondary/combined station carceyit thenon-DISC framegydue 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 initializatipn. No information
field shall be permitted with the RIM response.

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

5.5.3.4.6 Unnumbered information (Ul) response

The Ul response shall be used to send information (for example, status, application data, operation, interruption, or temporal
data) to a primary/combined station without affecting«the V(S) or V(R) variables at either stagoepton |of the Ul

response is not sequence number verified by the data link procedures; therefore, the Ul frame may bq lost if a data link
exception occurs during transmission of the Ul response, or duplicated if an exception condition occurs during any reply to
the Ul response.

The Ul response may be sent during any mede of the data link station.

5.5.3.4.7 Exchange identification (XID)Tesponse

The XID response shall be used to“reply to an XID command, or to request an XID command/respopse exchange. An
information field containing the\secondary/combined station identification and/or characteristics may be pptionally present
with the XID response. A sécondary/combined station in any medeiving an XID command 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 |dentifier for the
remainder of that infarmation field. See figure 19 for the encoding of the format identifier field.

A secondary/Combined station may send an unsolicited XID response at any respond opportunity tp request an XID
exchange, inclduding as a response to @oeived command, not just an XID command.

A combined station in ABM may establish a FRMR exception condition if the information field of a received Xporres
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/combinedestaitiong a
TEST command, shall, if capable, send the TEST responsedardance with the defined mode, unless a Udoese is
pending or a FRMR condition exists.

An information field, if present in the TEST command, shall be returned with the corresponding TEST response. If the
secondary/combined station is busy and carawaept an information field, a TEST pnse without an information field

shall be returned. If the secondary/combined station is in an operational mode (NRM, ARM, ABM), a FRMR condition may
be established if the received TEST command has an information field which exceeds the maximum established frame
storage capability of the secondary/combined station. If a FRMR response is not returned for this condition, a TEST response
without an information field shall be returned.

5.5.3.4.9 Unnumbered information with header check (UIH) response
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The UIH response shall be used to send information where the integrity of the information being transferred is of lesser
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
exchange), a priori knowledge or as a system definition.

Reception of the UIH rgmnse 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

f 1 . 1 e s L . ’ : .l L fors ’ T m ’ e :
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5.6 Exception condition reporting and recovery

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

5.6.1 Blusy

The busy condition shall result when a data station is temporarily unable to receive, or unablé\te-Continue to receive, Ifframes
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 | frame that is expected. Traffic awaiting transmission may-be transmitted from the bugy data
station prior to, or following, the RNR frame. The continued existence of a Busy condition shall be reported by
ission of an RNR frame at each P/F frame exchange.

tation receiving an RNR frame when in the process of transmitting® (i.e., two-way simultaneous) shal| stop
transmitfing | frames 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 suspending transmission. A secondary/combined station in ARM/ABM, respectively, shall perform a
responsg/command time-out before resuming transmission.

Indicatign that a busy condition has cleared and that | frames will,nOw be acceptable shall be reported by the transmigsion of
an RR, REJ, SREJ, SNRM, SARM, SABM, SNRME, SARME, SABME, SM, or UA frame with or without the P/F bit sef to

"1". Clegrance of a busy condition at a primary station shall.atso'be indicated by the transmission of an | frame with thg P bit
set to "1I'. Clearance of a busy condition at a secondary/combined station shall also be indicated by the transmission of an |
frame with the F bit set to "1".

5.6.2 N(S) sequence error

An N(S)|sequence error exception condition shall occur in the receiver when an | frame received error free (no FC$ error)
containg an N(S) that is not equal to the receive state variable at the receiver. The receiver shall not acknowledge (i.e., not
incremeft its receive state variable) the-frame causing the sequence error or any | frames which may follow until an | frame
with the| correct N(S) is received. Unless the SREJ frame is to be used to recover from a given sequence erfor, the
informatfon field of all | frames received whose N(S) does not equal the receive state variable shall be discarded. (Seq 5.6.2.3
for SREJ recovery.)

A primaly, secondary or cambined station whigtceives one or more | frames having sequence errors, but which |are
otherwide error free, shall actept the control information contained in the N(R) field and the P/F bit to perform datp link
control |functions; fori/example, to receive acknowledgement of previously transmitted | frames, to cause a
seconddry/combined ‘station to respond (P bit set to "1"), and, in NRM, to detect that the secondary station is ternjinating
transmigsion (F bit'set to "1"). Therefore, the retransmitted | frame may contain an N(R) field and/or P/F bit informatioh that
are updated and.different from those contained in the originally transmitted | frame.

Following he ‘occurrence of a sequence error, the following means are available for initiating the retransmission of lost |
frames

rthosa with arrars

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

When a data station receives a frame with the P/F bit set to "1", it shall initiate retransmission of unacknowledged | frames
previously transmitted with sequence numbers that are less than the V(S), send state variable, value that was current at the
time of transmission of the last frame with the F/P bit, respectively, set to "1". Retransmission shall start with the oldest
numbered unacknowledged | frame. | frames shall be retransmitted sequentially. New | frames may be transmitted if they
become available. Such retransmission of | frames as a result of an exchange of P/F bits set to "1" is known as checkpoint
retransmission.

When using the multi-selective reject procedure, any | frames that were retransmitted subsequent to the transmission of the
last frame with the P/F bit, respectively, set to "1", shall not be retransmitted. For a combined station, if any frames are
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retransmitted, then a poll shall be sent, either by transmitting an RR command (or RNR command if the station is in the busy

condition) with the P bit set to "1" or by setting the P bit to "1" in the last retransmitted | 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" hasbeieed and actioned,

checkpoint retransmission shall be inhibited on the next P/F frame received, if it would cause retransmission of the

same particular | frame; i.e., same N(R) in same numbering cycle.

b) Inthe case of a combined station, if a REJ command with the P bit set to "0" or "1", or a REJ respo

nse 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 patrticular |

frame: ie__same N(R) in same numbering cycle
y y \aar S

c) Inthe case of a secondary/primary station, if the multi-selective reject procedure is not used andif
frames with the P/F bit set to "0" have been received and actioned, checkpoint retransmission shall
next frame received with the P/F bit set to "1" when this frame is a SREJ frame and contains the
oldest unresolved SREJ frame, if it would cause retransmission of the same particular Htame; i.e., g

numbering cycle.

d) Inthe case of a combined station, if the multi-selective reject procedure is not used and if a SREJ
P bit set to "0" or "1", or one or more SREJ responses with the F bits set to\"0", have dosived an
checkpoint retransmission shall be inhibited on the next frame received with{the F bit set to "1" wh
SREJ frame and contains the same N(R) as the oldest unresolved SREJframe, if it would cause rg

same particular | frame; i.e., same N(R) in same numbering cycle.

e) IfaP/Fbitsetto"1"is received in amnumbered format frame, checkpoint retransmission shall be in

If, after sending a frame with the P/F bit set to "1", a data station receives an acknowledgement to
receiving the corrggonding frame with the F/P bit set to "17;checkpoint retransmission on the frame
set to "1" shall be inhibited.

If a SREJ frame with the P/F bit set to "1" is received, the SREJ recovery retransmission shall
checkpoint retransmission.

9)

h)
inhibited.

In the case of a primary/secondary, Station, when the multi-selective reject procedure is

retransmission on receipt of an RR*frame with the P/F bit set to "1" shall be inhibited if any ne
transmitted subsequent to the lastframe with the P/F bit set to "1". In the case of a combined statio
selective reject procedure is used, checkpoint retransmission on receipt of an RR frame with the F

be inhibited if any new | frames’'were transmitted subsequent to the last frame with the P bit set to "1".

5.6.2.2 REJrecovery

The REJ command/response shall be used primarily to initiate an exception recovery (retransmissi
detection of a sequencéerror, earlier than is possible by checkpoint (P/F bit) recovery; for example, in two
information transfet~f"a REJ frame is immediately transmitted upon detection of a sequence error,
requirement to wait for a frame with the P/F bit set to "1".

With respectito.each direction of transmission on the data link, only one "sent REJ" excepitdition from a
station totanether given data station shall be established at a time. A "sent REJ" exception condition sha
the reguested | frame is received or when th@oase/command time-out function runs out. When the data s
by time=out that the requested | frame has not been received, because either the requested | frame or th
error or lost, the REJ frame may be repeated.

bne or more SREJ
be inhibited on the
same N(R) as the
ame N(R) in same

command with the
I actioned,

BN this frame is a
transmission of the

hibited.
that frame before

with the F/P bit

be used and not

In the case of a combined station, if any frame, with the P bit set to "1" is received, checkpoint retragsmission shall be

Ised, checkpoint
v | frames were

n, when the multi-
bit set to "1" shall

bn), following the
tway simultaneous
then there is no

piven data

Ml be cleared when
ation perceives

e REJ frame was in

A data station receiving a REJ frame shall initiate sequential transmission (or retransmission) of | frames

starting with the |

frame indicated by the N(R) contained in the REJ frame. New | frames may be transmitted subsequen
available.

If

tly if they become

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 | frame [as identified by the

N(R) in the REJ frame],

the retransmission resulting from the REJ frame shall be inhibited.

© ISO/IEC 2000 — All rights reserved

45


https://standardsiso.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

5.6.2.3 SREJrecovery

The SREJ command/response shall be used primarily to initiate more efficient error recovery by requesting the

retransmission of one or more (not necessarily contiguous) | frame(s) following the detection of sequence errors rather than
the retransmission of the earliest frame in need of retransmission plus all additional | 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 | frame following the detection of a sequence
error.

When an | frame sequence error is detected, and it is determined that SREJ recovery is to be employed, the SREJ frame shall
[ €
P/F bit set to "0", and these "sent SREJ" exception conditions are not cleared when the primary/secondary statlon is)feady 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 bt set to
"1" with the same N(R) as the oldest unresolved SREJ frame. When a combined station sends one or more SREJ conmands,
each with the P bit set to "0", or one or more SREpogseseach the F bit set to "0", or a SREJ command with-the P bit get

to "1", and these "sent SREJ" exception conditions are not cleared when the combined station is réady to issue the next
responsg frame with the F bit set to "1", the combined station shall send a SREJ response with the Fbit set to "1" With the
same N(R) as the oldest unresolved SREJ frame.

In a primary/secondary station, since an | or S format frame sent with the P/F bit set to "1has the potential of causing
checkpdint retransmission, a primary/secondary station shall not send SREJ frames ergiv@s\at least one in-sequence|l
frame onit perceives by time-out that the checkpoint retransmission will not be initiated by-the remote station. In a combined
station, pince an | or S format frame sent with the F bit set to "1" has the potential of causing checkpoint retransmigsion, a
combingd station shall not send SREJ frames until it receives at least one in-sequence | frame or it perceives by timejout that
the chedkpoint retransmission will not be initiated by the remote station.

With regpect to each direction of transmission on the data link, one or more_’sént SREJ" exceptlitivgs from a given
ion to another given data station may be established at a time.*A."sent SREJ" exception condition shall be| cleared
requested | frames have all been received.

When adata station perceives by time-out that the requested | frame.will not be received, because either the requestef | frame
or the SREJ frame was in error or lost, the SREJ frame may be repeated.

A data gtation receiving one or more SREJ frames shall, when appropriate, initiate retransmission of the individual | frames
indicatedl by the N(R) values contained in each SREJ frame. After having retransmitted these | frames, new | frames [may be
transmitfed subsequently if they become available.

When alprimary/secondary statioeceives and actiofs‘one or more SREJ frames, each with the F bit (primary station)|or P
bit (secgndary station) set to "0", it shall disable-actioning of the next SREJ fraoséved if that frame has the F bit
(primary]station) or P bit (secondary station) setto "1" and has the same N(R), (i.e., same value and same numbering cycle)
as the pfeviously actioned SREJ frame, andhif the resultant retransmission was made following the retransmission of the P bit
(primary| station) or the F bit (secondany station). When a combined statiogives and actions one or more SREJ
commarlds, each with the P bit set tg "Q", or a SREJ command with the P bit set to "1", or one or more PBiEsEsEaAch
with the |F bit set to "0", it shall disable actioning of the next SREJ response freceeved if that SREJ frame has the F bif
set to "1[ and has the same N(R)+(i"e., same value and same numbering cycle) as a previously actioned SREJ frame, and if the
resultang retransmission was made following the retransmission of the P bit set to "1".

When the SREJ mechanism is used, the receiving station shall retain correctly received | frames and deliver them to the
higher Idyer in sequenee-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 of
one or njore (not necessarily contiguous) | frame(s) following the detection of a sequence error.

When a primary/secondary or combined statiegeives an out-of-sequence | frame, the | frame shall be held for later
delivery. The | frame shall be delivered to the upper layer only when all | frames numbered below N(S) are correctly
received. If frame number N(S)-1 has not been received previously, then an SREJ frame with the P/F bit set to "0" shall be
transmitted, at the earliest possible time, that contains the sequence numbers of the list of consecutive missing | frames
ending at N(S)-1; the N(R) field in the control field shall be set to the first sequence 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 list shall be truncated by including only the earliest sequence numbers. The primary/secondary or
combined station on receiving an SREJ frame with the P/F bit set to 0 shall retransmit all requested | frames. After having
retransmitted these | frames, the primary/secondary or combined station may transmit new | frames, if they become available.

When 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 |
frames saved in the receive buffer, the primaryéselary station shall send a SREJ frame with the P/F bit set to "1" with
N(R) equal to the oldest unacknowledged | frame and the information field containing the sequence numbers of the rest of
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the missing | frames. When a combined station is ready to issue the next response frame with the F bit to "1" and if there are
out-of-sequence | frames saved in the receive buffer, the combined station shall send a $BRESEredth the F bit set to

"1" with N(R) equal to the oldest unacknowledged | frame and the information field containing the sequence numbers of the
rest of the missing | frames. If the list of sequence numbers is too large to fit in the information field of the SREJ frame, then
the list shall be truncated by including only the earliest sequence numbers. When a primary/secondanestities an

SREJ frame with the P/F bit set to "1", the primary/secondary station shall retransmit all requested | frames, except those that
were transmitted subsequent to 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 combined station shall retransmit all requested | frames, except those that were transmitted
subsequent to the last frame with the P bit set to "1". After having retransmitted these | frames, the primary/secondary or
combined station may transmit new | 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 teceives and discards) a
transmission consisting of a single | frame or the last | frame(s) in a sequence of | frames,\itywill not fetect an out-of-
sequence exception condition and therefore will not transmit a SREJ/REJ frame. The data-station which transmitted the
unacknowledged | frame(s) shall, following the completion of a system defined time-out‘period, take apgropriate recovery
action to determine the point at which retransmission shall begin.

A primary/combined station should inquire status with a supervisory frame. When
a) asecondary station has a respond opportunity, and
b) an optional time-out or equivalent function for unacknowledged | frames has run out, and
c) nonew | frames are available,

then the secondary station should transmit only the last | frame~and should wait until statasiied from the primary
station.

If the multi-selective reject procedure is used, then status/inquiry should be done using a supervigory frame. For a
primary/secondary station, | frame retransmissions shalltbe done only after a frame with the P/F bit set fo "1" or an SREJ
frame with the P/F bit set to "0" is received. For a eombined station, | frame retransmissions statédenly after a

response with the F bit set to "1" or an SREJ response with the F bit set to ‘&eived.

NOTES

1. If a data station retransmits one of the unacknowledged | frames (not the last | frame) after a time-out, the datg station should keep
record of the highest value of V(S) that.had been sent so as to be able to identify an N(R) received as agknowledging or not
acknowledging some or all of the | framles previously transmitted.

2. If adata station does retransmit allunacknowledged | frames after a time-out, it should be prepared to receive a foJlowing REJ or SREJ
frame with an N(R) greater than the send state variable at the data station which retransmits.

3. When, as a result of a time-aut, a secondary/combined station decides to retransmit a response frame, the retrangmitted response frame
should have the F bit set {0™0" unless an unanswered P bit set to “1" has been received since the earlier transmjssion of the response
frame.

4. Care should be“taken if a higher layer attempts to change an information field which is being retransmitted jas part of time-out
recovery, because the new information field is discarded if the receiving data station had correctly received an | frame with the same
N(S).

5. To aceount for possible retransmissions after time-out, a receiving data station should not set a SREJ exceptipn condition when it
receives an | frame with an N(S) one less than its receive state variable.

5613~ FCS or HCS error
Any frame received with a FCS or HCS error shall not be accepted by the receiver and shall bg discarded. At a

&l /L | &l tats ''H Lball ial il | itbat £ At H L | &l t 1 H
QC\JUII\JC\I)’I\.’UIIIUIIICU SLAUUTT, TTU ALUUTT oTTdIT VT TARTTT do U1 T ouit Uur tiat immarnic. At Aa plllllul beUIIIUIIICu k=, atlon, If the frame
with the FCS or HCS error was a response frame with the F bit set to "1", a resulting time-out function shall occur in the
primary/combined station prior to initiating recovery action.

5.6.4 Command/response frame rejection

A command/response rejection exception condition shall be established upoac#ipt rof an error-free frame which
contains an undefined or not implemented command/response in the control field, an invalid frame format, an invalid N(R) or
an information field which exceeds the maximum information field length which can be accommodated by the receiving data
station.

At a primary station, this exception condition shall be subject to recovery/resolution at a higher layer. In the case of an
invalid N(R), recovery shall include, at least, the issuance of a mode setting command.
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At a secondary station, this exception condition shall be reported by a FRMR response for appropriate primary station action.
Once a secondary station has established a FRMR exception condition, no additional | frames atzdpbed, except for
examination of the state of the P bit and the value of the N(R) field, until the condition is cleared by the primary station
issuing a mode setting command. The FRMR response shall be repeatedhatepond opportunity until recovery is
effected by the primary station.

At a combined station, this exception condition shall be dealt with in either of two ways:

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 command, as appropriate, as a part of this recovery action.

b) Thecambhined station may follow a course of action similar to that described for a secandary station and request that
tHe other combined station resolve the exception condition and effect the required recovery.

Ir] the case of exception conditions that are not related to the | frame transmission from the reporting data\statipn, the
rensmission of | frames may continue, with received | frames being examined only for the state of the|P and|F bits
hd the value of the N(R) field until the exception condition is cleared by the other combined stationZssuing ajmode
ptting command or a RSET command, as appropriate. If recovery is not effected by the other~Combined Ftation
thin a specified time-out interval, the reporting combined station may repeat the FRMR frame, or it may chogse to
Esume control of the recovery function as described in a). If the other combined station that receives the FRMR
rame is unable to effect an appropriate recovery action, it shall reply with a FRMR frame-of its own, rejecting the
rgceived FRMR frame. The combined station that sent the original FRMR frame shallthen initiate an appragpriate
rg¢covery function as described in a).

O S 0o

=

5.6.5 (ontention situations

Contentfon may occur in ARM (ABM) during a mode setting action in either TWAer TWS communications, or following an
extendefl period of inactivity (idle data link channel state) in a TWA configuration. In the TWA case, the primary/one
combingd 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
combingd station are contending with regard to initiating a mode setting-function.

In all of fhe above cases, the contention situation shall be resolveéd through the use of different value time-out functjons in
each dafa station. The time-out function employed bysdary/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 ¢f the
primary/specified combined station.

6 HDLC classes of procedures

Five bagic classes of procedures are defined ifHDLC: two unbalanced classes of procedures, a balanced class of prpcedures,
and two [connectionless classes of procedutes: (See 6.6.)

6.1 Types of data station
The typgs of data station that are(defined in this International Standard utilize the building blocks illustrated in figure 19.
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Data Source and
flow sink*
Command Response Command and
Control
control control response contro

Secondanyfributary  Cofmbined Peer
station station station station

Primary Control
station  station

*  For send-only | frame stations or receive-only | frame stations, remove soufce or sink capability, as apgropriate.

Figure 19— HDLC stations — Building-blocks

Two types of data station are defined for the unbalanced classes.ef\procedures (see figure 19):

a) primary station, which sends commands, receivegoreses and is ultimately responsible for data lifk layer error
recovery;
b) secondary stations, whichaeive commands, sendpesises and may initiate data link layer error recovgry.

One type of data station is defined for the balanced-class of procedures (see figure 19), i.e., combined §
both commands and responsesiaive both commanrds and pesises, and are responsible for data link layer e

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

control station in unbalanced copnectionless class of procedure, which sends comeatanss reggonse:
not support any form of dataink layer connection establishment/termination, flow control, ackn

a)

tations, which send
ror recovery.

5, but does
bwledgement, or

error recovery;

b) tributary stations in unbalanced connectionless class of procedure, vetieives commands, sendspIBses, but
does not support any form of data link layer connection establishment/termination, flow control, ackmowledgement, or

error recovery;

peer stationg-in-balanced connectionless class of procedures, which send both commands and regpivesbst
commands \and responses, but are not responsible for any form of data link Igyer connection
establishment/termination, flow control, acknowledgement, or error recovery.

)

g

NOTE - The above terms are introduced in order to avoid having to use compound terms such as "connectionless sefcondary 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

bl " " - H £ HHY P L DX | Y . L HR R T 4
CUNMMCLLICU TUYTUITT UVET VAliuus typto Ul tralisimiossSiviT TatlliuTs U Dulia JUITTeEtO=PguUITIe UT THTUTUJUITTL,  Tial=u Uplex or dUp'ex,

switched or non-switched configurations.

For the balanced class of procedures, two combined stations shall be connected together over various types of transmission
facilities 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) shall be
connected together 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 connectionless class of procedures, two peer stations shall be connected together over various types of
transmission facilities to build point-to-point, half-duplex or duplex, switched or non-switched configurations.
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6.3 Operational modes

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

In the unbalanced connectionless class, any coupling of a control station with tributary station(s) shall be operated in the
unbalanced connectionless mode (UCM), two-way alternate or two-way simultane@egoirdance with the capability of
the configuration being employed.

M), two-

In all classes (unbalanced, balanced, and connectionless), commands shall always be sent containingZa destination data
station gddress, and responses shall always be sent containing the assigned transmitting data station address.

The "allfstation" address or a "group" address may be used to transmit a command frame simultaneously to all the s¢condary
stations [on a multipoint configuration or to the defined group of secondary stations. The addressing convention is spegified in

4.7. The|mechanism to avoid overlapping responses to multiple station addressing is system:d€pendent and is not spgcified in
this Intefnational Standard.

6.5 Seénd and receive state variables

For each primary-to-sendary or combined-to-combined pairing, a separate pair<f sendearive state variables shall be
used forleach direction of transmission of information (I) frames. Upon receipt and acceptance of a mode setting command,

both thg send and receive state variables of the receiving station shall bé,set to zero. Upon receipt and acceptarjce of an
acknowlpdgement response to a mode setting command, both the sereteivd state variables of the originating station
shall be [set to zero.

For each control-to-tributary or peer-to-peer pairing, there are ng;send and receive state variables used for each dirgction of
transmigsion of data.

6.6 Fundamental classes of procedures

6.6.1 DOesignations

Five funflamental classes of procedures are defined- They are designated:
UNC - Unbalanced operation Normal response mode Class;
UAC - Unbalanced operation Asynehronous response mode Class;
BAC - Balanced operation Asynchfonous balanced mode Class;
UCC - Unbalanced operation~€onnectionless mode Class; and
BCC - Balanced operatien Connectionless mode Class.

In these|designations

—

e first lettef,"U or B, indicates unbalanced or balanced operation;

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

—

Hedhird letter, C, stands for class.

6.6.2 Basic repertoires

The following basic repertoires utilize single octet addressing, unextended control field format, a 16-bit FCS, and
synchronous transmission.
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6.6.2.1 UNC

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

Commands
|

RR

RNR
SNRM
DISC

6.6.2.2 UAC

Responses
|
RR
RNR
UA
DM
FRMR

ISO/IEC 13239:2000(E)

Commands
|

RR

RNR

SARM
DISC

6.6.2.3 BAC

Commands
|

RR

RNR

SABM
DISC

6.6.2.4 UCC

Commands
Ul

6.6.2.5 BCC

Commands
Ul

13).

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

Responses
|
RR
RNR
UA
DM
FRMR

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

Responses
|
RR
RNR
UA
DM
FRMR

The basic repertoire of commands and responsésdor UCC shall be as follows:

Responses
ul

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

Responses

6.7 Optional functions

Table 13 lists theZoptional functions that are available to modify the fundamental classes of procedures ddfined in 6.6. These
optional funetions 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 trapsmission (see table

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.

6.9 Conformance to the HDLC classes of procedures

A data station shall be described as conforming to a given class of procedures, with optional functions, if it implements all
commands and responses in the basic repertoire for the class of procedures as modified by the selected optional functions,

i.e.,

a) aprimary station shall have the ability to receive all of th@oeses in the basic repertoire for the unbalanced class of
procedures as maodified by the selected optional functions;

b) a secondary station shall have the ability ¢geive all of the commands in the basic repertoire foruhbalanced
class of procedures as modified by the selected optional functions;

© ISO/IEC 2000 — All rights reserved

51


https://standardsiso.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

c) acombined station shall have the ability to receive all of the commands guuhees in the basic repertoire for the
balanced class of procedures as modified by the selected optional functions.

d) a control station shall have the ability to receive all of thepogses in the basic repertoire for the unbalanced
connectionless class of procedures as modified by the selected optional functions;

e) a tributary station shall have the ability to receive all of the commands in the basic repertoire tob#lanced
connectionless class of procedures as modified by the selected optional functions;

f) a peer station shall have the ability to receive all of the commands apdness in the basic repertoire for the
balanced connectionless class of procedures as modified by the selected optional functions.

The clagses of procedures and the optional functions shall be indicated by specifying the designation of the clags.\(s¢e 6.6.1)
plus the[number(s) of the accompanying optional functions (see 6.7).

Example 1 Class UNC1,2,6,9 indicates the unbalanced operation normal response mode class of pfoecedures \ith the
optipnal functions for identification (XID), REJ recovery (REJ), unnumbered polling (UP), and one way’ data flow from
the secondary station(s) to the primary station.

Exgmple 2 Class UAC1,5,10.1,13 indicates the unbalanced operation asynchronous response mode class of prqcedures
with the optional functions for identification (XID), initialization (SIM, RIM), extended sequefice numbering (modulo
128)), and request disconnect (RD).

Example 3 Class BAC2,8 indicates the balanced operation asynchronous balancéd mode class of procedures yith the
optipnal functions for REJ recovery (REJ) and the ability to send | frames as comimands only.

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

Example 5 Class BCC1,14 indicates the balanced connectionless gperation connectionless-mode class of progedures
with the optional functions for identification (XID) and 32-bit FCS.
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Option Functional description Required change UNC | UAC | BAC| UCC| BcCC
1 Provides the ability to exchange identification and/prAdd command: XID X X X X X
characteristics of data stations Add response: XID
2 Provides the ability for more timely reporting of | Add command: REJ X X X
frame sequence errors Add response: REJ
3.1 Provides the ability for more efficient recovery from} IAdd command: SREJ X X X
frame sequence errors by requesting retransmissignAdd response: SREJ
a single frame
3.2 Provides the ability for more efficient recovery from IAdd command: SREJ X X X
frame sequence errors by requesting retransmissignAdd response: SREJ
Ul urimurc ;I IL‘I;ViUIua: : fl arrics vvit: ra D;I IH:C IU\.{uCﬁ Suppult Illu:t; OC:C\,GVC
consisting of individual I-frame indicators only reject procedure using
individual I-frame
indicators only
3.3 Provides the ability for more efficient recovery from IAdd command: SREJ X X X
frame sequence errors by requesting retransmissignAdd response: SREJ
one or more individual | frames with a single reque$t Support multi-selective
consisting of individual I-frame indicators and span reject procedure using
list indicators, as appropriate individual 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 | frame sequence
numbers
5 Provides the ability to initialize a remote data statignAdd command: SINI 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 addrespingX X X X X
format instead of basic
addressing format
8 Limits the procedures to allow | frames to be Delete response: | X X X
commands only
9 Limits the procedures to allow | frames to be Delete command: | X X X
responses only
10.1 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
10.2 Provides the ability to.use extended sequence Use extended control field| X X X
numbering (modulo32 768) format instead of basic
control field format; use
the SM command instead
of the SXXM command
10.3 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 field format; use
the SM command instead
of the SXXM command
11 Provides the ability to reset the state variables Add command: RSET X
associated with only one direction of information
flow
12 Provides the ability to perform a basic data link tes Add command: TEST X X X X X
Add response: TEST
13 Provides the ability to request logical disconnection Add response: RD X
14.1 Provides for 32-bit frame checking sequence (FCS) Use the 32-bit FCS insteati X X X X
of the 16-bit FCS
14.2 Provides for 8-bit frame checking sequence (FCS) Use the 8-bit FCS insfeadX X X X X
of the 16-bit FCS
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Table 13— Optio

nal functions (Cont'd)

the control field

Option Functional description Required change UNC | UAC | BAC| ucC BCC
15.1 Provides for start/stop transmission with basic Use start/stop X X X X X
transparency transmission with basic
transparency instead of
synchronous transmissioh
15.2 Provides for start/stop transmission with basic Use start/stop X X X X X
transparency and flow-control transparency transmission with basic
transparency and flow-
control transparency
instead of synchronous
transmission
15.3 Provides for start/stop transmission with basic Use start/stop X X X X X
transparency and control-character octet transpargntyansmission with basic
transparency and control
character octet
transparency instead of
synchronous transmissioh
16 Provides for operation in a start/stop transmission | Use the seven-bit data X X X
environment that only permits transfer of seven datapath transparency
bits per character function, in 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) ta'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 responsesgand the DISC
DISC command frame command'with an
optionalinformation 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 (operationahor non
operational) without impacting the\frame sequence
numbers
21 Provides the ability to have.more than one addresg Use more than one X X X X X
field in a consecutive manner following the openind address field after the
flag opening flag and before
the control field.
22 Provides the frame format field immediately Include the frame format X X X X X
following the opening flag sequence and before any field after the opening
address fields frame sequence
23 Use of Segmentation The segmentation X X X X X
subfield is present in the
frame format field
24 Inhibits bit or octet insertion as a transparency Do not perform bit or X X X X X
IIICb:IClII;DIII Utht ;IIDCIt;UII
25 Start/stop mode intra-frame timeout Set the timer upon regeiptX X X X X
of a stop bit and disable
upon receipt of a start bit
or upon the timer running
out
26 Provides a check sequence over the header A HCS is inserted ajter X X X X X
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6.11 Unbalanced operation (point-to-point and multipoint)

6.11.1 General

The following requirements apply to the procedure for unbalanced operation of synchronous or start/stop data transmission
over point-to-point or multipoint data links with two-way alternate or two-way simultaneous data transfer. The procedure
uses the HDLC frame structure defined in clause 4 and the HDLC elements of procedures described in clause 5. It uses the
basic command/response repertoire designated UNC or UAC (see 6.6.2.1 or 6.6.2.2, respectively). Although only the basic
commands and responses are described, there are several optional functions available for enhanced operation. These ar
listed in 6.7 and shown in table 13.

NOTE — 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)

The unbalanced operation data link configuration shall consist of one primary station and-one or more secondary stations
interconnected 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 $witched or non-
switched data circuits.

NOTE — In the case of a switched data circuit, the procedures described assumegthatthe switched data circuit has beg¢n established.

The data link layer shall not initiate data transmission until an indication-of circuit availability is provided|by the physical
layer. (In some systems providing two-way alternate data exchafnge on physical layer data circuits |using half-duplex
transmission, this indication 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

Unbalanced control procedures shall operate on a.data link with one primary station and one or more secpndary station(s) in
either normal or asynchronous response mode;.@nly one secondary station at a time shall be put in asynchronous response
mode. The primary station shall be ultimately résponsible for overall data link error recovery.

Each data station shall check for the correctreceipt of the | frames it has sent to the remote data station by checking the N(R)
of each received | frame and supervisory frame.

6.11.3.2 Data station characteristics
The primary station shall be r&sponsible for:

a) setting up the data link and disconnecting the data link;
b) sending infopmation transfer, supervisory and unnumbered commands; and
c) checkingteceived rpsnses.
Each secondary station shall be responsible for:
a) ehecking received commands; and

h) . sending information transfer, supervisory and unnumbered responses as requiredbgitteel command

n

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

The primary station shall initialize the data link with a secondary station by sending a SNRM (or SARM) command and shall
start a response time-out function (or equivalent). The addressed secondary statioreaging the SNRM (or SARM)
command correctly, shall send the UA response at its first opportunity and shall set its sereteind state variables to
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zero. If the UA response i®ceived correctly, the data link set up to the addresseshslecy station is complete, and the
primary station shall set its send and receive state variables relative to tloadaeg station to zero and shall stop the
response time-out function (or equivalent). If, upaceipt of the SNRM (or SARM) command, the sadary station
determines that it cannot enter the indicated mode, it shall send the DM response. If the DM respecsieds ccorrectly,
the primary station shall stop the response time-out function (or equivalent).

If the SNRM (or SARM) command, UA response or DM response is aotived correctly, it shall be ignored. The result
will be that the primary station's response time-out function (or equivalent) will run out, and the primary station may resend
the SNRM (or SARM) command and restart the response time-out function (or equivalent) (see 6.11.4.3).

This action may continue until a UA response has beaeived correctly or until recovery action takes place at a higher
layer.

6.11.4.112 Disconnecting the data link

The prinpary station shall disconnect the data link(s) with secondary station(s) by sending a DISC command and’shal start a
responsg time-out function (or equivalent). The addressed secondary station(sgegiving the DISC commangcorrectly,
shall seipd a UA response at its first opportunity and shall enter the normal disconnect mode (NDM), or-the asynchronous
disconng¢cted mode (ADM), as predefined for that secondary station. If, woeipt of the DISC command, the addressdgd
seconddry station is already in the disconnected mode, it shall send the DM response. The primary stati@ceiydon a
UA or DM response to a sent DISC command, shall stop the response time-out function (or equivalent).

When it|is a multipoint configuration, the UA response from secondary stations shall not interfere with one anothef. The
mechan|sm used to avoid overlapping responses to the disconnect (DISC) command usifig)a group address or the gll-station
address|is system-defined.

If the DISC command, UA response or DM response is Boeived correctly, it shall betignored by the receiving statiop.
This willfresult in the expiry of the primary station's response time-out function (0r equivalent), and the primary station may
resend the DISC command and restart the response time-out function (or equivalent) (see 6.11.4.3).

This action may continue until either the UA response or a DM response-hasdmsived correctly or until recovery action
takes plgqce at a higher layer.

6.11.4.113 Procedure in a disconnected mode

A seconflary station in NDM (or ADM) shall monitor commands; shedlat, at the earliest nesnd opportunity, to a SNRM
(or SARM) command as outlined in 6.11.4.1.1, and shall respond with a DM responsedeized DISC command. The
seconddry station shall respond to other commaedsived with the P bit set to "1" with a dimenected mode (DM)
responsg with the F bit set to "1". Other commanreteived with the P bit set to "0" shall be ignored. The DMpmsse shall
be used|to report the secondary station status asynchronously in ADM.

6.11.4.2| Exchange of information (I) frames

6.11.4.211 Sending | frames

The confrol field format shall be as defined in 5.5.1 for an | frame with N(S) set to the value of the send state variablg¢ V(S)
and with N(R) set to the value of the réceive 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 | frames shall be a system-defined parameter.

If the daja station is ready.t6-Send an | frame numbered N(S), where N(S) is equal to the last received acknowledgemeent plus
the modplo - 1, the data-station shall not send the | frame but shall follow the procedures described in 6.11.4.3.

6.11.4.2|2 Receiving'l frames
After a data station'receives correctly an in-sequence | frame [i.e., N(S) equals the value of the receive state variable V(R)]
that it cqn aCcept, it shall increment its receive state variable V(R), and, at itsoppgttunity to send, take one of the
following actions:

a) 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 | frame(s) by setting N(R) in the control field of the next transmitted | frame
to the value of V(R).

b) If information is not available for transmission but the data station is ready to receive | frames, the data station shall
send an RR frame and acknowledge the received | frame(s) by setting N(R) to the value of V(R).

c) If the data station is not ready to receive further | frames, the data station may send an RNR frame and acknowledge
the received | frame(s) by setting the N(R) to the value of V(R).

If the data station is unable to accept the correctly received | frame(s), V(R) shall not be incremented. The data station may
send an RNR frame with the N(R) set to the value of V(R).

6.11.4.2.3 Reception of incorrect frames
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If a frame is received with an incorrect FCS, it shall be discarded.

If an | frame is received with a correct FCS but with an incorrect N(S), the receiving data station shall ignore the N(S) field
and discard the information field in that frame. This shall continue until the expected | frame is received correctly. The data

station shall, however, use the P/F and N(R) indications in the discarded | frames. The data station shall
the expected | frame, when received correctly, as described in 6.11.4.2.2.

then acknowledge

NOTE — Ignoring the N(S) field and discarding the information field of an | frame applies to the basic repertoire. When using any variant

of optional function 3 for individual frame retransmission, the N(S) field is not ignored and the information field is retaine

d.

The P/F recovery (checkpointing) shall cause retransmission of the | frames received incorrectly, as described in 5.4.3.2.

611424 Data station rnm:i\/ing nrknnwlndgnmnnfq

A data station receiving an I, RR or RNR frame with a valid N(R) shall treat as acknowledged all previously|
frames up to and including the | frame transmitted with N(S) equal-ta.

6.11.4.3 Time-out considerations

In order to detect a no-reply or lost-reply condition, each primary station shall providegangss time-out fx

equivalent). Also, in ARM, each sendary station shall provide a command time-out function’/(or equivalen
the expiry of the time-out function (or equivalent) shall be used to initiate appropriate“error recovery proce
secondary station shall depend on the primary station to initiate time-out recovery.

The duration of time-out functions (or equivalent) shall be system-dependent. To resolve possible contsg
ARM, the duration of the secondary station's time-out function shall be different from that of the primary stg

6.11.4.4 P/F bit usage
P/F bit usage in the unbalanced classes of procedures, UNC and WAC; shall be as described in 5.4.3.

6.11.4.5 Two-way alternate considerations
In the case of normal respond opportunity, two-way alternate, data link operation

a) transmission from the primary station shall not he allowed until either:
1) receipt of a frame with the F bit set to 4" or
2) expiry of a no-response time-out function; and
b) transmission from the secondary station shall not be allowed exgipt of a frame with the P bit setto "
NOTE 1 — In multipoint configurations“efinormal respond opportunity, two-way alternate, data link operation ove|

facilities, the primary station may transmit.frames with the P bit set to "0" to non-polled secondary stations in the above

transmitted |

nction (or
ath case,
dures. In NRM, a

ntion situations in
tion.

L.

I duplex physical
mentioned period.

In the case of normal respond\epportunity, two-way alternate, data link operation, a data station shetdgpbtfurther

frames after a frame with the B/F bit set to "1" was accepted and before it sends a frame with the F/P bit,
"1

In the case of asynehronous respond opportunity, two-way alternate, data link operation, transmission
shall not be allowed until either

a)
b)

NOTE_ 24 In the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control th
transmission. The direction of transmission is controlled by the data link layer, and may be signalled by the physical lays

detection)of an idle data link channel state after receipt of a frame or a flag; or

therend of an extended period of inactivity (idle data link channel state).

If, no frames are transmitted from either data station while in ARM and information is waiting for transmissid

respectively, set to

rom a data station

e direction of data
br.

n, it is advisable

thattha data ctation trancmite At fivrct o oA oo f n-ordarto-aveidldanatimmaracavansactio

/hich would occur

oL P
tHTtC tH ettt Stat ot ot toTHIto ot ot ot oo P eTv ooy ooy - Ot toTy oo orgtr e Tecovery aCaor v

in the case of | 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 eachunbalanced class of procedures, two-way simultaneous communication protocols may be used independent of
physical data circuit capability (i.e., half-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. In addition, in the case of normal respond opportunity, data transmission from the secondary
station shall not be allowed until receipt of a frame with the P bit set to "1".
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6.12 Balanced operation (point-to-point)

6.12.1 General

The following requirements apply to the procedure for balanced operation of synchronous or start/stop data transmission over
point-to-point data links with two-way alternate or two-way simultaneous data transfer. The procedure uses the HDLC frame
structure defined in clause 4 and the HDLC elements of procedures described in clause 5. It uses the basic
command/response repertoire designated BAC (see 6.6.2.3). Although only the basic commands and responses are described,
there are several optional functions available for enhanced operation. These are listed in 6.7 and shown in table 13.

NOTE — 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)

The bal@inced operation data link configuration shall consist of two combined stations interconnected by physical layer
transmigsion facilities.

6.12.2.2| Physical layer transmission facilities

The physical layer transmission facilities may provide either half-duplex or duplex transmission over switched orl non-
switched data circuits.

NOTE—I|In the case of a switched data circuit, the procedures described assume that the switched data\circuit has been established.

The datq link layer shall not initiate data transmission until an indication of circuit availablility is provided by the phygical
layer. (Ip some systems providing two-way alternate data exchange on physicak layer data circuits using half-duplex
transmigsion, this indication of physical layer circuit availability is indicated by an jdle.data link channel state.)

6.12.3 Pescription of the procedures

6.12.3.1] General

Balancef control procedures shall operate on a data link where thezdata station at each end of the data link is a cpmbined
station. [The procedures shall use the asynchronous balanced mode. Each combined station shall be equally respopsible for
data lin layer error recovery.

Each cgmbined station shall check for the correct receipt'of the | frames it has sent to the remote combined station by
checking the N(R) of each received | frame or supervisopy,frame.

6.12.3.2 Combined station characteristics

Each station shall be a combined station, i.e., it shall be able to set up the data link, disconnect the data link, and bgth send
and recgive commands and pesses.

6.12.4 Petailed definition of the procedures

The profedures for a point-to-point 'data link using a permanently connected or an established switched connection are
defined [n 6.12.4.1t0 6.12.4.6.

The profocol for establishing-and disconnecting a switched data circuit is not within the scope of this International Stgndard.
Howevef, the ability to exchange identification and/or characteristics after the switched connection is established is ayailable
as an ogtional function:

6.12.4.1] Setting-upand disconnecting the data link

6.12.4.141 _‘Setting up the data link
Either cambined 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, epeiving the SABM command correctly, shall

send a UA response and reset both its send acélive state variables to zero. If the UApesse is eceived 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, egeiptr 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 thearse time-out function (or equivalent).

If an SABM command, UA response or DM response is maeived 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
and that combined station may resend the SABM command and restart the response time-out function (or equivalent) (see
6.12.4.3).
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This action may continue until a UA response has bemeived 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 com
response time-out function (or equivalent). The other combined station, in an operational modegagiang

mand and start a
the DISC

command correctly, shall send a UA response and enter the asynchronous disconnected mode (ADM).dEeaipoof the
DISC command, the other combined station is already in the disconnected mode, it shall send the DM response. The
initiating combined station, on receiving a UA or DM pemse to a sent DISC command, shall stop its response time-out

function (or equivalent).

A ii\l"‘l c I_l UlIcu. vV
response time-out function (or equivalent) will run out in the combined station which originally sent-the
unless a separate mode setting command is received, in which casepbesesime-out function (or equival

stopped. This combined station may resend the DISC command and restart its response time-out function

This action may continue until a UA or DM response has bemeived correctly, a DISC command has f
correctly, or until recovery action takes place at a higher layer.

6.12.4.1.3 Procedure in a disconnected mode

A combined station in ADM shall monitor received commands, shall react to a SABM command as outlir
and shall respond with a DM response taeagived DISC command. It shall pend to, other commandsceived
bit set to "1" with a disconnected mode (DM) response with the F bit set to,"1*) Other comneaaileed with th
to "0" shall be ignored. The DM response shall be used to report the combined station status asynchronou

6.12.4.1.4 Simultaneous attempts to set mode (contention)

When a combined station issues a mode setting command ands,before receiving an appropaage reseivs
setting command from the remote combined station, a contention situation has developed. Contention
resolved in the following manner.

Il be that the
DISC command
ent) may be

(or equivalent).

een received

edin 6.12.4.1.1,
with the P
e P bit set
5ly in ADM.

s a mode
situations shall be

When the sent and received mode setting commands afé,the same, each combined station shall senpofasdé¢fatabe

earliest respond opportunity. Each combined station 'shall either enter the indicated mode immediately o
indicated mode until receiving a UA ngsnse. In the latter case, if the UA response is roeived, the combined
enter the mode when the response time-out fungtion (or equivalent) expires, or the combined station mg
setting command.

defer entering the
station may
y reissue the mode

When the mode setting commands are, different, each combined station shall enter ADM and issue @dpigeras the

earliest respond opportunity. In the case,of a DISC command contention with a different mode setting co
action is required. In the case of contention between a SABM and a SABME or SM command, the combin|
the SABME or SM command shall have priority over the combined station sending the SABM commang
data link establishment.

6.12.4.2 Exchange of information (I) frames

6.12.4.2.1 Sendingkframes

The control fielddermat shall be as defined in 5.5.1 for an | frame, with N(S) set to the value of the send 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
to zero. Thédymaximum length of the information field in | frames shall be a system-defined parameter.

If the cémbined station is ready to send an | frame numbered N(S), where N(S) is equal to the last receiveq
plus the'modulo - 1, the combined station shall not send the | frame but shall follow the procedures descrily

The'decision whether to send an | frame as a command or as a response, i.e., to use the remote or the loc|

mmand, no further
ed station sending
in re-attempting

ate variable V(S)
V(R) shall be set

acknowledgement
edin 6.12.4.3.

Al 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 tran

sMifiosa res

with the F bit set to "1".

6.12.4.2.2 Receiving | frames

After a combined station receives correctly an in-sequence | 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 dgpogiinity to

send, take one of the following actions:

e, it shall act as
field of the next

a) if information is available for transmission and the remote combined station is ready to receiv
described in 6.12.4.2.1 and acknowledge the received | frame(s) by setting N(R) in the control
transmitted | frame to the value of V(R);
b) if information is not available for transmission, but the combined station is ready to receive | frames, the combined

station shall send an RR frame and acknowledge the received | frame(s) by setting N(R) to the value of V(R); or
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c) if the combined station is not ready to receive further | frames, the combined station may send an RNR frame and
acknowledge the received | frame(s) by setting the N(R) to the value of V(R).

If the combined station is unable to accept the correctly received | frame(s), V(R) shall not be incremented. The combined
station may send an RNR frame with the N(R) set to the value of V(R).

The | 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 set to "1" transmission, respectively, is required. If the transmission of a P bit or F bit set to "1" is not required, the
acknowledgement frames may be either commands or responses.

6.12.4.2.3 Reception of incorrect frames
If a frame._is received with an incorrect FCS, it shall be discarded.

If an | frame is received with a correct FCS but with an incorrect N(S), the receiving combined station shall ignore.thg N(S)
field and discard the information field in that frame. This shall continue until the expected | frame is received correctly. The
combingd station shall, however, use the P/F and N(R) indications in the discarded | frames. The combined station shall then
acknowlpdge the expected | frame, when received correctly, as described in 6.12.4.2.2.

NOTE —]lgnoring the N(S) field and discarding the information field of an | frame applies to the basic repertoire./When using any Variant
of optiongl function 3 for individual frame retransmission, the N(S) field is not ignored and the information field isretained.

The P/F[recovery (checkpointing) shall cause the retransmission of the | frames received incorregtly, as described in 5]4.3.2.

6.12.4.2l4 Combined station receiving acknowledgements

A combined station receiving an I, RR, or RNR frame with a valid N(R) shall treat as-acknowledged all previously
transmitfed | frames up to and including the | frame transmitted with N(S) equal 1o

6.12.4.3] Time-out considerations

In order|to detect a no-reply or lost-reply condition, each combined station‘shall providpamsestime-out function (or
equivalgnt). The expiry of the time-out function (or equivalent) shall\be used to initiate appropriate error recpvery
procedufes.

The durption of time-out functions (or equivalent) shall be system-dependent. The duration of the time-out functipn (or
equivalgnt) in the two combined stations shall be unequal in_erder to resolve contention situations, especially in two-way
alternatg operation.

The timg-out function (or equivalent) shall be started whenever the combined station has transmitted a frame for which a
reply is fequired. When the expected reply is received, the time-out function (or equivalent) shalppedstlf, during the
interval {hat the time-out function (or equivalent) isfunning, other frames are sent for which acknowledgements are refuired,
the timetout function (or equivalent) may have to be restarted.

If the regponse time-out function (or equivalent) runs out, a command with the P bit set to "1" may be (re)transmitted, and the
responsg 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) detection ef\an idle data 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).

NOTE —] In“the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control the direction qf data
transmiss - ML - o - - .

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 | 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 a balanced class of procedures, two-way simultaneous communication protocols 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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6.13 Unbalanced connectionless operation (point-to-point and multipoint)

6.13.1 General

The following requirements apply to the procedure for unbalanced connectionless operation of synchronous or start/stop data
transmission over point-to-point or multipoint data links with two-way alternate or two-way simultaneous data transfer. The
procedure uses the HDLC frame structure defined in clause 4 and the HDLC elements of procedures described in clause 5. It
uses the basic command/response repertoire designated UCC (see 6.6.2.4). Although only the basic command and response
are described, there are several optional functions available for enhanced operation. These are listed in 6.7 and shown in table
13.

6.13.2 Description of the data link

6.13.2.1 Configuration

The unbalanced connectionless operation data link configuration shall consist of one control¢station plus one or more
tributary stations interconnected by physical layer transmission facilities.

6.13.2.2 Physical layer transmission facilities
The physical layer transmission facilities may provide either half-duplex or duplex-transmission over $witched or non-
switched data circuits.
NOTE— In the case of a switched data circuit, the procedures described assume that the~switched data circuit has begn established.

The data link layer shall not initiate data transmission until an indication of-Circuit availability is provided|by the physical
layer. (In some 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 statg.)

6.13.3 Description of the procedures

6.13.3.1 General

Unbalanced connectionless control procedures shall opefate on a data link with one control station and ofe or more tributary
station(s). The procedures shall use the connectionless-mode of operation. The control station shall |be responsible for
sending unnumbered command frames amdeiving-unnumbered response frames. The tributary statipn(s) shall be
responsible for eceiving unnumbered commandframes and sending unnumbered response frames.|Neither shall be
responsible for connection establishment/termination, flow control, acknowledgements, or error recovery.

Both the control station and the tributary, station(s) shall check incoming frames for correct frame check sefjuence and correct
frame 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) sending unnumbered command frames;

b) receivingunnumbered response frames; and

¢) determining,when each tributary station shall send.
The tributary station shall be responsible for:

a) receivingunnumbered command frames; and

h) <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 to 6.13.4.6. 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.

6.13.4.1 Setting up and disconnecting the data link

[There are no data link set-up procedures or data link disconnect procedures in the unbalanced connectionless class of
procedures.]
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6.13.4.2 Exchange of unnumbered information (Ul) frames

6.13.4.2.1 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 Ul
frames shall be a system-defined parameter.

Whenever the control station is ready to send a Ul command frame, it shall send it immediately since there is no flow control
in connectionless class service. The tributary station(s) shall only send Ul response frames when given permission to do so.

6.13.4.2.2 Receiving Ul frames

When a control or tributary station receives correctly a Ul frame that it can accept, the information field contents are passed
up to thegtghertayer—Hfthe comtrotor i utary COMTECHoNESS Station 15 unabte toaccept the correctty Teceived Utframe, the
informatfon field contents are discarded.

If a tribuary station correctly receives a Ul command frame with the P bit set to "1", the tributary station shall send whatever
Ul respgnse frames it has to send and then will send a Ul response frame with the F bit set to "1". The Uk reSpons¢ frame
with the|F bit set to "1" shall contain a zero length information field (in order to minimize its exposure 10" transmigsion
errors).

6.13.4.2l3 Reception of incorrect frames

If a frame is received with an incorrect FCS, it shall be discarded. If a frame is received withtincorrect format, it shall be
discarddd.

6.13.4.2l4 Unbalanced connectionless station receiving acknowledgements

Unbalanced connectionless stations do not operate with acknowledgements per’se."A tributary station reacts to the receipt of
a Ul command 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
process/| A control station reacts to the receipt of a Uboese frame with the F\bit set to "1" as a result of a previously sgnt

Ul comnpand frame with the P bit set to "1" as an indication that the secondary is through sending Ul frames.

6.13.4.3] Time-out considerations

In order|to detect a no-reply or lost-reply condition relative to P/F bit exchange (i.e., polling), each control station|shall
provide f response time-out function (or equivalent). The expify-0f the time-out function (or equivalent) shall be available for
use to ifitiate transmission of another P hit set to "1" Ul command frame, to the same or a different tributary station.

The durgtion of the time-out function (or equivalent) shall-be system-dependent.

The timg-out function (or equivalent) shall be started;whenever the control station has transmitted a Ul command framhe with
the P bif set to "1". When a Ul response framée with the F bit set to "18¢gived from the tributary station, the time-ou
function|(or equivalent) shall be stopped.

If the regponse time-out function (or equivalent) runs out, a Ul command frame with the P bit set to "1" may be transrpitted,
and the fesponse time-out function (er equivalent) restarted.

6.13.4.4] P/F bit usage

P/F bit ysage in the unbalanceéd connectionless class of procedure, UCC, serves to indicate which tributary station |s being
allowed fo transmit. The iSsuance of a Ul response frame with F bit set to "1" indicates that the tributary station has np more
informatfon to send.

6.13.4.5 Two-way alternate considerations
In two-way alternate data link operation

a) tr|ansmission from the control station shall not be allowed until either:

1) receipt of a Ul regonse 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.
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6.13.4.6 Two-way simultaneous consideration

000(E)

For the unbalanced 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. In addition, data transmission from the tributary station shall not be allowed until receipt of

a frame with the P bit set to "1".

6.14 Balanced connectionless operation (point-to-point)

6.14.1 General

Tha followina-reaguiremants—annhsto tha nrocadure -for balanced-connaectionlass-oparation-of svunchranol
oY Lid e P P Y

or start/stop data

transmission over point-to-point data links with two-way alternate or two-way simultaneous data transfef. |
the HDLC frame structure defined in clause 4 and the HDLC elements of procedures described in clause
command/response repertoire designated BCC (see 6.6.2.5) Although only the basic command défined is
several optional functions available for enhanced operation. These are listed in 6.7 and shown initable 13.

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 intercon
layer transmission facilities.

6.14.2.2 Physical layer transmission facilities

The physical layer transmission facilities may provide either half-dupleéx or duplex transmission over
switched data circuits.

NOTE— In the case of a switched data circuit, the procedures described assume that the switched data circuit has beg

The data link layer shall not initiate data transmission until‘an indication of circuit availability is provided
layer. (In some systems providing two-way alternate.data exchange on physical layer data circuits
transmission, the indication of physical layer circuit availability is indicated by an idle data link channel stat

6.14.3 Description of the procedures

6.14.3.1 General

Balanced connectionless control procedures shall operate on a data link where the data station at each en
peer station. The procedures shall-use the connectionless-mode of operation. Each peer station shal
sending Ul command frames and receiving Ul command frames, but shall not pensdde for g
establishment/termination, flow\eontrol, acknowledgements, or error recovery.

Each peer station shall check’/incoming frames for correct frame check sequence and correct frame form
shall be discarded without.notification to the other peer station.

6.14.3.2 Balanced ctonnectionless station characteristics

he procedure uses
5. It uses the basic
described, there are

nected by physical

switched or non-

n established.

by the physical
using half-duplex

)

d of the data link is a
be responsible for
onnection

At. Incorrect frames

Each station shall-be a peer station. It shall be able to both send and receive Ul command framégsthetneed for a data

link connection'to be established.

6.14.4\Detailed definition of the procedures
Theyprocedures for a point-to-point data link using a permanently connected (dedicated) or an es

ablished switched

connection are defined in 6.14.4.1 to 6.14.4.6. The protocol for establishing and disconnecting a switchegi

within the scope of this International Standard. However, the ability to exchange identification and/or char

data circuit is not
cteristics after the

switched connection is established is available as an optional function.

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 (Ul) 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 Ul

frames shall be a system-defined parameter.
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Whenever a peer station is ready to send a Ul command frame, it shall send it immediately since there is no flow control in
connectionless class service.

6.14.4.2.2 Receiving Ul frames

When a peer station receives correctly a Ul command frame that it can accept, the information field contents are passed up to
the higher layer. If the peer station is unable to accept the correctly received Ul command frame, the information field
contents are discarded.

6.14.4.2.3 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 shall be
discardge-

6.14.4.2l4 Balanced connectionless station receiving acknowledgements
Peer stations do not operate with acknowledgements.

6.14.4.3] Time-out considerations

In order|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-autyfunction (or equivglent)
shall be favailable for use to initiate transmission of Ul command frames.

The durdtion of this time-out function (or equivalent) shall be system-dependent. The duration of the time-out functipn (or
equivaldnt) in the two peer stations shall be unequal in two-way alternate operation in-order to resolve contention sityations.
This timg-out function (or equivalent) shall be started whenever the peer station observes a steady idle state conditiof. When
a Ul corpmand frame is received the time-out function (or equivalent) shalldppedtl, If-the no-activity time-out function
(or equiyalent) runs out, a Ul command frame may be transmitted.

6.14.4.4 P/F bit usage
There is|no P/F bit usage in the balanced connectionless class of procedure, BCC.

6.14.4.5 Two-way alternate considerations
In two-wy alternate data link operation, transmission from a peer station shall not be allowed until either:

a) detection of an idle data 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).

NOTE — In the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control the direction qf data
transmisgion. 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 peer station for quite some time and information becomes available for
transmigsion, it is advisable that the peer station transmits at first a Ul command frame with a zero length information field in
order to favoid long timer recovery action, which would occur in the case of contention of Ul frames with information.

If a peer station has transmitted-frames and no further frames are pending for transmission, it shall give the right to tfansmit
to the remote peer station.

6.14.4.6] Two-way simultaneous consideration

For the palanced cenpéctionless class of procedures, two-way simultaneous operation may be used independent of physical
data cirquit capability (i.e., half-duplex or duplex transmission). However, in the case of half-duplex data circuit facilities,
appropriate aceommodation has to be made to control the direction of data transmission. The direction of transmigsion is
controllgd by\the data link layer.

6.15 Uses of the optional functions

Some uses of the optional functions defined in 6.7 are described in this clause. The optional functions provide additional
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
physical path from the physical layer, and prior to establishing a logical data link connection over which higher layer
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information can be exchanged, the data link layer entities can exchange details concerning the data link layer addresses
(individual and group) that they are responsive to, the capabilities that they support (for example options, class(es) of

procedure, etc.), and the parameter values employed (for example, value of reply timer, reoeives size,

maximum

information field length, etc.). The manner in which these details are encoded in the information field of the XID frames

exchanged is the subject of clause 7.

Included in the identification function is an option for accommodating a limiteduarhof higher layer information in the

XID frame information field. This may be useful in applications where security and/or authentication check

routines must be

invoked prior to the establishment of a logical data link connection between higher layer entities. Such information is

transported transparently by the data link layer entities.

In addition to its applicability before data link connection establishment, the identification function also provides a

mechanism Tor mnaicatng a change m data Nk layer parameter value(s) while in the information transier_p
such parameters are the receivenasdw size and the maximum frame length. Local conditions at one~enq
connection (for example, long term congestion or non-temporary reduction in buffering capacity) tmay di
operation of the remote station in order to maintain efficient utilization of the physical facilities. The identi
allows a local-to-remote transfer of local parameter values at any time, with a remote-to-local gonfirmation

6.15.2 Option 2— REJ recovery

The REJ recovery optional function provides a mechanism for reporting an observed out-of-sequence exd
received | frames, and thereby requesting the retransmission of | frames stafting with the first misg
mechanism is the reject (REJ) command/response frame.

This function has its greatest utility in systems that support two-way simultaheous operation, so that a
received sequence numbers can be reported immediately, during inceming information transfer. In
operation, the REJ function offers a somewhat lesser utility, but does separate the sequence error report
exchange checkpointing function that in some modes of operation is\fequired to be associated with the lag
in each transmibpportunity.

In two-way simultaneous operation, the improvement in perferinance gained by using the REJ function i
number of | frames that would be sent after the point in time 'where the gap is reported, versus when the tr
window is exhausted or acknowledgement timer times-out, and the status enquiry process performed
transmit windows or long acknowledgement timers, this.could be a substantial amount of time.

6.15.3 Option 3— SREJ recovery

This optional function is equally adaptable ta_both two-way simultaneous operation and two-way alternate
way simultaneous operation, the retransmitted | frames are interspersed in the ongoing sequential tral
frames. In two-way alternate operation, the requested | frames alone are retransmitted, followed by
appropriate. Although this optional(function imposes greater buffering requirements inciigar data link la
out-of-sequence, higher-numbered good frames received until the required lower-numbered frames are
better utility of the informationitransfer capacity of the data link.

6.15.3.1 Option 3.1— single individual | frame retransmission request

The single individual Nrame retransmission optional function provides a mechanism for a receiver to requ
of a single | frame ‘eut’of a series of | frames. Any number of requests for different | frames may be outstang
mechanism is the_selective reject (SREJ) command/response frame.

The SREJ frame does not incorporate an acknowledgement function for | frames received when the P/F
does when' the P/F bit is set to "1". For example, to report frames numbered X, X+3, and X+5 missing,
could ‘he/sent with its P/F set to "1", when appropriate for the mode of operation, to acknowledge rg

hase. Examples of
of a data link
ctate a change in
ication function

n return.

eption condition of
ing | frame. The

h observed gap in
fwo-way alternate
ng from the P/F bit
t frame transmitted

5 measured by the
hnsmitter's transmit
In cases of large

operation. In two-
nsmission of new |
new | frames as
er to hold
eceived, it yields a

est retransmission
ing at atime. The

bit is set to "0"; it
a SREJ(X) frame
ceipt of | frames

numbered up through X-1. SREJ(X+3) and SREJ(X+5) frames could be sent immediately with their P/F hits set to "0", not

acknowledging any | frames received. Acknowledging receipt of a retransmitted | frame is usually accomp

ished by an I, RR

or RNR frame transmission with an N(R) value that identifies the correct receipt of the requested | frame.

Another request for retransmission can take place when it is perceived that the desired action has no

t taken place. This

perception comes about either as the result of a SREJ timer timeout, or lac#iptrof requested | frame X before requested

| frame X - n (the request for | fram& - n precedes the request for | frame X).

6.15.3.2 Option 3.2— multiple individual | frame(s) retransmission request consisting of individual I-frame
indicators only

The multiple individual | 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 | frame(s) out of a series

of | frames with a

single request by incorporating an information field in the SREJ frame. Any number of requests for different | frames may be
outstanding at a time. The mechanism is the selective reject (SREJ) command/response frame with the multi-selective reject

procedure using only individual I-frame indicators.
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The multi-selective reject procedure SREJ frame using only individual I-frame indicators does not incorporate an
acknowledgement function of | frames received when the P/F bit is set to “0”; it does when the P/F bit is set to “1”, as in the
case of 6.15.3.1 above. With this multi-selective reject procedure, to report | frames numbered X, X+3 and X+5 missing, a
single SREJ 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-frame 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 receipt of the requested | frame(s).

Another request for retransmission can take place when it is perceived that the desired action has not been accomplished.
This perception comes about either as the result of a SREJ timer time-out, or lecéiet of a requested | frame X before
requested | frame X-n (the request for | frame X-n precedes the request for | frame X, either in an earlier SREJ frame or the
same multi-selective reject procedure SREJ frame that uses only individual I-frame indicators).

6.15.3.3] Option 3.3— multiple individual | frame(s) retransmission request consisting of individual I-frame
indicatolls and span list indicators, as appropriate

The mulfiple individual | frame(s) retransmission optional function that uses both individual I-frame indicators and span list
indicatols, as appropriate, provides a mechanism for a receiver to request retransmission of one or more individual | frame(s)
out of a|series of | frames with a single request by incorporating an information field in the SREJ frame. Any number of
requestg for different | frames may be outstanding at a time. The mechanism is the selective reject (SREJ) command/fesponse
frame with the multi-selective reject procedure using both individual I-frame indicators and_span list indicators, as
approprigate.

The mulfti-selective reject procedure SREJ frame using both individual I-frame indigcaters and span list indicatgrs, as
appropriate, does not incorporate an acknowledgement function of | frames received when the P/F bit is to “0”; it doe$ when
the P/F |bit is set to “1”, as in the case of 6.15.3.1 above. With the multi-selective reject procedure, to report | frames
numberegd, X, X+3, X+5, X+6, X+7, and X+8 missing, a single SREJ frame would be sent with “X” encoded in the cgntrol
field N(R) subfield, and with “X+3” encoded as an individual I-frame indicator, and“X+5, X+6, X+7 and X+8” encoded |n a
span list indicator in the information field of the SREJ frame. Acknowledging receipt of retransmitted | framgs is
accomplished in the normal manner by an I, RR or RNR frame transmissioh with an N(R) value that identifies the corrgct in-
sequende receipt of the requested | frames.

Another|request for retransmission can take place when it is pefeeived that the desired action has not been accomplished.
This perfeption comes about either as the result of a SREJ timer time-out, or lecéiet of a requested | frame X beforg
requestgd | frame X-n (the request for | frame X-n precedes the request for | frame X, either in an earlier SREJ framg or the
same mnulti-selective reject procedure SREJ frame that.uses individual I-frame indicators and span list indicatprs, as
approprigate.

6.15.4 Pption 4 — unnumbered information

The unnumbered information optional function‘provides a mechanism for the sending of higher layer information at arly time
without any impact on whatever mode oftoperation may be in use. The mechanism is the unnumbered informatign (Ul)
commarjd/response frame.

There ale no flow control procedure$§ and no acknowledgement procedures associated with Ul frame operation. There are no
data lin{ establishment and no efror-recovery procedures required with Ul frame operation. Error control procedureg cover
only tho$e matters concerned with frame structure and the frame check sequence, leading to the frame being discardgd and no
action tgken. The only data’link layer parameter that is involved is the maximum established information field size |at the
receiver| Violation of maximtm information field size may lead to a frame rejection (FRMR) excepdiwdition when
received during an operational mode (see 5.2.1).

Ul framgs can be_transmitted to one or more or all multiple stations without concern for sequence number alignment at the
stations finvolved:-Depending on the application, Ul frames can be transmitted repeatedly with the same contents to improve
the likelinood that a good copy of the transmittaléseived correctly at all intended receivers.

Ul framg-0nly 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.

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
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frame. When a primary/combined station initiates the initialization procedures, a SIM command frame is sent without there
being a requesting RIM response frame.

6.15.6 Option 6 — unnumbered pdling

The unnumbered polling optional function provides the mechanism for a primary/combined station to poll one or more or all
of the associated secondary/combined stations with a single frame transmission. The mechanism is the unnumbered poll (UP)
command frame.

The UP command frame contains no sequence numbers, acknowledges no frames received and is addressable to one or mor

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

International Standard. Responses are optional or mandatory depending on whether the UP command frame had its P bit set
- i ; i = Tg= T i oy t responder”, itis

suggested that a specified "last" station respond to every UP command &eeieed, with an F bit set to the.value of the P

bit in the UP command frame, so that the station which sent the UP command does not have to rely ontime-out.

6.15.7 Option 7— multi-octet addressing

The multi-octet addressing optional function defines the means for having an addressfield of N octdts in length. The
mechanism employs one bit per octet to act as an end-of-address-field indicator. This_bit set to "0" means that another
address field octet 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 address field constitutes a single address. This address Can be an individugdl or group address.
The all-station address is always an address octet of "1" bits. An N-octet address field can be considered to have an address
that is expressed as a bit stream of 7N bits, or as an N-character series, for instance, using the ISO 646 chiaracter set.

This optional function may be employed in situations where it is considéred desirable for each data link|location within a
system (even a system that spans independent data links) to have a unique data link layer identifier. Syst¢m management and
station administration may benefit as a result. Station portability froin data link to data link within the gystem could be
enhanced. This optional 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.

6.15.8 Option 8 — command | frames only
The command | frames only optional function restricts*hframes to being | command frames only.

In balanced operation, each combined station's.ability to send | frames is only impeded to the extent thaicfus¢ feame

cannot be utilized to return an F bit set to "1" when an F bit set to "1" must be sent. A non-I response framg¢ must be utilized.
If a series of | command frames is in the progess of transmission when an F bit set to "1" must be sent, a ngn-1 response frame
must be inserted into the stream of | frames, between | frames, in order to convey the F bit set to "1" to the femote station.

In unbalanced operation, applying-the-optional function results in a quite different overall service, ofe that yields an
information send-only service at the-primary station and an information receive-only service ataheéssgstation(s).

6.15.9 Option 9 — response, kframes only

The response | frames onlyjoptional function restricts | frames to being | response frames only. This functlon was defined to
be the procedural complement of the command | frames only optional function (see 6.15.8).

In balanced operation, each combined station's ability to send | frames is only impeded to the extent that | framtes ca
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 | regponse frames is in
the process-of transmission when a P bit set to "1" must be sent, a non-l command frame must be inserted into the stream of |
frames, between | 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, ofe that yields an
infgrmation receive-only service at the primary station and an information send-only service ataheéssgatation(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 seneteaivé whdows to be

defined so 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 numbering modulo 128 optional function provides the mechanism for defining the sequence
numbering for | frame transfer to be modulo 128. The mechanism is in the form of separate mode-setting commands and
different frame formats for extended sequence numbering for the normal response mode (NRM) operation, the asynchronous
response mode (ARM) operation, and the asynchronous balanced mode (ABM) operation.
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The send and receive sequence numbers in | frames @dalm128. The eéceive sequence number in supervisory frames is
modulo 128. The control field in | frames and supervisory frames is extended to two octets in length. The control field in
unnumbered frames remains one octet in length.

6.15.10.2 Option 10.2— extended sequence numbering— modulo 32 768

The extended sequence numbering modulo 32 768 optional function provides the mechanism for defining the sequence
numbering for | frame transfer to be modulo 32 768. The mechanism is in the form of an SM command with an optional
information field to indicate the modulo and the mode of the operation (i.e., the normal response mode (NRM) operation, the
asynchronous response mode (ARM) operation, or the asynchronous balanced mode (ABM) operation).

The send and receive sequence numbers in | frames@dalm32 768. Theaceive sequence number in supervisory frames
|S mOdU 32 _I'GS T:IC L,UIItIU: fIC:\JI ;II : fl alrics Clll\.lI SUNTI V;DUly fl altico ib c;\tcuu'cu' tU fuw Ubtctb ;II :CI Iut:l. T:IC bUIItILl fIE|d

in unnurpbered frames remains one octet in length.

6.15.10.8 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
sequende numbering for | frame transfer to be modulo 2 147 483 648. The mechanism is in the form of,an.SM command with
an optiohal information field to indicate the modulo and the mode of the operation (i.e., the normahresponse mode (NRM)
operatioh, the asynchronous response mode (ARM) operation, or the asynchronous balanced mode (ABM) operation).

The senfl and receive sequence numbers in | frames@dalm2 147 483 648. Theceive sequencenumber in supervisory
frames is modulo 2 147 483 648. The control field in | frames and supervisory frames is €xtended to eight octets in |ength.
The confrol field in unnumbered frames remains one octet in length.

6.15.11 | Option 11— one-way reset

The onefway reset optional function provides a mechanism for initiating the resetting of the logical data link for one dirgction
of infornpation transfer in the balanced mode of operation without affecting.th€ logical data link for the other directipn of
informatfon transfer. The mechanism is the reset (RSET) command frame:

A combihed station initiates a reset of the logical data link relative to jts ['frame transmission by sending the RSET command
frame. The remote station acknowledges the RSET command framéby returning a UA response frame.

Resetting one direction of the logical data link results in the following events taking place at the RSET sender and the UA
sender. [The send state variable is reset at the RSET sendgr, and the receive state variable is reset at the UA sepder. The
retransnpission counter is reset at the RSET sender. The UA response indicates that any busy condition that existed dt the UA
sender has been cleared. Also, any frame reject (FRMR)-condition that existed at the UA sender has been cleared.

6.15.12 | Option 12— data link test

The dat4 link test optional function provides a niechanism for testing the basic data link layer function at a remote stafion, at
any tim¢g, independent of the mode of operation or the phase of the procedures. The mechanism is the test (TEST) cpmmand
and respjonse frames. It is not intended’as ‘a conclusive test of remote station operation.

The test|function checks the following-capabilities at the remote station:
a) detect an opening flag;
b) rg@move zero bits that have been inserted for transparency from the received bit stream following the opening flag;
c) detect a closing flag;
d) cplculate an\FCS for the received bit stream;
e) checkthatthe unique FCS remainder was obtained;

f) decede 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;

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;

i) 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;

I) calculate an FCS on the transmitted bit stream (consisting of the address, control and information fields) and append
it to the transmitted bit stream for zero bit insertion; and
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m) end the transmission with a closing flag.

6.15.13 Option 13— request disconnect

000(E)

The request disconnect optional function provides a mechanism for a secondary/combined station to request that a data link
disconnect be initiated by a primary/combined station. The mechanism is the request disconnect (RD) response frame.

At an appropriate respond opportunity, a secondary/combined station may send a RD response frame to indicate to the
primary/combined station that the secondary/combined station wishes toabedpin the disennected mode (NDM or

ADM). Upon receipt of the RD rgmonse frame, the primary/combined station may

a) ignore the RD response frame and continue with the normal procedures; or

D) acceptine RD rgonse and Issue a DISC command frame.

6.15.14 Option 14— Alternate frame check sequences

Use of an alternate frame check sequence is determined by prior agreement or by use of a FCS negotia
example, see Annex E when both stations are capable of supporting both the 16-bit FCS and the 32-bit FQ

6.15.14.1 Option 14.1— alternate frame checking sequence— 32-bit FCS

The 32-bit FCS optional function provides a higher degree of transmission error detection capability than
the normal 16-bit FCS capability. The generator polynomial and the FCS generation and checking proce
4.2.5.3.

6.15.14.2 Option 14.2— alternate frame checking sequence— 8-bit FCS

The 8-bit FCS optional function can be used by those applications with short frames (e.g., such as on thg
for digitized voice) where overhead is a concern and/or where the{protection afforded is adequate. The ge
and the FCS generation and checking process are described in 42.5.4.

6.15.15 Option 15— start/stop transmission

The start/stop transmission optional function permits’\HDLC frames and procedures to be used in star
environments. The mechanism for start/stop transmission is described in 4.3.2. The three levels of transp
as indicated below. Use of this optional function is-determined by prior agreement.

6.15.15.1 Option 15.1— start/stop transmission with basic transparency
The basic transparency option provides trfansparency processing for the flags and the control escape octet

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 p
DC1/XON and DC3/XOFF control characters defined in ISO/IEC 646. This has the effect of assuring tha|
does not contain values which could be interpreted by intermediate equipment as flow control characters.

6.15.15.3 Option 15:3— start/stop transmission with basic transparency and control-character octet trans

In addition to thé-basic transparency, the control-character octet transparency option provides transparen
octets in which_both the 6th and 7th bits are "0" as well as for the DELETE character octet. This has the
that the octef Stream does not contain values which could be interpreted by intermediate equipment as th
or DELETE character defined by ISO/IEC 646.

6-15716 Option 16— seven-bit data path transparency
Fhe seven-bit data path transparency optlon for use |n conJunctlon with any of the functlons of Optlon 1

ion mechanism (for
S).

hat available with
5s are described in

2 order of 10 octets
nerator polynomial

[/stop transmission
arency available are

@

rocessing for the
t the octet stream

parency

Ly processing for all
effect of assuring
e control characters

5, permits HDLC

£ &l &l k. + L k. &l | S
mrarmesS—arid pProcttaorcs tobe uacu t-Stad Llol.up trarnsmisstorenvirenments-where Ullly Severtatabits 154

r start/stop characte

can be transferred (e.g., where bit 8 is used for parity). The mechanism for seven-bit data path transparency is described in
4.3.2.1. Use of this optional function is always in conjunction with one of the transparency functions of Option 15; selection

of the particular Option 15 transparency function is independent from the use of Option 16. Use of optio
determined by prior agreement.

nal function 16 is

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 SXX
SXXME (modulo 128) commands. The mechanism is the set mode (SM) mode setting command.

M (modulo 8) or

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 an
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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 one or more modes
of operation, or one or more 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.

The type of information conveyed in UA and DM response frames can include mode of operation and modulus data,

parameter selection matters, and user data information. The type of information that can be conveyed in a DISC command
frame is restricted to user data only. The existence of this optional function complements the selection of optional functions
10.2, 10f37tFor1%-

6.15.19 | Option 19— presence of an information field in SABM, SARM, SNRM, SABME, SARME, SNRME
commands

This opfional function provides for the ability to convey control and/or user data information in the transmission pf an
SABM, $ARM, SNRM, SABME, SARME or SNRME mode-setting command frame. The mechanism is,the incorporatipn of
an inforrpation field in these commands.

The infofmation field can convey information relative to the operational parameters (both standard and user-defined) being
supportgd, and user data for passage up to the higher layer.

6.15.20 | Option 20— unnumbered information with header check

The unrjumbered information with header check optional function provides the ability to exchange information fields that
may not|be entirely protected by a frame check sequence, independent of the mode (operational or non-operational) | without
impacting the | frame sequence numbers. This option can be used when the integrity of the information being transferred is of
lesser importance than its delivery to the correct station(s). Cases where the'integrity of the information being transferred is
of lesself importance than its delivery to the correct station include the timely transmission of packetized voice, video/graphic
data, or periodically updated information.

6.15.21 | Option 21— multiple address fields

The multiple address fields optional function allows frames-te have more than one address field. When more than one
addressffield is used, they shall be present in the frame in‘a.consecutive manner immediately following the opening flag, or
the framg format field (see 4.9), when present. Each address field may be chosen independently to use either the single-octet
format of the extended format (see 4.7.1).

6.15.22 | Option 22— frame format field

The franpe format field optional function allows.a frame to have a frame format field immediately following after the opgning
flag sequence and before any address fields. The frame format field includes the format type, frame length and qgptional
segmentation subfields. The frame format field is defined in 4.9 and frame formats are defined in Annex H. Thg XID
parameter supported frame format types contains a bit mask of the frame format types supported by this station.

6.15.23 | Option 23— segmentation

The segmentation optionat{function indicates that the segmentation subfield exists in the frame format field. This optipn can
only be ised when Option'22 is also used. The segmentation subfield is defined in 4.9.3.

6.15.24 | Option 24> no bit or octet insertion

This optjonal fupction indicates that the normal transparency mechanisms are inhibited. This option can only be us¢d with
Option 42, since the length subfield defined by Option 22 makes it possible to inhibit bit or octet insertion as a transpparency
mechan|sm.

6.15.25 Option 25— start/stop mode intra-frame timeout

This optional function indicates that an intra-frame timeout is being used in start/stop mode. See 4.6.3 for a description of the
intra-frame timeout.

6.15.26 Option 26— header check sequence

The header check sequence (HCS) optional function indicates that there is a HCS following the control field and before the
information field. The HCS can only be used with Option 22. If present, the HCS is the same length as the FCS and uses the
same polynomial.
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7 General purpose Exchange Identification (XID) frame

A general purpose XID frame is defined for use by two correspondents wishing to communicate with one another in an
HDLC environment.

7.1 General purpose XID frame information field structure

The 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

The format identifier (FI) subfield is defined in 5.5.3.3.11. The list of standard XID format identifiers that are registered is
given N ISO/TEC TR 10171.

7.2 General purpose XID frame information field encoding

The general purpose XID format identifier subfield is the first octet of the general purpose XID informatiop field. The data
link layer subfields, if present, follow in ascending order according to their Gl values. Except\where noted,|specific data link
layer subfields may appear only once in the general purpose XID information field. The abSence of a particplar data link layer
subfield should be interpreted to mean that parameters within this subfield shall maintain\their present values. The user data
subfield, 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 20.

First bit transmitted

;High order bit

010000 0 1 Genefahpurpose XID format identifier

Figure 20— General purpose XID.format identifier subfield encoding

7.2.2 Data link layer subfield encoding
Figure 21 indicates the Gl encodings for the data link layer subfields that are useable with the general purgose XID frame.
The Gl encoding of all ones (1111 1111) is'not used as a data link layer subfield encoding.
All Gl encodings not assigned in this Ihtefnational Standard (here and in 5.5.3.2.2) are reserved for future {ise.
NOTES

1) The HDLC parameters data\link layer subfield and the user-defined parameters data link layer subfield may each appear more than
once in an XID information field. This allows a station to convey multiple menus of supportable parameters thijough a single XID
frame exchange.

2) The user-defined.parameters identifier is for use to identify parameters outside the scope of the HDLC paramgters identifier, while
making use ‘of.those parameters that are explicitly identified by the HDLC parameters identifteus allowingd parameter
negotiation-with a single XID exchange.

First bit transmitted

;High order bit

1 0000 O 1 0 Addressresolution
Q0 0 0 0 0 0 01 HDLCParameters
000100 0 1 Mulilinkparameters
0000111 1 Userdefinedparameters

Figure 21— General purpose XID data link layer subfield identifier encodings

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, multilink
parameters, and user-defined parameters data link layer subfields.
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The following legend explains the symbols used in tables 14, 15, 16, 17 and 18.

Pl . 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 sender.
When the bit position is "0", the feature is absent or not supported by the sender.
B : Indicates this field is binary encoded.
N : Number of octets.
NA . Not applicable.
SD . System defined.
Bit No.| : Numerical order of bits transmitted.
TBD . To be determined.
Table 14— Data link layer subfield parameter field elements
Address resolution (Gl = 10000010)
Pl Parameter field element
1 | Unique identifier
2 | Local data link layer address
HDLC parameters (Gl = 00000001)
Pl 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) - eceive
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)
Pl Parameter field element
1 |~Lostframe timer (MT1)
2_~Group busy timer (MT2)
3v| 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)
Lcar-dafinad naramatarc (Gl — 00001111\
ARl Mt i A ]
Pl Parameter field element

0 Parameter set identification

Table 15— Address resolution data link layer subfield parameter field elements

Name PI PL Parameter field element Code type Bit No. Value
Identifier 1 TBD | Unique identifier B TBD B (see the note)
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 16— HDLC parameters elements

Code
Name PI PL Parameter field element type Bit No. Value
Identifier 1 TBD | Unique identifier B TBD B
Classes of procedurds 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 0/1
Unbalanced ARM-Secondary E 5 0/1
Balanced BCC E 8 0/1
Unbalanced UCC-Control E 9 0/1
Unbalanced UCC-Tributary E 10 0/1
Two-way alternate E 6 Q/1
Two-way simultaneous E 7 /1
Reserved 11to 16 0
HDLC optional functiond 3 5 1 Reserved 1 0
2 REJ cmd/resp E 2 /1
3.1 SREJ cmd/resp single frame E 3 0/1
3.2 SREJ cmd/resp multiple frames-individual I-frame E 22 o/}
indications only
3.3 SREJ cmd/resp multiple frames-individual I-frame E 24 o/}
indications and span list indicators
4 Ul cmd/resp E 4 0f1
5 SIM cmd/RIM resp E 5 0f1
6 UP cmd E 6 o1
7 Basic address (basic capability) E 7 0/1
7.1 Extended address E 8 0/1
8 Delete resp | E 9 1
9 Delete cmd | E 10 o1
10 Modulo 8 (basic capability) E 11 /1
10.1 Modulo 128 E 12 o1
10.2 Modulo 32 768 E 25 a4/1
10.3 Modulo 2 147 483 648 E 26 D/1
11 RSET cmd E 13 1
12 TEST cmd/resp E 14 /1
13 RD resp E 15 of1
14 16-bit FCS (basic capability) E 16 p/1
14.1 32-bit FCS E 17 J1
14.2 8-bit FCS E 32 Q1
15 Synchronous transmission (basic capability) H 18 0/1
15.1 Start/stop-transmission with basic transparency E 19 0/1
15.2 Start/stop transmission with basic and flow control E 20 o/y
transparency
153 Start/stop transmission with basic and control-character E 21 o/y
oetet transparency
16 Transfer of seven data bits/character in start/stop E 30 o/y
transmission environments
17 Set Mode command with an optional information field to E 27 o/y
be used in place of SXXM or SXXME
18 UA and DM responses, and the DISC command withanl E 28 o/y
optional information field
19 SABM, SNRM, SARM, SABME, SNRME, SARME E 29 oy
command with an optional information field
20 UIH cmd/resp E 23 g1
21 Support for multiple address fields E 31 0/1
22 Support of frame format field E 33 P/1
23 Support of segmentation E 34 0/1
24 Inhibit bit or octet insertion E 35 /1
25 Start/stop mode intra-frame timeout E 36 0/1
26 Header check sequence E 37 0/1
Reserved 38to 40 0
Group-attresstes) 7 N Daterfmkgroupaduress NA NA D
Maximum information field 5 N Maximum information field length transmit (bits) B NA B
length (transmit)
Maximum information field 6 N Maximum information field length receive (bits) B NA B
length (receive)
Window size k (transmit) 7 N Window size k-transmit (frames) B NA 0 to modulus -
Window size Kk (receive) 8 N Window size k-receive (frames) H NA 0 to modulus -fL
Acknowledgement timer 9 N Wait for acknowledgement timer (msec) B NA B
Retransmission attempts 14 N Maximum number of retransmission attempts B NA B
Reply delay timer 11 N Maximum delay in generation of reply (msec) [ 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
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Table 16— HDLC parameters elements (Cont'd)

Code
Name Pl PL Parameter field element type Bit No. Value
Address-field count 14 N Count of address fields B NA B (see note 4
Supported frame format types 15 N Frame format types supported B NA B (see notel5)
Intra-frame time-out 16 2 Maximum time between octets (msec) B NA| B

NOTES

1. The value of this PV is beyond the scope of this International 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.

4 The count is not meant to restrict protocols to a specific interpretation of this field. For example, this field may be used as a count of the lzetwdl num

addrgss Tields or of the maximum number of address Tields allowed to be present in frames.
5. The EASB of the first octet of the bit mask represents type 0; the second MSB, type 1; and so. The initiating station may use the bit mask to ingieate| the ty
it wafts, the recipient can use it to indicate the types it can support.
Table 17— Multilink parameters elements
Code
Name Pl PL Parameter field element type Bit No. Value
Lost frane timer 1 N MT1 - lost frame timer (msec) B NA B
Group Husy timer 2 N MT2 - Group busy timer (msec) B NA B
Reset cpnfirmation timer 3 N MT3 - Reset confirmation timer (msef) B NA B
Multiling window size 4 2 Multilink window size (MW) - transmit B 1.12 0 through 4095- M
(transmi|t) (frames)
Reserved B 13-16 0
Multiling window size 5 2 Multilink window size (MW) - receive B 1-12 0 through 4095-M
(receivg (frames)
Reserved B 13-16 0
Guard rpgion window 6 2 Guard region window size (MX) B 1-12 B
size (frames)
Reserved B 13-16 0
Multilin group size 7 1 Number of data links in multilinkgrouy B NA B
Multiling group member 8 4 Local port number - remote pott B NA B
(see noje) number, for the data link e@nnection
NOTE—I[This parameter field element is repeated for each member of the multilink group.
Table 18— User-defined parameters elements
Code
Name PI PL Parameter field element type Bit No. Value
Identifier 0 N Parameter set identification NA NA (See Note 1)
(Implenentor-defined) 1to N (Implementor-defined) NA NA NA
(See Ngte 2) 255
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 PI/PL/PV-encoding in this subfield for Pl values other than PI=0 is not required. Such usage is at the discretion of the
organizafjon associated with/the-parameter set identified by PI1=0.
7.2.3 User data subfietd encoding
7.2.3.1 |User data‘identifier encoding
The usef data identifier identifies the subfield as the user data subfield. Figure 22 provides its encoding.

Firstoittrarsmmitted

;High order bit

1111 11 1 1 Userdataidentifier
Figure 22 — User data subfield 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 user data subfield is the responsibility of the data link user, and may be any format that is mutually agreed upon by the
data link users involved.

74 © ISO/IEC 2000 — All rights reserved


https://standardsiso.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

7.3 Single-frame exchange negotiation process

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 communi
switched or private data links.

The primary/combined station desiring to, or having been requested to, initiate the XID frame exchange

cate over either

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.

721

Addracc racolution
oSSt rettoH

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 th
as follows:

be placed in the Parameter field.

Pairs of classes of procedures and the HDLC optional functions parameter value are used to specify
operation. Each pair shall be encoded such that all HDLC optional functions specified in the
functions parameter value are supported in association with-all classes of procedure specified
procedures value.

All other parameter values are encoded as necessary.

7.3.2.2 Specifying parameter values selected

The XID response frame shall designate the mode in“which the local station will opecat&ptAnce criteria o
selection of parameter values by the responding station from those offered by the initiating station is as foll

For the "E" bit encoded parameters, only-options supported by both stations may be selected.

For the window size parameters and the maximum information field length parameters, the mir
chosen.

Parameter fields not supported by tleeeiver are ignored and omitted from the XIDpesse frame.

In the case of HDLC optional function parameters 3, 7, 10 and 15 (see table 16), one alternative m
method of changing ffom one version to another version, in these cases, is not the subject of]
Standard.

In the case ©f\HDLC optional function parameter 14 (see table 16), one or both versions may
supported- The method of selection is accordance with the single-frame exchange negotiatior]
operation, of a system that supports the 16-bit FCS and the 32-bit FCS is described in 7.4.

7.3.2.3 _Collision of XID command frames
Whichstation has control of parameter selection during collision situations shall be resolved in the followi

unigue identifier is compared with the remote unique identifier received in the XID command frame. If
identifier is greater than the remote unique identifier, then the local station shall select the operating p4d

bse modes shall be

In situations where XID frame collisions are possible during parameter negotiation, the local uniqlie identifier shall

multiple modes of
HDLC optional
in the classes of

method of
DW:

imum values are

st be chosen. The
this International

be identified as
process. The

g way. The local
he local unique
rameters from the
Belection of these

offered profile of supportable parameters supplied by the remote station in the XID command frame.

operating parameters and transmission of the XID response frame is described in 7.3.2.2. If the local unique identifier is less
than the remote 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 HDLC 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 user-defined parameters subfield must contain one and only one parameter set identification parameter, and it must be
the first parameter within the subfield.

Parameter set identification values (PV of PI=0) are by prior agreement between data link layer entities, and are not a subject
of this International Standard. (See ISO/IEC TR 10171 Table 4 for specific values.) It is the responsibility of the stations
selecting parameter set identification values to insure that the values are unique within the scope of the intended application.
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A station decoding a user-defined parameters subfield containing an unrecognized parameter set identification value shall
ignore 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 PI1=0 is determined by prior agreement between the stations.

However, user-defined parameters are not to be used for conveyance of parameters or |nformat|on for the use of higher layer
entities @ used to
negotiatp parameters which are defined in the basic HDLC standards (the standard mechanlsms deflned elsewhere in this
Internatipnal Standard should be used for this purpose).

7.4 Frame check sequence negotiation rules

For neggtiation between the 16-bit FCS and the 32-bit FCS, two cases are covered: the general case-and a constrained case.
The confstrained case allows for some simplification in the operating procedures (by virtue of the known roles of inifiating

and responding station) and in the capabilities that the stations involved must supmatge collision situations do not
exist). The differences in the basic principles (rules) that are used in the FCS negotiation proegss are noted by parepthetical
explanations below and in the second example given in Annex E.

The follqwing basic principles (rules) apply to stations that support both 16-bit FCS and.32-bit FCS as far as frame|check
sequende negotiation is concerned.

CS negotiation or re-negotiation is only performed in the logical data link'disconnected phase.

F

The initiating station will start the negotiation process from the 16-bit'®CS mode as far as transmitted XID frames are
cpncerned.
D
S
t

uring the FCS negotiation process, and until the mode-setting’' command and response have been exchanged, the
ations will receive and process frames in both the 16-bit' €S mode and the 32-bit FCS mode simultaneously. (In
He constrained case, it is not necessary for the initiatingstation to process received frames in both 16-bit FCS and 32-
bjt FCS modes simultaneously since the responding station does not send frames with 32-bit FCS until after it has
rldicated selection of the 32-bit FCS mode and has received a set mode command with a 32-bit FCS frgm the
rlitiating station.)

he responding station will select the valug ©f FCS to be used from that which both stations are indicating they
ipport, and will indicate the selected valuein the XID response HDLC parameters data link layer subfield.

T
s

The stations will disable the unusable FCS mode upon the sending of @diptrof the mode-setting command thagt
cpnfirms the other station's concufrence as far as the value of FCS to be used for information transfer is concerhed.
T

n

n

he stations will reactivate the disabled FCS mode upon the sending of cedbiptrof a mode-setting disonect
ode command, thereby returning to a condition where all frames are received and processed in both the 16-pit FCS
ode and the 32-bit FCS‘mode simultaneously.

lllustratiye examples of the-application of these FCS negotiation rules are given in Annex E.

7.5 Rdles for negotiation use of the frame format field in non-basic frame format mode

Two cades are covered: the general case and a constrained case. The constrained case allows for some simplificatjon in the
operating procedures (by virtue of the known roles of initiating and responding station) and in the capabilities that the
stations [involved must supportdbause collision situations do not exist). The differences in the basic principles (rules)|that

are used inthe negotiation process are noted by parenthetical explanations.

The following basic principles (rules) apply to stations that support both basic-mode and Option 22 (frame format field) as
far as negotiation of the frame format field is concerned. (In the following paragraph, we will assume for brevity that “non-
basic mode” means “non-basic mode with the frame format field Option 22.”)

— Negotiation or re-negotiation is only performed in the logical data link disconnected phase.

— The initiating station will start the negotiation process from the basic mode as far as transmitted XID frames are
concerned.

— During the negotiation process, and until the mode-setting command and response have been exchanged, the stations
will receive and process frames in both the basic mode anddhebasic mode simultaneously. (In the constrained
case, it is not necessary for the initiating station to process received frames in both basic mada-aadic modes
simultaneously since the responding station does not send frames with non-basic mode until after it has indicated
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selection of the non-basic mode and haseived a set mode command witman-basic mode from the initiating

station.)

The responding station will select non-basic mode options to be used from that which both stations are indicating they

support, and will indicate the selected options in the basic-mode XID response HDLC parameters data link layer

subfield.

confirms the other station’s concurrence as far as the options to be used for information transfer is ¢

The stations will disable the basic mode upon the sending of orebeipt of the mode-setting command that

oncerned.

The stations will reactivate the basic mode upon the sending of oretegpt of a mode-setting disenect mode

command, thereby returning to a condition where all frames are received and processed in both the basic mode and

+h BeR-b re—aadl Ha-HEan. PP [V
e o oaSICTToaC—ShT ot TCOuSTy -

8 Resolution/negotiation of data link layer address in switched environments

8.1 Operational requirements

1. XID Command/Response Frame Support: All stations shall support the XID frame optional fur
optional function 1 (see 6.15.1).

2. All-Stations Address Support: All stations shall support the "all-stations" addtess capability.

3. Station Address Support: All stations shall be capable of supporting\the complete range of as

within the constraints of HDLC procedures.

8.2 Address resolution

In cases where the operational data link layer addresses are ngt known on an a priori basis (e.g., on s
links), the stations involved that initially are assuming an initiating combined station status shall start the
procedure in order to establish the data link layer addresses t0;be employed in subsequent frame exchang

Upon receipt of an indication from the physical layer that@ physioahection exists, the initiating combined
transmit as soon as possible an XID command frame‘as indicated in 8.2.1 below. The non-initiating comk
receipt of an indication from the physical layer that-a physicairection exists, shall await the receipt of an X
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
resolution, stations sending XID command frames shall choose data link layer addresses in the range from

8.2.1 Generating XID command frames

An address resolution XID command frame shall be sent that contains, within the information field, both th
Layer Address parameter apd the Unique Identifier parameter, in accordance with clause 7. The XID comn
sent with the "all-stations/-address in the address field and with the P-bit set to “1”.

If a valid XID responsé frame is noéceived within a predefined time, another XID command frame shall be
the then current value of that station's Local Data Link Layer Address parameter as well as the station’
parameter. This@recedure may be repeated "n" times (where the value of "n" is implementation dependent

For the nondinitiating combined station, if a valid XID command frame is eceived within a predefined tin
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-station
remain in the disconnected phase until it has successfully completed an XID frame exchange.

ction defined as

signable addresses

witched circuit data
address resolution
es.

station shall
ined station, upon
ID command

h result of address
2 to 253.

b Local Data Link
and frame shall be

tent, containing
Unique Identifier
).

e, thmn-

5" address), it shall

8.2.2 Generating XID response frames

Upon reception of an XID command frame, the received data link layer address parameter field is compared with the local

data link layer address.

If the two addresses are different, no address modification is necessary. An XID response frame s

hall 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

address parameter field.

response frame. If the local Unique Identifier parameter value is greater than the Unique Identifie

If the two addresses are identical, the local data link layer address must be modified before transmitting the XID

r parameter value

contained in the information field of the received XID command frame, then the local station shall increment its data

link layer address by one.
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— If the local Unique Identifier parameter value is less than the Unique Identifier parameter value contained in the
received XID command frame, then the local station shall decrement its data link layer address by one.

Once the address has been modified, an XID response frame shall be sent with the new local data link layer address
contained in the address field of the frame as well as in the local data link layer address parameter field.

NOTE 1— The Unique Identifier parameter values are considered as pure binary numbers for performing the comparison.

NOTE 2— In the case of multiple octet addressing, the incrementation/decrementation operation shall be done such that the bits reserved
for address extension, low order bit “b1”, are not changed.
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Annex A
(informative)

Explanatory notes on the implementation of the frame checking sequence

In 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 the transmitter, generate the FCS sequence in the following manner while transmitting the elements ofthe frame unaltered
onto the line:

a) presetthe FCS register to zeros;

b) invert the first 16 bits (following the opening flag) before shifting them into the FCS register;

c) 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 sequence.

At the receiver, operate the FCS checking register in the following mannerwhile receiving (and storing) unaltered the
elements of the frame as received from the line:

a) presetthe FCS register to zeros;
b) invert the first 16 bits (following the opening flag) before shifting’them into the FCS checking registef;
c) shift the remaining elements of the frame, up to the begingihg’of the FCS, into the checking registeruninverted;
d) invertthe FCS sequence before shifting into the checking register.

In the absence of errors, the FCS register will contain all zeros after the FCS is shifted in.

In the above, inversion of the first 16 bits is equivalent'to a ones preset, and inversion of the FCS at the feceiver causes the
registers to go to the all zeros state.

The transmitter or the receiver can independéntly use the ones preset or the first 16-bit inversion. Alsg, the receiver can
choose not to invert the FCS in which casevitthas to check for the unique nonzero remainder specified in 42.5.

It shall be realized that inversion of the(FCS by the receiver requires a 16-bit storage delay before shifting received bits into
the register. The receiver maot anticipate the beginning of the FCS. Such storage, however, will normally take place
naturally as the FCS checking function will need to differentiate the FCS from the data, and it will thus withhold 16 bits from
the next function at all times.

Flag Address Control Information Frame checking sequence Flpg
- K bits |t 16 bits ——————»
G(x)
n bits
< MO0 -

The(procedure for using the FCS is based on the assumptions that:

a) thek bits of data which are being checked by the FCS can be represented by a poly@6thial

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
polynomialG( X) .

c) For the purpose of generating the FCS, the first bit following the opening flag is the most significant(BiiXo)
regardless of the actual representation of the address, control and information fields.

d) There exists a generator polynom( X) of degree 16, having the forP(X) = X° + X+ x°+1.
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The FCS is defined as the ones complement of a remaR(@pbtained from the modulo 2 division of

XOG(X) + X( X+ X+ X+ X X X% xS & X & @ % R % )

by the generator polynomidP(X) .

XlGG(X)+ %(%5+ )(14+... X+1) R(X PCS
P(x =0+ by

The multiplication of G(X) by X*® corresponds to shifting>(X) by 16 places and thus providing the space of 16 bits for

the FCY. The addition ofX"‘(X“ + X7 +--+ X+1) to X7 G(X) [equivalent to inverting the first 16 bits «of

XlGG( )] corresponds to initializing the initial remainder to a value of all "ones". This addition is provided for the purpose
of protegtion against the obliteration of leading flags, which may be non-detectable if the initial remainder s zerd. The
complerpenting ofR( X), by the transmitter, at the completion of the division ensures that the received,.error-free megsage

will result in a unique, non-zero remainder at tieeeiver. Thenon-zero remainder provides protection against potential ngn-
detectalility of the obliteration of trailing flags.

At the | transmitter, the FCS is added to th&'®G(X), resuling in an M(X)of<length N, where
M(x) + X°G(X + FCS

At the r¢ceiver, the incomingVI(X) is multiplied by X™°, added to X" (X" + X**3"--+ X+1) and divided by
P(x).

X16[X16€()§+ FC$+ X i+ Pt t * 1) ~Qrx) + Pr(x)
P(X) P(X)

If the trahsmission is error free, the remaindRrr( X) will be "0002-1101 0000 1111")(15 through x° , respectively).

16
X
Rr(X) s the remainder of the divisionT)) whereL(X) = X*° + X" +---+ X+ 1. This can be shown by
X

establishing that all other terms of the numerator efthe receiver division are divisilb? Xy .

—

Note thft FCS R ¥ = I{ ¥+ R X [Adding L(X) without carry to a polynomial of its same length is equivalef
to a bit-Ry-bit inversion of the polynomial.]

The equation above, for the FCS-receiver residual, is used in the following to show that inverting the FCS at the rgceiver

x.°L(X) Rr(X)

returns the checking registerto.zero. This equat|0ﬁ—|s— Q(X) +

P(X) P(X)

where L(X) is as defined above and

Rr(X) [is the residual‘eontents of the FCS register.

16L(X)+ XlGL(X)

if XL X) istadded to the above numerator, the resuttis P(X)
X

Physically, the addition o)X~ L(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 I‘unl.nnnum
The notation used in the diagrams in this annex is illustrated below.
/ \ Flag (i.e. frame boundary) j\

- Frame without information
:Frame containing information

Frame with error : o——% or %

B.1.2 Notation for primary and secondary stations

Information format
rSend sequence number

Informatjon frame : I N(S), N(R) P/F -a—Poll or final bit ON

Receive sequence number {next expected frame)

Example|: Pri xmits : 12,6 P. This denotes a primary information frame with send sequence number 2, the next expected | frame from
the secondary is receive sequence number-6 (frames numbered 5 and below are therefore acknowledged) and the poll bit is sef to “1”
(i.e. the spcondary is to initiate transmission with | frames if available).

Supervisory command/response

Supervisory frame : XXX N(R), P/F -a—Poll or final bit ON

Receive sequence number

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 poil bit is set to 1",

Unnumbered command or response

Unnumbered frame : XXXX, P/F -— 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 stations

Address
Information format
/—Send seouence number

Information frame : X, | N(S), N(R) P/F «a—-Poll or final bit ON

Receive sequence number (next expected frame)

Address
r— Supervisory command/response

Supervigory frame : X, XXX N(R), P/F «a——Poll or final bit ON

LReceive sequence number

Address
; ‘—— Unnumbered command or response

Unnumipered frame : X, XXXX, P/F -e—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 RRQP RR3.P
Pri xmits|: :j m [:
UA,F 10,0 11,0 i2,0F 13,0 4.9
Sec xmith : m b ' - i ' —+ )
B.2.1.2 | NRM start-up procedure and primary only information transfer
SNRMP 0.0 11.0P 12,0 13.0
Pri xmits|: = b + ! F 4 1
UA F RR2.F
Sec xmits — —
B.2.1.3 NRM information transfer by primary and secondary
9.0 11,0 12,0P 13,2 14,2P 15.3
Pri xmits : } $ { | — } J _—
10.3 11,3F 12,5F
Sec xmits : } + I —_—
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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 9.0
Time-out
Pri xmits m-.—-—__{:} 3
/ UAF

Sec xmits : m

B.2.2.2 NRM primary information frame error

Retransmitted frames

10,0 11,0 12,0P 11,2 12,2 13,2P
Pri xmits - b + /AVJ/]L — F —

3
T

18 1,1F

Sec xmits |

T

B.2.2.3 [NRM primary poll frame error

Retransmitted frarme
10,0 1,9 |2,GP/ - RRO.P 12,2 13,2 4,2
Pri xmits - } } ' /AV e mE-OUL - ! ; ' )
10,2 11,2F
Sec xmits|: | { =
B.2.3 Normal response mode (TWA) HDX with transmission errors in response frames
B.2.3.1 |NRM start-up respoase érror
SNRM,P - SNRM.,P 10.0

Pri xmits : m — TR - tj —_—

UAF UAF
Sec xmits|: ¢ m
B.2.3.2 | NRM secondary. information frame error

Retransmitted frames

0.0 1.0 12,0p 13,0 14,0P 15.2
Pri xmits b } ¢ — — } ! —

83/ 113F 1.5 11.,5F
Sec xmits : } /AV/ ¢ J } ! 4
or Retransmitted frames
10,0 .0 12,0P RR@P 13,2
Pri xmits : s + + < m —
9.3 1,3F 10,3 11.3F
Sec xmits : — /Ay/} — - + -
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B.2.3.3 NRM secondary ‘‘final’’ frame error

Retransmitted frame

10.0 110 12.0P Time-out or 13.1 14,1P
Pri xmits - b ; ' . idle line detect N ) _
2,3 I1,3F 115 12.5F
Sec xmits : b $ A/ b + ~
or Retransmitted frame
@@ 1o 120P ,dfifye*ogt o RR1pP 13.3
Pri xmitp : - t — } o The o ~! | —
0.3 11,3F 1,3 12,3F
Sec xmits : I ¢ /V' —_—

B.3 Examples of asynchronous response mode (ARM) two-way aiternate (FWA) 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

SARM.P RR2 RR3
Pri xmits$ : :] m m

UAF 9.0 1v0
Sec xmifs : m Indefinite time _f—§——4

12,0
—

B.3.1.2] ARM primary and secondary information transfer with contention situation

’— Indefinite time —4

Contention
SARM P \ 0.0 110 N 100 1.0
Pri xmitg : E : - } m:::urvt f t —
UA F 10,0 11,0 Secondary 10.2F
le . | ! - - 1 3
Sec xmits : m Indefinite time | T { - time-out f L
)~

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 -]

UAF

Sec xmits : I:I
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B.3.2.2 ARM primary information frame etror

NOTE — Recovery procedure is identical to NRM operation.

Retransmitted frames

SARMP la,oA/ i1.0P 10.0 i1.0p
Pei xmits . Indefinite time  —— / A — —t indefinite time
—————————— g
UA F RRQ,F RR2,F
Sec xmits I i
1 R r . r \J
B.3.2.3| ARM primary ‘‘poll’’ information frame error
NOTE —+ Recovery procedure is identical to NRM operation.
/— Retransmitted frame
SARM P 0.0 11,0P 10,0 1270P
; irel - Idie li
Pri xmits|: E Indefinite time }_—4_7474 d:telZ: D! F—7"F"—— RR3F Indefinite tjme
UA F RR1
Sec xmits : m t:
B.3.3 |Asynchronous response mode (ARM) TWA with transmission errors in response frames
B.3.3.1| ARM start-up
SARM P SARMP
Pri xmits]: E_‘_ Time-out ¥t:
UAF UA F
Sec xmits : m :
B.3.3.2| ARM secondary information-frame error
Retransmitted frames
SARMP RRQ.P RR2
Pri xmits|: D m m
UAF 10,0 11,0 10,0F 11,0 o
Sec xmith - o — Indefinite time )
. Indefinite time N
A rr————————
B.3.3.3 ARM secondary ‘‘final’’ information frame error
SARM P RR2
Pri xmits : m [:
0.0 0.0 11,0
Sec xmits : m Indefinite time ’_744 Time-out ‘7_‘——* Indefinite time
UAF e — ———————— 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
SNRM P RRQP RR1 RR2 RR3 RR4 RRS,P
S - - (s e e s B o
UA F 0.9 11,0 12,0 13.0 14,0F RRQ.F
Sec xrits : t: | IR } } |( — m
or (whgre primary acknowledgments are returned for severai response frames)
SNRM,P RRQP RR3 RR5.P
Pri xmifs : — — — —
UAF 10.0 11,0 12,0 13,0 14:0€ RRQ.F
Sec xmijits : :1 [ G + + + —t [::j
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 xmits : — } + + + + } )
UAF RR1 F RR3,F RRS,F
Sec xmiits : — — — [:j
or (where primary sets poll bit to 1" to solicit acknowledgment for. séveral frames)
SNRM.P 10.0P 1.0 2,0 13.0 14,0 15,0P
Pri xmits : l:' F + 4 ¢ ¢ + >}
UAF RR1.F RR6,F
Sec xmjts : m t: :
B.4.1.3 NRM start-up procedure and, primary/secondary information transfer
SNRM,P 10.0P 11,0 121 13.4 14.4 15.4 16.5 7.5
Pri xmits : [ + + $ $ + % +
UAF 10.0 111 12,2 13,2 14,2 15.5 16.7
Sec xmjts : | — F } + + + } } -
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 1.0 I2,0/ (3.1 14:\ 23 134 14.5
Pri xmits : s + 4 /Av + $ ;‘fv\i l 5
101 11,2 12,2 REJ2 13,2 14,2 15,3 16,4
Sec xmits : b — 4 gy B + - : 4

¢ Optional : Frame may be completed or aborted.
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B.4.2.2 NRM SREJ capability

/— Retransmitted frame

1a.0P 11,0 12.0 131 142 12,3 15,4 16.5
Pri xmits : — - + //%ré - + + - —
191 11,2 12,2 SREJ2 13.2 142 5.5
Sec xmits : b i I . = " I s 3
T T T }_’ T o )¢
B.4.3 Normal response mode (NRM) TWS with transmission errors in response frames
B.4.3.1 NRM REJ capability
0.0P (10 12,2 13,1 14,1 REJT (5.1 16,1 17,1 "™N@2
Pri xmits : + 4 + 4 }__{lt— +- } + ?
19,1 H,ZA 12,3 13,4 11,5 12,7 13,0
Seq xmits : ; + $ + $ $
A $ $ \ ¢ -
Retransmitted frames
B.4.3.2 NRM SREJ capability
100P 11,0 12,0 13,1 141 SREJT 151 16,1 17,4 0.4
Pri kmits : ' + ; ' } I } + } —
191 11,2 12,3 13,4 11,5 14,6 5.0
Sed xmits : } $ A/ + 4 } + .
. L4 T / rT T T ’ ¥ T 7
Retransmitted frame

B.S Examples of asynchronous response mode (ARM) two-way simultaneous (TWS) transmission

B.5.1 Asynchronous response mode (ARM) TWS without transmission errors

B.5.1.1 ARM start-up procedure and intermittent secondary or primary information transfer

SARM. P 0.1 11,2P
UAF 10.0 1,0

m‘

L

Pri kmits :

RR2F

4

Seq Xmits indefinite time

B.5.1.2 ARM start-up procedure and continuous primary/secondary information transfer

SARM P 0.0 110 121 I32P 142 153 164P
1 i - I ] i i I 3 s
Pri xmits : r T____:___‘ "____f\'_____\,_‘___'__J
¥ v
UAF ndefinite t g0 111F 12,2 134F 145
Sec xmits : :j e f ‘ = é !
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B.5.2 Asynchronous response mode (ARM) TWS with transmission errors in command frames

B.5.2.1 ARM start-up command error
SARM P SARMP
Pri xmits : Time-out : Indefinite time
— —— —
UA F
Sec xmits : m
B.5.2.1 ARM REJ capability
Abort * Retransmitted frames
SARM. P 10.0P l1,0/ 12,0 131 11,2P 12,3 13.5 143
Pri xmith - m Indefinite | + 4 4 + : A 4 + b}
time o V44 ' ¥ ’ L) T ' <
4 Jo_- -
UAF RR1,F 19,1 [1,1 REN 121 RR2.F 13,3
Sec xmfts : :’ t:‘ } + j"——‘r 4 _
B.5.2.13 ARM SREJ capability
/— Retransmitted frame
SARM.P 0,0P 11,0 / 12,0 3.1 [1,2P 14,3 153
Pri xmitp : b + A + + +— + +
. T : L /V Do v Ll || T T 7
Indefinite Lo, P, A
time 1 \
UA,F RRYF 18,1 1,1 SREJ1 121 RR4 F 35
Sec xmfts : — — — —_
B.5.3 | Asynchronous response mode (ARM) TWS with transmission errors in response frames
B.5.3.1 ARM REJ capability,
Time-out
- . __ad
SARM.P i0,0P 1,0 121 13,1 REJ1 141P 15,1 16.2P
Pri xmith : = F + + + 1 t t ¢
Indefinite
time
UA F 10,0 l1.17 12,2 13.3 14.4 4 [2,5F 135 146
Sec xmits : I: b + /Ay + + + <+ + + 4

Optional : Frame may be compieted or aborted.
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