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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 International Standards through technical committees established by

the respectlve orgamzatlon to deal with particular fields of mutual interest. Other

and [EC, also take part in the work

In the field of information technology, {SO and IEC have established 2
committee ISO/IEC JTC 1. Draft International Standards .adopte
technical committee are circulated to national bodies fof'voting. Pu
International Standard requires approval by at least75% of the n
casting a vote.

International Standard ISO/IEC 8073 was preparéd by Joint Techni
ISO/IEC JTC 1, Information technology.

This third edition cancels and replaces ‘the' second edition {(ISO/IEC 8
includes technical revisions, that have been publishg
8073:1986/Add.1:1988, ISO/IEC-8073:1988/Add.2:1989, ISO/IEC 80

aison with 1ISO

joint technical
d by the joint
blication as an
ational bodies

tal Committee

173:1988) and
d as: 1SO
y3:1988/Am.3,

1ISO/IEC 8073:1988/Tech.Cor. 11990, ISO/IEC 8073:1988/Tech.Cor.2:
8073:1988/Tech.Cor.3:1990,C ISO/IEC 8073:1988/Tech.Cor.4:1

8073:1988/Tech.Cor.5:1991 and ISO/IEC 8073:1988/Tech.Cor.6:1992.

1990, ISO/IEC
91, ISO/IEC
This edition

also includes ISO/IEC 8073:1988/Dam.4 and various technical revisjons that have

been balloted together.With the Draft International Standard of this edi

Annex A, B and;Cform an integral part of this International Standar
and E are for information only.

on.

. Annexes D
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Introduction

This International Standard is one of a set of International Standards produced to
facilitate the interconnection of information processing systems. This set of
International Standards covers the services and protocols required to achieve such
interconnection.

© ISO/IEC

Internationa) Standards by the layers defined in the Reference Model for Open
Systems Intgérconnection (ISO 7498). It is most closely related to, and lies within the
field of application of the Transport Service Standard (ISO 8072). It also uses and
makes reference to the Network Service Standard (1SO/IEC 8348), whose provisions
it assumes i order to accomplish the transport protocol's aims. The interrelationship
of these International Standards is illustrated in Figure 1.

———— TRANSPORT SERVICE DEFINITION

Transport A
Protocol + - — =Reference to aimg = =— — —

Secification r = — —Reference to assumptions - — —

——— NETWORK SERVICE DEFINITION

Figure 1 ~ Relationship between the Transport Protocol andadjacent services

This International Standard specifies a common encoding and a number of classes
of transpor| protocol procedures to be used with different network qualities of
service.

It is intended that the Transport Protocolishould be simple but general enough to
cater for the total range of Network Service qualities possible, without restricting
future extengions.

The protocd! is structured to give)tise to classes of protocol which are designed to
minimize possible incompatibilities and implementation costs.

The classeq are selectable with respect to the Transport and Network Services in
providing the requiredvquality of service for the interconnection of two session
entities (eaqh class,provides a different set of functions for enhancement of service
qualities).

This International Standard defines mechanisms that can be used to optimize
network tariffs and enhance the following qualities of service:

a) different throughput;
b) different error rates;
¢) integrity of data requirements;

d) reliability requirements.
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It does not require an implementation to use all of these mechanisms, nor does it
define methods for measuring achieved quality of service or criteria for deciding
when to release transport connections following quality of service degradation.

The primary aim of this International Standard is to provide a set of rules for
communication expressed in terms of the procedures to be carried out by peer
entities at the time of communication. These rules for communication are intended
to provide a sound basis for development in order to serve a variety of purposes i.e.:

a) as a guide for implementors and designers;

b) for use in the testing and procurement of equipment;

¢) as part of an agreemeni for the admittance of systems.into the
environment;

d) as a refinement of the understanding of OSI,

As it is expected that the initial users of this Intetngtional Standard will
and implementors of equipment this International Standard contains,
annexes, guidance on the implementation of.the procedures defined he

It should be noted that, as the number©f valid protocol sequences is
not possible with current technology.to verify that an implementation

bpen systems

be designers
in notes or in
rein.

ty large, it is
Il operate the

protocol defined in this International Standard correctly under all circunjstances. It is

possible by means of testing to'establish confidence that an implement
operates the protocol in a representative sample of circumstances. |
intended that this International Standard can be used in circumstanc
implementations fail to c@mmunicate in order to determine whether one
failed to operate the protocol correctly.

This International Standard contains a section on conformance

claiming to implement the procedures in this International Standard.
conformanée of a particular implementation, it is necessary to have 3
which capabilities and options have been implemented for a given
Such. @ statement is called a Protocol Implementation Conforman
(RICS). A PICS proforma is provided in Annex C. Attention is drawn t
this” International Standard does not contain any tests to dem
conformance,

The variations and options available within this International Standard
as they enable a transport service to be provided for a wide variety ¢
over a variety of network qualities. Thus, a minimally conforming imple
not be suitable for use in all possible circumstances. It is important
qualify all references to this International Standard with statements
provided or required or with statements of the intended purpose of proy

tion correctly
is, however,
bs where two
or both have

f equipment
To evaluate
statement of
OS] protocol.
te Statement
b the fact that
bnstrate this

are essential
f applications
mentation will
therefore, to
bf the options
ision or use.
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Information technology — Telecommunications and

information exchange between systems — Open

Sys

connection-mode transport service

1 Sgope

This International Standard specifies
a) [five classes of procedures when operating over the
connection-mode network service:

1) class 0: simple class;

2) class 1: basic error recovery class;

3) class 2: multiplexing class;

4) class 3: error recovery and multiplexing class;

5) class 4: error detection and recovery class;

for|the connection-mode transfer of data and-control

information from one transport entity to a_pser'transport
entjity;

~

b) |one class (class 4) of procedurgiwhen operating over
thg connectionless-mode network service;

¢) |the means of negotiating the class of procedures to
be[used by the transport entities;

d) [the structure and encoding of the transport protocol
dafa units used_ for the transfer of data and control
information.

~

The priocedures' are defined in terms of

through the exchange of transport protocol data units;

b) the interactions between a transport entity and the
transport service user in the same system through the
exchange of transport service primitives;

¢) the interactions between a transport entity and the
network service provider through the exchange of
network service primitives.

These procedures are defined in the main text of this
International Standard supplemented by state tables in
annex A.

These procedures—~are applicable to instances of
communication between systems which [support the
Transport Layer‘of-the OSI| Reference Model and which
wish to interconnect in an open systems snvirgnment.

This Intetnational Standard specifies, i clause 14,
conforimance requirements for systems implementing these
procedures and provides the PICS proforma |n compliance
withthe relevant requirements, and in accordance with the
relevant guidance, given in ISO/IEC 9646-2 It does not
contain tests which can be used to demonstrate this
conformance.

2 Normative references

The following standards contain provisions which, through
reference in this text, constitute provigions of this
International Standard. At the time of publication, the
editions indicated were valid. All standards pre subject to
revision, and parties to agreements bgsed on this
International Standard are encouraged to ifjvestigate the
possibility of applying the most recent editions of the
standards listed below. Members of IEC and| ISO maintain
registers of currently valid International Standgrds.

ISO 7498:1984, Information processing sysfems — Open
Systems Interconnection — Basic Reference Model.

ISO 7498:1984/Add.1:1987, Information| processing
systems — Open Systems Interconnecfon — Basic

a) lthe’ int t bet : transport_entities Heferen?,ao r{Wode/ ~ Addendum 1: Conneclionless-mode

I1SO 7498-3:1989, Information processing systems — Open
Systems Interconnection — Basic Reference Model — Part 3:
Naming and addressing.

ISO 8072:1986, Information processing systems — Open
Systems Interconnection — Transport service definition.

ISO/IEC 8348:1992, Information processing systems —
Data communications — Network service definition.
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ISO/IEC 9646-1:1991, Information technology — Open
Systems Interconnection — Conformance testing
methodology and framework — Part 1: General concepts.

ISO/IEC 9646-2:1991, Information technology — Open
Systems Interconnection - Conformance testing
methodology and framework — Part 2: Abstract test suite
specification.

. ©ISO/IEC

ISO/IEC 11570:1992, Information technology —
Telscommunications and information exchange between
systems — Open Systems Interconnection — Transport
protocol identification mechanism.

CCITT X.224, Transport Protocol Specification for Open
Systems Interconnection for CCITT Applications Version
1988.
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Section one: General

3 Definitions

NOTE - The definitions contained in this clause make use of

3.2.8 receiving transport entity: A transport entity
that receives a given TPDU.

abbreviptions defined in clause 4.

3.1 [This International Standard is based on the concepts
develaped in ISO 7498 and ISO 7498/Add.1 and ISO/IEC
7498-3 and makes use of the following terms defined in it:

a) |concatenation and separation;
b) [segmenting and reassembling;
c) [multiplexing and demultiplexing;

d

-~

splitting and recombining;
e) |flow control;
f) |connectionless-mode transmission;

nil selector value.

—

9

3.2 |For the purposes of this International Standard,-the
following definitions apply:

3.2.1 equipment: Hardware or software or a
combipation of both; it need not be physically distinct within
a computer system.

3.2.2 transport service ~user: An abstract
repreffntation of the totality of those entities within a single
system that make use of the transport service.

3.23 network service-provider: An abstract machine
that models the totality.of the entities providing the network
service, as viewed by-a transport entity.

3.24 local. matter: A decision made by a system
concefning.its behavior in the Transport Layer that is not
subjedt tothe requirements of this protocol.

3.2.9 preferred class: The protocohdlass that the
initiator indicates in a CR TPDU as its first'dhoice for use
over the transport connection.

3.2.10  alternative class: A ‘protocol class that the
initiator indicates in a CR TPDUW: as an alternalive choice for
use over the transport connection.

3.2.11 proposed class: A preferred |class or an
alternative class.

3.2.12 selécted class: The protocol class that the
responderiindicates in a CC TPDU that it has chosen for
use overthe transport connection.

32,13  proposed parameter: The value fdr a parameter
that the initiator indicates in a CR TPDU th3t it wishes to
Use over the transport connection,

3.2.14 selected parameter: The value {of a parameter
that the responder indicates in a CC TPDU that it has
chosen for use over the transport connection.

N-DISCONNECT indication with a reason c¢de indicating
an error, that a transport entity receives from the NS-
provider.

3.2.15  error indication: An N-RESET in?)ication, or an

32.16 invalid TPDU: A TPDU that dogs not comply
with the requirements of this International|Standard for
structure and encoding.

3.2.17 protocol error: A TPDU whose use does not
comply with the procedures for the class.

3.2.18 sequence number:

a) the number in the TPDU-NR field of a DT TPDU that

3.2.5 initiator: A transport entity that initiates a CR
TPDU.

3.2.6 responder: A transport entity with whom an
initiator wishes to establish a transport connection.

NOTE - Initiator and responder are defined with respect to a single
transport connaction. A transpont entity can be both an initiator and
responder simultaneously.

3.27 sending transport entity: A transport entity that
sends a given TPDU,

indicates the order in which the DT TPDU was
transmitted by a transport entity;

b) the number in the YR-TU-NR field of an AK or RJ
TPDU that indicates the sequence number of the. next
DT TPDU expected to be received by a transport entity.

3.2.19 transmit window: The set of consecutive
sequence numbers which a transport entity has been
authorized by its peer entity to send at a given time on a
given transport connection.
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3.220 lower window edge: The lowest sequence
number in a transmit window.

3.2.21 upper window edge: The sequence number
which is one greater that the highest sequence number in
the transmit window. '

3.2.22 nger—window—edge—aHoeﬁed—te—l-he—peer
entity: The value that a transport entity communicates to

its peer entjty to be interpreted as its new upper window
edge.

3223 clpsed window: A transmit window that contains
no sequenc¢ number.

3.224 window information: Information contained in a
TPDU relatipg to the upper and the lower window edges.

3.2.25 frpzen reference: A reference that is not
available fdr assignment to a connection because of the
requirements of 6.18. '

3.226 unassigned reference: A reference that is
neither currgntly in use for identifying a transport connection
nor which islin a frozen state.

3.227 trpnsparent (data): TS-user data that is
transferred [intact between transport entities and which is
unavailable for use by the transport entities.

3228 owner (of a network connection): The transport
entity that igsued the N-CONNECT request leading.to the
creation of that network connection. Only applicable when
operating oyer the connection-mode network service.

3.2.29 retained TPDU: A TPDU thatjis subject to the
retransmission procedure on - retention and
acknowleddement procedure and is-available for possible
retransmiss|on. :

3.3 This [nternational Standard uses the following terms
defined in I$O/IEC 8348:;

a) connectionzmode network service

b) connectionless-mode network service

© ISO/EC
4 Symbols and abbreviations
4.1 Data units
TPDU  Transport-protocol-data-unit
TSDU Transport-service-data-unit
NSDU  Network-setvice-data-unit
4.2 Types of Transport Protocol data units
CR TPDU Connection request TPDU
CC TPDU Connection confirm TPDU
DR TPDU Disconnect request TRPDU
DC TPDU Disconnect conlirimTPDU
DT TPDU Data TPDU
ED TPDU Expedited data TPDU
AK TPDU Data acknowledge TPDU
EA TPDU Expedited/acknowledge TPDU
RJ TPDU Reject TPDU
ER TPDU Error TPDU
4.3 TPDUFields
LI Length indicator (field)
CcDoT Credit (field)
TSAR-D Transport-service-access-point {dentifier
{field)
DST-REF Destination reference (field)

SRC-REF Source reference (field)
EOT End of TSDU mark
TPDU-NR DT TPDU number (field)
ED-TPDU-NR  ED TPDU number (field)
YR-TU-NR Sequence number response (field
YR-EDTU-NR.  ED TPDU number response (field
ROA Request of acknowledgement mark

— —

4.4 Times and associated variables

T1 Local retransmission time

N The maximum number of transmissions
L Time bound on reference and sequence niimber
/ Inactivity time
w Window time
TTAR  Time to try reassignment/resynchronization
TWR  Time to wait for reassignment/resynchronization
751 Supetvisory timer 1

782 Supervisory timer 2

Mir NSDU lifetime local-to-remote

3.4 This International Standard uses the following terms
defined in ISO/IEC 9646-1:

a) PICS proforma

b) protocol implementation conformance statement
(PICS)

e NSDtHifetimeremotetorocal————
Ein Expected maximum transit delay local-to-remote
En Expected maximum transit delay remote-to-local
R Persistence time

AL Local acknowledgement time
Ag Remote acknowledgement time
I Local inactivity time

Ig Remote inactivity time
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4.5 Miscellaneous

TS-user Transport-service user

TSAP Transport-service-access-point
NS-provider Network service provider

NSAP Network-service-access-point

QOSs Quality of service

CLNS Connectionless-mode network setvice
CONS Connection-mode network setvice

ISO/IEC 8073 : 1992 (E)

5.2 Service Assumed from the Network Layer

The protocol specified in this International Standard
assumes the use of the Network Service defined in ISO/IEC
8348,

When operating over CONS, information is transferred to
and from the NS-provider in the network service primitives
listed in Table 2a). When operating over CLNS, information
. ¢ H 4 NS o

5 Qverview of the Transport Protocol

NOTE [~ This overview is not exhaustive and has been provided for
guidange. )

5.1 |Service provided by the Transport Layer

The protocol specified in this International Standard
suppdrts the Transport Service defined in ISO 8072.

informpation is transferred to and from the TS-user in the
transpgort service primitives listed in Table 1.

Table 1 - Transport.service primitives

n the network
service primitives listed in table 2b).

NOTES

1 The parameters listed in Table 2a} are thos¢ in the current
connection-mode network service(see I1SO/IEC 8348).

2 The parameters listed/in“table 2b) are thos¢ in the current
connectionless-mode networK service (see ISO/IE( 8348).

3 The way the parameters are exchanged betwaen the transport
entity and the NS-provider is a local matter.

Primitives Parameters
T-CONNECT request Called address
indication Calling address
Expedited data option
Quality of service
TS-user data
T-CONNECT response Responding address
confirm Quality of service
Expedited gdata option
TS-user-data
T-DATA request TS-user-data
indication
T-EXPEDITED'DATA request TS-user-data
~ indication
T-DISCONNECT request TS-user-data
T-DISCONNECT indication Disconnect reason
TS-user-data
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Table 2a) — Connection-mode network service primitives
Primitives XY Parameters WIX/IYIZ
N-CONNECT request X Called address X
Calling address X
indication X Receipt confirmation selection Y
Expedited data selection Y
QOS parameter set X
NS-user-data Z
N-CGONNECT response X Responding address X
confirm X Receipt confirmation selection Y
Expedited data selection ¥
QOS parameter set X
NS-user-data Y4
N-DATA ‘request X N-user-data X
indication X Confirmation request Y
N-DATA ACKNOWLEDGE request Y
indication Y
N-BXPEDITED DATA request Y NS-user-data Y
indication Y
N-RESET request X Reason w
indication X Originator w
Reason W
N-F]ESET response X —
confirm X —
N-DISCONNECT request X Reason w
NS-user-data Z
Responding address Y4
indication X Originator w
Reason w
NS-user-data 4
Responding address V4
Key
W: | The usage of this parameter is a local matter, e.g. for diagnostic or to decide whether to attempt resynchronization.
X: | The Transport Protocol assumes that this facility is provided in all networks.
Y: |The Transport Protocol assumes that this facility is provided in some networks and a mechanism is provided to
optionally use the facility.
Z: | The Transport Protocol does not use this parameter.
Table 2b) — Connectionless-mode network service primitives
Primitives Xy Parameters WIX/YiZ
N-UNITDATA request X Source address X
Destination address X
Quality of service X
NS-user-data X
indication X Source-address X
Destination address X
Quality of service X
NS-user-data X
Key:
W: The usage of this parameter is a local matter, e.g. for diagnostic or to decide whether to attempt resynchronization.
X: The Transport Protocol assumes that this facility is provided in all networks.
Y: The Transport Protocol assumes that this facility is provided in some networks and a mechanism is provided to
optionally use the facility.
Z: The Transport Protocol does not use this parameter.
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5.3  Functions of the Transport Layer

5.3.1 Overview of functions

The functions in the Transport Layer are those necessary to
bridge the gap between the services available from the
Network Layer and those to be offered to the TS-users.

tion.

These functions are grouped below into those used at all
times during a transport connection and those concerned
with connection establishment, data transfer and release.
NOTE — This Intemational Standard does not include the following
functionp which are under consideration for inclusion in future
editions pf this Intemational Standard:

a) encryption;

b) accounting mechanisms;

c) $tatus exchanges and monitoring of QOS;

d) blocking;

e) femporary release of network connections;

f) plternative checksum algorithm.

5.3.1.1 Functions used at all times

The following functions, depending upon the selected class
and options, are used at all times during~a transport
connection:

a) fransmission of TPDUs (6.2 and-6.9);

b} multiplexing and demultiplexing (see 6.15): A
fungtion used only when eperating over CONS to share
ngle network connection between two or more
sport connections;

brror detections (see 6.10, 6.13 and 6.17): A
tion used-to detect the loss, corruption, duplication,

5 aTaiVi=1d 586-D- O 4o ,, ,. ,_ 5
and 6.22): A function used to recover from detected and
signalled errors.

5.3.1.2 Connection establishment

The purpose of connection establishment is to establish a
transport connection between two TS-users. The following
functions of the transport layer during this phase match the
TS-users' requested quality of service with the services
offered by the network layer:

ISO/IEC 8073 : 1992 (E)

a) select the network service which best matches the
requirement of the TS-user taking into account charges
for various services (see 6.5);

b) decide whether to multiplex multiple transport
connections onto a single network connection only when
operating over CONS (see 6.5);

c¢) establish the optimum TPDU size (see 6.5);

d) select the functions that will be eperptional upon
entering the data transfer phase (see(8.5);

e) map transport addresses onto.network gddresses;

f) provide a means to distinguish between|two different
transport connections (see'6.5);

g) transport of TS-User data (see 6.5);

h) exchangé.values of Inactivity timers (se¢ 6.5).

53.1.3 Data transfer

The purpose of data transfer is to pe
transmission of TSDUs between the t
connected by the transport connection. This purpose is
achieved by means of two-way simultaneous
communication and by the following functions, some of
which are used or not used in accordance with the result of
the selection performed in connection establishment.

mit duplex
TS-users

a) concatenation and separation (see 6.4): a function
used to collect several TPDUs into a single[NSDU at the
sending transport entity and to separate the TPDUs at
the receiving transport entity;

b) segmenting and reassembling (see 6.3): a function
used to segment a single data TSDU |nto multiple
TPDUs at the sending transport entity and to
reassemble them into their original format at the
receiving transport entity;

c) splitting and recombining (see 6.23)] a function
allowing, only when operating over |CONS, the
simultaneous use of two or more network cpnnections to
support the same transport connection;

d to regulate

d) flow control (see 6.16): a fu
5 PD AO tities on one

transport connection;

e) transport connection identification: a means to
uniquely identify a transport connection between the pair
of transport entities supporting the connection during the
lifetime of the transport connection;

f) expedited data (see 6.11): a function used to bypass
the flow control of normal data TPDU. Expedited data
TPDU flow is controlled by separate flow control;
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g) TSDU delimiting (see 6.3): a function used to
determine the beginning and ending of a TSDU.

53.14 Release

The purpose of release (see 6.7 and 6.8) is to provide
disconnection of the transport connection, regardless of the
current activity.

© ISO/IEC

a) Type A: Network connection with acceptable
residual error rate (for example, not signalled by
disconnect or reset) and acceptable rate of signalled
errors.

b) Type B: Network connections with acceptable
residual error rate (for example, not signalled by
disconnect or reset) but unacceptable rate of signalled
errors.

5.4 Classes and options when operating over CONS

5441 eneral

The functions of the Transport Layer have been organized
into classeg and options.

A class defines a set of functions. Options define those
functions wjthin a class which may or may not be used.

This International Standard defines five classes of protocol:
a) clasg 0: simple class;
b) class 1: basic error recovery class;
c¢) class 2: multiplexing class;
d) class 3: error recovery and multiplexing class;

e) class 4: error detection and recovery class.

NOTES

1 Transport connections of classes 2, 3 and 4 may be(multiplexed
together ontg the same network connection.

2 Classes 0 to 3 do not specify mechanisms to detect unsignalled
network transmission failures.

5.4.2 Negotiation

The use f classes and ‘options is negotiated during
connection establishment.~" The choice made by the
transport entities will depend upon

a) the [TS-users' requirements expressed via T-
CONNHCT6ervice primitives;

¢) Type C: Network connections with unagceptable
residual error rate.

It is assumed that each transport entity is awafe of the
quality of service provided by~ particular |network
connections.

5.4.4 Characteristics of.class 0

Class 0 provides the simplest type of transport cgnnection
and is fully compatible with the CCITT Recommendation
T.70 for teletex terminals.

Class 0 has"been designed to be used with type A network
connections.

545 Characteristics of class 1

Class 1 provides a basic transport connection with minimal
overheads. ‘

The main purpose of the class is to recover from network
disconnect or reset.

Selection of this class is usually based on reliability criteria.
Class 1 has been designed to be used with type H network
connections.

5.4.6 Characteristics of class 2

5.4.6.1 General

Class 2 provides a way to multiplex several fransport
connections onto a single network connection. This class
has been designed to be used with type A |network
connections.

5.4.6.2 Use of explicit flow control

b) the quality of the available network services;

c) the user required service versus cost ratio
acceptable to the TS-user.

543 Choice of network connection

The following list classifies network services in terms of
quality with respect to error behavior in relation to user
requirements; its main purpose is to provide a basis for the
decision regarding which class of transport protecol should
be used in conjunction with given network connection:

The objective is to provide flow control to help avoid
congestion at transport-connection-end-points and on the
network connection. Typical use is when traffic is heavy
and continuous, or when there is intensive multiplexing.
Use of flow control can optimize response times and
resource utilization.

5.4.6.3  Non-use of explicit flow control

The objective is to provide a basic transport connection with
minimal overheads suitable when explicit disconnection of
the transport connection is desirable. The option would
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typically be used for unsophisticated terminals, and when no
multiplexing onto network connections is required.
Expedited data is never available.

5.4.7 Characteristics of class 3

Class 3 provides the characteristics of class 2 plus the
ability to recover from network disconnect or reset.
Selection of this class is usually based upon reliability
criteria. Class 3 has been designed to be used with type B
network-connestions:

ISONEC 8073 : 1992 (E)

to be detected include: TPDU loss, TPDU delivery out of
sequence, TPDU duplication and TPDU corruption. These
errors may affect control TPDUs as well as data TPDUs.

NOTE ~ The transport entity is incapable of distinguishing between
failure of the network service and failure of the peer entity, except
optionally, by some local means, in the case of the failure of the
local interface to the network service (e.g., in the failure of the local
transceiver on a local area network).

There is no indication given to the transport entity about the

5.48 Characteristics of class 4

Class|4 provides the characteristics of class 3, plus the
capabijility to detect and recover from errors which occur as
a resylt of the low grade of service available from the NS-
provider. The kind of errors to be detected include: TPDU
loss, TPDU delivery out of sequence, TPDU duplication and
TPDY cotruption. These errors may affect control TPDUs
as wej! as data TPDUs.

This dass also provides for increased throughput capability
and aglditional resilience against network failure.

Class|4 has been designed to be used with type C network
connections.

6.5 |Characteristics of class 4 transport protocol
when|operating over CLNS

In opgration over a connectionless-mode network service
the class 4 transport procotol provides flow control between
communicating peer transport entities, the capability to
detec{ and recover from errors which occur as aresult of a
low grade of service available from the NS-provider, and
resilience from failure of the peer entity. The kinds of error

ability of the network entity fo Tulfill the servica requirements
given in the- N-UNITDATA primitive. However, it can be a
local matter to make transport entities pware of the
availability and characteristics (QQOS) of cgnnectionless-
mode network services, as the'corresp¢nding NSAP
associations, exist logically, by the ngture of the
connectionless-mode network service and may be
recognized by network entities.

5.6 Model of the'transport layer

A transpont entity’communicates with its TS{users through
one or more TSAPs by means of the servicg primitives as
defined by.the transport service definition (spe ISO 8072).
Service \primitives will cause or be the resyit of transport
protocel data unit exchanges between the peer transport
entities supporting a transport connection. These protocol
exchanges are effected using the services ¢f the Network
LLayer as defined by the network service dgefinition (see
ISO/IEC 8348) through one or more NSAPs.

Transport connection endpoints are identified in end
systems by an internal, impiementation dependent,
mechanism so that the TS-user and the tran;)ort entity can
refer to each transport connection.

TSAP

Transport entity

TSAP

Transport entity

NSAP

NSAP

NOTE - For the purposes of illustration, figure 2 shows only one TSAP and one NSAP for each transport entity. In certain
instances, more than one TSAP and/or more than one NSAP may be associated with a particular transport entity.

Figure 2 — Model of the transport layer
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Section two: Transport protocol specification

6 Elements of procedure

This clause contains elements of procedure which are used

During the resynchronization (see 6.14) and reassignment
after failure (see 6.12) procedures, the initiator may reassign
a transport connection to another network connection

in the spen.lelcatlon of protocol classes In clauses 7 to 12.
These elements are not meaningful on their own.

The proceflures define the transfer of TPDUs whose
structure and coding is specified in clause 13. Transport
entities shafl accept and respond to any TPDU received in a
valid NSDU and may issue TPDUs initiating specific
elements of|procedure specified in this clause.

NOTE -~ Whqre network service primitives, TPDUs and parameters

used are not| significant for a particular element of procedure,
they have npt been included in the specification.

6.1 Use pt the network service

6.1.1 Aissighment to network connection when
operating qver CONS

This procefure is used only when operating over the
connection-mode network service.

6.1.1.1 Purpose

The procedure is used in all clagses to assign transport
connectiony to network connections.

'6.1.1.2 Network service primitives

The procedure uses 1he following™ network service
primitives:

a) N-CONNECT;

b) N-DISCONNECT.

6.1.1.3 Procedure

Each transgort’connection shall be assigned to a network
connectio 1 The initiator may assign the transport

juumlg the er-of the
network connection and that the transport connpction is
assigned to only one network connection at any.given time.

During the splitting procedure (see 6.23)ya transpprt entity
may assign a transport connection to-any additiona{ network
connection joining the same NSAPs, provided tha[\J it is the
owner of the network connection and that either thg network
connection does hot have another transport cohnection
assigned to it; or multiplexing”is possible on the|network
connection,

The transport entity‘that did not initiate the asgignment
becomes aware of the assignment when it receives

a) a CR)TPDU during the connection establishment
procedure (see 6.5); or

by,an RJ TPDU or a retransmitted CR or DR TPDU
during the resynchronization (see 6.14) and
reassignment after failure (see 6.12) procedureg; or

c) any TPDU when splitting (see 6.23) is used.
NOTES

1 When a new network connection is created, the fuality of
service requested is a local matter, although it will narmally be
related to the requirements of transport connection(s) efpected to
be assigned to it.

example, the quality of service requested for the |transport
connection cannot be attained by using or enhancing thg network
connection.

2 An existing network connection may also not be suit[ble if, for

3 A network connection with no transport connection(s)|assigned
to it, may be available after initial establishment, or becguse all of

connection to an existing network connection of which it is
the owner or to a new network connection (see note 1)
which it creates for this purpose.

The initiator shall not assign or reassign the transport
connection to an existing network connection if the protocol
class(es) proposed for the class in use for the transport
connection are incompatible with the current usage of the
network connection with respect to multiplexing (see note
2).

10

TFUU 0T
CR TPDU or a DC TPDU ln response to DR TPDU. An
appropriate delay will allow the TPDU concemed to reach the other
transport entity allowing the freeing of any resources associated
with the transport connection concemed.

4 After the failure of a network connection, transport connections
which were previously multiplexed together may be assigned to
different network connections, and vice versa.
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6.1.2 Transmission over CLNS

This procedure is used only when operating over the
connectionless-mode network service.

6.1.2.1 Purpose

The procedure is used to transmit TPDUs over the
connectionless-mode netwark setvice

ISO/EC 8073 : 1992 (E)

TPDUs as NS-user data parameters of N-EXPEDITED
DATA primitives.

In all other cases, transport entities shall transmit and
receive TPDUs as NS-user data parameters of N-DATA
primitives.

When a TPDU is put into an NS-user data parameter, the
significance of the bits within an octet and the order of
octets within a TPDU shall be defined in 13.2.

6.1.2.2 Network service primitives

The prpcedure makes use of the following network service
primitivie:

N-UNITDATA,
6.1.2.3 Procedure

Each [TPDU shall be transmitted in a single invocation of
the cdnnectionless-mode network service, over a pre-
existing association between a pair of NSAPs. The
assocfation is considered by transport entities as
permafently established and available.

6.2 [Transport protocol data unit (TPDU) transfer

6.2.1 Purpose

The TPDU transfer procedure is used in all classes to
convey transport protocol data units in user data fields of
network service primitives.

6.2.2 Network service primitives

The prScedure uses the following networK service primitives
when ¢perating over CONS:

a) [N-DATA;

b) [N-EXPEDITED DATA.

~

The pliocedure uses’the following network service primitive
when ¢perating-over CLNS:

N-UNITDATA.

NOTE - TPDUs may be concatenated (see 6.4).
6.3 Segmenting and reassembling

6.3.1 Purpose

The segmenting and reassembling procedure|is used in all
classes to map TSDUs onto TPDUs.

6.3.2 TPDU and Parameter Used

The procedure’ makes use of the following TPDU and
parameter:

DT TPDU
— Endof TSDU.

6.3.3 Procedure

A transport entity shall map a TSDU ontq an ordered
sequence of one or more DT TPDUs. This sequence shall
not be interrupted by other DT TPDUs gn the same
transport connection.

All DT TPDUs except the last DT TPDU in a sequence
greater than one shall have a length of datg greater than
zero.

NOTES

1 The EOT parameter of a DT TPDU indicates whether or not
there are subsequent DT TPDUs in the sequence.

2 There is no requirement that the DT TPDUs phall be of the
maximum length selected during connection establighment.

6.4 Concatenation and separation

6.2.3 Procedure

The transport protocol data units (TPDUs) defined for the
protocol are listed in 4.2.

When operating over CLNS, the transport entities shall
transmit and receive all TPDUs as NS-user data parameters
of N-UNITDATA primitives.

When operating over CONS and when the network
expedited variant has been selected for class 1, the
transport entities shall transmit and receive ED and EA

6.4.1 Purpose

The procedure for concatenation and separation is used in
classes 1, 2, 3 and 4 to convey muiltiple TPDUs in one
NSDU.

6.4.2 Procedure

A transport entity may concatenate TPDUs from the same
or different transport connections, while maintaining the
order of TPDUs for a given transport connection compatible
with the protocol operation.

11
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A valid set of concatenated TPDUs may contain

a) any number of TPDUs from the following list: AK,
EA, RJ, ER, DC TPDUs, provided that these TPDUs
come from different transport connections;

b) no

more than one TPDU from the following list: CR,

DR, CC, DT, ED TPDUs; if this TPDU is present, it shall
be placed last in the set of concatenated TPDUs.

© ISONEC

~ CLASS and OPTIONS (i.e. preferred class, use
of extended format, non-use of explicit flow control in
class 2);

calling TSAP-ID;
called TSAP-ID;
TPDU size (proposed);

preferred maximum TPDU size (proposed);

Vorsion-Rtmber:
VOTSIOR-Fdmbors

A transpo
TPDUs.

NOTES

1 The TH

rt entity shall accept a valid set of concatenated

DUs within a concatenated set may be distinguished by

means of \Ie length indicator parameter.

expedited in class 1, use_6f receipt conf
class 1, non-use of checksum in class
transport expedited data transfer servic

protection parameter;
checksum;
additional option selection (ile. use

bf network
rmation in
4, use of
e, use of

2 The ehd of a TPDU containing data is indicated by the Se‘Lecti\(ed acknc;\{vledgement, use ol request
termination] of the NSDU. acknowledgemept);
— alternative protocol class(es);
3 When joperating over CONS the number of concatenated .
TPDUs refprred to in 6.4.2.a) is bounded by the maximum number - acknowledgement time;
of t_ranspo connections \{«lhich are multiplexed together except — Inactivity time;
during assignment or reassignment.
~ “throughput (proposed);
When opefating over CLNS, the number of TPDUs that may be idual ¢ )
concatenafed is bounded by the number of transport connections =" residual error rate (proposed);
;sst;lﬂispe between two NSAPs and/or the maximum available — priority (proposed);
siZzg. ‘
~ transit delay {proposed);
6.5 Connection establishment — reassignment time;
- user data;
6.5.1 Purpose
b) CC TPDU
The procedure for connection establishment is used in all CDT:
classes tq create a new transport connection. - '
- DST-REF;
6.5.2 Network service primitives ~ SRC-REF;
When oferating over CONS, -thel procedure uses the — CLASS and OPTIONS (selected);
following phetwork service primitive: — calling TSAP-ID;
N-DATA. — called TSAP-ID;
Wh GLNS. th g ~ TPDU size (selected);
en ogerating over , the procedure uses the . .
following petwork-sérvice primitive: — the preferred maximum TPDU size (selected);
— protection parameter,
N-UNITDATA.
-~ checksum;
6.5.3 TPDUs and parameters used - additional option selection (selected);

The procedure uses the following TPDUs and parameters:

a) CRTPDU

12

CDT;
DST-REF (set to zero);
SRC-REF;

acknowledgement time;
Inactivity time;

throughput (selected);
residual error rate (selected);
priority (selected);

transit delay (selected);

user data,
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6.5.4 Procedure for operating over CONS

A transport connection is established by means of one
transport entity (the initiator) transmitting a CR TPDU to the
other transport entity (the responder), which replies with a
CC TPDU.

Before sending the CR TPDU, the initiator assigns the

ISO/IEC 8073 : 1992 (E)

the network connection. The range of references used
for transport connections, in a given transport entity, is a
local matter.

b) calling and called TSAP-IDs (optional): when either
network address unambiguously defines the transport
address this information may be omitted.

¢) initial credit: Only relevant for classes which include
the explicit flow control function.

NOTE t Even if the initiator assigns the transport connection to
more than one network connection, all the CR TPDUs (if repeated)
or DR TPDUs with DST-REF set to zero which are sent prior to the
receipt| of the CC TPDU shall be sent on the same network
connegtion, unless an N-DISCONNECT indication is received.
(This isjnecessary because the remote entity may not support class
4 and therefore may not recognize splitting.) If the initiator has
made ¢ther assignments, it will use them only after receipt of a
class 4|CC TPDU (see also the splitting procedure 6.23).

During this exchange, all information and parameters
needed for the transport entities to operate shall be
exchamnged or negotiated.

NOTE 1 Except in class 4, itis recommended that the initiator starts
an optipnal timer TST at the time the CR TPDU is sent. This timer
should be stopped when the connection is considered as accepted
or refuged or unsuccessful. [f the timer expires, the initiator should
reset of disconnect the network connection, and in classes 1 and\3;
freeze| the reference (see 6.18). For all other transport
connedtion(s) multiplexed on the same network connection, the
procedures for reset or disconnect as appropriate’\should be

Whenan unexpected duplicated CR TPRU is received (with
class 4 as preferred class) it shall be ignored in classes 0, 1,
2, and|3 and a CC TPDU shall be returned in class 4.

After rpceiving the CC TPDU for a'class which inciudes the
procedlure for retention until-acknowledgement of TPDUs
the inifiator shall acknowlédge the CC TPDU as defined in
Table b (see 6.13).

When|the network, éxpedited variant of the expedited data
transtér (see 6:11) has been agreed (possible in class 1
only), the responder shall not send an ED TPDU before the
CC THDU'is acknowledged.

d) user data: Not available if class Orig [the preferred
class (see the note). Up to 32 octets.inother classes.

NOTE - If class O is a valid resporise according to table 3,
inclusion of user data in the /CR'TPDU njay cause the
responding entity to refuse the.connection (for example if it only
supports class 0).

e) acknowledgementtime: Only in class 4.
f) checksum.parameter: Only in class 4.

g) projection parameter: This parameter and its
semantics are user defined.

h). inactivity time: Only in class 4. The |nactivity time
parameter shall not be included in a CC TPDU if it was
not present in the corresponding CR TPDY.

The following negotiations take place:

i) protocol class: The initiator shall propoke a preferred
class and may propose any number ¢f alternative
classes which permit a valid response ps defined in
table 3. The initiator should assume wheh it sends the
CR TPDU that its preferred class will be ggreed to, and
commence the procedures associated wjth that class,
except that if class 0 or class 1 is an altgrnative class,
multiplexing shall not commence until|la CC TPDU
selecting the use of classes 2, 3 or 4 has Been received.

class includes resynchronization (sep 6.14) the
resynchronization will occur if a reset is sjgnalled during
connection establishment.

NOTE -~ This means, for example that wheF the preferred

The responder shall select one class defined in table 3

as a valid response corresponding to the ¢

referred class

and to the class(es), if any, contained in

selected class in the CC TPDU and s

he alternative

all follow the

class parameter of the CR TPDU. It shqll indicate the

The following information is exchanged:

a) references: [Each transport entity chooses a
reference to be used by the peer entity which is 16 bits
long and which is arbitrary under the following
restrictions:

1) it shall not already be in use nor frozen (see
6.18),

2) it shall not be zero.

This mechanism is symmetrical and provides
identification of the transport connection independent of

procedures tor the selected class.

If the preferred class is not selected, then on receipt of
the CC TPDU the initiator shall adjust its operation
according to the procedures of the selected class.

NOTES

1 The valid responses indicated in table 3 result from both
explicit negotiation, whereby each of the classes proposed is a
valid response, and implicit negotiation whereby

a) If class 3 or 4 is proposed then class 2 is valid response;

13
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Table 3 - Valid responses corresponding to the preferred class and
any alternative class proposed in the CR TPDU
™ Preferred
class Alternative class
0 1 2 3 4 none
0 not valid not valid not valid not valid not valid class 0
1 class 1 or0 class 1 or 0 not valid not valid not valid class 1 or 0
2 class 2 or 0 not valid class 2 not valid not valid class 2
3 Class 3,20f0 | class 3,2,1070 class 3 or 2 class3or2 [ notvalld | class3or2
4 class 4,2 or 0 class 4,2,10r0 classd4or2 | class4,30r2 class 4 or 2 class4lof 2
b) if dlass 1 is proposed then class 0 is a valid response. n) normal or extended fdrmiat: Either nofmal or

2 Negofation from class 2 to class 1 and from any class to an
higher-numbered class is not valid.

extended is available. ‘When extended is u
applies to CDT, TPDY-NR', ED-TPDU-NR, YH
and YR-EDTU-NR parameters.

sed this
-TU-NR

3 Redugdant combinations are not a protocol error. p) checksum sélection: This defines whethey or not
. . . TPDUs of thé«¢onnection are to include a checkgum.
k) TPDU size: The initiator may propose a maximum
3;3;‘;’; -rreps?)g:& ari‘t% tahney ';easlﬁg"g;;vgany 132‘38‘32%%2 q) quality of service parameters: This defihes the
" . hput, transit delay, priority and residual ertor rate.
proposed value in the set of values available (see 13.3.4 throughp nst Y priory
b). NOTE — The transport service defines transit flelay as
requiring a previously stated average TSDU size as a|basis for
N?TtE —|[The ;ength of the CR TPDU does not exceed 128 any specification. This protocol as specified in 13.3.4 p), uses
octets (sep 13.3). a value at 128 octets. Conversion to and from spedifications
. . . based upon some other value is a local matter.

m) preferred maximum TPDU size: The value of thig

parametpr, multiplied by 128, ){lelds the proposed or r} the non-use of explicit flow control in class 2.

accepted maximum TPDU size in octets. The initiator

may proposed a preferred maximum size for TPDUs and . . .

the resppnder may accept this value or respond with a s) the use of network receipt confirmation and [network

smaller alue. expedited when class 1 is to be used.

NOTE - If this parameter is used in a GR TPDU without also 1) use of expedited data transfer service: This allows

including| the TPDU size parameter, this will result in a both TS-users to negotiate the use or non-usp of the

maximum| TPDU size of 128 octets being selected if the remote expedited data transport service as defineq in the

entity dods not recognize the prefétred TPDU size parameter. transport service (see ISO 8072).

Therefore| it is recommended.thabboth parameters be included

in the . u) the use of selective acknowledgement: is allows

in the CR[TPDU th f select knowled t: This all

the transport entities to decide whether [to use

If the p eferred maximum TPDU size parameter is procedures that allow acknowledgement of DT| TPDUs

present ih a CR TPDU the responder shall that are received out-of-sequence (only in class {1).
eithef: ignore the prefeTrll;e'DciuquImum TPDU size v) the use of request acknowledgement: This allows
para:['net.erh a",d, follow size negotiation as both transport entities to negotiate the use or nop-use of

definedHin 654

or:

WY

use the preferred maximum TPDU size

parameter to determine the maximum TPDU size
requested by the initiator and ignore the TPDU size
parameter. In this case the responder shall use the

prefe

rred maximum TPDU size parameter in the CC

TPDU and shall not include the TPDU size
parameter in the CC TPDU.

if the preferred maximum TPDU size parameter is not
present in the CR TPDU it shall not be included in the

corresponding CC TPDU.

negotiati

14

In this case TPDU size
on is as defined in 6.5.4 k).

the request acknowledgement facility specified in

6.13.4.2 (only in classes 1, 3, 4).

The following information.is sent only in the CR TPDU:

w) version number:

This defines the version of the

transport protocol standard used for this connection.

X) reassignment time parameter:

This indicates the

time for which the initiator will persist in following the

reassignment after failure procedure.
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The negotiation rules for the options are such that the
initiator may propose either to use or not to use the option.
The responder may either accept the proposed choice or
select an alternative choice as defined in table 4.

When a parameter [which is valid for the proposed
class(es)] is absent and a default value is defined in this
International Standard, this is equivalent to the presence of
the parameter with the default value.

ISONIEC 8073 : 1992 (E)

parameters needed for the transport entities to operate shall
be exchanged or negotiated. When an unexpected
duplicated CR TPDU is received (with class 4 as preferred
class) a CC TPDU shall be returned.

After receiving the CC TPDU, the initiator shall
acknowledge the CC TPDU as defined in table 5 (see
6.13).

The following information is exchanged:

In class 2, whenever a transport entity requests or agrees to
the transport expedited data transfer service or to the use of
extenaed formats, it shall also request or agree
(respegtively) to the use of explicit flow control.
Table 4 — Negotiation of options during connection
establishment
Proposal Valid selection
Option made by the by the
initiator responder

Transpprt expedited data

transfef service Yes Yes or No
(classés 1, 2, 3, 4 only) No No

Use of(receipt confirmation Yes Yes or No
(class § only) No No

Use ofthe network

expedited Yes Yes or No
varianf{(class 1 only) No No

Non-uge of checksum Yes Yes or No
(class # only) No No

Non-uge of explicit flow

control Yes Yes or No
(class P only) No No

Use of|extended format Yes Yes or No
(classgs 2, 3,4 only) No No

Use of|selective Yes Yes or No
acknowledgement (class 4 No No

only)

Use of|request Yes Yes or No
acknowledgement (classes No No

1, 3, 4only)

NOTE + Table\4 defines the procedures for negotiation of options.
This negetiation has been designed such that if the initiator
proposgs the mandatory implementation option specified in clause

a) references: [Each transport entity| chooses a
reference to be used by the peer entity-which is 16-bits
long and which is arbitrary under the following
restrictions:

1) it shall not already,be in use nof frozen (see
6.18).

2) it shall not be zero.

This mechanism’ is symmetrical a:td provides
identification ‘ofthe transport connection itself. The
range of references used for transport conpections, in a
given transport entity, is a local matter.

The followi ke plage:

14, the responder has to accept use of this option over the transport
connection except for the use of the transport expedited data
transfer service which may be rejected by the TS-user. If the
initiator proposes a non-mandatory implementation option, the
responder is entitled to select use of the mandatory implementation
option for use over the transport connection.

6.5.5 Procedure for operating over CLNS

A transport connection is established by means of one
transport entity (the initiator) transmitting a CR TPDU to the
other transport entity (the responder), which replies with a
CC TPDU. During this exchange, ail information and

b) “called and calling TSAP-IDs (optional):
calling and called transport service access
either the network address unambiguousl
transport address, this information may be

¢) initial credit.

d) user data: up to 32 octets.
e) acknowledgment time.

f) checksurﬁ parameter.

g) protection parameter:
semantics are user defined.

Indicates the
boints. When
y defines the
bmitted.

This parameter and its

h) inactivity time: The inactivity time pafameter shall
not be included in a CC TPDU if it was not present in the

corresponding CR TPDU.

j). protocol class: Class 4 is the only vali

value for the

preferred protocol class proposed by the inftiator, and for

the class selected by the responder. A
class is not permitted.

n alternative

k) TPDU size: The initiator may propose a maximum
size for TPDUs in the set of values available [see 13.3.4
b)]. This value may be limited by the maximum available
NSDU size if known, and cannot exceed the maximum
NSDU size for connectionless-mode network service as
defined in ISO/IEC 8348. The responder may accept
this value or respond with any value between 128 and
the proposed value in the set of values available [see

13.3.4 b)).

NOTES

15
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1 The length of the CR TPDU does not exceed 128 octets
(see 13.3).

2 The transpott entities may have knowledge, by some local
means, of the maximum available NSDU size.

m) preferred maximum TPDU size: The value of this
parameter, multiplied by 128, yields the proposed or
accepted maximum TPDU size in octets. The initiator

© ISO/IEC

t) the use of request acknowledgement: This allows
both transport entities to negotiate the use or non-use of
the request acknowledgement facility specified in
6.13.4.2.

The following information is sent only in the CR TPDU:

u) version number: This defines the version .of the
transport protocol standard used for this connection.

the resppnder may accept this value or respond with a
smaller value,

this parameter is used in a CR TPDU without also
including| the TPDU size parameter, this will result in a
maximum| TPDU size of 128 octets being selected if the remote
entity dogs not recognize the preferred TPDU size parameter.
Thereforj it is recommended that both parameters be included
in the CR[TPDU.

If the pfeferred maximum TPDU size parameter is
present ih a CR TPDU the responder shall

parameter and follow TPDU size negotiation as
definkd in 6.5.5 k);

or: | use the preferred maximum TPDU size
eter to determine the maximum TPDU size

eitheE ignore the preferred maximum TPDU size

parameter in the CC TPDU.

If the prpferred maximum TPDU size parameter is\not
present jn the CR TPDU it shall not be included-in’the
correspgnding CC TPDU. In this case TPDU size
negotiatipn is as defined in 6.5.5 k).

n) nornfal or extended format: Either normal or

extendefl is available. When extended is used this
applies o CDT, TPDU-NR, ED (TPDU-NR, YR-TU-NR
and YR-EDTU-NR parameters;

p) checksum selection: & This defines whether or not
TPDUSs ¢f the connectidon are to include a checksum.

q) quality of service parameters: This defines the
throughgut, transit delay, priority and residual error rate.

NOTE -- The transport service defines transit delay as requiring

6.6 Connection refusal

6.6.1 Purpose

The connection refusal proceduré{is used in all[classes
when a transport entity refuses atransport conngction in
response to a CR TPDU.

6.6.2 TPDUs and parameters used
The procedure uses.the follow TPDUs and parameters:

a) DR TPDU
— OSRC-REF;
-~ reason;

— user data;

b) ERTPDU
— reject cause;
— invalid TPDU.

6.6.3 Procedure

shall respond to the CR TPDU with a DR TPDY. The
reason shall indicate why the connection was not a¢ceptsd.
The source reference field in the DR TPDU shall e set to
zero to indicate an unassigned reference. '

If a transport connection cannot be accepted, the reEponder

If a DR TPDU is received the initiator shall regard the
connection as released.

The responder shall respond to an invalid CR TPDU by
sending an ER or DR TPDU. If an ER TPDU is redeived in
response to a CR TPDU, the initiator shall regard the
connection-asreleased

a previously stated average TSDU size as a basis for any
specification. This protocol as specified in 13.3.4 p), uses a
value at 128 octets. Conversion to and from specifications
based upon some other value is a local matter.

r) use of expedited data transfer service: This allows
both TS-users to negotiate the use or non-use of the
expedited data transport service as defined in the
transport service (ISO 8072).

s) the use of selective acknowledgement: This allows
the transport entities to decide whether to use
procedures that allow acknowledgement of DT TPDUs
that are received out-of-sequence.

16

NOTES

1 When the invalid CR TPDU can be identified as having class 0
as the preferred class, it is recommended to respond with an ER
TPDU. For all other invalid CR TPDUs either an ER TPDU or DR
TPDU may be sent.

2 If the optional supervisory timer TS71 has been set for this
connection then the initiator should stop the timer on receipt of the
DR or ER TPDU.

3 It is a local matter whether the initiator releases the network
connection if no transport connections are now assigned to it.
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6.7 Normal release
6.7.1 Normal release when operating over CONS

6.7.1.1 Purpose

The release procedure is used by a transport entity in order

ISO/IEC 8073 : 1992 (E)

2) discard all subsequently received TPDUs other
than a DR or DC TPDU;

3) consider the transport connection released on
receipt of a DR or DC TPDU;
b) If a} is not applicable and if there is an outstanding
CR TPDU, it shall

1) for classes other than class 4 wait for the
acknowledgement of the outstanding CR TPDU; if it

the transport connection to be released independently of the
underlying network connection.

6.7.1.2 Network service primitives

The procedure uses the following network service
primitiyes:

a) [N-DISCONNECT,

b) [N-DATA.

6.7.1.3 TPDUs and parameters used
The pfocedure uses the following TPDUs and parameters

a)|DR TPDU
— reason;
— user data;
~ SRC-REF;
-~ DST-REF;

b)[ DC TPDU.

6.7.1.4 Procedure for implicit variant

in the| implicit variant either transport entity disconnects a
transport’ connection by disconnecting the network

receives a CC TPDU, is shall folfow Te procedures
in6.7.1.5.a).

2) for class 4 either send a DR-TPDYJ with a zero
value in the DST-REF field or follow thé procedure in
6.7.1.5.b)1. In the former\case furthgr receipt of a
CC TPDU specifying class)4 will be ignpred. Receipt
of CC TPDU with another class will be|processed as
follows: If the class\is/0 the network cdnnection shall
be disconnected, ctherwise a DR TPDU with the
DST-REF fieldset to the value of the $RC-REF field
of the recéived CC TPDU shall be [sent and the
release procedure of the class is continued.

A transport entity that receives a DR TPDY shalll

¢) W it has previously sent a DR TPDU|for the same
transport connection, consider the transpgrt connection
released;

d) If it has previously sent a CR TPDU that has not
been acknowledged by a CC TPDU, [consider the
connection refused (see 6.6),

if the SRC-REF is not zero a DC TPDU|shall be sent
using the SRC-REF as the DST-REF;

NOTE ~ In this case the DR has been associatpd regardless of
its SRC-REF field (see 6.9.1.4 and 6.9.2.4).

e) if ¢) and d) are not applicable, send a PC TPDU and
consider the transport connection released. If the
received DR has the DST-REF field set tp zero, then a
DC with SRC-REF set to zero shall be sqnt, regardless
of the local reference.

NOTE - If the entity receiving such a DR TPDY has previously
decided to negotiate down the class, this éentity is always
entitled to consider such a DR TPDU as spufious. Since no
association has been made the transport cgnnection is not
released at the responder side but the CC THDU, when sent,
will be answered by a DR TPDU (spurious CC TPDU).

connection to which it is assigned. When a transport entity
receives an N-DISCONNECT this should be considered as
the release of the transport connection.

6.7.1.5 Procedure for explicit variant

When the release of a transport connection is to be initiated,
a transport entity

a) if it has previously sent or received a CC TPDU (see
note 1) shall

1) senda DR TPDU;

NOTES

1 This requirement ensures that the transport entity is aware of
the remote reference for the transport connection.

2 When the transport connection is considered as released the
local reference is either available for re-use or is frozen (see 6.18).

3 After the release of a transport connection the network

connection can be released or retained to enable its re-use for the
assignment of other transport connections (see 6.1.1).

17
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4 Except in class 4, it is recommended that, if a transport entity
does not receive acknowledgement of a DR TPDU within time TS2,
it should either reset or disconnect the network connection, and
freeze the reference when appropriate (see 6.18). For all other
transport connection(s) multiplexed on this network connection the
procedures for reset or disconnect as appropriate should be
followed.

5 When a transport entity is waiting for a CC TPDU before
sending a DR_TPDU and the network connection is reset or

© ISO/IEC

expiration of the CR TPDU retransmission counter, which forces the
DR TPDU to be sent.

A transport entity which receives a DR TPDU shall

a) consider the transport connection to be released if it
has previously sent a DR TPDU for that connection;

b) consider the transport connection to be refused (see
6.6) if it has previously sent a CR TPDU for that

released, it sHould consider the transport connection released and,
in classes otHer than classes 0 and 2, freeze the reference (see
6.18). '

6.7.2 Ngrmal release when operating over CLNS

6.7.21 Purpose

The release|procedure is used by a transport entity in order
to terminate [a transport connection.

6.7.2.2 Network service primitives

The procedyres makes use of the following network service
primitive:

N-UNITDATA.

6.7.23 [PDUs and parameters used

The procedure uses the following TPDUs and parameters:

a) DR TPDU;

regson;

|
=4

er data;
- SRC-REF;
~ D$T-REF;

b) DC TPDU.
6.7.2.4 Procedure

When the rejease of atransport connection is to be initiated,
a transport ¢ntity shall send a DR TPDU and shali discard
all subsequ@ntly‘received TPDUs except for a DR or a DC
TPDU.

TONM ived in
acknowledgment;

c¢) consider the transport connection to,be feleaged and
send a DC TPDU in all other cases, ‘ If;the recejved DR
TPDU has the DST-REF field set.fo zero, then a DC
TPDU with SRC-REF set to zetpyshall be sent| regard
less of the local reference.

6.8 Error release when operating over CONS

6.8.1 Purpose

This procedure-is‘used only in classes 0 and 2 to r¢lease a
transport conpection on the receipt of an N-DISCONNECT
or N-RESET indication.

6.8.2 Network service primitives
The procedure uses the following service primitives:
a) N-DISCONNECT request;
b) N-DISCONNECT indication;
¢) N-RESET indication;
d) N-RESET response.
6.8.3 Procedure

When, on the network connection to which a tiansport
connection is assigned, an N-DISCONNECT or N{RESET
indication is received, both transport entities shall gonsider
that the transport connection is released and so inform the
TS-users.

On receipt of an N-RESET indication:

On the receipt of a DR or a DC TPDU, it shall consider the
transport connection to be released and the local reference
shall be frozen (see 6.18). lf a CC TPDU has been
previously sent or received by the transport connection,
then the remote reterence is known and shall be used for
the DST-REF in the DR TPDU to be sent. If the remote
reference is not known, then the DST-REF in the DR TPDU
may be set to zero, or the entity may wait until a CC TPDU
is received before sending the DR TPDU.

NOTE - In case that the entity dacides to wait for the arrival of the

CC TPDU for the connection, deadlock could result from a CC
TPDU that never arrives. Such a deadlock is prevented by the

18

—n class U, an N-DISCONNECT request shall be
issued;

-~ inclass 2, it is a local choice to issue an N-RESET
response or an N-DISCONNECT request; one of these
primitives shall be issued. However, if the Network
Connection has other Transport Connections of a
different class assigned to it, the error recovery
procedure of that class shall be used to determine which
primitive is issued.
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6.9

6.9.1

Association of TPDUs with transport connections

Association of TPDUs with transport

connections when operating over CONS

6.9.1.1

Purpose

This procedure is used in all classes to interpret a received

NSDU
TPDU

6.9.1.2

ISO/IEC 8073 : 1992 (E)

assigned to this network connection (if any), apply
the procedures defined for handling of network

signalled reset or disconnect.

If the NSDU can be decoded and is not corrupted, the

transport entity shall

a) if the network connection on which the NSDU was
received has a class 0 transport connection assigned to
it, consider the NSDU as forming one TPDU and

s 3 trsuch
Wwith a transport connection.

Network service primitives

The procedure uses the following network service
primitives:

a)
b)
c)
d)
6.9.1.3

The pr

or

b)

c)
6.9.1.4

6.9.1.4

If the
decod
or is

N-DATA indication;
N-EXPEDITED DATA indication;
N-RESET request;

N-DISCONNECT request.

TPDUs and parameters used
pcedure uses the following TPDUs and parameters:

any TPDU except CR TPDU, DT TPDU in classes.0
and AK TPDU in class 1

-~ DST-REF;

CR, CC, DR and DC TPDUs
— SRC-REF;

DT TPDU in classes 0 or 1 and-AK TPDU in class 1.

Procedures
.1 Identification of TPDUs
received(NSDU or expedited NSDU cannot be

bd (i.e. does’not contain one or more correct TPDUs)

corrupted (i.e. contains a TPDU with a wrong

checkslum) then the transport entity shall

6.9.1.4.2);

hnection (see

b) otherwise, invoke the separation procgdures and for

each of the individual TPDUs imthe order

in which they

appear in the NSDU apply.‘the”procedure defined in

6.9.1.4.2.

6.9.1.4.2 Association’ of individual TPDU

If the received TRDU-is a CR TPDU, then if

he SRC-REF

parameter and ‘the remote NSAP indicatg an existing

transport conpection at that receiving entity,
TPDU is (associated with that transport
otherwis€ itis processed as requesting the
new transport connection.

If<the received TPDU is a DT TPDU and
connection has no TC assigned to it, and the

then the CR
connection,
creation of a

the network
DT TPDU is a

class 0 or class 1 TPDU (as recognized by thg absence of a
DST-REF field), then the TPDU should be igngred.

Otherwise, the DST-REF parameter of the TPPDU is used to

identify the transport connection. The follow|
distinguished:

ng cases are

a) If the DST-REF is not allocated td a transport

connection then no association with

a transport

connection is made and there are three cages:

1) If the TPDU is a CC TPDU the transport entity
shall respond on the same network conhection with a
DR TPDU. The SRC-REF of the DR TPDU may be

either 0 or the DST-REF from the
TPDU;

2) if the TPDU is a DR TPDU the tr

received CC

nsport entity

shall respond on the same network connection with a
DC TPDU; except in the case that the DR is carrying
a SRC-REF set to zero, then no DC TPDU shall be
sent, or in the case where the transpprt entity only
supports class 0 then the network connection shall
be disconnected:;

a)

if the network connection on which the error is

detected has a class 0 or 1 transport connection
assigned to it, treat as a protocol error (see 6.22) for that
transport connection;

b)

otherwise:

1) if the NSDU can be decoded but contains
corrupted TPDUs, discard the TPDUs (class 4 only)
and optionally apply 6.9.1.4.1 b)2);

. 2) if the NSDU cannot be decoded issue an N-

RESET or N-DISCONNECT request for the network
connection and for all the transport connections

3) If the TPDU is neither a CC or DR it shall be
discarded;

b) If the DST-REF is allocated to

a transport

connection, but the TPDU is received on a network
connection to which this connection has not been

assigned then there are four cases:

1) if the transport connection is of class 4 and if the
TPDU is received on a network connection with the
same pair of NSAPs as that of the CR TPDU then
the TPDU is associated with this transport

19
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connection and considered as performing
assignment;

2) if the transport connection is not assigned to any
network connection (waiting for reassignment after
failure) and if the TPDU is received on a network
connection with the same pair of NSAPs as that of
the CR TPDU then the association with that transport
connection is made, except in the case of DC, DR
and CC TPDUs which are respectively described in
6.9.1.4.2 ¢), d), e);

© ISO/IEC

reference, then a DR TPDU is sent back with DST-REF
equal to the SRC-REF of the received CC TPDU and no
association is made.

f) if none of the above cases apply then the TPDU is
associated with the transport connection identified by the
DST-REF parameter.

6.9.2 Association of TPDUs with transport
connections when operating over CLNS

3) Inclasses 1 and 3, it is also possible to receive a
TPDU performing reassignment prior to the
notification of the disconnect of the current network
conngection (i.e. the transport connection is assigned
to a hetwork connection, but a TPDU containing the
appropriate DST-REF is received on another network
connection). In this case it is recommended that the
transport entity:

issue an N-DISCONNECT request on the
network connection to which the transport
pnnection is currently assigned,

apply to all transport connections assigned to
tHis network connection the procedure for
pfocessing a received N-DISCONNECT
indication,

and then process the TPDU performing
rgassignment;

4) otherwise, the TPDU is considered as having a
DSTIREF not allocated to a transport connection
[case a)];

c) If thg TPDU is a DC TPDU then it is associated with
the trangsport connection to which the DST-REE-is
allocatedl, unless the SRC-REF is not the expected-one,
in which|case the DC TPDU is discarded.

) z . 3 and i
the DST-REF is zero and there is an
unacknowledged CC TPDU or T-CONNECT
RESPONSE is awaited, then the DR TPDU shall be
associated with the transport connection holding the
SRC-REF as the remote reference;

4) otherwise, the DR TPDU is associated with the
transport connection identified by the DST-REF
parameter;

e) if the TPDU is a CC TPDU whose DST-REF
parameter identifies an open connection (one for which
a CC TPDU has been previously received), and the
SRC-REF in the CC TPDU does not match the remote

6.9.2.1 Purpose

This procedure is used to interpret a received NSDU as

TPDU(s) and, if possible, to associateeach such TRDU with
a transport connection.

6.9.2.2 Network service primitives

This procedure makes use-of the following network service
primitive:

N-UNITDATA«

6.9.2.3 TPDUs and parameters used

This procedure makes use of the following TPIPUs and
parameters:

a) all TPDUs except CR TPDU;
- DST-REF;

b) CR, CC, DR and DC TPDUs;

— SRC-REF.
6.9.2.4 Procedures
6.9.2.4.1 Identification of TPDUs

If the received NSDU cannot be decoded (i.e., does not
contain one or more correct TPDUs) or is corrupted (i.e.,
contains a TPDU with a wrong checksum) then the
transport entity shall ignore (discard) the TPDUs. If the
NSDU can be decoded and is not corrupted, the {ransport
entity shall invoke the separation procedures and[for each

of the individual TPDUs in the order in which they gppear in
einB. 9242

6.9.2.4.2 Association of individual TPDUs

Association of areceived TPDU with a transport connection
is generally performed by attempting to match the DST-REF
in the received TPDU and the NSAP pair over which it was
received with those of an existing transport connection.
There are three exceptions to this general procedure: when
the received TPDU is a CR TPDU, the SRC-REF is used
instead of the DST-REF; when the received TPDU is either
a DR or a DC TPDU, the SRC-REF is used in addition to
the DST-REF; and when the received TPDU is a CC TPDU,
whose DST-REF parameter identifies an open connection
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(one for which a CC TPDU has been previously received),
then the SRC-REF is used in addition to the DST-REF.

The following actions shall be taken in consequence to the
inability to match the TPDU to an existing transport
connection:

a) for a CR TPDU, a new transport connection shall be
created.

kC-REF and DST-REF from the received CC TPDU
the DST-REF and SRC-REF, respectively, of the DR
TRDU.

c)| foraDR TPDU, there are four cases:

1) if a CR TPDU is unacknowledged for the
connection identified by the DST-REF in the DR
TPDU, then the DR TPDU is associated with that
connection regardless of the SRC-REF in the DR
TPDU.

2) if the CR TPDU for the connection identified by
the DST-REF of thehas DRbeen
acknowledged and the SRC-REF is not as expected,
then a DC TPDU using the SRC-REF of the DR
TPDU as DST-REF is sent and no association is
made.

3) if the DST-REF in the DR TPDU is zero and
there is an unacknowledged CC TPDU or a T-
CONNECT response is awaited for a transport
connection holding remote reference equal to.the
SRC-REF of the DR TPDU, then the DR TPDU\is
associated with that transport connection.

4) in all other situations, the DR “TPDU is
associated with the transport connectioh.identified by
the DST-REF of the DR TPDU.

d)| For all other TPDU types, the_TRDU is discarded.
6.10 | Data TPDU numbering

6.16.1 Purpose

Data TPDU numbering-is used in classes 1, 2 (except when
the ngn-use of explicit flow control option is selected), 3 and
4. Its|purposetis.to enable the use of recovery, flow control
and r¢sequencing functions.

6.10.4 TPDUs and parameters used

TPDU

ISONEC 8073 : 1992 (E)

allocate a sequence number one greater than the previous
ohe.

When a DT TPDU is retransmitted, the TPDU-NR parameter
shall have the same value as in the first transmission of that
DT TPDU

Modulo 27 arithmetic shall be used when normal formats
have been selected and modulo 237 arithmetic shall be used
when extended formats have been selected. In this
i ational Standard i ips "greater than" and
*less than" apply to a set of contiguous~TPDU numbers
whose range is less than the modulus ahd‘Whose starting
and finishing numbers are known: ,The tefm "less than"
means "occurring sooner in the window seqience” and the
term "greater than" means "oceurring later jn the window
sequence".

6.11 Expedited data transfer

6.11.1  Expedited-data transfer when operating over
CONS ‘

6.11.1.1 Purpose

Expedited data transfer procedures are sglected during
connection establishment. The network nornfal data variant

may be used in classes 1, 2, 3 and 4. [ The network
expedited variant is only used in class 1.

6.11.1.2  Network service primitives

The procedure uses the following network service
primitives:

a) N-DATA;
b) N-EXPEDITED DATA.

6.11.1.3  TPDUs and parameters used

The procedure uses the following TPDUs and parameters:

a) ED TPDU
— ED TPDU-NR;

b) EATPDU
~ YR-EDTU-NR.

The procedure uses the following TPDU and parameter:

DT TPDU
—~ TPDU-NR.

6.10.3 Procedure

A transport entity shall allocate the sequence number zero
to the TPDU-NR of the first DT TPDU which it transmits for
a transport connection. For subsequent DT TPDUs sent on
the same transport connection, the transport entity shall

6.11.1.4 Procedures

The TS-user data parameter of each T-EXPEDITED DATA
request shall be conveyed as the data field of an Expedited
Data (ED) TPDU.

Each ED TPDU received shall be acknowledged by an
Expedited Acknowledge (EA) TPDU.

No more than one ED TPDU shall remain unacknowledged
at any time for each direction of a transport connection.
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An ED TPDU with a zero length data field shall be treated
as a protocol error.

NOTES

1 The network normal data varant is used, except when the
network expedited variant (available in class 1 only), has been
agreed, in which case ED and EA TPDUs are conveyed in the data
fields of N-EXPEDITED DATA primitives (see 6.2.3).
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6.12 Reassignment after failure when operating over
CONS

6.12.1  Purpose

The reassignment after failure procedure is used in classes
1 and 3 to commence recovery from an NS-provider
signalled disconnect.

variant until

e CC TPDU becomes acknowledged, to prevent the

2 No TPD#’ can be transmitted using the network expedited

network expediited variant from overtaking the CC TPDU.

6.12.2 Network service primitives

The procedure uses the following network service piimitive:
6.11.2 Expedited data transfer when operating over N-DISCONNECT indication
CLNS
6.11.2.1 Purpose 6.12.3  Procedure
: . When an N-DISCONNECT indication is received| for the
Expedited data transfer procedures are selected during network connection to-Which a transport connegtion is
connection gstablishment. assigned, the initiafor ‘shall apply one of the f¢llowing
alternatives:
6.11.2.2  Network service primitives
a) if the/PTR timer has not already run out and no DR
The procedyre makes use of the following network service TPDU.is retained
primitive: 1)-assign the transport connection to a different
network connection (see 6.1.1) and start fits TTR
N-UNITQATA. timer if not already started
6.11.2.3 TPDUs and parameters used 2) while waiting for the completion of assignfent if
— an N-DISCONNECT indication is rgceived,
The procedlire makes use of the following TPDUs and repeat the procedure from 6.12.3.a);
parameters: - the TTR timer expires, begin prdcedure
6.12.3 b); ‘
a) ED TPDU; . , .
3) when reassignment is complete perform active
- ED TPDU-NR; resynchronization by executing the précedure
described in 6.14.4.1, and, if 6.14.4.1 b) has been
b) EA TPDU; performed, wait for the next event as follows:
- YREDTUNR. ~ if a valid TPDU is received as the resift of the
resynchronization, stop the TTR timer, or
6.11.24  Procedures
— if TTR runs out, wait for the next event, pr
The TS-usef data parameter of each T-EXPEDITED DATA
request shall be conveyed as the data field of an Expedited ~ if an N-DISCONNECT indication is réceived,
Data (ED) TPDU. begin either procedure 6.12.3 a) or 6[12.3 b)
depending on the TTR timer.
Each ED TPDU received shall be acknowledged by an
Expedited Acknowiedge (EA) TPDU: NOTE — Aler T1TR expites and while waiting Tor the next

No more than one ED TPDU shall remain unacknowledged

at any time f

or each direction of a transport connection.

An ED TPDU with a zero length data field shall be treated
as a protocol error (see 6.22).
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event, it is recommended that the initiator set a timer with a
value equal to TWR. If this timer expires before the next
event, the initiator should begin the procedure in 6.12.3 b).

b) If the TTR timer has run out, consider the transport
connection as released and freeze the reference (see
6.18);

c) if a DR TPDU is retained and the TTR timer has not
run out, then follow the actions in either 6.12.3.a) or
6.12.3.b).



https://standardsiso.com/api/?name=4956a263e6d0eec13db512a9a92577e3

© I1SO/IEC

The responder shall start its TWR timer if not already
started. The arrival of the first TPDU related to the transport
connection (because of resynchronization by the initiator)
completes the reassignment after failure procedure. The
TWR timer is stopped and the responder shall continue with
resynchronization (see 6.14). If reassignment does not take
place within this time, the transport connection is considered
released and the reference is frozen (see 6.18).

6.12.4

ISONIEC 8073 : 1992 (E)

The confirmation of receipt variant is used only in class 1
when it has been agreed during connection establishment
(see the note).

The AK variant is used in classes 3 and 4 and also in class
1 when the confirmation of receipt variant has not been
agreed during connection establishment. In addition, in
Class 4, the option of using selective acknowledgement
may be agreed to during connection establishment.

The regssignment after failure procedure uses two timers:

WR, the time to wait for reassignment/
resynchronization timer.

The TTIR timer is used by the initiator. Its value shall not
exceed 2 min minus the sum of the maximum disconnect
propagption delay and the maximum transit delay of the
network connections (see note 1). The value for the TTR
timer rray be indicated in the CR TPDU.

The TWR timer is used by the responder. If the
reassignment time parameter is present in the CR TPDU,
the TWR timer value shall be greater than the sum of the
TTR tirper plus the maximum disconnect propagation delay
plus th¢ maximum transit delay of the network connections.

If the reassignment time parameter is not present in the GR
TPDU, |a default value of 2 min shall be used for the(TWR
timer.
NOTES
1 Provided that the required quality of service is met, TTR may be
set to zgro (i.e. no reassignment). This may\be done, for example,
if the ratie of NS-provider generated dis¢onnects is very low.

2 Inclysion of the reassignmenttime parameter in the CR TPDU
allows the responder to use a TWR-value of less than 2 min.

3 If the optional TS1 and) TS2 timers are tised, it is recommended
a) o stop TS1nTS2 if running when TTR or TWR is started;

b) o restart-TS1 or TS2 if necessary when the corresponding

The request acknowledgement procedure is‘sefected during
connection establishment and may be used’in’dlasses 3 and
4, and in class 1 when the confirmation-of rgceipt variant
has not been agreed during connection establishment. 1t
allows a transport entity to request acknowlpdgement of
retained DT TPDUs by setting.the ROA palameter in a
transmitted DT TPDU.

NOTE - Use of the confirmatioh of receipt variant depends on the
availability of the network layer receipt confirmation dervice and the
expected cost reduction;

6.13.2 Network service primitives

When <perating over CONS, the procedufe uses the
following network service primitives:

a) N-DATA;
b) N-DATA ACKNOWLEDGE.

When operating over CLNS, the procedufe uses the
following network service primitive:

N-UNITDATA.

6.13.3 TPDUs and parameters used
The procedure uses the following TPDUs and garameters:
a) CR, CC, DR and DC TPDUs;

b) AKTPDU
~ YR-TU-NR
~ selective acknowledgement paramefers;

TPHU.(CR TPDU or DR TPDU respectively) is repeated; ¢) RJTPDU
~ YR-TU-NR;
c) to select for TS1 and TS2 values greater than TTR.
d) DT TPDU
6.13 Retention and acknowledgement of TPDUs — TPDU-NR:
6.13.1  Purpose e) ED TPDU
The retention and acknowledgement of TPDUs procedure is - ED-TPDU-NR;
used in classes 1, 3 and 4 to enable and minimize
retransmission after possible loss of TPDUs. f) EATPDU
—~ YR-EDTU-NR.

23
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6.13.4 Procedures

6.13.4.1 Retention until acknowledgement of TPDUs

Copies of the following TPDUs shall be retained upon
transmission to permit their later retransmission:

CR, CC, DR, DT and ED TPDUs

© ISO/IEC

b) on receipt of an AK TPDU containing selective
acknowledgement parameter(s) shall discard the DT
TPDUs specified.

NOTES (Notes 1 to 3 only apply when operating over CONS)

1 Itis a local matter for each transport entity to decide which N-
DATA requests should have the confirmation request parameter
set. This decision will nomally be related to the amount of storage

available for retained copies of the DT TPDUs

except in ‘the following case: if a DR TPDU is sent in
response tq a CR TPDU there is no need to retain a copy of
the DR TPDU.

A copy of epch of these TPDUs shall be retained until
a) itis pcknowledged, as specified in table 5; or

b) the fransport connection is released.

6.13.4.2 | Confirmation of receipt variant

In the ‘corJirmation of receipt variant, applicable only in
Class 1, transport entities shall

a) set the confirmation request parameter only if the
data pafameter contains a CC or DT TPDU (see notes 1
and 2);

b) issuE an N-DATA ACKNOWLEDGE request when it
receives an N-DATA indication with the confirmation
request|parameter set.

6.13.4.3 | Request of acknowledgement option
If the request acknowledgement procedure has been
negotiated,|transport entities

a) may| request acknowledgement) of retained DT
TPDUs |by setting the ROA parameter in a transmitted
DT TPDU. The decision as~to when the sending
transpoft entity should request acknowledgement is a
local matter (see note 4):

b) On teceipt of a.DT"TPDU with the ROA parameter
set sha)l transmitsan AK TPDU containing up-to-date
window [information.

6.13.4.4 Selective acknowledgement option

_ 2 Use of the confirmation request parameter_may Lffect the

quality of network setvice.

3 Inclass 3, and in class 1, when use.6f explicit AK|variant is
selected, if a transport entity does not.send an AK TPDU after
reception of each DT TPDU, it is recommended that it

— starts a timer after reception‘of DT TPDU;

— sends an AK TPDU, with up-to-date window infofmation at
expiration of the timer.if-an AK TPDU with the sanje window
information has not beeri previously sent.

Selection of the value of this timer is a local matter but fnay affect
performance.

4 It is recommended that, if the sending transpont enfity has a
restriction in the number of DT TPDUs that it can retain, [then it set
the ROA parameter to avoid a delay in transmitting DT TPDUs due
to\the Temote transport entity operating an AK withholding policy.

Table 5 — Acknowledgement of TPDUs

Retained Variant Retained until
TPDU acknowledged hy:
CR Both CC, DR or ER TPDU
DR Both DC or DR (in case of cdllision)

TPDU

cC Confirmation | N-DATA ACKNOWLEDGE
of receipt | indication, RJ, DT, EA qr ED
variant TPDU

CcC AKvariant | RJ, DT, AK, ED or EA TPDU

DT Confirmation | N-DATA ACKNOWLEDGE
of receipt | indication corresponding to an
variant N-DATA request which
conveyed, or came aftef, the
DT TPDU e[

If the selective acknowledgement option has been
negotiated, transport entities

a) may include selective acknowledgement parameters
in a transmitted AK TPDU. These selective
acknowledgement parameters, if included, shall contain
acknowledgement of blocks of TPDUs not
acknowledged by the YR-TU-NR field of the AK TPDU.
This procedure allows transport entities to acknowledge
DT TPDUs that are within the window but that are not in
sequence.

24

DT AK variant | AK or RJ TPDU for which the
YR-TU-NR is greater than
TPDU-NR in the DT TPDU. In
case of selective
acknowledgement, if the
selective acknowledgement
parameters in the AK TPDU
include the TPDU-NR of the

DT TPDU.

EA TPDU for which the YR-
EDTU-NR is equal to the ED-

ED Both

TPDU-NR in the ED TPDU
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6.14 Resynchronization

6.14.1 Purpose

The resynchronization procedures are used in classes 1
and 3 to restore the transport connection to normal after a
reset or during reassignment after failure according to 6.12.

ISONEC 8073 : 1992 (E)

a) if the TTR timer has been previously started and has
run out (i.e. no valid TPDU has been received,), the
procedures defined in 6.12.3 a)3) shall apply;

b) otherwise, the TTR timer shall be started (unless it is
already running) and the first which become applicable
of the following actions shall be taken:

1) if a CR TPDU is unacknowledged then the

6.14. Network service primatives
The pfocedure uses the following network service primitive:

N-RESET indication.

6.14.3 TPDUs and parameters used
The pfocedure uses the following TPDUs and parameters:
a)| CR, DR, CC, and DC TPDUs;

b)| RJ TPDU
- YR-TU-NR;

c)| DT TPDU
~ TPDU-NR;

d)| ED TPDU
~ ED-TPDU-NR;

e)| EA TPDU
~ YR-EDTU-NT.

6.14.4 Procedure

A trarisport entity which is notified. of the occurrence of a N-
RESHT shall:

a)| if the transport entity‘is the responder, carry out the
pdssive resynchronization procedure (see 6.14.4.2);

b)| if the transport entity has elected not to reassign, do
ndthing;

¢)| otherwise, execute the active resynchronization
prpceédure described in 6.14.4.1 and, if 6.14.4.1 b) has

tr
2) if a DR TPDU is unacknowled];ed, then the

transport entity shall retransmit it;

3) otherwise, the transport-gntity shall carry out the
data resynchronization procedures (6.14.4.3).

6.14.4.2  Passive resynchyonization procelures

The transport entity shall not send any TPDUp until a TPDU
has been received. \The transport entity shall start its TWR
timer if it has notalready been started (due tq a previous N-
DISCONNECTer N-RESET indication). If thgtimer runs out
prior to the receipt of a valid TPDU which commences
resynchronization (i.e. CR or DR or ED or RJ TPDU) the
transportconnection is considered as relaased and the
reference is frozen (see 6.18).

When a valid TPDU is received the transport entity shall
stop its TWR timer and carry out one of|the following
appropriate actions, depending-on the TPDU:

a) if it is a DR TPDU, then the transp¢rt entity shall
send a DC TPDU;

b) if it is a repeated CR TPDU (see note 1) the transport
entity shall carry out the appropriate agtion from the
following:

1) if a CC TPDU has already been sent, and
acknowledged: treat as a protocol errgr;

2) if the responder wants to releasq the transport
connection or refuse the CR TPDU: (fe)transmit the
DR TPDU, setting the source reference to zero;

3) if the T-CONNECT response hag not yet been
received from the user: take no actio

4) otherwise: (re)transmit the CC TPDU, followed
by retransmission of any unacknowledqged ED TPDU
- (see " note . 2) and retransmisgion of the
‘unacknowledged DT TPDUs, supject to any

been performed, wait for the next event as follows:

— if a valid TPDU is received as the result of the
resynchronization, stop the TTR timer, or

— if TTR runs out, wait for the next event, or

-~ if an N-RESET indication is received, perform
6.14.4.

6.14.4.1  Active resynchronization procedures

The transport entily shall carry out one of the following
actions:

NOTES

1 A repeated CR TPDU can be identified by being on a
network connection with the appropiiate network addresses
and having a correct source reference.

2 The transport entity should not use network expedited
until the CC TPDU is acknowledged (see 6.5). This rule
prevents the network expedited from overtaking the CC
TPDU.

25
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¢) if it is an RJ or ED TPDU then one of the following
actions shall be taken:

1) if a DR TPDU is unacknowledged, then the
transport entity shall retransmit it;

2) if a CC TPDU is unacknowledged, the RJ or ED
TPDU shall be considered as acknowledging the CC
TPDU, and the transport entity shall carry out the
data resynchronization procedures (6.14.4.3);

© ISO/IEC

6.15.3 Procedure

The transport entities shall be able to send and receive on
the same network connection TPDUs belonglng to different
transport connections.

NOTES

1__When performing demultiplexing the transport connection to

3) otherwise, the transport entity shall carry out the
data fesynchronization procedures (6.14.4.3).

6.14.4.3 ata resynchronization procedures

The transpdrt entity shall carry out the following actions in
the followingd order:

a) (re)transmit any ED TPDU which is unacknowledged.

b) transmit an RJ TPDU with YR-TU-NR field set to the
TPDU-NR of the next expected DT TPDU;

¢) wait [for the next TPDU from the other transport
less an RJ or DR TPDU has already been
if a DR TPDU is received the transport entity

DU is received, the procedure of 6.14.4.3 d)
followed. If an ED TPDU is received the
procedures as described in 6.11 shall be followed. If itis
a dupli¢ated ED-TPDU the transport entity shall
acknowlgdge it with an EA TPDU, discard the duplicated
ED TPDU and wait again for the next TPDU;

d) (re)tfansmit any DT TPDUs _which are
unacknowledged, subject to any applicablé-flow control
procedutes (see the note).

NOTE - The RJ TPDU may have reduced-the.credit.

6.15 Multiplexing and demultiplexing when operating
over CONS '

6.15.1 Purpose

The multiplexing.and demultiplexing procedures are used in
classes 2, 3l and 4 to allow several transport connections to
share a net i i

which the TPDUs apply is determined by the procedures dlefined in
6.9.

2 Multiplexing allows the concatenation of TPDUs beldnging to

different transport connections to be transferred in the [same N-
DATA primitive (see 6.4).

6.16 Explicit flow control

6.16.1 Purpose

The explicit flow control procedure is used in clasges 2, 3,
and 4 to regulaté the flow of DT TPDUs independently of
the flow control in'the other layers.

6.16.2, ~JTPDUs and parameters used
The-procedure uses the following TPDUs and parameters:

a) CR, CC, AK and RJ TPDUs
- CDT;

b) DT TPDU
- TPDU-NR;
- ROA;

c) AKTPDU
—E YR-TU-NR;

subsequence number;

flow control confirmation;

selective acknowledgement parameters;

d) R‘tJ TPDU
YR-TU-NR.

6.15.2 TPDUs and parameters used
The procedure uses the following TPDUs and parameters:

CC, DR, DC, DT, AK, ED, EA, RJ, and ER TPDUs
- DST-REF

26

6.16.3 Procedure

The procedures differ in different classes. They are defined
inthe clauses specifying the separate classes.

6.17 Checksum

6.17.1  Purpose

The checksum procedure is used to detect corruption of
TPDUs by the NS-provider.
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NOTE ~ Although a checksum algorithm has to be adapted to the
type of errors expected on the network connection, at present, only
one algorithm is defined.

6.17.2 TPDUs and parameters used
The procedure uses the following TPDUs and parameters:

All TPDUSs

ISO/IEC 8073 : 1992 (E)

2 |If the checksum is incorrect, it is impossible to know with
certainty to which transport connection the TPDU is related; further
action may be required dependent on the type of network service in
use (see 6.9.1 for CONS and 6.9.2 for CLNS).

3 The checksum proposed is easy to calculate and so will not
impose a heavy burden on implementations. However, it will-not
detect insertion or loss of feading or trailing zeros and will not detect
some octets misordering.

+ checksum.

6.17.3 | Procedure

The checksum shall be used only in class 4. It shall always
be used for the CR TPDU, and shall be used for all other
TPDUs|unless the non-use of the checksum was selected
during gonnection establishment.

The sefding transport entity shall transmit TPDUs with the
checkstim parameter set such that the following formulae
are satigfied:

L
Z,‘ ;= 0 (modulo 255)

L
21/'31 = 0 (modulo 255)

where

i is the number (i.e. position) of an octet(within the
TPDU (see 13.2);

a; | is the value of octet in position i

L | is the length of TPDU in oétets.

A trangport entity which recéives a TPDU for a transport

a spurious " TPDU is received and an answer has to
| the transport entity shall

f {t) supports the checksum algorithm and the
eived T PDUTonta BCKSUM parameter, Inciuds

a checksum parameter in the answering TPDU; ;)r

b) in all other cases, not include a checksum parameter
in the answering TPDU.

An entity not supporting the checksum may always suppose
that a CR TPDU with class 4 proposed is correct and
therefore negotiate down to a class lower than 4.

NOTES

1 An efficient algorithm for determining the checksum parameters
is given in annex B.

4 When CONS is used and a TPDU is receivedLon a network
connection, it is impossible to know with certainty, that only class 4
transport connections use this network connection gs it may be a
TPDU performing reassignment.
Consequently, the only way to check the validity is alfollows:

a) if the network connection is used by a class O or class 1

transport connection, theré,is no checksum;
b) examine the TPDY code;

¢) deduce the fixed part length;

d) from'Ll, deduce the variable part;

e)\go through parameters and if the checksunp parameter is
found, then verify it;

f) if it is incorrect, then assume that transporf connection is

class 4 and drop it;

connection; if the transport connection uses the ¢hecksum, itis

g) if it is correct, then associate the TPDU w{th a transport
correct; otherwise, it shall be considered as a profocol error.

6.18 Frozen references

6.18.1  Purpose

This procedure shall be used in order to prevent re-use of a
reference while TPDUs associated with the o|d use of the
reference may still exist.

6.18.2 Procedure

When a transport entity determines that [a particular
connection is released it shall place the refergnce which it
has allocated to the connection in a frozen state according

NOTE ~ The frozen reference procedure is necessary because
retransmission or misordering can cause TPDUs bearing a
reference to arrive at an entity after it has released the connection
for which it allocated the reference. Retransmission, for example,
can arise when the class includes either resynchronization (see
6.14) or retransmission on time-out (ses 6.19).

6.18.2.1 Procedure for classes 0 and 2

This International Standard does not specify frozen
reference procedures for classes 0 and 2.
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NOTE —:For consistency with other classes, references may be
frozen as:a:local matter.

6.18.2.2 Procedure for classes 1 and 3

The frozen reference procedure is used except in the
following cases (see note 1):

TU hich iths e'n (e not

a) whep-the A
responge to a D );

b) ‘Whan the transport entity sends a DR or ER TPDU in
responge to a CR TPDU which it has received (see note
3)

c) ‘whgn the transport entity has considered the

connection to be released after the expiration of the
TWR timer (see note 4);

d) when the transport entity raceives a DR or ER TPDU
in response to a CR TPDU which it has sent;

e) when the reference is zero.

The period of time for which the reference remains frozen
shall be greater than the TWR time.

NOTES

1 Howeve[, even in these cases, for consistency freezing the
reference may be done as a local decision.

2 When tHe DC TPDU is received it'is certain that the_other
transport entity considers the connection releasad.

3 Whenthp DR or ER TPDU is sent the peer transport-entity has
not been informed of any reference assignment @nd thus cannot
possibly make use of a reference (this includes.the case where a
CC TPDU whas sant, but was lost).

4 In c) the transport entity-has already effectively frozen the
reference fof an adequate period.

6.18.23 Procedure forclass 4

The frozei] reference procedure shall be used in class 4.
The period for which“the reference remains frozen shall be
greater than L (seg12.2.1.1.6).

© ISO/IEC

6.19.3 Procedure

The procedure is specified in the procedures for class 4
[see 12.2.1.2 j) and 12.2.1.3 g)].

6.20 Resequencing

The resequencing procedure is used in class.4'to cope with
misordering of TPDUs by the network serviceprovider.

6.20.2 TPDUs and parameters used
The procedure uses the following jTPDUs and parameters:

a) DT TPDU
- TPDU-NR;

4

b) ED TPDU
-~ ED.JPDU-NR.

6.20.3) Procedure

The procedure is specified in the procedures fdr class 4
(see 12.2.3.5).

6.21 Inactivity control

6.21.1  Purpose

The inactivity control procedure is used in class # to cope
with unsignalled termination of a network conneclion when
using CONS and the failure of a remote transport entity
when using CONS or CLNS.

6.21.2  Procedure

The procedure is specified in the procedures fqr class 4
{see 12.2.3.3).

6.22 Treatment of protocol errors

6.22.1 Treatment of protocol errors when gperating
over-CONS

6.19 Retransmission on time-out

6.19.1 = Purpose

The procedure is used in class 4 to cope with unsignalled
loss of TPDUs by the NS provider.

6.19.2 TPDUs used
The procedure uses the following TPDUs:

CR, CC, DR, DT, ED, AK TPDUs.

28

6.22.1.1 Purpose

The procedure for treatment of protocol errors is used in all
classes to deal with invalid TPDUs.

6.22.1.2  TPDUs and parameters used
The procedure uses the following TPDUs and parameters:

a) ERTPDU

—~ reject cause;
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- invalid TPDU;

b) DRTPDU

— reason code.

6.22.1.3 Procedure

A transport entity that receives a TPDU that can be

ISO/NEC 8073 : 1992 (E)

6.22.2 Treatment of protocol errors when operating
over CLNS

6.222.1  Purpose

The procedure for treatment of protocol errors is used to
deal with invalid TPDUs.

assoc#aled_m_a_men_Q@M&n_andJs_mhd or
constifutes a protocol error (see 3.2.16 and 3.2.17) shall

take ope of the following actions so as not to jeopardize any
other jransport connections not assigned to that network
connegtion:

a) [transmit an ER TPDU;

b

~—

reset or close the network connection; or

c) |invoke the release procedures appropriate to the
class.

Under| certain circumstances it is also possible to discard
the TADU.

If an HR TPDU is sent in class 0 it shall contain the octets of
the inyalid TPDU up to and including the octet where the
error Was detected (see notes 3, 4 and 5).

If the TPDU cannot be associated with a particular transport
connettion the transport entity shall follow the procedures in
6.9.

NOTE$

1 In general, no further action is specified for the receiver of the

recommended that the sender of the ER TPDU starts an
optiongl tlmer TS2 to ensure the release of the connectlon if the

TPOUs and parameters used

0.24.L.4

The procedure uses the following TPDUS and|parameters:

a) ER TPDU;
~ reject cause;
~ invalid TPDU;
b) DR TPDU;
—~ reasom
6.22.2.3 Procedure

Invalid“TPDUs and protocol errors shall bg ignored (no
action' and TPDU discarded, or responded {o with an ER
TPDU), except for the following case: a CC TPDU is
received in which the class field does not specify class 4
and a previously sent CR  TPDU has pot yet been
acknowledged. In this case, the transport cgnnection shall
be terminated (see 6.7).

NOTE ~ It is recommended that the sender of the ER TPDU starts
an optional timer TS2 to ensure the release of thg connection. If
the timer expires, the transport entity shall initiate the release
procedure appropriate to class 4. The timer shquid be stopped
when a DR TPDU is received.

6.23 Splitting and recombining when operating over
CONS

6.23.1 Purpose

This procedure is used only in class 4 to allpw a transport
connection to make use of multiple network ¢onnections to
provide additional resilience against netwprk failure, to
increase throughput, or for other reasons.

6.23.2 Procedure

l°’-’UIt clnuy §IIG” ||uuatu th lv
procedures appropnate to the class. The timer should be stopped
when a DR TPDU or an N-DISCONNECT indication is received.

5 In classes other than 0, it is recommended that the invalid
TPDU be also included in the ER TPDU.

When this procedure is being used, a transport connection
may be assigned (see 6.1) to multiple network connections
(see note 1). TPDUs for the connection may be sent over
any such network connection.

If the use of class 4 is not accepted by the remote transport
entity following the negotiation rules, then no network
connection except that over which the CR TPDU was sent
may have the transport connection assigned to it.
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NOTES

1 The resequencing function of class 4 (see 6.20) is used to
ensure that TPDUs are processed in the correct sequence.

2 Either transport entity may assign the connection to further
network connections of which it is the owner at any time during the
life of the transport connection, provided the following constraints
are respected:

© ISO/IEC

example, by sending successive TPDUs on successive network
connections, where the set of network connections is used
cydlically.

When splitting is used the inactivity control procedure defines in
12.2.3.3 will not normally detect unsignailed network connection
failure. Any method of monitoring network connections to detect
such failure is a local matter.

— the illitiator does not start splitting before having received
the CC TPDVY;

- as jaon as a new assignment is carried out it is
recommended to send a TPDU on this network connection in
order to make the remote entity aware of this assignment.

3 Atranspdr entity performing splitting should ensure that TPDUs
are sent at intervals on each supporting network connection, for

7/ PTotoCol Classes

Table 6 gives an overview of which elemepts)of procedure
are included in each class. In certain cases, the glements
of procedure within different classes are_hot idenfical and,
for this reason, table 6 cannot be considered as part of the
definitive specification of the protocal:
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Table 6 - Allocation of elements of procedures within classes

ISO/IEC 8073 : 1992 (E)

Cross- Variant or 0 1. 2 3 4 4
Protocol mechanism reference - Option CONS | CLNS
Assignment to network connection 6.1.1 X X X X X
TPDU transfer 6.2 X X X X X X
Segmenting and reassembling 6.3 X X X X X X
Concatenation and separation 6.4 X X X X X
Connection establishment 6.5 X X X X X X
Carmectionmrefusat 6-6 % % % % * X
Ndrmal release 6.7 Implicit X
Explicit X | X X X X
Ertor release 6.8 X X
Association of TPDUs with
transport connection 6.9 X X X X X X
THDU numbering 6.10 Normal X {m{1)| Om m m
Extended o(1)y}, © 0 0
Expedited data transfer 6.11 Network Normal m | X(1)1T x X X
Network Expedited ao
Rdassignment after failure 6.12 X X (3)
R4tention and acknowledgement 6.13 Confirmation of e
of [TPDUs receipt
AK m X X X
Use of selective o} o
acknowledgement
Use of request o(4) o (o] o
acknowledgement
Résynchronization 6.14 X X (3)
Mliltiplexing and demultiplexing 6.15 x(2) ] X X
Explicit flow control (with) 6.16 m X X X
Explicit flow control (without) X X o
Clecksum (use of) 6.17 m m
Checksum (non-use of) X X X X o 0
Frozen references 6.18 X X X X
Reétransmission on time-out 619 X X
Résequencing 6.20 X X
Inpctivity control 6.21 X X
Tieatment of protocol errors 6.22 X X X X X X
Splitting and recombining 6.23 X
Key to Table 6:
X Procedure always included in class
Notapplicable
m Negotiable procedure whose implementation in equipment is mandatory
0 Negotiable procedure whose implementation in equipment is optional
ao Negotiable procedure whose implementation in equipment is optional and where use dependq of
availability within the network service
(N Not applicable in class 2 when non-use of explicit flow control is selected
(2) Multiplexing may lead to degradation of the quality of service if the non-use of explicit flow corjtrol has
been selected
(3) This function is provided in class 4 using procedures other than those used in the cross-reference
(4) This option is not applicable in class 1, when the confirmation of receipt variant has been selected
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8 Specification for class 0: Simple class

8.1 Functions of class 0

Class 0 is designed to have minimum functionality. it
provides only the functions needed for connection

ovides transport connections with flow control
based on[the network service provided flow control, and

edures for class 0

8.2.1 Procedures applicable at all times
The transport entities shall use the following procedures:

a) TPDU transfer (see 6.2);

b) asqociation of TPDUs with transport connections
(see 6.9);

c) treatment of protocol errors (see 6.22);

d) errgr release (see 6.8).

B.2.2 Connection establishment
The transport entities shall use the following procedures:
a) assgignment to network connection (see 6.1-1); then

b) connection establishment (see6.5) and, if
approprriate, connection refusal (se¢ 6:6);

subject to the following constraints:
1) the|CR and CC TPDUs shall contain no parameter
fields ip the variable part'of the header other than those
for TYAP-ID, maximum TPDU size, and preferred
maximpim TPDU size;

2) the|CR+and CC TPDUs shall not contain a data field.

© ISO/NEC

9 Specification for class 1: Basic error

recovery class

9.1  Functions of class 1

Class 1 provides transport connections with flow control
based on the network service provided flow control, error
; i i Tectiony and also
the ability to support consecutive transport confiections on a
network connection.

This class provides the functionality ‘of class @ plus the
ability to recover after a failure sighalled by thg Network
Service, without involving the TS-tser.

9.2 Procedures for class{

9.2.1 Procedures-applicable at all times
The transport entities shall use the following procedures:
a) TPDU transfer (see 6.2);

b)< association of TPDU with transport connections (see
6.9);

¢) treatment of protocol errors (see 6.22);
d) reassignment after failure (see 6.12);

e) resynchronization (see 6.14), or reassighrent after
failure (see 6.12) together with resynchronization (see
6.14);

f) concatenation and separation (see 6.4);

g) retention and acknowledgement of TPDUs (see
6.13); the variant used, AK or confirmation pf receipt,
shall be as selected during connection estaplishment
(see the notes);

h) frozen references (see 6.18).

NOTES

1 The negotiation of the variant of reterftion  and
acknowledgement of TPDUs procedure to be used over the

8.23 ata transfer

The transport entities shall use the segmenting and
reassembling procedure (see 6.3).

8.24 Release

The transport entities shall use the implicit variant of the
normal release procedure (see 6.7.1.4).

NOTE ~ The lifetime of the transport connection is directly
correlated with the lifetime of the network connection.

32

Transport connection has been designed such that if the initiator
proposes the use of the AK variant (i.e. the mandatory
implementation option), the responder has to accept use of this
option and if the initiator proposes use of the confirmation of receipt
variant the responder is entitles to select use of the AK variant.

2 The AK variant makes use of AK TPDUs to release copies of
retained DT TPDUs. The CDT parameter of AK TPDUs in class 1
is not significant, and is set to 1111.

3 The confirmation of receipt variant is restricted to this class and
its use depends on the availability of the network layer receipt
confirmation service, and the expected cost reduction.
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9.2.2 Connection establishment
The transport entities shall use the following procedures:
a) assignment to network connection (see 6.1.1); then

b) connection establishment (see 6.5) and, if
appropriate, connection refusal (see 6.6).

ISO/IEC 8073 : 1992 (E)

3 No other significance is attached to the ED-TPDU-NR
parameter. It is recommended, but not essential, that the values
used be consecutive modulo 128,

4 The use of RJ TPDUs during resynchronization (see 6.14) can

lead to retransmission. Thus, the receipt of a duplicate ED TPDU is
possible. Such an ED TPDU is discarded.

9.2.4 Release

9.2.3 Data transfer

9.2.3.1 General

The dending transport entity shall use the following
procedqures:

a

S—

segmenting (see 6.3); then

b) |the normal format variant of DT TPDU numbering
(sge 6.10).

~—

The receiving transport entity shall use the following
procedlures:

1) the normal format variant of DT TPDU numbering
(see 6.10); then

2) reassembling (see 6.3).

NOTE [~ The decision to issue an N-RESET request in arder to
e remote entity to carry out the resynchronization (see 6.14)
may bg made on a local basis.

9.2.3. Expedited data

The tnansport entities shall use either the network normal
data or the network expedited variants_of\thé expedited data
transfer procedure (see 6.11) if theirruse has been selected
during connection establishment (seenote 1).

The sending transport entity-shall not allocate the same
EDTPPU-NR to successive 'ED TPDUs (see notes 2 and 3).

When|acknowledging anvED TPDU by sending an EA TPDU
the tlansport entity® shall put into the YR-EDTU-NR
parameter of the EA TPDU the value received in the ED-
TPDUFNR parameter of the ED TPDU.

The transport entities shall use the explicit jvariant of the
release procedure (see 6.7.1.5).

10 Specification for class 2: Mpitiplexing
class

10.1 Functions of class 2

Class 2 provides transport connections with or without
individual flow,cantrol; no error detection or erfor recovety is
provided.

If the(network connection resets or disdonnects, the
transport connection is terminated without [the transport
release procedure and the TS-user is informedl.

When explicit flow control is used, a ctedit mechanism is
defined allowing the receiver to inform the sender of the
exact amount of data he is willing to receivé and that the
expedited data transfer is available.

10.2 Procedures for class 2

10.2.1  Procedures applicable at all times
The transport entities shall use the following procedures

a) association of TPDUs with transport cgnnection (see
6.9);

b) TPDU transfer (see 6.2);

¢} treatment of protocol errors (see 6.22.1);

d) concatenation and separation (see 6.4|;

e) error refease (see 6.8).

1 The negotiation of the variant of expedited data transfer
procedure to be used over the transport connection has been
designed such that if the initiator proposes the use of the network
normal data variant (i.e. the mandatory implementation option), the
responder has to accept use of this option and if the initiator
proposes use of the network expedited variant, the responder is
entitled to select use of the network normal data variant.

2 This numbering enables the receiving transport entity to discard
repeated ED TPDUs when resynchronization (see 6.14) has taken
place.

Additionally the transport entities may use the following
procedures:

f) multiplexing and demultiplexing (see 6.15).
10.2.2 Connection establishment
The transport entities may use the following procedures:

a) assignment to network connection (see 6.1.1); then
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b) connection establishment (see 6.5) and, if applicable,
connection refusal (see 6.6).

10.2.3 Data transfer when non-use of explicit flow
control has been selected

If this option has been selected as a result of the connection
establishment, the transport entities shall use the
segmenting procedure (see 6.3).

© ISO/EC

b) if an AK TPDU has previously been sent the value of
the YR-TU-NR parameter shall not be lower than that in
the previously sent AK TPDU;

¢) the sum of the YR-TU-NR and CDT fields shall not
be less than the upper window edge allocated to the
remote entity (see note 1).

A transport enmy which receives an AK TPDU shall

The TPDU-NR field of DT TPDUs is not significant and may
take any vdlue.

NOTE - Exppdited data transfer is not applicable (see 6.5).

10.2.4 ljata transfer when use of explicit flow control
has been gelected

10.2.4.1 General

The sending transport entity shall use the following
procedures

a) segrLenting (see 6.3); then
b) DT TPDU numbering (see 6.10).

The receiying transport entity shall use the following
procedures

1) DT [TPDU numbering (see 6.10); if a DT TPDU js
received which is out of sequence it shall be treated as.a
protocol error; then

2) reassembling (see 6.3).

The variant of the DT TPDU numbering which is used by
both transgort entities shall be that which’ was agreed at
connection |establishment.

10.2.4.2 | Flow control

The transport entities shall/send an initial credit (which may
be zero) in the CDT field\of the CR or CC TPDU. This credit
represents| the initial value of the upper window edge
allocated td the peér entity.

The transpprt entlty that receives the CR or the CC TPDU

considerthe Y w edge,
and the sum of YR TU-NR and CDT as its‘ ngw upper
window edge. If either of these have been reduced or if the
lower window edge has become more than'one gredater than
the TPDU-NR of the last transmitted DT TPDU, this shall be
treated as a protocol error (see 6.22.1).

A transport entity shall not send’a DT TPDU with ja TPDU-
NR outside of the transmit window (see notes 2 angl 3).

NOTES
1 This means that credit reduction is not applicable.

2 This meansg-that a transport entity is required to stop|sending if
the TPDU-NRyfield of the next DT TPDU which would be $ent would
be the upper window edge. Sending of DT TPDU may b¢ resumed
if an AK TPDU is received which increases the upper winglow edge.

3.~The rate at which a transport entity progresses the upper
window edge allocated to its peer entity constrains the throughput
attainable on the transport connection.

10.2.43  Expedited data
The transport entities shall follow the network nofmal data
variant of the expedited data transfer procedure in 6.11.1 if
its use has been agreed during connection establishment.
ED and EA TPDUs are not subject to the flow control
procedures in 10.2.4.2. The ED-TPDU-NR and YR-ETDU-
NR fields of ED and EA TPDUs respectively| are not
significant and may take any value.

10.2.5  Release

The transport entities shall use the explicit varignt of the
release procedure in 6.7.1.

11 Specification for class 3: Error rerovery
and multiplexing class

shall consi Zet'o; atrcHts tppet
window edge as the value of the CDT field in the received
TPDU.

In order to authorize the transmission of DT TPDUs, by its
peer, a transport entity may transmit an AK TPDU at any
time, subject to the following constraints:

a) the YR-TU-NR parameter shall be at most one
greater than the TPDU-NR field of the last received DT
TPDU or shall be zero if no DT TPDU has been
received;

34

11.1 Functions of class 3

Class 3 provides the functionality of class 2 (with use of
explicit flow control) plus the ability to recover after a failure
signalled by the Network Layer without involving the TS-
user.

The mechanisms used to achieve this functionality also
allow the implementation of more flexible flow control.
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11.2 Procedures for class 3

11.2.1  Procedures applicable at all times
The transport entities shall use the following procedures:

a) association of TPDUs with transport connections
(see 6.9);

ISO/EC 8073 : 1992 (E)

2) Reassembling (see 6.3); duplicated TPDUs shall be
eliminated before reassembling is performed.

NOTE — The use of RJ TPDUs (see 11.2.3.2) can lead- to
retransmission and reduction of credit. Thus the receipt of a.DT
TPDU which is a duplicate, or which is greater than or equal to the
upper window edge allocated to the peer entity, is possible and is
therefore not treated as a protocol error.

b) TPDU transfer (see ‘6.2) and retention and
ackpowledgement of TPDUs (AK variant only) (see
6.13);

c) freatment of protocol errors (see 6.22.1);
d) g¢oncatenation and separation (see 6.4);

e) feassignment after failure (see 6.12), together with
resynchronization (see 6.14);

f) {rozen references (see 6.18).

Additiopally, the transport entities may use the foilowing
proceduire:

g) ultivlexing and demultiplexing (see 6.15).

11.2.2 | Connection establishment
The tra[sport entities shall use the following procedures:
a) hssignment to network connections (see 6. N1); then

b) tonnection establishment (see '6.5) and, if
appfopriate, connection refusal (see 6.6).

11.2.3 | Data transfer

11.2:3.1 General

The sending transpofi entity shall use the following
procedlires:

a) pegmenting(see 6.3); then

b) PETRPDU numbering (see 6.10); after receipt of an
RJ [TPDU (see 11.2.3.2) the next DT TPDU to be sent

11.23.2 Useofan RJ TPDU

A transport entity may send an RJ TPDU at| any time in

order to invite retransmission or to reduce the ypper window
edge allocated to the peer entity (see.note 1).

When an RJ TPDU is sent, the following constrpints shall be
respected:

\

a) the YR-TU-NR")parameter shall be at most one
greater than the-greatest value received ip a previous
DT TPDU, ot shall be zero if no DT TPDU has yet been
received (s€é hote 2);

b) if~an/AK or RJ TPDU has besn sent previously the
YR-TU-NR parameter shall not be lower than that in the
AK'or RJ TPDU sent previously.

When a transport entity receives an RJ TPDU (Eee hote 3}
n

c) the next DT TPDU to be transmitted, or
retransmitted, shall be that for which the(value of the
TPDU-NR parameter is equal to the value df the YR-TU-
NR parameter of the RJ TPDU;

d) the sum of the values of the YR-TU-INR and CDT
parameters of the RJ TPDU becomes the new upper
window edge (see note 4). ~

NOTES

1 An RJ TPDU can also be sent as part of the regynchronization
(see 6.14) and reassignment after failure (see 6.12) procedures.

2 |tis recommended that the YR-TU-NR paramefer be equal to
the TPDU-NR parameter of the next expected DT THDU.

3 These rules are a subset of those specified for the case when
an RJ TPDU is received during resynchronization {see 6.14) and
reassignment after failure (see 6.12).

may have a value which Is not the previous value of
TPDU-NR plus one.

The receiving transport entity shall use the following
procedures:

1) DT TPDU numbering (see 6.10); the TPDU-NR field
of each received DT TPDU shali be treated as a protocol
error if it exceeds the greatest value received in a
previous DT TPDU by more than one (see the note);
then

4—Fhis-means-thetan-Rd-FRBU-ean-be-used-toreduce the upper
window edge allocated to the peer entity (credit reduction).

11.2.3.3 Flow control

The procedures shall be as defined in 10.2.4.2, except that

a) a credit reduction may lead to the reception of a DT
TPDU with a TPDU-NR parameter whose value is not,
but would have been less than the upper window edge
allocated to the remote entity prior to the credit
reduction. This shall not be treated as a protocol error;
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b) receipt of an AK TPDU which sets the lower window
edge more than one greater than the TPDU-NR of the
last transmitted DT TPDU shall not be treated as a
protocol error, provided that all acknowledged DT
TPDUs have been previously transmitted (see notes 1
and 2).

NOTES

1 This can gah
RJ TPDU.

2 The trangport entity may either continue retransmission as
before or retfansmit only those DT TPDUs, not acknowledged by
the AK TPDU. In either case, copies of the acknowledged DT
TPDUs need|not be retained.

11.23.4 |Expedited data

The transport entities shall follow the network normal data
variant of the expedited data transfer procedure in 6.11.1 if
its use has been agreed during connection establishment.

The sending transport entity shall not allocate the same ED-
TPDU-NR tp successive ED TPDUs.

The receivipng transport entity shall transmit an EA TPDU
with the same value in its YR-EDTU-NR parameter. If, and
only if, this|number is different from that of the ED TPDU
perceived previously, shall it generate a T-EXPEDITED
DATA indication to convey the data to the TS-user (see note
2).

NOTES

1 No other significance is attached to the ED/TPDU-NR
parameter. I} is recommended, but not essential that the-values be
consecutive [modulo 2", where n is the numbert\of *bits of the
parameter.

2 This procedure ensures that the TS-user'does not receive data
corresponding to the same ED TPDU more than once.

11.24 Release

The transpprt entities_shall use the expilicit variant of the
release progedure in6.7)1.

12 Specification for class 4: Error detection

© ISO/IEC

This detection of errors is made by extended use of the DT
TPDU numbering of class 2 and class 3, by time-out
mechanisms, and by additional procedures.

Class 4 detects signalled and unsignalled network failures
(i.e. resets or disconnects or inactivity) and recovers from
these failures by using time-out mechanisms.

ThIS class detects and recovers from damaged TPDUs by
USING a checksu =Tel & nachanism
shall be available but |ts use or ns non-use is slibject to
negotiation.

This class also provides additional; ‘resilience|against
network failure and increased throughput capapility by
allowing a transport connection tg-make use of |multiple
network connections.

12.1.2 Functions of class 4 when operating over
CLNS

Class 4 provides (flow control between peer transport
entities, the capability to detect and recover from errors
which occur.as a result of a low grade service availgble from
the network'Gervice provider and resilience from failure of
the peer-entity — the kind of errors to be detected|include:
TPDU™loss,, TPDU delivery out of sequencd, TPDU
duplication and TPDU corruption — these errors mpy affect
control TPDUs as well as data TPDUSs.

The detection of errors is made by use of TPDU nymbering

~on DT, AK, ED and EA TPDUs, by time-out meghanisms

and additional procedures such as the use of a checksum
mechanism. The use of the checksum mechanism] shall be
available but its use or its non-use is subject to negptiation.

12.2 Procedures for class 4
12.2.1 Procedures available at all times

12.2.1.1 Timers used at all times

This sub-clause defines timers that apply at all times in
class 4. These timers are listed in table 7.

This International Standard does not define specific values
for the timers, and the derivations described in this sub-
clause are not mandatory. The values should be chosen so
that the required quality of service can be providgd, given

and recovery class
12.1 Functions of class 4

12.1.1  Functions of class 4 when operating over
CONS

Class 4 provides the functionality of class 3, plus the ability
to detect and recover from lost, duplicated, or out of
sequence TPDUs without involving the TS-user.
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the known characteristics of the network.

Timers that apply only to specific procedures are defined
under the appropriate procedure.

12.2.1.1.1 NSDU lifetime (M p Ma1)

The Network Layer is assumed to provide, as an aspect of
its grade of service, for a bound on the maximum lifetime of
NSDUs in the network. This value may be different in each
direction of transfer through a network between two
transport entities. The valuses, for both directions of transfer,
are assumed to be known by the transport entities. The
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maximum NSDU lifetime local-to-remote (M g) is the
maximum time which may elapse between the transmission
of an NSDU from the local transport entity to the network
and receipt of any copy of the NSDU from the network at
the remote transport entity. The maximum NSDU lifetime
remote-to-local (Mp,) is the maximum time which may
elapse between the transmission of an NSDU from the
remote transport entity to the network and receipt of any
copy of the NSDU from the network at the local transport
entity.

ISO/IEC 8073 : 1992 (E)

12.2.1.1.5 Persistence time (R)

The local transport entity is assumed to provide a bound for
the maximum time for which it may continue to retransmit a
TPDU requiring positive acknowledgement and which is hot
outside the current transmit window, even after credit
reduction. This value is referred to as R.

The value is clearly related to the time elapsed between
retransmission, T7, and the maximum number of

12.2.11.2  Expected maximum transit delay (E; 5, Eg)

The Network Layer is assumed to provide, as an aspect of
its gragle of service, an expected maximum transit delay for
NSDUs in the network. This value may be different in each
directipn of transfer through a network between two
transpprt entities. The values, for both directions of transfer,
_are assumed to be known by the transport entities. The
expectied maximum transit delay local-to-remote (E; g) is the
maxirmum delay suffered by all but a small proportion of
NSDUs transferred through the network from the local
transpprt entity to the remote transport entity. The expected
maximum transit delay remote-to-local (Eg,) is the
maxinum delay suffered by all but a small proportion of
NSDUE transferred through the network from the remote
transpprt entity to the local transport entity.

12.2.11.3  Acknowledgement time (Ag, A;)

Any transport entity is assumed to provide a bound for the
maximum time which can elapse between its receipt of\a
TPDU|from the Network Layer and its transmission of the
corresponding response. This value is referred to'as A;.
The cqrresponding time given by the remote transport entity
is refefred to as Ap.

12.2.11.4 Local retransmission time {77)

The Idcal transport entity is assumed to maintain a bound
on the time it will wait for an“acknowledgement before
retrangmitting the TPDU. lts(valde is given by

Tll= Eip+ EqL+ AR X
where

E L is the“expected maximum transit delay local-to-
remote;

transmisstons;A—itHenottess-than—F-~N—) + x, where x
is a small quantity to allow for additional interrjal delays, the
granularity of the mechanism used to-implement 77, etc.
Because R is a bound, the exact value of x is unimportant
as long as it is bounded and the value of a boynd is known.

12.2.1.1.6
numbers (L)

Time bound of"“references ahd sequence

A bound for the maximum time between thie decision to
transmit a TPDU and-the receipt of any ackrowledgement
relating to it (L)ds given by:

L=Mp+ MHL+ H+AF;
where

M, g is the NSDU lifetime local-to-remote;

Mg, is the NSDU lifetime remote-to-local;

R  is the persistence time;
Ap is the remote acknowledgement time

It is necessary to wait for a period of time Hefore reusing
any reference or sequence number in ofder to avoid
confusion when a TPDU referring to it is [duplicated or
delayed.

The period of time during which the sequencg numbers for
DT TPDUs should be frozen is the period L] starting from
the time when the sequence number has fallen below the
lower window edge.

NOTES

1 In practice, the value of L may be too large. It may also be only
a statistical figure at a certain confidence level. A smaller value
may therefore be used where this still allows the reFuired quality of

Ep, is the expected maximum transit delay remote-to-
local;

Agp is the remote acknowledgement time;

x s the local processing time for a TPDU.

NOTE - During connection establishment the value of Ap is not
known. !n this case a suitable bound for T1 may be established
either by estimating (or having a priori knowledge of) Ag or by
applying a suitable algorithm to the transport connection
establishment delay QOS parameter.

QAR 3o-ba mres gl ol
SeTICe0RePTOvVIGeaT

2 The relationships between times discussed above are illustrated
in figures 3 and 4.

12.21.1.7 Inactivity timer (/;, Ig)

Any transport entity is assumed to provide a lower bound for
the time which can elapse without receipt of a TPDU before
it will initiate the release procedure to terminate the
transport connection. This value is referred to as /;. The
corresponding time given by the remote transport entity is
referred to as /.
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Table 7 — Time parameters related to the operation of class 4

Symbol Name Definition
Mia NSDU lifetime local-to- A time bound for the maximum time which may elapse between the
remote transmission of an NDSU by a local transport entity and the receipt of any copy
of it by a remote peer entity.
Mg NSDU lifetime remote-to- A time bound for the maximum time which may elapse between the
local transmission of an NSDU from a remote transport entity and the receipt of any
copy of it by the local peer entity.
Elr Expected maximum transit | A time bound for the maximum delay suffered by all but a small proploftion of
delay local-to-remote NSDUs transferred from the local transport entity to a remote peer-entjty.
Eg Expected maximum transit | A time bound for the maximum delay suffered by all but a small propoftion of
delay remote-to-local NSDUs transferred from a remote peer entity to the localtransport enjty.
AL Local acknowledgement A time bound for the maximum time which can elapse between the regeipt of a
time TPDU by the local transport entity from the network layer and the trangmission
of the corresponding acknowledgement.
Ar Remote acknowledgement | As A;, but for the remote entity.
time
bili Local retransmission time | A time bound for the maximum time the local transport entity will wait {or
acknowledgement before retransmitting a TPDU.
H Persistence time A time bound for the maximum(time the local transport entity will contihue to
transmit a TPDU that requires acknowledgement.
N Maximum number of A time bound for the maximum number of times which the local transport entity
transmissions will continue to transmit a TPDU that requires acknowledgement.
L Time bound on references | A time bound fof the maximum time between the transmission of a TPPU and
and sequence numbers the receipt of\any acknowledgement relating to it.
i Local inactivity time A lower bound for the time after which the local transport entity will, if & does
not receive a TPDU, initiate the release procedure to terminate the trahsport
connection.

NOTE - This parameter is required for protection against unsignalled failures.

n Remote inactivity time A lower bound for the time after which the remote transport entity will] if it does
not receive a TPDU, initiate the release procedure to terminate the transport
connection.

NOTE ~ This parameter is required for protection against unsignalled failures.

w Window time A time bound for the maximum time a transpott entity will wait before
retransmitting up-to-date window information.

12.2.1.2 ~_General procedures when operating over e) splitting and recombining (see 6.23);
CONS

f) multiplexing and demultiplexing (see 6.15);

The transport entity shall use the following procedures:
g) retention and acknowledgement of TPDUs (see

a) TPDU transfer (see 6.2); 6.13);

b) association of TPDUs with transport connections h) frozen references (see 6.18);

(soe 8.9.1) j) retransmission proce_dures; when a transport en’gity
°) treaiment of protocel errors (see 622.1) cknowiedgemant, 1 wil chack that no_T1 miorval
d) checksum (ses 6.17); elapses without the arrival of a TPDU that acknowledges

at least one of the outstanding TPDUs. If the timer
expires, the first TPDU is retransmitted and the timer is
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restarted except if the TPDU to be retransmitted is'a DT
TPDU and is outside the transmit window due to credit
reduction. Retransmission of a TPDU is subject to the
availability of a network connection. If no network
connection is available, and the retransmission timer
runs out, then the retransmission counter may be
incremented without sending the TPDU subject to the
retransmission procedure. After N transmissions (i.e. N -
1 retransmissions) it is assumed that useful two-way
communication is no longer possible and the release
procedyre-is-used—and the TS-useris-informed;

© ISO/IEC

b) association of TPDUs with transport connections
(see 6.9.1);

¢) treatment of protocol errors (see 6.22.2);
d) checksum (see 6.17);

e) retention and acknowledgment of TPDUs (see 6.13);

NOTES

1 This|procedure may be implemented by different means.
For example:

a) ope interval is associated with each TPDU. If the timer
expirps the associated TPDU will be retransmitted and the
timer| T1 will be restarted for all subsequent TPDUs; or

b) one interval is associated with each transport
connpction:

if the transport entity transmits a TPDU requiring
acknowledgement, it starts timer T7; .

2) if the transport entity receives a TPDU that

acknowledges one of the TPDUs to be acknowledged, it

restarts timer T7 unless the received TPDU is an AK
hich explicitly closes the transmit window;

3). if. the transport entity receives a TPDU that
arknowledges the last TPDU to be acknowledged, it
sfops timer T71.

the firdt DT TPDU or all TPDUs._waiting for an

3 _It is recommended that after.N-transmissions, the transport

received. Slnce such a DT TPDU oould be a Iost bT TPDU of
simply a delayed DT TPDU, it is a local matter whether DT
TPDUs not acknowledged in a selective acknowledgement
should be retransmitted immediately.

k) concatenation and separation (see 6.4).

12.2.1.3  General procedures when operating over CLNS

The transport entity shall use the following procedures:

a) TPDU transfer (see 6.2);

f) frozen references (see 6.18);

g) retransmission procedures; when a.transport entity
has some outstanding TPDUs- that | require
acknowledgment, it will check thatino T7 interval elapses
without the arrival of a TPDU that-acknowledgds at least
one of the outstanding TPDUs,

If the timer expires, except if the TPDU to be
retransmitted is a DT\ TPDU and it is oufside the
transmit window due te’credit reduction, the fitst TPDU
is retransmitted. and’ the timer is restarted. | After N
transmissions (i-e. N - 7 retransmissions) it is pssumed
that useful two-way communication is no longel possible
and the réelease procedure is used, and the T[S-user is
informed;

NOTES

1~ This procedure may be implemented by differept means.A
For example:

a) one interval is associated with each TPDU. I the timer
expires the associated TPDU will be transmitted and the
timer T1 will be restarted for all subsequent TPDUs; or

b) one interval is associated with each [transport
connection:

1) if the transport entity transmits a TPDU|requiring
acknowledgment, it starts timer T7,

2) if the transport entity receives a TPDU that
acknowledges one of the TPDUs to be ackngwledged,
it restarts timer T7 unless the received TPDU is an AK
which explicitly closes the transmit window;

3) if the transport entity receives a TPDU that
acknowledges the last TPDU to be acknowledged, it
stops timer T71.

For a decvsuon whether the retransmission timer 77 is

- : . bnnection
basns throughput consuderatlons have to be taken into
account.

2 For DT TPDUs itis a local choice to retransmit either only
the first DT TPDU or all TPDUs waiting for an
acknowledgment up to the upper window edge.

3 ltis recommended that after N transmissions, the transport
entity waits T1+ W + Mg, to provide a higher possibility for
receiving an acknowledgment before entering the release
phase. Forother TPDU types which may be retransmitted, it is
recommended that after N transmissions the transport entity
waits 71+ Mgy to provide an higher possibility of receiving the
expected reply.



https://standardsiso.com/api/?name=4956a263e6d0eec13db512a9a92577e3

© ISO/EC

4 If use of selective acknowledgement has been negotiated, a
selective acknowledgement implicitly identifies DT TPDUs not
received. Since such a DT TPDU could be a lost DT TPDU, or
simply a delayed DT TPDU, it is a local matter whether DT
TPDUs not acknowledged in a selective acknowledgement
should be retransmitted immediately.

h) concatenation and separation (see 6.4).

ISO/EC 8073 : 1992 (E)

entity shall only acknowledge the duplicate CC
TPDU according to the procedure in 12.2.2.2.b)1);

4) a CC TPDU may be received specifying a
reference which is in the frozen state. The response
to such a TPDU shall be a DR TPDU;

5) the retransmission procedures (see 12.2.1.2) are
used for both the CR TPDU and CC TPDU.

NOTE - After receiving a CR TPDU, it is recommended that the

12.2.2| Procedures for connection establishment

12.2.211 Timers used in connection establishment

There pre no timers specific to connection establishment.

12.2.2{2
CONS

General procedures when operating over

The transport entities shall use the following procedures:
a) |assignment to network connection (see 6.1.1);

When a network connection to which the transport
comnection is assigned is released (NDISind received):

1) if a CC TPDU is awaited the initiator shall perform
a new assignment according to QOS and the
retransmission procedure (i.e. not sending the CR
TPDU for more than N* T1);

2) if there is at least one other netwotk connection
to which the transport connection is assigned both
initiator and acceptor may either perform<a’new
assignment or continue operation using ohe of the
remaining network connections;

3) if the transport connection becomes unassigned
the acceptor may either perform\a new assignment
or wait (thers is no risk of deadlock as either T7 or /;
will be running); the initiator-shall perform a new
assignment (except in the.closing state);

b) | connection establishment (see 6.5) and if appropriate
cofinection refusal (see-6.6) together with the additional
prdcedures:

1) a conpegtion is not considered established until
the sucécessful completion of a 3-way TPDU
exchange. The sender of a CR TPDU shall respond
to/the corresponding CC TPDU by immediately
sending a DT, ED, DR, or AK TPDU;

transpertontity-onforce-a-time-limitupon-thetransport service user
so that late acceptance of the transport connection will not cause a
delayed CC TPDU to be sent.

12.2.2.3  General procedures when operating over CLNS
The transpott entity shall usethe procedure pf connection
establishment (see 6.5)(and if appropriate connection
refusal (see 6.6) togetherith the additional pfocedures:

1) a connectioh-is’not considered established until the
successful completion of a three-way TPDU exchange.
The senderrof a CR  TPDU shall regpond to the
corresponding CC TPDU by immediately sending a DT,
ED, DRor AK TPDU;

2)vas a result of duplication or retransmission, a CR
TPDU may be received specifying a soyrce reference
which is already in use with the sending transport entity.
If the receiving transport entity is in the|data transfer
phase, having completed the three-way TPDU
exchange procedure, or is waiting for the| T-CONNECT
response from the TS-user, the receiving tfansport entity
shall discard such a TPDU. Otherwisela CC TPDU
shall be transmitted;

3) as a result of duplication or retransrission, a CC
TPDU may be received specifying a paifed reference
which is already in use. The receiving tansport entity
shall only acknowledge the duplicatel CC TPDU
according to the procedure in 12.2.2.3.1);

4) a CC TPDU may be received specifying a reference

which is in the frozen state. The respofpse to such a
TPDU shall be a DR TPDU;

5) the retransmission procedures (see[12.2.1.3) are
used for both the CR TPDU and CC TPDU.

NOTE ~ After receiving a CR TPDU, it is recomrpended that the

transport entity enforce a time limit upon the transgort service user
S0 fhauau.acca.pw:ca.d_ttm.tmns;md.nmnemnn']' will not cause a

2) as a result of duplication or transmission, a CR
TPDU may be received specifying a source
reference which is already in use with the sending
transport entity. If the receiving transport entity is in
the data transfer phase, having completed the 3-way
TPDU exchange procedure, or is waiting for the T-
CONNECT response from the TS-user, the receiving
transport entity shall discard such a TPDU.
Otherwise a CC TPDU shall be transmitted.

3) as a result of duplication or retransmission, a CC
TPDU may be received specifying a paired reference
which is already in use. The receiving transport

delayed CC TPDU to be sent.

12.2.3 Procedures for data transfer

12.23.1  Timers used in data transfer
12.2.3.1.1 Timers used in data transfer when operating
over CONS ’

The data transfer procedures use one additional timer:

a) Window timer (W)
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A transport entity maintains a timer interval to ensure
that there is a bound on the maximum interval between
window updates.

NOTE - A suitable upper bound value for W is such that W <
n-Erq It is recommended that the value for W be
sufficiently less than (/g - E ) such that the inactivity control
procedure in 12.2.3.3 can be operated having regard to the
possibility of TPDU loss.

© ISO/IEC

TPDU loss. The window synchronization procedures (see
12.2.3.8) ensure that this requirement is met.

NOTE - It is likely that the release procedure initiated due to the
expiration of the inactivity timer will fail, as such expiration indicates
probable failure of the supporting network connection or of the
remote transport entity.

12.2.3.4  Expedited data

12.2.3.1.2
over CLNS

Timers used in data transfer when operating

The data transfer procedures use one additional timer:
a) Window timer (W)

A transport entity maintains a timer interval to ensure
that thefe is a bound on the maximum interval between
window|updates.

NOTE ~|A suitable upper band value for Wis such that W < I
—~ Ejp |tis recommended that the value for W be sufficiently
less thar] (/g — E| ) such that the inactivity control procedure in

12.2.3.3|can be operated having regard to the possibility of
TPDU logs.

12.23.2 | General procedures for data transfer

The transpért entities shall use the following procedures:
a) inaclivity control (see 6.21);
b) expegdited data (see 6.11);

¢) Explicit flow control (see 6.16).

The sending transport entity shall use the following
procedureIn the following order:

1) segmenting (see 6.3);
2) DT TPDU numbering\(see 6.10).

The receiying transport entity shall use the following
procedures]in the following order:

— DT TRPBU\numbering (see 6.10);

12.2.3.4.1 Expedited data when operating over| CONS

The transport entities shall follow the network nogmal data
variant of the expedited data transfes ‘procedures (see
6.11.1), if the use of the transport expedited servite option
has been agreed during connection.establishment.

The ED TPDU shall have a/TRDU-NR which is pllocated
from a separate sequence space from that of the DT
TPDUs.

A transport entity shall*allocate the sequence nunpber zero
to the ED TPDU-NR)of the first ED TPDU which it fransmits
for a transport-cannection. For subsequent ED TPPUs sent
on the same, transport connection, the transport entity shall
allocate a séquence number one greater than the|previous
one.

Modilo 27 arithmetic shall be used when normal formats
have been selected and modulo 237 arithmetic shalf be used
when extended formats have been selected.

The receiving transport entity shall transmit an A TPDU
with the same sequence number in its YR-EDTU-NR field.
If this number is one greater than in the previously|received
in-sequence ED TPDU, the receiving transport entity shall
transfer the data in the ED TPDU to the TS-user.

If a transport entity does not receive an EA JPDU in
acknowledgement to an ED TPDU it shall fdllow the
retransmission procedures (see note and 12.2.1.2)

The sender of an ED TPDU shall not send any|new DT
TPDU created from a T-DATA request subsequent/to the T-
EXPEDITED DATA request, until it receives the EA TPDU.

NOTE - This procedure ensures that ED TPDUs are dglivered to
the TS-user in sequence and that the TS-user does npt receive
data corresponding to the same ED TPDU more than onge. Also it
guarantees the ariival of the ED TPDU before [any data
subsequently sent by the TS user.

~ resequencing (see 6.20);

— reassembling (see 6.3).

12.23.3  Inactivity control

If the interval of the inactivity timer | expires without receipt
of some TPDU, the transport entity shall initiate the release
procedures. To prevent expiration of the remote transport
entity's inactivity timer when no data is being sent, the local
transport entity must send AK TPDUs at suitable intervals in
the absence of data, having regard to the probability of

42

12.2.3.4.2 Expedited data when operating over CLNS
The transport entities shall follow the expedited data
transfer procedures in 6.11.2, if the use of the transport
expedited data service option has been agreed during
connection establishment.

The ED TPDU shall have a TPDU-NR which is allocated
from a separate sequence space from that of the DT
TPDUs.
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A transport entity shall allocate the sequence number zero
to the ED TPDU-NR of the first ED TPDU which it
transmits for a transport connection. For subsequent ED
TPDUs sent on the same transport connection, the transport
entity shall allocate a sequence number one greater than
the previous one.

Modulo 27 arithmetic shall be used when normal formats
have been selected and modulo 237 anthmetlc shall be used

ISO/IEC 8073 : 1992 (E)

Duplicated DT TPDUs shall be acknowledg

ed, since the

duplicated TPDU may be the result of a retransmlsswn

resulting from the loss of an AK TPDU.

The data contained in a duplicated DT TPDU shall be

discarded.

12.2.3.6  Explicit flow control

eiving transport entity shall transmit an EA TPDU

same sequence number in its YR-EDTU-NR field.
if this pumber is one greater than in the previously received
in-seqlience ED TPDU, the receiving transport entity shali
transfgr the data in the ED TPDU to the TS-user.

If a trgnsport entity does not receive an EA TPDU in
acknowledgment to an ED TPDU it shall follow the
retrangmission procedures (see note and 12.2.1.3).

The sender of an ED TPDU shall not send any new DT
TPDU [created from a T-DATA request subsequent to the T-
EXPEDITED DATA request, until it receives the EA TPDU.

NOTE t This procedure ensures that ED TPDUs are delivered to
the TStuser in sequence and that the TS-user does not receive
data cofresponding to the same ED TPDU more than once. Also it
guarantees the arrival of the ED TPDU before any data
subsequently sent by the TS user.

1223(5 Resequencing

The receiving transport entity shall deliver all DT\TPDUs to
the TS-user in the order specified by the sequence number
field.

DT TPDUs received out-of-sequence but\within the transmit
window shall not be delivered to the)TS-user until all in-
sequence TPDUs have been received. DT TPDUs received
out-of{sequence and outside the, transmit window shall be
discarfled but may result in‘iransmission of an AK TPDU
with up-to-date window information (see 12.2.3.8). If the
selective acknowledgement option has been agreed to at
connection establishment, DT TPDUs that have been
selectjvely acknowledged shall be retained by the receiving
transpprt entity until'delivered to the TS-user. They shall be
retaingéd evencifithe selectively acknowledged DT TPDUs
later fall outside the transmit window due to a subsequent
credit feduction.

take the value 0) in the CDT field of the_Z€GR|TPDU or CC

The transport entities shall send an initial crejit (which may

TPDU. This credit represents the initial-valu
window edge of the peer entity.

The transport entity which receives the CR

TPDU shall consider its lower window edge ag

upper window edge as the value in the CD
received TPDU.

In order to authorize the transmission of DT
peer, a transport ‘entity may transmit an AK
time.

of the upper

TPDU or CC
zero and its
field in the

TPDUs by its
TPDU at any

The sequence number of an AK TPDU shall npt exceed the

sequence number of the next expected DT

TPDU, i.e. it

shall\not be greater than the highest sequence number of a -

received DT TPDU, plus one.

A transport entity may send a duplicatg

containing the same sequence number|
subsequence number field at any time.

AK TPDU
CDT, and

A transport entity may increase or decreagse the upper

window edge at any time.

A transport entity which receives an AK
consider the value of the YR-TU-NR field as

TPDU shall
its new lower

window edge if it is greater than any previously received in a

YR-TU-NR field, and the sum of YR-TU-NR a
sequencing AK TPDUs (see 12.2.3.8). A tr

hd CDT as its

nsport entity

new upper window edge subject to the pEcedures for

shall not transmit or retransmit a DT TPDU wi
number outside the transmit window.

12.2.3.7  Sequencing of received AK TPD

To allow a receiving transport entity to proper

series of AK TPDUs that all contain the sa

number and thereby use the correct CDT val
b

NOTE ~ It is recommended that the transport entity sending the AK
TPDU maintains a bound on the number of times a DT TPDU is
selectively acknowledged in order to reduce the processing at the
transport entity receiving the AK TPDU.

Duplicate TPDUs can be detected because the sequence
number matches that of previously received TPDUs.
Sequence numbers shall not be reused for the period L after
their previous use. Otherwise, a new, valid TPDU could be
confused with a duplicated TPDU which had previously
been received and acknowiedged.

determmlng the correct sequence of AK
absence of the subsequence parameter shall
to the value of the parameter set to zero.

An AK TPDU is defined to be in sequence if

a sequence

y sequence a

e sequence
e, AK TPDUs
e purpose of
TPDUs, the
be equivalent

a) the sequence number is greater than any previously

received AK TPDU, or

b) the sequence number is equal to the highest in any

previously received AK TPDU, and the

subsequence

parameter is greater than in any previously received AK

TPDU having the same value for YR-TU-N

R field, or
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¢) the sequence number and subsequence parameter
are both equal to the highest in any previously received
AK TPDU and the credit field is greater than or equal to
that in any previously received AK TPDU having the
same YR-TU-NR field.

When the receiving transport entity recognizes an out-of-
sequence AK TPDU it shall discard it.

© ISO/IEC

NOTE - The use of the procedures defined in 12.2.3.8.3 and
12.2.3.8.4 is optional for any transport entity. The protocol operates
correctly either with or without these procedures which are defined
to enhance the efficiency of its operation.

12.2.3.8.2
TPDUs

Sequence control for transmission of AK

To allow the receiving transport entity to process AK TPDUs

12.2.3.8 Procedures for transmission of AK TPDUs

12.2.3.8.1 Transmission of AK TPDUs

An in-sequence DT TPDU shall be acknowledged within
time A, by the transmission of an AK TPDU whose YR-TU-
NR paramefer is set to at least the sequence number of the
received DT TPDU plus one. If the selective
acknowledgement option has been agreed to at connection
establishmgnt, out of sequence DT TPDUs may also be
acknowledged within time A;. The YR-TU-NR parameter
shall be sgt to one greater than the highest sequence
number of [an in-sequence DT TPDU and the selective
acknowledgpment parameter will be appropriately set.

An AK TPDU shall be transmitted containing up-to-date
window infofmation if

a) a DT| TPDU is received whose sequence number is
lower than the. lower window edge, but greater than or
equal torthe lower window edge minus the maximum
credit value ever given for this transport connection, or

b) a DT|TPDU is received whose sequence number-is
above the current upper window edge, but following
credit refluction is within the upper window edge which
has beer granted and then withdrawn.

NOTES

1 A simplef implementation may send an AK TPDU upon
reception of ahy DT TPDU outside the transmit window.

2 The procqdure a) is required-so-that loss of an AK TPDU is
correctly recpvered, i.e. whén\the sender of the DT TPDU
retransmits it jollowing non-receipt of an acknowledgement.

3 The procefdure b) is-required due to the possibility of loss of the
AK TPDU indicating the upper window edge reduction, which could
otherwise caua-incorrect termination of the transport connection.

in the correct sequence, as described in 12:2.8.7, the
subsequence parameter shall be includéd) following
reduction of CDT. If the value of the subsequence|number
to be transmitted is zero, then the parameter should be
omitted. A

zero (either explicitly or by absence of the parameter) if the
sequence number is greaterthan the parameter in previous
AK TPDUs, sent by the transport entity.

The value of the subsequence parameter, if used, Ehall be

If the sequence number is the same as the prevjous AK
TPDU sent and the CDT field is equal to or greater than the
CDT field inthe previous AK TPDU sent then the
subsequence, parameter, if used, shall be equal t¢ that in
the previously sent AK TPDU.

If the_sequence number is the same as the prevjous AK
TRDW’sent and the CDT field is less than the value of the
CDT field in the previous AK TPDU sent tIen the
subsequence parameter, if used, shall be one gredter than
the value in the previous AK TPDU.

NOTE -~ If a transport entity never reduces credit, then it does not
need to use the subsequence number.

12.2.3.8.3 Retransmission of AK TPDUs after CDT set

to zero

Due to the possibility of loss of AK TPDUs, the upper
window edge as perceived by the transporf entity
transmitting an AK TPDU may differ from that percgived by
the intended recipient. To avoid the possibility pf extra
delay, the retransmission procedure (see 12.2.].2 and
12.2.1.3) can be followed for an AK TPDU, if it ogens the
transmit window which has previously been clgsed by
sending an AK TPDU with CDT field set to zero.

The retransmission procedure, if used, terminates |and the
procedure in 12.2.3.8.1 is used when

4 Wherever procedures a) and b) are invoked and selective
acknowledgement option is being used, the selective
acknowledgement parameters, if required, of the AK TPDU will be
appropriately set.

A transport entity shall not allow an interval W to pass
without the transmission of an AK TPDU. If the transport
entity is not using the procedure following setting CDT to
zero (see 12.2.3.8.3) or reduction of the upper window edge
(see 12.2.3.8.4), and does not have to acknowledge receipt
of any DT TPDU, then it shall achieve this by retransmission
of the most recent AK TPDU, with up-to-date window
information.

44

a) an AK TPDU is received containing the flow control
confirmation parameter, whose lower window edge and
your subsequence fields are equal to the sequence
number and subsequence number in the retained AK
TPDU and whose credit field is not zero;

b) an AK TPDU is transmitted with a sequence number
higher than that in the retained AK TPDU, due to
reception of a DT TPDU whose sequence number is
equal to the lower window edge;

¢) N transmissions of the retained AK TPDU have taken
place. In this case the transport entity shall continue to
transmit the AK TPDU at an interval of W.
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An AK TPDU which is subject to the retransmission
procedure shall not contain the flow control confirmation
parameter. If it is required to transmit this parameter
concurrently, an additional AK TPDU shall be transmitted
having the same values in the sequence, subsequence (if
applicable) and credit fields.

12.2.3.84 Retransmission procedures following
reduction of the upper window edge

ISO/IEC 8073 : 1992 (E)

The rules for determining whether to apply the retransmission
procedure to an AK TPDU may be expressed alternatively as
follows. Let

LWE = lower window edge

UWE = upper window edge

KUWE = [ower bound on upper window edge held by remote

This spb-clause specifies the procedure for retransmission
of AK [TPDUs after a transport entity has reduced the upper
windoy edge (see 12.2.3.6). This procedure is used until
the lower window edge exceeds the highest value of the
upper [window edge ever transmitted (i.e. the value existing
at the| time of credit reduction, unless a higher value is
retained from a previous credit reduction).

The rgtransmission procedure should be followed for any
AK TPDU which increases the upper window edge, unless it
is kngwn that the remote transport entity has an open
. This is known if

a flow control confirmation (FCC) parameter has
begen received corresponding to an AK TPDU
smitted following the most recent credit reduction,
anfl;

— | this FCC parameter conveys an upper window edge
value (i.e. the sum of the lower window edge and credit
fie|ds) which is greater than the lower window edge.of
thg transmitted AK TPDU.

This retransmission procedure for any particulaf’AK TPDU
shall terminate when

a)| an AK TPDU is received containing-the flow control
copfirmation parameter, whose lower window edge and
yolir subsequence fields are equal'to the lower window
edge and subsequence numbér in the retained AK

place. In this case‘the transport entity shall continue to
smit the AK TPDU at an interval of W.

parametet. ‘If it is required to transmit this parameter
concuyrently, an additional AK TPDU shall be transmitted

fragspnrf nnﬁh’l
The retransmission procedure is to be applied wheerer.
(UWE > LWE) and (KUWE = LWE)

i.e. when the window is opened and)it is not known definitely that
the remote transport entity is aware of this.

KUWE is maintained as follows:

When credit is reduced;"KUWE is set to LWE. Subsequently, itis
increased only upon.receipt of a valid flow control donfirmation (i.e.
one which matches the retained lower window edge and
subsequence). In this case KUWE is set to the implied upper
window édge' of the flow control confirmation, i.e] the sum of its
lower window edge and your credit fields. By using this method, it
can‘be ensured that KUWE is always less than jor equal to the
dctual upper window edge used by the transmitter of DT TPDUs.

12.2.3.9  Use of flow control confirmation ppramster

An AK TPDU containing a flow control| confirmation
parameter may be transmitted at any timg. The lower
window edge, your subsequence and your credit fields shall
be set to the same values as the corresponding fields in the
most recently received in-sequence AK TPDU

An AK TPDU containing a flow control| confirmation
parameter should be transmitted whenever

a) a duplicate AK TPDU is received, with the value of
YR-TU-NR, CDT, and subsequence fields equal to the
most recently received in sequence AK TPDU, but not
itself containing the flow control confirmati¢n parameter;

b) an AK TPDU is received which increases the upper
window edge but not the lower window gdge, and the
upper window edge was formerly equal to the lower
window edge; or

c) an AK TPDU is received which incredses the upper

havin m ue nce (f
applicable) and credit fields.

NOTE - Retransmission of AK TPDUs is normally not necessary,
except following explicit closing of the window (i.e. transmission of
an AK TPDU with CDT field set to zero). If data are available for
transmission, the retransmission procedure for DT TPDUs will
ensure that an AK TPDU is received granting further credit where
this is available; following credit reduction, this may no longer be
so, because retransmission may be inhibited by the credit
reduction. The rules described in this clause avoid extra delay.

window edge but not the Tower window edge, and the
lower window edge is lower than the highest value of the
upper window edge received and subsequently reduced
(i.e. following credit reduction).

12.2.4 Procedures for release

12.2.4.1 Timers used for release

There are no timers used only for release.
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12.24.2  General procedures for release

The transport entity shall use the explicit variant of normal
release (see 6.7).

© ISO/EC

Although the retransmission procedure also apply to the DR
TPDU in the release phase, the transport entity may
however consider that the transport connection has been
released if it would be necessary to open a new network
connection in order to retransmit the DR TPDU.
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13 Structure and encoding of TPDUs

13.1 Validity

Table 8 specifies those TPDUs which are valid for each class and the code for each TPDU.

Table 8 -~ TPDU codes

ISONEC 8073 : 1992 (E)

Validity within classes See sub-
0 1 2 3 clause Code

CR: cpnnection request X X X 13.3 1110 xx]
CC: copnnection confirm X X X X 13.4 1101 XxKX
DR: d|sconnect request X X X X 13.5 1000 0000
DC: dlsconnect confirm X X X 13:6 1100 0000
DT: d{ata X X X X 13.7 1111 000y
ED: e|<pedited data X NF X 13.8 0001 0000
AK: dlzta acknowledgement NRC | NF X 13.9 0110 zzpz
EA: expedited data acknowledgement X NF X 13.10 0010 0000
RJ: rdject X X 13.11 0101 zzpz
ER: TPDU error X X X X 13.12 0111 0000
Not aviailable (see the note) - 0000 0000

- 0011 0Q00

- 1001 xxKx

- 1010 xxxx
Key:
x0cx (bits 4 to 1): used to signal the CDT (set to 0000 in classes O to 1).
277z (:[ts 4 to 1): used to signal CDT in classes 2,3,4 setto 1111 in class 1.
y (bit 1}: used to signal'ROA if the request acknowledgement procedure has been agreed at connection establishment (classes|1, 3, 4 only).
This bif shall be sett0'0 if the request acknowledgement procedure has not been agreed.
NF: Not available when the non-expilicit flow control option is selected.
NRC: Notavailable when the receipt confirmation option is selected.

NOTE - These codes are already in use in related protocols defined by standards organizations other than CCITT and ISO/IEC.

13.2 Structure

All the transport protocol data units (TPDUs) shall contain an integral number of octets. The octets in a TPDU are numbered
starting from 1 and increasing in the order they are put into an NDSU. The bits in an octet are numbered from 1 to 8, where bit

1 is the lowest order bit.

When conhsecutive octets are used to represent a binary number, the lower octet number has the most significant value.

NOTES
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1 The numbering of bits within an octet is a convention local to this Interational Standard.

2 The use of the terms "high order” and "low order" is common to this Intemational Standard and to adjacent layer standards.

3 The use of the above conventions does not affect the order of bit transmission on a serial communications link.

4 As described in 6.2.3, both transport entities respect these bit and octet ordering conventions, thus allowing communication to take place.

5 In this clause the encoding of TPDUs is represented in the following form:

a) octets-are

b) within|an octet, bits are shown with bit 8 to the left and bit 1 to the right.
TPDUs shachontain, in the following order:

a) the h
1) the length indicator (L) field;
2) the fixed part;
3) the variable part, if present;

ader, comprising

b) the Ita field, if present.

The structure is illustrated below:

Octets
1 2 3 4 .. n n+1 p p+1 end
LI ~ Fixed part Variable part Data Field
g — | — - . header = — — — — =— — -

13.2.1  Length indicator field

The field is ¢ontained in the first octet of the TPDUs. The length is indicated by a binary number, with a maximum value of 254
(1111 1110). The length indicated shall be the header length in octets including parameters, but excluding the length indicator
field and usér data, if any. The value 255 (111"t 1111) is reserved for possible extensions.

If the length|indicated exceeds or is equal to the size of the NS-user data which is present, this is a protocol error. ’
13.22  Fiked part

13.2.2.1 General

The fixed pgrt contains frequently occurring parameters including the code of the TPDU. The length and the structt;l: of the

NOTE - In general, the TPDU code defines the fixed part unambiguously. However, different variants may exist for the same TPDU éode {see
normal and extended formats).

13.22.2 TPDU code

This field contains the TPDU code and is contained in octet 2 of the header lti is used to defme the structure of the remaining
header. This field is a full octet except in the following cases:

1110 xxxx Connection request

1101 %0 Connection confirm
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1111 000y Data

0101 xxxx Reject

0110 xxxx Data acknowledgement
where

xxxx (bits 4 to 1) is used to signal the CDT.

y]fbit 1) is used to signal ROA if the request acknowledgement has been agreed at connection establishment (class 1, 3, 4
ohly).

Only those codes defined in 13.1 are valid.
13.2.3 Variable part

The variable part is used to define less frequently used parameters. If the variable part is present, it shall contajn one or more
paranieters.

NOTE |- The number of parameters that may be contained in the variable part is indicated by\the'length of the variable part which is LI minus
the length of the fixed part.

Each parameter contained within the variable part is structured as follows:

Ogtets Bits 8 7 6 5 4 3 2 1
n+1 Parameter code
n+2 Parameter length indication (for example m)
n+3
n+l2+m Parameter value

The pprameter code field is coded in binary.

NOTE[- Without extensions, it provides@ maximum number of 255 different parameters. However, as noted below, bits 8 and 7 cannot take
every possible value, so the practicall maximum number of different parameters is less. Parameter code 1111 1111 is resejved for possible
extenlons of the parameter code,

The pprameter length indication indicates the length, in octets, of the parameter value field.

For example, in the ¢ase of a single parameter contained within the variable part, two octets are required for the parametpr code and the
parampter lengthindication itself. Thus, the value of m is limited to 248. For larger fixed parts of the header and for dach succeeding
parampter, the maximum value of m decreases.

NOTE|- The length is indicated by a binary number, m, with a theoretical maximum value of 265. The practical maximum va}e of m is fower.

The pprameter value field contains the value of the parameter identified in the parameter code field.

No parameter code uses bits 8 and 7 with the value 00.

The parameters defined in the variable part may be in any order. If any parameter is dupliicated then the last value shall be
used. A parameter not defined in this International Standard shall be treated as a protocol error in any received TPDU except a
CR TPDU; in a CR TPDU it shall be ignored. A called TSAP-ID parameter in a CC TPDU with a length indicator set to zero
shall be treated as having the "nil selector value” (see ISO/IEC 7498-3, 9.5.2). If the responding transport entity selects a class
for which a parameter of the CR TPDU is not defined, it may ignore this parameter, except if it is the class and option
parameter, or the alternative protocol class parameter which shall always be interpreted. A parameter defined in this
International Standard but having an invalid value shall be treated as a protocol error in any received TPDU except a CR TPDU.
in a CR TPDU it shall be treated as a protocol error if it is either the class and option parameter or the alternative class
parameter; bits 8 to 7, and bits 6 to 1, if not meaningful for the class proposed, of the additional options parameter shall be
ignored; otherwise it shall be sither ignored or treated as a protocol error.
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13.2.3.1  Checksum parameter (class 4 only)

All TPDU types may contain a 16-bit checksum parameter in their variable part. This parameter shall be present in a CR TPDU
and shall be present in all other TPDUs except when the non-use of checksum option is selected.

Parameter code: 1100 0011
Parameter length: 2

Parameter value: Resuit of checksum algorithm; this algorithm is specified in 6.17.

13.24 [Jata field

This field cgntains transparent user data. Restrictions on its size are noted for each TPDU.

13.3 Conpection request (CR) TPDU

The length pf the CR TPDU shall not exceed 128 octets.

13.3.1 structure

The structufe of the CR TPDU shall be as follows:

1 2 3 4 5 6 7 8 p p+1 end
i
CR CDT DST-REF _I CLASS Variable User
LI SRC-REF
1110 xxxx | 0000 0000 0000 0000 l QOPTION pan Data
1 ;
13.32 U
Ses 13.2.1

13.3.3 Hixed part (octets 2 to 7)
The structure of this part shall contain:

a) CR:| Connection request code: 1110. Bits 8 to 5 of octet 2;

b) CDT: Initial credit allocation’{set to 0000 in classes 0 and 1 when specified as preferred class). Bits 4 to 1 of ogtet 2;
¢) DST-REF: Setto zero;

d) SRQ-REF: Reéference selected by the transport entity initiating the CR TPDU to identify the requested fransport
conneclion;

SS and OPTION Brts 8 to 5 of octet 7 defrne the preferred transport protocol class to be operated over the

0000 Class 0
0001 Class 1
0010 Class 2
0011 Class 3
0100 Class 4

When operating over CLNS, this field shall take the value 0100 to indicate class 4.
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The CR TPDU contains the first choice of class in the fixed part. Second and subsequent choices are listed in the variable part
if required.

Bits 4 to 1 of octet 7 define options to be used on the requested transport connection as fogows:

BIT OPTION
4 =0 Always
3 =0 Always
2 =0 Use of normal formats in all classes

=1 Use of extended formats in classes 2, 3, and 4

1 =0 Use of explicit flow control in class 2

=1 No use of explicit flow control in class 2

Bits relgted to options particular to a class are not meaningful if that class is not proposed.and may therefore take any value.

NCTES

1 The ¢onnection establishment procedure (see 6.5) does not permit a given CR TPBU. to request use of transport expedited

service

2 Bits 4 to 1 are always zero in class 0 and have no meaning.

13.3.4
The fo

a)

If a TSAP-ID is given in the-request it may be returned in the confirmation.

b)

Th
tral

(pdditional option parameter) and not use of explicit flow control in class 2 (bit1 =1).

Variable part (octets 8 to p)
flowing parameters are permitted in the variable part:

Transport Service Access Point Identifier (TSAP-ID)

Parameter code: 1100 0001 for the identifier of the calling TSAP

1100 0010 for the identifier of the called TSAP
arameter length: not defined in this International Standard

Iarameter value: identifier of-the/calling or called TSAP respectively.

TPDU size

ngport connéction. The coding of this parameter is

Parameter code: 1100 0000

lepnathe

D o s $or k| tent
ararmciTTIoTiguTT T Uttot

Parameter value:

00001101 8 192 octets (not allowed in class 0)
0000 1100 4 096 octets (not allowed in class 0)
0000 1011 2 048 octets
0000 1010 1 024 octets
00001001 512 octets
0000 1000 256 octets
00000111 128 octets

Default value: 0000 0111 (128 octets).

data transfer

ieLparameter defines the proposed maximum TPDU size (in octets including the header) to be used over the requested
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¢) Preferred maximum TPDU size

© ISO/IEC

This parameter defines the proposed maximum TPDU size (in octets including the header) to be used over the requested

transport connection.
The coding of this parameter is:

Parameter Code: 1111 0000

Par ngfh- uptod

octets [see 6.5.4 m) and 6.5.5 m)]. This binary value shall be greater than or equalto-.

d) Version number (not used if class 0 is the preferred class)
Parameter code: 1100 0100
Parpmeter IengtH: 1 octet
Pargmeter value field: 0000 0001
Default value: 0000 0001 (not used in class 0).
e) Profection parameters (not used is class 0 is the preferred class)
This parameter is user defined.
Parameter code: 1100 0101
Parpmeter length: user defined
Pargmeter value: user defined.

f) Chgcksum (used only if class 4 is the prefefred class ) (see 13.2.3.1)

Parbmeter value:  a binary value. The binary value indicates the maximum TPDU size, expressed as a multi;lﬂe of 128

This pgrameter shall always be presentinia CR TPDU re:questing class 4, even if the checksum selection parameter is used

to requpst non-use of the checksum facility.

" g) Additional option selection (notyused if class O is the preferred class)

52

This pdrameter defines the'selection to be made as to whether or not additional options are to be used.
Parpmeter code: 1100 0110
Pargmeter length: 1

Parpmeter value:

ODDTL

oI 1
[ =11 ] A4 ] } Al

6 =1 Use of request acknowledgement in class 1, 3, 4

=0 Non-use of request acknowledgement in classes 1, 3, 4
5 =1 Use of selective acknowledgement in class 4

=0 Non-use of selective acknowledgement in class 4

4 =1 Use of network expedited in class 1

= 0 Non-use of network expedited in class 1
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3 =1 Use of receipt confirmation in class 1

=0 Use of explicit AK variant in class 1

2 =0 16-bit checksum defined in 6.17 shall be used in class 4

=1 16-bit checksum defined in 6.17 shall not be used in class 4

1 =1 Use of transport expedited data transfer service

=0 Non-use of transport expedited data transfer setvice

ISO/IEC 8073 : 1992 (E)

Default value: 0000 0001.

Bits 8 and 7 shall be set to zero when sending the TPDU and ignored upon receipt.

value. ‘

h) Alternative protocol class(es) (not used if class 0 is the preferred class or when operating over CLNS)

)

arameter code: 1100 0111
arameter length: n

arameter value: Encoded as a sequence of single octets; each_encoded as for octet 7 but with bits 4 to
(I.e. no alternative option selections permitted).

Acknowledgement time (used only if class 4 is the preferred.class)

Bits related to options particular to a class are not meaningful if that class is not proposed and may therefore take any

1 set to zero

Thig parameter conveys the maximum acknowledgementtime A to the remote transport entity. It is an indication only, and
is not subject to negotiation (see 12.2.1.1.3).

Parameter code: 1000 0101

Parameter length: 2

Parameter value: n, a binary number where n is the maximum acknowledgement time, expressed in millise
[hroughput (not used if class 0)is the preferred class)

Parameter code: 1000°1001

Parameter length{ 12 or 24

Parameter value:

st 12%octets: maximum throughput, as follows:
Fitst 3 octets: target value, calling-cailed user direction
Second 3 octets: minimum acceptable, calling-called user direction

tonds.

Third 3 octets: target value, called-calling user direction
Fourth 3 octets: minimum acceptable, called-calling user direction

2nd 12 octets (optional): average throughput, as follows:
Fifth 3 octets: target value, calling-called user direction
Sixth 3 octets: minimum acceptable; calling-called user direction
Seventh 3 octets: target value, called-calling user direction
Eighth 3 octets: minimum acceptable, called-calling user direction

Where average throughput is omitted, it is considered to have the same value as the maximum throughput. Values are
expressed in octets per second.

m)

Residual error rate (not used if class 0 is the preferred class)
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Parameter code: 10000110
Parameter length: 3
Parameter value:

1st octet: target value, power of 10

2nd octet: minimum acceptable, power of 10
3rd octet: TSDU size of interest, expressed as a power of 2

n) PrigAty (notused it class 015 the preferred tiass)
Parameter code: 1000 0111
Parameter length: 2
Par[

meter value: integer (0 is the highest priority)

p) Trapsit delay (not used if class 0 is the preferred class)

Parameter code: 1000 1000

Pargmeter length: 8

Parameter value:

irst 2 octets: target value, calling-called user direction

Second 2 octets: maximum acceptable, calling-called user direction
Fhird 2 octets: target value, called-calling user direction

Fourth 2 octets: maximum acceptable, called-calling user direction

Values|are expressed in milliseconds, and are based upon 'a TSDU size of 128 octets.

q) Regssignment time (not used if class 0 or 2 is the-preferred class; if class 4 is preferred and class 3 is an alternate, it
may bd used)

This parameter conveys the Time to Try -Reassignment (TTR) which shall be used when following the procedure for
reassignment after failure (see 6.12).

Parameter code: 1000 1011

Pargmeter length: 2
Parameter value: n,@ binary number where n is the TTR value expressed in seconds.
r) Inagtivity timer-{used only if class 4 is the preferred or selected class)

This pgrameter-conveys the inactivity timer /,_to the remote transport entity. It is an indication only, and is not $ubject to
negotigtion (see 12.2.1.1.7).

Parameter code: 1111 0010

Parameter length: 4

Parameter value:  abinary value. This binary value indicates the inactivity time expressed in milliseconds.
13.3.5 User data (octets p + 1 to the end)

No user data are permitted in class 0, and are optional in other classes. Where permitted, they shall not exceed 32 octets.
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13.4 Connection Confirm (CC) TPDU

13.4.1 Structure

The structure of the CC TPDU shall be as follows:

ISO/EC 8073 : 1992 (E)

1 2 3 4 5 6 7 8 p p+1 end
L CcC CDT DST-REF SRC-REF CLAS$ Variable ESGI'
TTOT XXXX l OPTION part Data
13.4.2 | L
See 132.1.
13.4.3 | Fixed part (octets 2 to 7)

The fixgd part shall contain

a) CC: Connection confirm code: 1101. Bits 8 to 5 of octet 2;

b) CDT: Initial credit allocation (set to 0000 in classes 0 and 1). Bits 4 to{ 1)of octet 2;

c) IDST-REF: Reference identifying the requested transport connection at the remote transport entity;

d) $RC-REF: Reference selected by the transport entity,iritiating the CC TPDU to identify the confirmed transport

connection;

e) CLASS OPTION: Defines the selected transport protocol class and option to be operated over the accepied transport
connection according to the negotiation rules specified-in 6.5.

13.4.4 | Variable part (octets 8 to p)

The patameters are defined in 13.3.4 and are subject to the constraints stated in 6.5 {connection establishment).

ruled oyt by selection of an alternative class and option shall not be present.

13.4.5 | User data (octets p + 1 to the end)

Parameters

No usef data are permitted in‘class 0, and are optional in the other classes. Where permitted, they shall not exceped 32 octets.
The usér data are subject fo-the constraints of the negotiation rules (see 6.5).

13.5 Disconnect Request (DR) TPDU

13.5.1 | Structure

The strictare of the DR TPDU shall be as follows:

1 2 3 4 5 6 7 8 p p+1 end
L DR DST-REF SRC-REF | REASON | Variable | User
1000 0000 I I part Data
1352 U
See 13.2.1.
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13.53 Fixed part (octets 2 to 7)
The fixed part shall contain
a) DR: Disconnect request code: 1000 0000;

b) DST-REF: Reference identifying the transport connection at the remote transport entity;

© ISO/EC

¢) SRC-REF: Reference identifying the transport connection at the transport entity initiating the TPDU. Value zero when

reference is unassigned;

d) REASON: Defines the reason for disconnecting the transport connection. This field shall take one of thelfoliowing

values:

The follpwing values may be used for classes 1 to 4:
1) 128 + 0: Normal disconnect initiated by session entity
2) 128 + 1: Remote transport entity congestion at connect request time
3) 1128 + 2: Connection negotiation failed [i.e. proposed class(es) not supported]
4) 128 + 3: Duplicate source reference detected for the same pair of NSAPs.
5) 128 + 4: Mismatched references
6) 128 + 5. Protocol error
7) 128 + 6: Not used
8) 128 + 7: Reference overflow
9) 128 + 8: Connection request refused on this network connection
10) 128 + 9: Not used
11) 128 + 10: Header or parameter length invalid:

The following values can be used for all classes:

12) 0: Reason not specified

13) 1: Congestion at TSAP

14) *2: Session entity not attached to TSAP
15) *3: Address unknown.

NOTE - Redsons marked with an asterisk (*) may be reported to the TS-user as persistent, other reasons as transient.

13.5.4 \Variable part (octets8 to p)

The variable may contain

a) a pgrameter.allowing additional information related to the clearing of the connection;

Parameter code: 1110 0000

Parameter length: any value provided that the length of the DR TPDU does not exceed the maximum agreed TPDU size

or 128 when the DR TPDU is used during the connection refusal procedure.
Parameter value: additional information; the content of this field is user defined.

b) checksum (see 13.2.3.1).

13.5.5 User data (octets p + 1 to the end)

This field shall not exceed 64 octets and is used to carry TS-user data. The successful transfer of this data is not guaranteed

by the transport protocol. When a DR TPDU is used in class 0 it shall not contain this field.
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13.6 Disconnect Confirm (DC) TPDU

This TPDU shall not be used in class 0.

13.6.1  Structure

The structure of the DC TPDU shall be as foliows:

ISO/EC 8073 : 1992 (E)

1 2 3 4 5 6 p
DC ‘ I
L 1100 0000 DST-LREF SRCiREF Variable part
1
13.6.2 | LI
See 13.R.1.
13.6.3 | Fixed part (octets 2 to 6)
The fixdd part shall contain
a) [)C:‘ Disconnect confirm code: 1100 0000;
b) DST-REF: see 13.4.3;
¢) $RC-REF: see 13.4.3.
13.6.4 | Variable part
The varjable part shall contain the checksum parametefif the condition defined in 13.2.3.1 applies.
13.7 Data (DT) TPDU
13.7.1 | Structure
Depending on the class and the option the DT TPDU shall have one of the following structures:
a) Normal format for classes 0 and 1
1 2 3 4 5 end
|
T e
1
b) Normalformatforclasses 2 3and 4
1 2 3 4 5 6 p p+1 end
LI DT IF?C)A DST-IREF TPDU-NR | Variable User data
11 11L000y I and EOT part
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c) Extended format for use in classes 2, 3 and 4 when selected during connection establishment

1 2 3 4 5 6,7,8 9 p p+1i end
| | ]
LI DT ROA DST-REF TPDU-NR Variable User data
1111 000y I and EOT part
1
13.72 U
See 13.2.1.

13.7.3  Fixed part
The fixed part shall contain

a) DTy Data transfer code: bits 8 to 5 shall be setto 1111. Bits 4 to 2 shall be set to zero.

b) ROA: Request of acknowledgement mark: If the request acknowledgement procédures has not been agrged during
connedtion establishment, bit 1 shall be setto 0 in all DT TPDUs.

When the request acknowledgement procedure has been agreed during connection establishment, bit 1 (ROA) Js used to
request acknowledgement in classes 1, 3, and 4. When set to one, ROA indicdtes that the sending transport entity requests
an acknowledgement from the receiving transport entity. Otherwise ROA is sebto zero.

¢} DST-REF: See 13.4.3;

d) EOQ[I: When set to ONE, it indicates that the current DT TPDW.is the iast data unit of a complete DT TPDU sequence
(end of TSDU). EOT is bit 8 of octet 3 in class 0 and 1 and bit 8"of octet 5 for classes 2, 3 and 4;

e) TPDU-NR: TPDU send sequence number (zero in class’0). May take any value in class 2 without explicit flow control.
TPDU-NR is bits 7 to 1 of octet 3 for classes 0 and 1, bits 7 to 1 of octet 5 for normal formats in classes 2 3, and 4 jand bits 7
to 1 of pctet 5 together with octets 6, 7 and 8 for extended format.

NOTE - Depending on the class, the fixed part of the DT-TPDU uses the following octets:

classes 0 and 1: octets2 to 3;

classes P, 3, 4 (normal format): octets 2 td 5;

classes P2, 3, 4 (extended format): octets 2 to 8.
13.7.4 Variable part
The variabfle part shall contain the checksum parameter if the condition defined in 13.2.3.1 applies.

13.7.5 User datafield

This field dontains data of the TSDU being transmitted.

NOTE - The length of this field is limited to the negotiated TPDU size for this transport connection minus 3 octets in classes 0 and 1, and minus
5 octets (normal header format) or 8 octets (extended header format) in the other classes. The variable par, if present, may further reduce the
size of the user data field.

13.8 Expedited data (ED) TPDU

This ED TPDU shall not be used in class 0 or in class 2 when the no explicit flow control option is selected or when the
expedited data transfer service has not been selected for the connection.

13.8.1 Structure

Depending on the format negotiated at connection establishment the ED TPDU shall have one of the following structures:
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a) Normal format (classes 1, 2, 3, 4)

ISONEC 8073 : 1992 (E)

1 2 ° 4 5 6 p p+1 end
|
Ll ED DST-R EDTPDU-NR | Variable
0001 0000 T-REF and EOT part User data
1

b) Extended format {for use in classes 2, 3 and 4 when selected during connection establishment)

1 2 3 4 5,6,7,8 9 p p+1 end
|
Ll ED DST-R EDTPDU-NR | Variable
0001 0000 ST-REF and EOT part User data
L
1382 | U
See 13L.1.
13.8.3 | Fixed part

The fixgd part shall contain

a) ED: Expedited data code: 0001 0000;

b) DST-REF: see 13.4.3;

¢) ED TPDU-NR: Expedited TPDU identification numberi*ED TPDU-NR is used in classes 1, 3 and 4 and may take any

va
6, 7|and 8;

d) £OT: End of TSDU always set to 1 (bit 8 of octet 5).

ue in class 2. For normal formats bits 7 to 1 of octet-5-and for extended formats bits 7 to 1 of octet 5 togethe

NOTE -|Depending on the format the fixed part shall be either octets 2 to 5 or 2to 8.

13.8.4

Variable part

The vatiable part shall contain the~checksum parameter if the condition defined in 13.2.3.1 applies.

13.8.5

This fie|d contains an expedited TSDU (1 to 16 octets).

User data field

139 Data acknowledgement (AK) TPDU

r with octets

This THDU-shall not be used in class 0 or in class 2 when the no explicit flow control option is selected, nor for cIasF 1 when the

network

13.9.1

Structure

Depending on the class and option agreed the AK TPDU shall have one of the following structures:

a) Normal format (classes 1, 2, 3, 4)

1

2

3

L

|
AK CDT
0110 zzzz
1

DST-REF

YR-TU-NR

Variable part
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b) Extended format (for use in classes 2, 3 and 4 when selected during connection establishment)

! 2 3 4 5678 9 10 1 e p
AK
LI 0110 0000 DST-REF YR-TU-NR CDT Variable part
I |
1392 LU

The fixed part shall contain (in octets 2 to 5 when normal format is used or in octets 2 to 10) the following-parameters:

a) AK{ Acknowledgement code: 0110;

b) CDJl: Credit value (set to 1111 in class 1). CDT is bits 4 to 1 of octet 2 for normalformats and octets 9 gnd 10 for
extended formats;

c) DST-REF: See 13.4.3;
d) YR{TU-NR: Sequence number indicating the next expected DT TPDU\number. For normal formats, bits 7 to[1 of octet

5; bit g of octet 5 is not significant and shall take the value 0. For exténded formats, bits 7 to 1 of octet 5 together with
octets §, 7 and 8; bit 8 of octet 5 is not significant and shall take the value 0.

13.9.4 ariable part
o part contains the following parameters:
cksum if the condition in 13.2.3.1 applies;

sequence number when optionally used under the conditions defined in class 4. This parameter is used to ensure
TPDUs are processed in the correct sequence. If it is absent, this is equivalent to transmitting the paramgter with a
zero.

meter code: 1000 1010

meter length: 2
meter value: 16<bit subsequence number,

c) Flow control confirmation when optionally used under the conditions defined in class 4. This parameter contaips a copy
of the information‘received in an AK TPDU, to allow the transmitter of the AK TPDU to be certain of the state of thej receiving
transpqrt entity (see 12.2.3.9).

Parpmeter code: 1000 1100

Parameter length: 8
Parameter value: defined as follows:

1) Lower window edge (32 bits). Bit 8 of octet 1 of the parameter value field is set to zero, the remainder contains the
YR-TU-NR value of the received AK TPDU. When normal format has been selected, only the least significant seven bits
(bits 1 10 7 of octet 4 of the parameter value field) of this field are significant.

2) Your subsequence (16 bits). Contains the value of the subsequence parameter of the received AK TPDU, or zero if
this parameter was not present.
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3) Your credit (16 bits). Contains the value of the CDT field of the received AK TPDU. When normal format has been
selected, only the least significant four bits (bits 1 to 4 of octet 2 of the Your Credit field) of this field are significant.

d) Selective acknowledgement parameters when optionally used, under conditions defined in class 4, to acknowledge out
of sequence DT TPDUs received by the entity transmitting the AK TPDU. All consecutive DT TPDUs received shall be
acknowledged by a single block. Different groups of DT TPDUs that are consecutive within group but not across groups
shall be acknowledged using separate blocks (e.g., if DT TPDU numbers 3, 4, 5, 7, 8, 12, 13, 14, 15 and 17 are received
with 3 the first out-of-sequence DT TPDU, then 3, 4, 5 form one group, 7, 8 another and 12, 13, 14, 15 a third, and 17 a
fourth., The corresponding blocks would be (3, 5), (7, 8), (12, 15) and (17, 17)).

Parameter code:

Parameter length:

Parameter value:

TOUU TTT1

2n (normal format) or 8n (extended format) octets where n is the number if distinct

blocks being

selectively acknowledged. This length is constrained by the maximum header.size of 254 octets.

In the normal format, the first octet of a pair of two octets shall represent'the lower
second octet the upper edge of each block. Bit 8 of each octet is_set to zero, 1
represents the sequence number of the edge.

In the extended format, the first four octets of a set of eight octets represent.the lower

subsequent four octets represent the upper edge. For each-edge of four octets, Bi

octet is not significant and is set to 0; bits 7 to 1 of the first\octet together with the sec
fourth octets represent the sequence number.

Whsther normal or extended formats are used,-each set of two or eight octets may b
many times as there are blocks to be acknowledged.

dge and the
e remainder

edge and the
8 of the first
bnd, third and

b repeated as

or when the

13.10 | Expedited data acknowledgement (EA) TPDU
The EA TPDU shall not be used for class 0, or for class 2 when the "no explicit flow control” option is selected
expedifed data transfer service has not been selected for the connection.
13.10.1 Structure
Depenfing on the option (normal or extended format) the TPDU structure shall be:
a) [Normal format (classes 1, 2, 3, 4)
1 2 3 4 5 6 p
1
LI EA DST-REF YR-EDTU-NR|  Variable part
0010 0000 l
|
b) [Extended format (for use in classes 2, 3 and 4 if selected during connection establishment)
1 2 3 4 56,7, 8 9 P
£ l
t DST-REF YR-EDTU-NRT— Varablepart
0010 0000 l
]
13.10.2 LI
See 13.2.1.

13.10.3 Fixed part

The fixed part shall contain (in octets 2 to 5 when normal format is used or in octets 2 to 8) the following parameters:

a) EA: Expedited acknowledgement code: 0010 0000;
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b) DST-REF: See 13.4.3;

¢) YR-EDTU-NR: Identification of the ED TPDU being acknowledged. May take any value in class 2. For normal formats
bits 7 to 1 of octet 5; bit 8 of octet 5 is not significant and shall take the value 0. For extended formats, bits 7 to 1 of octet 5
together with octets 6, 7 and 8; bit 8 of octet 5 is not significant and shall take the value 0. :

13.10.4 Variable part

The variable part may contain the checksum parameter (see 13.2.3.1).

1311 Rgject (RJ) TPDU

The RJ TPPU shall not be used in classes 0, 2, and 4.

13.11.1 Structure

The RJ TPPU shall have one of the following formats:
a) Normal fc;rmat (classes 1 and 3)

2 3 4 5

Ui RJ CDT DST-REF YR-TU-NR
0101 zzzz |

b) Extgnded format (for use in class 3 if selected during connection@stablishment)

1 2 3 4 5 67,8 9 10
1 RJ DST-REF YR-TU-NR | DT
0101 0000
! ]
13412 U
See 13.2.1

13.11.3 Hixed part
The fixed plart shall contain (in.octets 2 to 5 when normal format is used or in octets 2 to 10) the following parameters:
a) RJ:|Reject codei 0101, Bits 8 to 5 of octet 2;

b) CDT: Creditvalue (setto 1111 in class 1). For normal formats bits 4 to 1 of octet 2 and for extended format$ octets 9
and 10

c) DST-REF—Sees134:3;

d) YR-TU-NR: Sequence number indicating the next expected TPDU from which retransmission should occur. For normal
formats, bits 7 to 1 of octet 5, bit 8 of octet 5 is not S|gn|flcant and shall take the value 0. For extended formats, bits 7101 of
octet 5 together with octets 6, 7 and 8; bit 8 of octet 5 is not significant and shall take the value 0.

13.11.4 Variable part

There is no variable part for this TPDU type.
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1312 TPDU error (ER) TPDU

13.12.1 Structure

ISO/IEC 8073 : 1992 (E)

1 2 3 4 5
|
ER ! REJECT .
L 0111 0000 DST lREF CAUSE Variable part
l pa—
13.12.2 |Ul
See 13.2]1.

13.12.3 |Fixed part

The fixed part shall contain the following parameters:
a) ER: TPDU Error code: 0111 0000;
b) D$T-REF: See 13.4.3;

¢) REJECT CAUSE:

0Q00 0000 Reason not specified
0000 0001 Invalid parameter code
0000 0010 Invalid TPDU type

0000 0011 Invalid parameter value.

13.12.4 | Variable part

The variable part may contain the following parametets:

a) Invalid TPDU

Phrameter code: 1100 0001

Phrameter length: number of ‘octets of the value field

Phrameter value: contains the bit pattern of the rejected TPDU header up to and including the octet which

riection. This parameter is mandatory in class 0.
b) Ghecksum

This parametershall be present if the condition in 13.2.3.1 applies.

caused the
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Section Three: Conformance

14 Conformance

14.1
specified ip-thi

A system claiming to implement the procedures
i ith-the

NOTES

1 The procedures for classes 0 to 4 are specified in
clauses 8 to 12 respectively. The procedures refer to the

elements of procedures specified in clause €.

requirements in 14.2to 14.5.

14.2  The system shall implement class 0 or class 2 or
both. Thisjimplies operation over CONS.

14.3

flthe system implements class 3 or class 4, it shall

also implement class 2.

14.4 Iff the system implements class 1, it shall also
implementclass 0.

14.5

r each class which the system claims to

implement] the system shalll be capable of
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a) initlating CR TPDUs or responding to CR TPDUs
with CC TPDUs or both;

b) responding to any other TPDU and operating
network service in accordance with the procedures for
the class;

¢) opgrating all the procedures for the class listed as
mandatory in table 9;

d) opgrating those procedures for the class listed as
optional in table 9 for which conformance is claimed;

e) hardling all TPDUs of lengths up to the lesser value
of

1) the maximum length for the class if the preferred
makimum TPDU size parameéter is not implemented
[se¢ 13.3.4b)];

2) the maximum forwhich conformance is claimed
(see note 2);

2 The requirement in 14.5 e) indicates that TP
128 octets is always implemented.

14.6  Claims of conformance shall state

DU size of

a) which class or classes of protocol are implgmented;

b) whether class 4 .can be operated
connectionless-mode-network service;

c) whether the ‘system is capable of ini
responding to CR TPDUs or both;

d) which.of the procedures listed as optional
are implemented;

pver the

jating or

in table 9

e) for each class, the maximum size

implemented {see 13.3.4 b) and 13.3.4 c)].

bf TPDU
if the

preferred maximum TPDU size parametér is not
implemented the value shall be chosen [from the

following list and all values in the list which ar
this maximum shall be implemented:

128, 256, 512, 1 024, 2 048, 4 096 or 8 193

less than

octets.

It the preferred maximum TPDU size parameter is

implemented, any maximum size of TPDU
multiple of 128 octets is allowed. All values,
that are a multiple of 128 octsts, less than the
claimed shall be implemented.

14.7 The supplier of a protocol implementation
claimed to conform to this International Stang
complete a copy of the PICS proforma provided i
and shall provide the information necessary. to idg
the supplier and the implementation.

that is a
except 0,
maximum

which is
ard shall
Annex D
ntify both
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Table 9 - Provision of options

Procedure class 0 class 1 class 2 class 3 class 4
TPDU with checksum not applicable | not applicable { not applicable | not applicable | mandatory
TPDU without checksum mandatory mandatory mandatory mandatory optional
Expedited data transfer not applicable | mandatory mandatory mandatory mandatory
No g i |_mandatory | mandatory | _maqdatory
Flow control in class 2 not applicable | not applicable | mandatory | not applicable | not aiplicable
No flow control in class 2 not applicable | not applicable optional not applicable (not applicable
Normal formats mandatory mandatory mandatory mandatory mar|datory
Extgnded formats not applicable | not applicable optional optional optional
Use [of receipt confirmation in class 1 | not applicable optional not applicable | not'applicable | not applicable
No yse of receipt confirmation in not applicable | mandatory | not applicable | netapplicable | not applicable
clas$ 1
Use|of network expedited in class 1 not applicable optional not applicable | not applicable | not applicable
No yse of network expedited in class | not applicable | mandatory | not applicable | not applicable | not applicable
1
Use|of selective acknowledgement in | not applicable | not applicable |-fiet’applicable | not applicable optional
class 4
Use|of request of acknowledgement | not applicable optional not applicable optional optional

inclhsses 1, 3, 4
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Annex A
(normative)

State tables

a) one action constituted of a list of any number of

A.1  Ggneral

This annex provides a more precise description of the
protocol. [In the event of a discrepancy between the
description[in these tables and that contained in the text, the
text takes grecedence.

The state tables also define the mapping between service
and protocgl events that TS-users can expect.

This annex|describes the transport protocol in terms of state
tables. The state tables show the state of a transport
connection| the events that occur in the protocol, the actions
taken and the resultant state.

The state fables describe only the operation of a single
transport cpnnection. They do not necessarily describe all
possible cgmbinations of sequences of events at transport
and netwolk service boundary, nor do they describe the
exact mapping between TPDUs and NSDUs.

A.2 Cpnventions

A21 Infoming events are represented in the-state
tables by tHeir abbreviated name, as defined in table A.1.

A2.2 States are represented in the-Yables by their
abbreviated name, as defined in table A2

A.2.3 THe intersection of each-state and event which is
invalid is left blank. The action to be taken in this case shall
be one of the following:

abbreviated name defined in table A.3 followed by the

outgoing events (none, one, or more) giveri by their
le A.2);

abbreviated name of the resultant state (see1al

b) conditional actions separated’by’a semi-folon (;).
Each conditional action contains(@\predicate followed by
a colon (:) and by an actiontas defined infa). The
predicates are boolean eéxpressions given|by their
abbreviated name and défined in the clauses felated to
the state tables of~each class. Only the action
corresponding to the-predicate which is true| shall be
taken.

A.2.5 The state tables also include
a) informal comments giving explanatory matefials;

b) references to notes using the following |notation:
(hote number);

c) references to other actions defined in separate tables

using the following notation: [action number].

A3 Tables

Table A.1 specifies that names and abbreviated pames of
the incoming events, classified as TS-user evgnts, NS-
provider events or TPDU events.

Table A.2 specifies the names and abbreviated pames of
the states.

Table A.3 specifies the names and abbreviated pames of
the outgoing events classified as TS-provider events, NS-
user events or TPDU events.

A.4  State tables for classes 0 and 2

possible;

c) for an event falling into neither of the above
categories (including those which are impossible by the
definition of the behaviour of the transport entity or NS-
provider), take no action.

A.2.4 At each intersection of state and event which is
valid the state tables specify an action which may include
one of the following:

66

This clause provides a more precise description of a
transport entity for a transport connection of class 0 or class
2.

The description uses predicates defined in table A.4, and
specific actions defined in table A.5.

The description does not include a complete specification of
the data transfer procedures but makes reference to the
specification of the classes (see clause 8 and 10). Table
A.6 gives the state automata for classes 0 and 2.
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Table A.1 - Incoming events

: 1992 (E)

Abbreviated name

Category Name
TCONreq TS-user T-CONNECT Request primitive
TCONTresp TS-user T-CONNECT Response primitive
TDTreq TS-user T-DATA Request primitive
TEXreq TS-user T-EXPEDITED DATA Request primitive
TDISreq TS-user T-DISCONNECT Request primitive
NDISind NSprovider ——— [ N-DISCONNEC T indicationprimitive
NCONconf NS-provider N-CONNECT Confirm primitive
NRSTind NS-provider N-RESET Indication primitive
CR TPDU Connection Request TPDU
CcC TPDU Connection Confirm TPDU
DR TPDU Disconnect Request TPDU
DC TPDU Disconnect Confirm TPDU
AK TPDU Data Acknowledgement TPDU
EA TPDU Expedited Data Acknowledgement TPDU
DT TPDU Data TPDU
ED TPDU Expedited Data TPDU
ER TPDU TPDU Error TPDU
RJ TPDU Reject TPDU

Table A.2 — States

Abbreviated name

Name

WENC Wait for network connection
WFCC Wait for the CC TPDU
WBCL Wait before releasing (wait for CC TPDU before sending the TPDU DR)
OPEN Transport connection is open
CLOSING Release in progress
WFTRESP Wait for T-CONNECT response
CLOSED Transport connection is closed
WENC-R Wait for network connection and reassignment in progress
WECC-R Wait for CC TPDU and reassignment in progress
WBCL-R Wait before releasing and reassignment in progress
OPEN-R Open and reassignment in progress
OPEN-WR Open and wait for reassignment
CLOSING-R Release in progress and reassignment in progress
CLOSING-WR Release in progress and wait for reassignment
WFTRESP-WR Wait for T-CONNECT response and wait for reassignment
WBCL-WR Wait before releasing and wait for reassignment
WBOC Wait before open complete (CC is unacknowledged)
WBOC-WR Wait before open complete and wait for reassignment
CLOSING BOC Wait before open complete and release in progress
CLOSING BOC-WR ldem and wait for reassignment
AKWAIT Waifing for acknowledgement of LU 1PUU
REFWAIT Waiting for frozen reference time
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Table A.3 - Outgoing event
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Abbreviated name Category Name
TCONind TS-provider T-CONNECT Indication primitive
TCONconf TS-provider T-CONNECT Confirm primitive

TDTind TS-provider T-DATA Indication primitive
TEXind TS-provider T-EXPEDITED DATA Indication primitive
TDISind TS-provider T-DISCONNECT Indication primitive
NDPiSreq NS-tser—-N-DISCONNEGCT Regquestprimitive
NRSTresp NS-user N-RESET Response primitive
NCONreq NS-user N-CONNECT Request primitive
CR TPDU Connection Request TPDU
CC TPDU Connection Confirm TPDU
DR TPDU Disconnect Request TPDU
DC TPDU Disconnect Confirm TPDU
AK - TPDU Data Acknowledgement TPDU
EA TPDU Expedited Data Acknowledgement TPDU
DT TPDU Data TPDU
ED TPDU Expedited Data TPDU
ER TPDU TPDU Error TPDU
RJ TPDU Reject TPDU
Table A.4 — Predicates for classes 0 and 2
Name Description
PO T-CONNECT request-Unacceptable
P1 Unacceptable CR TPDU
P2 No network connection available
P3 Network connection available and open
P4 Network connection available and open in progress
P5 Class in class 0 (class selected in CC)
P6 Unacceptable CC
P7 Class is class 2
P8 Acceptable CC
P9 Class 4 CR
P10 Local choice

Table A.5 - Specific actions for classes 0 and 2

Name Description

(11 It the network connection is not used by another transport
connection assigned to it, it may be disconnected. (See
6.1.3 note 3)

[2] See 6.22 (receipt of an ER TPDU)

[3] See data transfer procedures of the class

[4] See expedited data transfer procedure of the class

(51

An N-RESET response has to be issued once for the
network connection if the network connection has not been
released. In class 0, an N-DISCONNECT request has to be
issued.

el

The DC TPDU contains a SRC-REF field set to zero and a
DST-REF field set to the SRC-REF of the DR TPDU
received.
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An ER TPDU should be sent in certain cases (see 6.6)
If received it should be processed as a protocol error (see 6.22),

(3) A CR with class 2 has been sent and a CC class 0 is received.
(4) 1f DC is not available (i.e. class 0 only implemented) or SRC-REF is zero.

This happens only when the preferred class of the CR TPDU received is class 4.

© 1SO/EC ISO/IEC 8073 : 1992 (E)
Table A.6 — State table for classes 0 and 2
State WBCL CLOSING
WFNC WFCC (Class 2 OPEN (Class 2 WFTRESP CLOSED
Event only) only)
TCONreq PO: TDISind
CLOSED;
P2:
NCONreq
WENC:
P3: CR
WFCC;
P4: WENC
TCONresp CcC
OPEN
TDTreq [3] OPEN
TEXreq DOES NOT EXIST IN CLASS 0
[4] OPEN
TDISreq [11 not P7: P5: NDISreq DR
CLOSED NDISreq CLOSED; CLOSED
CLOSED; P7:DR
P7: WBCL CLOSING
NCPNconf | CR WFCC
NRBTind TDISind [1]15] TDISind [1]115] TDISind
[1][5] CLOSED [11(5] CLOSED [11(5]
CLOSED CLOSED ' CLOSED
NDJSind TDISind TDISind CLOSED TDISind CLOSED TDISind
CLOSED CLOSED CLOSED CLOSED
CR P9: OPEN Po: Po: P1: OR (1)
CLOSING | WFTRESP CLOSED;
not[P1:
TCONind
WFTRESP
DR TDISind P5: (2); P10: DC | CLOSED (4);
[6](5)
[1] (1] P7:DC [1] TDISind DC CUOSED
CLOSED CLOSED TDISisd CLOSED CLOSED
CLOSED
DG DOES NOT EXIST IN CLASS 0 (2) CLOSED
P7:11]
CLOSED
CQ P8:“TCONconf P5:(3) CLOSING DR CUOSED
OPEN; NDISreq
P6 and P5: CLOSED;
TDISind P7: DR
NDISreq CLOSING
CLOSED;
P6 and P7:
TDISind DR
CLOSING
A DOE:S NOT EXIST IN CLASS 0 (2) CLQSED
[ [3]OPEN | CLOSING
EA DOES NOT EXIST iN CLASS 0 (2) CLOSED
[ [4]OPEN | CLOSING
ED DOES NOT EXIST IN CLASS 0 (2) , CLOSED
[4] OPEN CLOSING
DT [3] OPEN CLOSING CLOSED
ER TDISind [1] CLOSED ) (2) CLOSED
[1] CLOSED
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A5  State tables for classes 1 and 3 ' Specific actions are defined in table A.8 and specific
additional notes are given in table A9.

This clause provides a more precise description of a

transport entity for a transport connection of class 1 or 3. The description does not include a complete specification of
the data transfer but makes reference to the specification of
The description uses the predicates defined in table A.7. the classes (see clauses 9 and 11). Table A.10 gives the

state automata for classes 1 and 3.

Table A.7 - Predicates for classes 1 and 3

Name Description

PO T-CONNECT Request unacceptable

P1 No available network connection can be used for assignment
or reassignment

P2 A network connection can be used for assignment or
reassignment; the network connection opening is in
progress

P3 A network connection can be used for assignment or
reassignment; the network connection is open

P4 TTR timer has previously run out

P5 Local choice

P6 Initiator of the transport connection

P7 Unacceptable CR TPDU

P8 TWR is running

P9 Class 4 CR

P10 Class selected in CCis class 0 or 2

Table A.8 — Specific actions for classes 1 and 3

Name Description
1] The network connection can_be disconnected if not used by any transport
connection assigned to it
2] Retransmit expedited data-which are unacknowledged or which have been

stored when waiting for-reassignment (if any). If a RJ TPDU has been
received, enable also data TPDU transmission (if any). If an ED was received,
handle accordingtoe procedures for class if not a duplicate

[3] Network connection can be disconnected if not used by any transport
connection.and was locally opened
[4] Start TWR-timer if not already running. Disable sending DT TPDUs until an RJ
TPDU is-received (see note 3)
[5] Stop TWR timer
[6] Issue an N-RESET response if not already done
, [71 See data transter procedurs for the class
[8] Start TTR timer if not already running. The sending credit is also set to zero in
order not to send DT TPDUs until a RJ TPDU is received.
[9] Stop TTR timer if running or remove information that TTR timer has run out
(see notes 1 and 2)
[10] Store information that TTR timer has run out (see note 1)
[11] Store request
2] Seec-stete-table-appropriate-to-the-class-selectedinthe-GGFPDY
[13] close the network connection to which the transport connection is currently

assigned, apply to all transport connections assigned to this network
connection the procedure for processing NDISind and then process the TPDU
reassignment.

[14) The DC TPDU contains a SRC-REF field set to zero and a DST-REF field set
to the SRC-REF of the DR TPDU received.

NOTES

1 This information is used by predicate P4.

2 This action is not performed if the transport entity is the responder or if neither reassignment nor
resynchronization is in progress. :

3 The method of disabling transmission of DT TPDUs is a local matter. .In class 3 for example, it may be
effected by setting credit to zero. In class 1, this may be effected by setting of a boolean indicator.
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Table A.9 — Specific notes for classes 1 and 3

name description

(1) Any TPDU except DR and CC having an unknown destination reference

(2) CC TPDU having an unknown destination reference or a mismatched source reference

(3) CR TPDU which is not duplicated but rejected. If the CR TPDU is duplicated, ignore it

(4) Or send any DT or ED TPDU waiting for transmission or use N-DATA ACKNOWLEDGE
request if available and selected (class 1 only)

(5) Same as for (9) and issue a T-DISCONNECT indication

(67 th ;
described in 6.18

(7 An ER TPDU should be sent in the cases defined in 6.6

(8) Receipt of a DC TPDU is a protocol error since DC cannot be used for reassignment. |
is recommended to stop the TWR timer ([5]) and to consider the transport connection a$
released (CLOSED STATE)

(9) Receipt of one of these TPDUs in this state is a protocol error. 1t is recommended to
stop the TWR timer ([5]), and send a DR TPDU and enter the closing state

(10) Or a DR with mismatched source reference has been received

(11) Receipt of CR in this state is only valid if the TPDU is received-en a network connection
to which the transport connection is not assigned. It is recommended to apply action
[13].

(12) Receipt of this TPDU in this state is possible either on the:network connection to which

; the transport connection is currently assigned or on@nother network connection (for the

responder only). In the former case the action is @s)stated in the state table. In the
latter case it is recommended to apply action [13].

(13) This happens only when the preferred class ofthe CR TPDU received is class 4.

Ial


https://standardsiso.com/api/?name=4956a263e6d0eec13db512a9a92577e3

ISO/IEC 8073 : 1992 (E)

Table A.10 — State table for classes 1 and 3
(First part: connection - responder side)
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State CLOSED | WFTRESP | WFTRESP- | WBCL-WR WBOC WBOC- CLOSING CLOSING
Event 7 WR WR BOC BOC-WR
TDISreq DR WBCL-WR DR CLOSING
CLOSED CLOSING | BOC-WR
| (6) BOC
TCONTrekp P10: (12); | WBOC-WR
not P10:
CC WBOC
NRSTingd [4][6] (6] [6] [4] [6] [6] [4] (6] 6]
WFTRESP | WFTRESP | WBCL-WR | - WBOC- WBOC- CLOSING | CLOSING
-WR -WR WR WR BOC-WR BOCIWR
NDISind (4] : {4] [4]
WFTRESP | WFTRESP | WBCL-WR wBOC- WBOQC- CLOSING CLOSING
-WR -WR WR WR BOC-WR BOCIWR
CR P7: DR Po: 5] [5] DR P9: {51 cc P9: DR|[5]
(3and7) | WFTRESP; | WFTRESP | CLOSED WBOC; wBOC CLOSING CLOSED
CLOSED | not P9: (11) (6) not P9; : BOC; @)
(6); an not P9: (11)
not P7:
TCONind;
WFTRES
p
DR DC P5: DC[14] TDISind DC (5) CLOSED [5] DC
CLOSED (13) DC TDISind (6) (12) CLO$ED
TDISind CLOSED | CLOSED (8
CLOSED (6) (12)
RJorE) | CLOSED OPEN[7] | [5][2] | CLOSING [5] PR
(12) | RJ OPEN (12) CLOSING
DC CLOSED CLOSED (8|)
First TPPU| CLOSED OPEN[7] CLOSING )
other than
CR, DR,
DC, ED,
ER or R\
TWR TDISind CLOSED TDISind CLOS$ED
time-out CLOSED (6) CLOSED 6
(6) (6)
TDTreq [7] [11]
WBOC WBROC-
WR
TEXreq [7] (1] -
WBOC WBOC-
WR
ER TDISind CLOSED
DC (6)
CLOSING
BOC
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Table A.10 (continue) — State table for classes 1 and 3
(Second part: connection initiator side)
State CLOSED WFNC WFNC-R - WFCC WFCC-R WBCL WBCL-R
Event
TCONreq PO: TDISind
CLOSED;
not (PO and
P1)
NCONreq
WFNCG;
not (PO and
P2): WENG;
not (PO and
P3): CR
WFCC
NCONconf CRWFCC | CRWFCC CR WFCC CH WBCL
NRST|ind P4: TDISind P47 [6] CLOSED
(6] (6) [1] [11;
CLOSED; not P4: CR [6]}
not P4: CR [8] WBCL
[6] [8] WFCC
NDISind P1: P1: P4: TDISind P1: P4 or P5: [t and | P5: CLOSED
NCONreq NCONreq | CLOSED (6);) "NCONreq | 9] (6) CLOSED; B) [9];
WFNC-R WFNC -R; | (not P4)and } WFCC-R; | (not (P4 or P5)) | (nofP5)and
{8l P2: WFNC- P1: {8] P2: WFCC- and P1: [8] P1:
P2: [8] R; NCONreq R; NCONreq NCONreq
WFNC-R; P3: CR WFCC-R; P3:CR WBCL-R; WBCL-R;
P3: CR[8] WFCC {not-P4) and WFCC (not (P4 or P5)) | (nof P5) and
WFCC P2: [8] and P2: [8] P2: WBCL-R;
WFCC-R; WBCL-R; (not P5) and
(not P4) and (not (P4 or P5)) R3: CR
P3: [8] CR and P3: [8] CR WBCL
WFCC WBCL
TDISteq [1] CLOSED [-[1}€LOSED WBCL P5:
(6) (6) 9] CLOSED (6)
[1 and 9];
not P5:
WBCL-R
DR (10) TDISind [1119]
DC [1119] CLOSED (6)
CLOSED CLOSED (6)
(12)
CC DR P10:[12]; P10:{12];
CL@SED not P10: not P10: DR
TCONconf [9]
AK(4) OPEN CLOSING
[9
(1) CLOSED
(2) DR
CLOSED j
TTR TDISind [10] TDISind [10] 1
time-out (1] 1 CLOSED (6)
CLOSED (6) CLOSED (6)
ER TDISind [1][9]
(11191 CLOSED (6)
CLOSED (6)
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Table A.10 (concluded) - State table for classes 1 and 3

(Third part: OPEN and CLOSING states)
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State OPEN OPEN-R OPEN-WR CLOSING CLOSING-R | CLOSING-WR
Event
NCONCconf RJ[2) DR
OPEN CLOSING
TDISreq P8:-GLOSING: CLOSING-R—-CLOSING-WR
not P8: DR
CLOSING
NRSTipd P6 and P4: (6) [6] P6 and P4: (6)
[3] TDISind [6] [8] CLOSED;
CLOSED; P6 and not P4:
(P6 and not P4): [6] {8] DR
[6}[2] [8] RJ CLOSING;
OPEN; not P6: [4, 6]
not P6: [4 and 6] CLOSING
OPEN
NDISind P6 and P4: P1: NCONreq P6 and (P5 or P5: CLOSED
TDISind CLOSED OPEN-R; P4): CLOSED (6);
(6); P2: OPEN-R; (6% (not P5 and
(P6 and not P4) P3: [2] RJ P6 and not (P4 | P1): NCONreq
and P1:[8] OPEN or P8) and P1: | CLOSING-R;
NCONreq OPEN- [S]INCONreq {not P5) and
R; CLOSING-R; P2;
{P6 and not P4) P6 and not (P4 | CLOSING-R;
and P2: [8] or P5) and P2: (not P5) and
OPEN-R; {8] CLOSING-R; P3: DR
(P6 and not P4) P6 and not (P4 CLOSING
and P3: [8] [2] RJ or P5) and P3:
OPEN; [8] DR
not P6: [4] CLOSING;
OPEN-WR not Pé: [4]
CLOSING-WR
RJ or D P8: [5] [2] RJ RJ [5 and 2] P8: [5] DR DR []
OPEN; OPEN CLOSING; CLOS|ING
not P8: [7] [9] not P8: [9]
OPEN (12) CLOSING (12)
TWR timg¢-out TDISind (6) TDISind (6) CLOSED (6) CLOSED (6)
CLOSED CLOSED
DR P8: TDISind\DC (6) TDISind DC P8: [5] DC (6) [5] CLOSED
[5] CLOSED; [5] CLOSED; (6) DC
not P8 TDISind CLOSED () not P8: [3]1]9]
DC (8) [9] (6) CLOSED (12)
CLOSED (12)
DC P8: (8); (8)
not P8: [3] [9]
CLOSEDT(6;
DT, AK, or EA [7] OPEN (5) CLOSING (9)
TPDU
TTR time-out [10] TDISInd [10] CLOSED
CLOSED [1] [1] (6)
(6)
TDTreq P8: [11] OPEN; [11] [11]
not P8: [7] OPEN OPEN-R OPEN-WR
TEXreq P8: [11] OPEN; 11] f11]
not P8: [7] OPEN OPEN-R OPEN-WR
ER TDISind TDISind CLOSED CLOSED
DR CLOSING DR CLOSING (6) (6)
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A.6

State tables for class 4 over CONS

This clause provides a more precise description of a ciass 4
Transport Connection.

Tables

A.11, A.12, A.13 give the predicates, actions and

notes for class 4 respectively.

Table A.14 is the state table for a class 4 transport
connectlon.

ISO/IEC 8073 : 1992 (E)

f) when a TPDU is received the network connection on
which it has been received is assumed to be known;

g) the variable "current-nc” is used to designate either
the network connection on which a TPDU has been
received or the network connection which has been
chosen for a new assignment (either an existing one or a
new one which is created);

The follgwing assumptions and notations are used:

a) t

he state of every network connection is known as

being open or opening (i.e. a NCONreq has been issued

and

b) f

he NCONcontf is awaited);

br each transport connection the transport entity

maintains the set of network connections to which the
trangport is assigned. A network connection in this set is
eithgr in open or opening state;

c) when an N-CONNECT confirmation, N-RESET
indidation or N-DISCONNECT indication is received this
evet is associated with the transport connection if the
network connection belongs to the set;

d)
con
with

hen an N-DISCONNECT is received, the network
ection becomes unexisting and is therefore
Hrawn from the set. When a NCONCconf is received

the gtate of the nc becomes "open";

NOTE - This is not shown by an explicit action in the state
tabld. Conversely adding a network connection to a-set and
setting its state to “opening” is shown by an explicit action.

e) Wwhen the state goes back to CLOSED or REFWAIT

stat

B, it is assumed that all timersiare stopped (if

runnling), the count is set to zero 'and the set becomes
empty;

Table A.11 ~ Predicates for class 4 over CONS

h—the-following-variables-ere-atsotsed—
||’ e IVIIUVVIlIs A4 .

local-ref: the reference (local) ofcthe TC is chosen
when sending the CR or when acceptingla CR;

remote-ref: the referencecof'\remote entlty is initially
set to zero and initializédywhen procesping the CC
except if the CC is ignored;

SRC-REF: desighates the correspondinp field of the
received TPDU;

DST-REF: designates the corresponding field of the
received TPDU;

src-ref, dst-ref: designates the corresponding field of
the sent TPDU;

count: designates the number of times o TPDU has
been sent {retransmissions);

j) the data transfer phase is not completely described
in the state table but refers to the main text;

k) a spontaneous event called "new network connection
assignment" has been introduced. It may pccur at any
time provided P1 or P2 are true (see table A.11) and the
remote rtef is not zero (i.e. a CR TPDU has been
received or a CC TPDU has been received and
processed);

m) when an N-RESET indication is recgived, an N-
RESET response is issued.

Name Description
PO T-CONNECT Request is acceptable
P1 An assignment can be done to a suitable network connection
(either open or opening)
P2 It is possible to open a hew network connection
P3 Local choice
P4 A CR TPDU has never been sent
P5 The transport entity is the initiator and the set of network

connections is now empty (i.e. a new assignment shall be
done) or a new assignment is decided as a local choice

P6 Local choice not to perform a new assignment if the set of
network connections is empty (for Closing state only)

P7 Count = maximum

P8 Acceptable CR TPDU

P9 Acceptable class 4 CC TPDU
P10 Unacceptable class 4 CC TPDU
P11 CC TPDU not specifying class 4
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Table A.12 - Specific actions for class 4 over CONS

© ISO/IEC

Name

Description

[0

Set reference timer

1

Count =count+ 1

2]

Count=0

€l

Set retransmission timer

(4

Stop retransmission timer if running

(5]

Set window timer

6]

Stop window timer if running

Y

Set inactivity timer

8]

Stop inactivity timer

[0

Set initial credit for sending according to the received CR/CC TPDU

[10]

Set.initial credit for controlling reception according the the sent CR/CC TPDU

(1]

Send the CR TPDU if there is a network connection in the open-state in the set

[12]

Add the current network connection to the set, if not already-included

[13]

The current network connection is how in opening state

[14]

Send the CC TPDU if a network connection in the open state is in the set

(18]

Send the DR TPDU if a network connection in the open state is in the set. This DR TPDU
is sent with SRC-REF = local-ref and DST-REFR = remote-ref (may be zero)

[1e]

Send the DR TPDU if a network connectioniin the open state is in the set. The DR TPDU
is sent with SRC-REF = 0 and DST-REF = remote-ref

(7]

Send a TPDU according to data transfer procedure

(18]

See state table of the class specified in the CC TPDU (refer to data transfer)

(19]

See state table of the class (refer to release procedure): send a DR TPDU if the class is
not 0, otherwise issue an N-DISCONNECT request

[20]

Store request and exsercise flow control to the user

[21]

Send a DR TPDU \with SRC-REF field set to zero

{22]

Send a DC TRDU except if the SRC-REF field of the received DR TPDU is equal to zero
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Table A.13 - Specific notes for class 4 over CONS
Name Description

1y Not possible as no set of Network Connections is associated with this transport connection

) It is also possible to remain in the same state (T1 is still running) until
— a CC TPDU is received which performs a new assignment;
- a new assignment is tried (spontaneous event);
~ T1 runs out and the count is equal to the maximal value

(3) No new assignment was possible: if the set is empty, the transport entity waits until a new

y VOTTY

(4) it is also possible to petrform a new assignment. (This may be done in triggering the'event
“new network connection assignment")

(5) Not a duplicated CR TPDU. If the CR TPDU is duplicated, ignore it

(6) Since a new network connection is now assigned, it is recommended that the'approptigte
TPDU be sent on this network connection (if open) in order to make the retmote entity
aware of this assignment. [t is also possible to allow the normal retransmission
procedures to cause the TPDU to be sent; however, the first TPDU available for sending
should be sent on the new network connection ]

(7) As a local choice it is also possible to apply the following:

[0], TDISind, REFWAIT

(8) Association to this transport connection is carried out regardless of the SRC-REF field. | !f
the SRC-REF is not zero, a DC TPDU is sent back

(9) At least an AK TPDU shall be sent if the transport entityis in the initiator in order to ensure
that the responder will complete its three-way handshake

(10) If association has been made, and DST-REF is(zero, then the DC TPDU contains a SRC-
REF field set to zero

(11) If the CLOSING state has been entered, coming from WFCC state, the remote-ref is zero.
The SRC-REF field of the CC TPDU is ignored (i.e. if the DR TPDU is retransmitted, it ill
be with DST-REF field set to zero)

(12) If the CLOSING state has been entered, coming from WFCC state, the remote-ref (whi¢h
is zero) shall be set with SRC-REF in order to comply with the release procedure of the|
negotiated class

(13) The DR TPDU may be eithérrepeated immediately or when T1 will run out

(14) If the set is empty, this-evenit may be used as a criteria for triggering the event "new
network connection.assignment”

(15) Previously stored T-DATA or T-EXPEDITED DATA requests are ready for processing
according to data transfer procedures

(16) See data transfer procedures

(17) When an N-RESET INDICATION is received, an N-RESET RESPONSE has to be issued
once independent of the state automata
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Table A.14 - Class 4 connection/disconnection over CONS
State | REFWAIT | CLOSED WFCC wBCL OPEN WFTRESP AKWAIT CLOSING
Event
TCONreq not PO:
TDISind
CLOSED;
PO and P1:
[12,1,3,10
and 11]
WFCC;
PO and not
P1 and P2:
[13,12,1,3
and 10]
NCONreq
WFCC;
PO and not
P2;
TDISind
CLOSED
TCONresp [8:2,1,10
and 14]
AKWAIT
TDISreq P4: (6, 8, 4, 3.2, [16] [4,3,2, 1
CLOSED; 1 and.15] CLOSED and 15]
(not P4) and CLOSING CLOSING
P3: WBCL;
(not P4) and
(not P3}) [4, 3,
2,1and 15
CLOSING
NDISind (1) (1) P1:[12] P3:[0] P5 and P1: | WFTRESP | P5 and P1:
WFCC; REFWAIT; | [12 and 17] (4) [12 and 14]
{not P1) and (not P3) (6) OPEN,; (6)
P2:[13 and and P1: P5 and (not AKWAIT;
12] NCONreq | [12 and 11]| P1) and P2: P5 and (not
WECC; WBCL; [13 and 12] P1) and P2:
(not-P1) and (not P3) NCONreq [13 and 12]
(not P2): [0] and (not OPEN; NCONreq
[2] TDISind P1)and | P5 and(not AKWAIT;
REFWAIT P2:[13 | P1) and (not P5 and (not
and 12] P2): OPEN P1) and
NCONreq (3% (not P2):
WBCL,; not P5; AKWAIT
(not P3) OPEN (3);
and (not not P5:
P1) and AKWAIT
(not P2):
[0] )
REFWAIT CLOSING
NRSTind (17) (17) (17) (17) (17) (17)
TDTreq (16) OPEN [20]
TEXreq AKWAIT
NCONconf (1) (1) CR CR [17] WFTRESP cC [15] CLOSING
WFCC (6) | WBCL (6) | OPEN (6) - ADWAIT (6) {6)
New P1:[12 and P1:[12] P1:[12and | P1:[12 and 15]
network 171 OPEN | WFTRESP 14] (6) {6) CLOSING ;
connection (6); (6); AKWAIT; (not P1) and
assignment (not P1)and| (not P1) (not P1) | P2:[13 and 12]
P2:[13 and | and P2: [13 | and P2:[13 NCONreq
12 and 12] and 12] CLOSING
NCONreq NCONreq | NCONreq
OPEN WFTRESP | AKWAIT
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Table A.14 - Class 4 connection/disconnection over CONS (concluded)

State | REFWAIT CLOSED WFCC wWBCL OPEN WFTRESP AKWAIT CLOSING
Event
Retrans- P7and P3[0] | P7and P3: | P7:[6, 8, 3, P7:[3, 2,1 P7: [0}
timer TDISind [0] 2,1 and 15] and 15] | REFWAIT;
REFWAIT; | REFWAIT; TDISind TDISind | not P7: [1,
—P7atdH- ot T—CLOSING +4) 3gnd 15]
P3):[3,2,1 | P3):[3,21 (14); CLOSING; 14)
and 15) and 15) not P7: (16) not P7: [1,-{UCLOSING
TDISind CLOSING | (14) OPEN 3 and 14]
CLOSING (14); (14)
(14); not P7: [1, AKWAIT
not P7:[1,3 | 3, and 11]
and 11] WBCL
WFCC
Inactivity- [6,4,3,21
timer and 15]
TDISind
CLOSING (7)
Referenge CLOSED
timer
CR not P8: [21] {12,8 and 7] [12] [12 and [12]
CLOSED OPEN WFTRESP 14] CLOSING
(5); - AKWAIT (13)
P8: [9 and
12]
TCONind
WFTRESP
(5
cc DR DR P9: [12;9:2, | P11:[19); | [12,17,8 Pi1: [19]
REFWAIT | CLOSED 4,5,\7 and not P11: and 7] (9) (12);
17) [12, 2, 4, 3, OPEN rlot P11:
TCONconf (9) | 1and 15] [12]
OPEN; CLOSING CUOSING
P10:[12, 4, 3, (11)
2, 1 and 15}
TDISind
CLOSING;
P11:[18]
ER REFWAIT | CLOSED {0] TDISind [0} {12, 6, 8, 4, [12, 4, 3, [0}
REFWAIT REFWAIT | 3,2, 1and 2,1and REFWAIT
15] TDISind 15
CLOSING TDISind
CLOSING
DR [22] . [22] (8) TDISind (8) [0} DC (10) [0] DT{T10) [ DCT(0T{0] [0]
REFWAIT | CLOSED | [0] REFWAIT | REFWAIT TDISind TDISind TDISind REFWAIT
REFWAIT | CLOSED | REFWAIT
DC REFWAIT | CLOSED [0]
REFWAIT
EA REFWAIT | CLOSED [12, 8 and 7] [12]
OPEN (16) CLOSING
(13)
DT/AK/ED | REFWAIT | CLOSED [12,8and 7] [12and 7} [12]
OPEN (16) OPEN (15)| CLOSING
(16) (13)
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A.7  State tables for class 4 over CLNS SRC-REF: designates the corresponding field of the
received TPDU;

This clause provides a more precise description of a class 4 DST-REF: designates the corresponding field of the

transport connection when operating over CLNS. received TPDU:;

src-ref, dst-ref. designates the corresponding fields
of the sent TPDU;

count: designates the number of times a TPDU has
Table A.18 is the state table for a class 4 transpoit been sent (retransmissions);
connectio when operating over CLNS.

Tables A.15, A.16, A.17 give the predicates, actions and
notes for class 4 respectively.

b) the data transfer phase is not completely’/described

The followjng assumption and notations are used in the state table but refers to the main text;
a) local-ref: the reference (local) of the TC is chosen ¢) it is assumed that the network/Service is coptinuously
when sending the CR or when accepting a CR; available;

remote-ref: the reference of the remote entity is Th ti tting { iohalled inac Hility of th
initfally set to zero and initialized when processing e operations resulting irogrl Sighalled Inaccessigility of the

the|CC except if the CC is ignored; network service are a local matter.

Table A.15 - Predicates for class 4 over CLNS

Name Description
PO T-CONNECT request is acceptable.
P3 Local choice.
P7 Count = maximum.
P8 Acceptable CR TPDU.
P9 Acceptable class:4 CC TPDU

Table A.16 — Specific actions for class 4 over CLNS

Name Description
[0] Set reference timer. ‘
[1] Count = count + 1
[2] Count=0
[3] Set retransmission timer
[4] Stop retransmission timer if running
[5] Set window timer
[6] Stop window timer if running
[7] Set inactivity timer
[8] Stop inactivity timer if running

[91 Set initial credit for sending according to the received CR/CC TPDU

[10] Set initial credit for controlling reception according to the sent CR/CC TPDU
[15) Send the DR TPDU. This DR TPDU is sent with src-ref = local-ref and dst-ref =
remote-ref (may be zero)

[16] Send the DR TPDU. The DR TPDU is sent with src-ref = 0 and dst-ref = remote-ref
117]

[20] Store request and exercise flow control to the user

[21] Send a DC TPDU except if the SRC-REF field of the received DR TPDU is equal to
zero

[22] Send a DC TPDU except if the SRC-REF field of the received DR TPDU is equal to
Zero

[23] Send a DR TPDU with src-ref = local-ref and dst-ref = SRC-REF in CC TPDU
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Name

Table A.17 — Specific notes for class 4 over CLNS

Description

(5)

Not a duplicated CR TPDU. |f the CR TPDU is duplicated, ignore it.

(7)

As a local choice it is also possible to apply the following [0], TDISind, REFWAIT.

(8)

Association to this Transport connection is done regardless of the SRC-REF field. If
SRC-REF is not zero, a DC TPDU is set back.

At least an AK TPDU shall be sent if the transport entity is the initiator in order to
ensure that the responder will complete its three-way handshake.

(10)

if association has been made, and DST-REF is zero, then the DC tpDU contains a

srereffretdsettozero: -

(11)

if the CLOSING state has been entered, coming from WFCC state, the remote-ref js
zero. The SRC-REF field of the CC TPDU is ignored (j.e. if the DR TPDU is
retransmitted, it will be with the dst-ref field set to zero).

(13)

The DR TPDU may be either repeated immediately or when T1 will run out,

(15)

Previously stored T-DATA or T-EXPEDITED-DATA requests are ready for-processing
according to data transfer procedures.

(16)

See data transfer procedures.
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Table A.18 — Class 4 connection/disconnection over CLNS (1 of 2)
STATE | REFWAIT CLOSED WFCC wBCL OPEN WFTRESP AKWAIT CLOSING
EVENT
TCONreq not PO:
TDISind
CLOSED;
Po:
[1,3,10] CR
WFCC
TCONresp [3,2,1,10]
cc
AKWAIT
TDISreq P3: [6,8,4,3.2,1, |[16] [4,3,2:1;
WBCL; 15] CLOSED | 15]
not P3: CLOSING CLOSING
[4,3,2,1,15]
CLOSING
TDTreq (16) [20]
TEXreq OPEN AKWAIT
Retrans- P7 and P3: | P7 and P3: | P7: P7: P7:
timer [0] [0] [6,8,3,2,1,15] [B3.2.1.15] |[0]
TDISind REFWAIT; | TDISind TDISind REFWAIT;
REFWAIT; | p7 and CLOSING; CLOSING; | not P7-
P7 and {(not P3): not P7: not P7: [1,3,15]
(not P3): [3,2,1,15] | (16) [1,3L,cC | CLOSING
[3,2,1,15) CLOSING; {\OPEN; AKWAIT;
TDISind not P7:
not P7: WBéL;
[1,3),CR
WFCC;
Inactivity- [6,4,3,2,1,15]
Timer TDISind
CLOSING
(4]
Referencd | CLLOSED
-timer
CR not P8; {8,7] WFTRESP | CC CLOSING
[21] OPEN AKWAIT (13)
CLOSED;
P8:
[1.9,3]
TCONind
WFTRESP
(5%
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Table A.18 — Class 4 connection/disconnection over CLNS (2 of 2)

ISO/IEC 8073 : 1992 (E)

STATE| REFWAIT | CLOSED WFCC wBCL OPEN WFTRESP | AKWAIT | CLOSING
EVENT
cc DR DR Po: P9: [17.8,7] Po:
REFWAIT | CLOSED | [9,2,4,5,7,17] | [2,4,3,1,15) | (9) (11)
TCONconf CLOSING; | OPEN CLOSING
{(9)
OPEN;
not P9:
[4,3,2,1,23]
TDISind
CLOSING;
ER REFWAIT | CLOSED | [0] [0 (6,8,4,3,2,1,15] [4;3,2,1,15] | [0]
TDISind REFWAIT | TDISind TDISind REFWAIT
REFWAIT CLOSING CLOSING
DR [22] [22] (8) (8) DC (10) DC(10)” | DC(10) [0]
REFWAIT | CLOSED | [0] [0] [0] TDISind | [0] HEFWAIT
TDISind REFWAIT | TDISind CLOSED | TDISind -
REFWAIT REFWAIT REFWAIT
DC REFWAIT | CLOSED 19]
REFWAIT
EA REFWAIT | CLOSED [8,7} CGLOSING
QPEN (16) (13)
DT/AKIED | REFWAIT | CLOSED 8,7} [7) CLOSING
OPEN (16) OPEN (13)
(15) (16)

83


https://standardsiso.com/api/?name=4956a263e6d0eec13db512a9a92577e3

ISO/IEC 8073 : 1992 (E)

© ISO/IEC

Annex B
(normative)

Network connection management subprotocol

B 1

The object

a) Pro
conne
transp
of the t
body o

for an

The protoqg
connection

The proc
extensions|

B.2

The proce
the basic

troduction

ves of this annex are to

ide for more flexibility in the use of the network
tions established between two cooperating
rt entities, thus enlarging the field of application
ansport protocol as presently defined in the main
this International Standard. In particular it allows
ptimization of the use of the network connections
ing both transport entities at each end of a
connection to assign and reassign transport

recovery,

ol described in this annex is called the network
management subprotocol (NCMS).

bdures defined in this annex are optional
to the main body of this International Standard!

Scope

Hures specified in this annex are an extension of
procedure defined in the~main body of this

Internatio
communic
Internation
those conf
annex.

The basic_

connection.

necessary

al Standard and therefore do not prevent
tion between transport éntities conforming to this
| Standard (ISO/IEC8073) with this annex and
rming to this Interhational Standard without this

etwork connéction management that is specified

P
to extend this basic management to permit the

peer transport entity (i.e. the acceptor of a network
connection) to become also the owner of the network
connection and consequently to be able to assign or
reassign transport connections to it.

When perf

orming multiplexing of transport connection this

feature allows a network connection to be fully shared, thus

increasing
transport p
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the scope of the multiplexing classes of the
rotocol (i.e. classes 2, 3 and 4).

In order to control the number of shared
connections that peer entities are willing
simultaneously (one or more), a mechanism-is p
resolve collisions when simultaneousmetwork ¢
establishments occur, especially in“the’ case of
after network failure.

B.3 Definitions

For the purposes of‘this annex, the following ¢
apply.

network
to use
ovided to

bnnection

recovery

efinitions

NOTE ~ The{dafinitions contained in this clause mdke use of

abbreviations‘defined in clause B.4.

B.3.1<“owner (of a network connection): The|
entity that issued the N-CONNECT request lead
creation of the network connection if the NCM TP
used or the transport entity (possibly both)
designated to have the right of performing assig
accordance with the NC-RIGHT field of the NC
when the NCM TPDU is used (see B.6.2.2).

NOTE - This definition extends the definition of the oy
network connection given in 3.2.28.
B.3.2

network connection reference

transport
ng to the

DU is not

which is
nment in
M TPDU

vner of the

(or nc-

reference): An identifier which is associated with g network

connection and used to resolve collisions wher
connections are reopened.

B.4 Symbols and abbreviations

B.4.1 Types of transport-protocol-data-units

NCM TPDU

network

Network connection management TPDU

NCMC TPDUNetwork connection
confirmation TPDU

management

The following TPDU is used by this annex and is defined by

identification

ISO/IEC 11570, Transport protocol
mechanism:
UN TPDU Use of network connection TPDU
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B.4.2 TPDU fields SA Sender has assignment right
NC-REF Network connection reference (field) RA Receiver has assignment right
- i ield AFI Authority and Format ldentifier (of the
NC-TYPE Network connection type (field) NSAP address)
C-RIGHT Net ight (field

N stwork right (fleld) D1 initial Domain !dentifier (of the NSAP
dd A

LI Length indicator (field) acaress;)

NC-PRHF Network connection preference (field) DsP Domain specific part)(of |the NSAP
address)

NC-COL Network connection collision indicator

NC-REC Network connection recovery indicator B.5 Overview of the protocol

The follgwing fields of the UN TPDU are used by this annex
and are [defined by ISO/IEC 11570:

SHARE

PRT-ID

B.4.3 Tjmers

TTR-NG

TPD-N(

TFR-NQ

Sharing option (field)

Protocol identifier {field)

Time to try to reopen a network
connection using a given NC-REF

Time to consider a given NC-REF as
pending

Time to consider a given NC-REF as
frozen

B.4.4 Miscellaneous

NCMS

NSAP

AA

Network connection
subprotocol

management

Network-gervice-access-point

Assignment right to all

NCMS allows for:

a) identificatiori-of the protocol to be used on top of a

given network.connection;

NOTE —The use of NSAP addresses as it is defifed is ISO/IEC
7498-3 provides greater flexibility in distinguishing between OSI
and nén-OSi users of the network service. If hoyever the use
of\NSAPs incurs unacceptable penalties, for example where
each NSAP is charged for by the network provjder, then the
protocol identification mechanism (see ISO/IEC 11570) is

available.

b) Explicit designation of the transport entity (or entities)
which has the right to assign transport conngction(s) to a
specific network connection and is thereforg considered

as the (co-)owner of the network connection

c) Resolution of connection establishmept collisions
when a network connection is first established or

recovered after failure.

NCMS assumes the use of the network servide defined in

ISO/IEC 8348.

When operating NCMS the transport entities yse only the

network service primitives listed in table B.

(the other

network service primitives are used as defined ih 5.2).
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Table B.1 - Network Service Primitives Used for NCMS Operation

Primitives Parameters A/B/C

N-CONNECT request Called address A
indication Calling address A

response NS user-data B

confirm QOS parameter set A

Responding address A

RHeceipt contirmation seiection A

N-DISCONNECT  request NS user-data C
indication Originator C

Reason A

Key

this Intemational Standard.

B.6 Elements of procedure

B.6.1 TPDU transfer

The transpont-protocol-data-units (TPDUs) defined for this
annex are ligted in B.4.1.

The transpqrt entities shall transmit and receive the UN-(see
ISO/IEC 11570) and NCM TPDU in the NS-usér data
parameter |of the N-CONNECT request and .indication
primitive only.

The sending transport entity shall:

a) Eithgr not transmit any TPDU in the NS-user data
parameter of the N-CONNECT request primitive;

b) Or transmit the UN TPDU (see ISO/IEC 11570)
followeq by the NCM TPDU in the NS-user data
parameter of the N>-CONNECT request primitive.

When used thé DIAG TPDU is transmitted in the NS-user
data paramgterof N-DISCONNECT primitive.

A:  This parameter is used in accordance with the procedures specified in the main\body of

When operating NCMS this parameter is used in request and indication and,in response
and confirmation if the NCMC TPDU is used.
C: This parameter may be optionally used when operating NCMS.

a) .The'sending transpott entityvshall use the pfocedure
described below together with the procedure dpfined in
the main body of this International Standard;

b) The receiving transport entity shall

1) either ighore the NCM TPDU and opgrate the
procedure described in the main body| of this
International Standard;

2) or recognize and process the NCM THDU and
therefore operate the procedure describgd below
together with those defined is the main body of this
International Standard.

When a transport entity has processed an NCW TPDU
received from a given NSAP [see B.6.2.1 b)2)] it shall
process further NCM TPDUs received from the same
NSAP.

B.6.2.2 Assignment right

When an N-CONNECT request primitive is issued by a
transport entity to request the opening of a new|network
connection, the transport entity may choose whether or not
to include the NCM TPDI in the NS-user data pardmeter of

When used the NCMC TPDU is transmitted in the NS-user
data parameter of N-CONNECT response and confirmation
primitive.

B.6.2 Network connection management

B.6.2.1 General

When the procedure described in B.6.1 b) is used

86

the primitive. The recipient may choose not to process the
NCM TPDU and to operate the procedures detined in the
main body of this International Standard instead.

The owner(s) may use the network connection for assigning
or reassigning transport connections with the following
restrictions:

a) a transport entity which is the owner of the network
connection shall not assign a transport connection with a
preferred class 0 or 1 if its peer is also the owner of the
network connection (see note 2);
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b) a transport entity which is the owner of the network
connection can assign a transport connection with an
alternative class 0 or 1, but shall not, when receiving a
CR TPDU proposing 0 or 1 as an alternative class,
select one of these classes (see note 3).

A transport entity shall be designated the "owner" of a
network connection according to the table B.2.

ISONIEC 8073 : 1992 (E)

NOTE - The transport protoco! defined in the main body of
this International Standard makes use of the definition of
owner of a network connection for defining the entity which
can perform assignment and reassignment.

B.6.2.3 Network connection reference (nc-reference)
management

When a transport entity elects to use the NCM TPDU it shall

Table B.Z - Defermination of assignment rights

Entity | Network Network
connection |connection
Event initiator | responder
No NCM sent Y N
NCM sgnt but not processed Y N
Right = SA or AA
NCM spnt but not processed N N
Right = RA {see note | (see note
4) 4)
NCM spnt and processed Y N
Right = SA
NCM spnt and processed N Y
Right = RA
NCM snt and processed Y Y
Right = AA
Key |: owner
N: not owner
NOTES
1 The use of a network connection by a called transport entity to

called transport entity is adequately assured of the true identity of
the callihg transport entity (i.e. there_is-trust in the calling NSAP
identification provided by the Network Layer) or the data to be
transferrpd is not sensitive,

initiate er transport connections should enly be made when the
r

2 This pives the guaranteé that transpott connections of classes 0
or 1 cannot be opened simultaneously at both ends of a network
connectipn.

3 This pllows @ transport entity which has sent the NCM TPDU to
still progose“classes 0 or 1 as an alternative class. |f the peer
transport éntity has not processed the NCM TPDU it may still select

¢ - ICM TPDUs
sent or received in the NS-user data paramefer of the N-
CONNECT request or indication primitives;

An nc-reference is associated with

a) the pair of NSAPs addresses involved in the network
connection on which(the NCM TPDU has been
transferred,;

b) the source oi-the allocation: the nc-reference has
been remotely orlocally allocated.

The nctreference is exchanged as the NC-REF
parameter of the NCM TPDU. The NC-TYPE parameter
of the NCM TPDU indicates the source of allocation:

1) NC-TYPE set to NEW indicates
reference allocated by the sender of the

2) NC-TYPE set to MY indicates a red

a new nc-
NCM TPDU,

overy using

an nc-reference previously allocated by the sender of
the NCM TPDU,

3) NC-TYPE set to YOURS indicateq a recovery
using an nc-reference previously allodated by the
receiver of the NCM TPDU;

NOTE -~ Use of the NC-TYPE MY permits the explicit distinction
between the two cases where the NC initiator eithher has or has
not received the N-CONNECT confirm.

¢) the state of the nc-reference which can e

1) OPEN: There is one network|connection
associated with the nc-reference and fof which an N-
CONNECT confirm has been receivdd or an N-
CONNECT response sent, and no supsequent N-
DISCONNECT primitive exchanged,

2) OPENING: There is one network connection for
which an N-CONNECT confirm is awafited and the
nc-reference has never been previously in the OPEN
state,

class 0 1

4 Use of NC-RIGHT with the NCM TPDU allows explicit control of
assignment rights whilst also permitting both entities to be able to
recover a failed network connection. This is not possible when the
NCM is used,

Provided that the restriction stated in B.6.2.2 a) and B.6.2.2
b) are respected, both transport entities at each end of the
network connection shall follow the procedures defined in
the main body of this International Standard, except that the
owner of the network connection is defined as in B.6.2.2.

3) RECOVER: There is one network connection
associated with the nc-reference for which an N-
CONNECT confirm is awaited and the nc-reference
has previously been in the OPEN state,

4) PENDING: There is no network connection
associated with the nc-reference;

d) the assignment right allocated for the use of the
network connection associated with the nc-reference. It
canh be

1) my-side: The local transport entity is the only
owner of the network connection,
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2) remote-side: The remote transport entity is the
only owner of the network connection,

3) both-sides: Both the local and the remote
transport entities are the owners of the network
connection;

NOTE - Due to the collision and recovery mechanisms, it is
possible that different network connections - initiated either by
the local or the remote transport entity — be consecutively

© ISO/IEC

a) either the three following conditions are met:

1) the reference number received in the NC-REF
parameter is the same as the one stored; and

2) the pair of NSAPs addresses in the N-CONNECT
indication in which the NCM TPDU was received is
the same as those stored with the reference; and

3) 1he parameter received in the NCM TPDU

@ same nc-reference. The assignment nignis
hed with the nc-reference and remain unchanged

nt when an N-CONNECT confirm is awaited (i.e.
the ncireference is either in the OPENING or in the
RECOVERY state).

When an nc-reference which has been locaily allocated
is no longer needed, the nc-reference shall not be
reused [before a TFR-NC period of time. No information
is assogiated with this frozen reference other than the
TRF-NC timer and will be considered unknown if
receivef in an NCM TPDU.

NOTE -+ In order to prevent that, in collision cases, two nc-
references have the same value, it is required to allocate values
at random, for example based on the time of their allocation.

B.6.2.4 Timers

The netwotk connection management procedure makes use
ot the folloing timers:

a) the |TTR-NC timer defines the period“of time that
shall ot be exceeded when reopening a network
connection associated with a given nc-reference after
the repeipt of an N-DISCONNECT indication in
OPENING or RECOVERY state,”TTR NC shall be less
than TPD-NC by at least'the” sum of the maximum
disconnection and maximurm connection propagation
delays of the network gervice;

b) the |TPD-NCiimer defines the minimum time a
transpart entityshall maintain an nc-reference in the
PENDIING state.” A value of 2 min is used for TPD-NC;

at stored
with the nc-reference, as indicated in table B.3;

Table B.3 — Matching source of nc-reference allocation

Stored Source Remote Logal
NC-TYPE
NEW S D
YOUR D g
MY S D

Key S = Same allocation source
D =Different allocation source

b) or.thére is no nc-reference known by the transport
entity~corresponding to B.6.2.5 a)1) above|and the
following three conditions hold:

1) the NC-TYPE parameter has the value NEW;

2) there is an nc-reference, locally allocated, joining
the same pair of NSAPs addresses, in QPENING
state and having the assignment right defined as
follows:

— assignment right is "my-side" and the RIGHT
field of the received NCM TPDU holds the value
RA (receiver has assignment right);

~ or assignment right is "remote-sides| and the
RIGHT field of the received NCM TPDU holds the
value SA (sender has assignment right);

— or assignment right is "both-sides"|and the
RIGHT field of the received NCM TPDU holds the
value AA (assignment right to all);

3) acceptance of both network connectiohs would
result in the establishment of more connectjons than
the transport entity is prepared to support.

An NCM TPDU which is not associated but carrieg a value
different from NEW. in the TYPE parameter th to be

C) the datrerrot
shall elapse before an entity may reuse a locally
_T_III:oRc_e’:}gc.i nc-reference. A value of 2 min is used for B.6.2.6 Collision

B.6.2.5 Association of a received NCM TPDU with a B.6.2.6.1  Collision cases

known nc-reference L
A collision is detected when:

When an NCM TPDU is received according to B.6.1 ¢) and

B.6.2 and processed (a transport entity may always elect to a) an NCM TPDU is associated with a known nc-
process or ignore an NCM TPDU), the NCM TPDU is reference (see B.6.2.5) and;

associated with an existing nc-reference if one of the

following holds: b) there is an N-CONNECT confirm pending for the

network connection used for the nc-reference.
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NOTE - In other words a collision is an association with an nc-
reference either in OPENING or RECOVERY state.

B.6.2.6.2 Collision resolution mechanism

B.6.2.6.2.1 Collision winner

When a collision occurs, one of the two network

ISO/IEC 8073 : 1992 (E)

TPDU shall, if accepting the incoming network

connection,

transmit an NCMC TPDU in the NS-user data parameter of

the N-CONNECT response.
NOTES
1 The NCMC TPDU is sent only if

a) The incoming network connection is accepted;

connections (i.e. the one which is currently used for the nc-
referende and the one carrying the NCM TPDU which is
associatpd with the nc-reference) has to be disconnected.

In genetal the state of the nc-reference determines which
networkconnection shall be disconnected.

Howevet, in the following two cases:

a) the NCM has been associated with an nc-reference
in RECOVERY state according to B.6.2.5 a) and the
TYPE parameter has a value different from NEW,;

NOTE - In this case both ends are in RECOVERY state.

b) of the NCM has been associated according to
B.6.2.5b).

NOTIE ~ In this case both ends are in OPENING state.

The follpwing procedure shall be used to determine if the
local trapsport entity is the collision winner or the collision
loser. The loca! entity is the winner if

a) the state of the nc-reference is OPENING and the
local allocated nc-reference has a lower\value (nc-
reference to be treated as a 16-bit integer)_than the nc-
referpnce of the received NCM TPDU. (In the case when
both|references are equal, both netwerk connections are
disconnected, i.e. refused, and both transport entities
chogse another nc-reference and try (eventually) again;

b) the state of the nc-refetence is RECOVERY and the
prefgrence attached tomesreference is higher than the
one [contained in the NC-PREF field of the received
NCM TPDU;

¢) the state_of'the nc-reference is RECOVERY and the
prefgrencecattached to nc-reference is equal to the one
contpined in the NC-PREF field of the received NCM
TPDp(and either:

by —The Tecoived NCWM-TPDUTasthe T YPE fist
and

¢) The received NCM TPDU has the RIGHT field

2 This mechanism avoids possible ussless freezing
(network connection) when the peer-entity ignores al
which gives exclusive assignment.

Iif an N-CONNECT confirmation is received afté
NCM TPDU with RIGHT )set to RA, which does

and

set to NEW;

set to RA.
of resources

n NCM TPDU

er having an
not carry an

NCMC TPDU, the initiator shall disconnect {he network

connection.

NOTE - The-absence of NCMC TPDU indicates that
did not process the NCM TPDU.

B:7 Protocol operation

B.7.1 Receipt of an N-CONNECT indication

The recipient of an N-CONNECT indication

does not contain an NCM TPDU or contains an
which it chooses to ignore shall follow the
described in the main body of this International
the NCM TPDU is to be processed then the tra
shall apply the procedure for association of NCN
known nc-reference (see B.6.2.5). |f the NQ
associated then the transport entity shall app
procedure describe in B.7.3a) or B.7.3b) or B
B.7.4.3 ¢) or B.7.4.2 or B.7.5 depending upon
the nc-reference. Otherwise the procedure in B

B.7.2 Passive network connection establis
NCM TPDU

The transport entity may either decide to
incoming network connection (i.e. iss
DISCONNECT request) or accept the network c|

e peer-entity

vhich either
NCM TPDU
procedures
Btandard. |If
hsport entity
i TPDU to a
M TPDU is
y either the
.7.4.2 b) or
the state of
7.2 applies.

hment with

refuse the
ie an N-
pnnection.

1) the source of allocation of the nc-reference is
local and the value of the NC-REC field of the first
sent NCM TPDU (i.e. which had NC-TYPE = NEW)
was "please do not recover", or

2) the source of allocation of the nc-reference is
remote and the value of the NC-REC field of the first
sent NCM TPDU (i.e. which had NC-TYPE = NEW)
is "please recover".

B.6.3 NCM confirmation

When an NCM TPDU has been sent with RIGHT set to RA
the transport entity which receives and processes the NCM

If the transport entity elects to accept the network

connection it shall

a) issue an N-CONNECT response; if the RIGHT field
of the received NCM TPDU contains the value RA the
NCMC TPDU shall be transmitted in the NS-user data
parameter of the N-CONNECT response;

b) note the nc-reference and the pair of NSAPs;

c) note that the nc-reference has been remotely
allocated;
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disconnected and the incoming network connection

d) note the assignment rights as my-side if RA has is accepted (i.e. an N-CONNECT response is

been received in the RIGHT field of the NCM TPDU, as issued). If the received NCM TPDU contains the
remote-side if SA has been received or both-sides if AA value RAin its RIGHT field the NCMC TPDU shall be

has bee received:; transmitted in the NS-user data parameter of the N-
CONNECT response. The nc-reference which has
been locally allocated is frozen for a TFR-NC period
of time (and then released) and the transport entity
keeps track of the nc-reference contained in the NC-
REF parameter of the incoming NCM TPDU as
i - network
connection is considered as open and ready for use
as described in the main body of this-Intefnational
Standard, according to the assignmentrights.

e) put the nc-reference into the OPEN state and use it
for assignment or reassignment if it is (one of) the
ownetr(s).

B.7.3 Active network connection establishment with

The transgort entity, which elects to use the NCMS
procedure when opening a network connection shall send
an N-CONNECT request with the UN TPDU (see ISO/IEC
11570) and NCM TPDU contained in the NS-user data
parameter. [The NCM TPDU parameters are set as follows:

Any transport connectionsA assigned|to the
disconnected connection shall be' reassigned:

b) if an NCM TPDU is received with a TYPE parameter
different from NEW andis-associated, the fransport
entity shall

1) issue an N<DISCONNECT request |for the
network connection for which the N-CONNECT
confirm is-awaited;

2) respond to the incoming N-CONNECT ipdication
by andN-CONNECT response; ‘

3))place the nc-reference in the OPEN s}ate and
consider the network connection as rgady for
assignment or reassignment according to the
assignment rights;

— NC-REF contains the selected reference which shall
neither |be used for any other network connection
between the same pair of NSAPs nor frozen;

— NC-TYPE is set to NEW,
— NC-RIGHT is set to SA, RA, or AA;

~ NC-RBREF is set to low, medium or high according to
the prefgrence of the initiator to keep this connection in
case of ¢ollision,

c) if an N-DISCONNECT indication is receiyed, the
transport entity may decide either to give up jor try to

NOTE —|The selection of this value can be based on the
knowledge of the correspondence between the expected QQS;

the cost when reverse charging is used and other optimization
considergtions.

The initiatof shall store the nc-reference together-with the
pair of NSAPs to be joined by the network cofnection being
established) the value of the NC-PREF parameter sent, the

reopen a network connection by issuingl an N-

CONNECT request containing an NCM TPl
B.6.1.2 and B.6.2) which is a copy of the previo
NCM TPDU, except that the NC-PREF paramg
be different. The decision whether a new
connection has to be opened or not is a loc
subject to the following constraints:

DU (see
isly sent
pter may
network
| matter

ownership ¢f the network connection and the source of the
nc-reference (locally allocated in this case).

The state of the nc-reference shallbé set to OPENING.

The initiatgr shall wait foran N-CONNECT confirm to
complete tHe establishment. [f the assighment rights are
“remote side" (i.e.<an' NCM TPDU with the RIGHT
paramster having thewalue RA was sent) the received N-
CONNECT Eonfirnvshali contain an NCMC TPDU in its user
data parameter otherwise the transport entity shall
disconnect thé_network connection. If one of the following

1) when the first N-DISCONNECT indidation is
received, the entity shall start its TTR-NC timer and
stop it when receiving the corresponfding N-
CONNECT confirm or N-CONNECT indication
carrying an NCM TPDU which is associgted and
processed as described above. When the timer runs
out the transport entity shall not try to open a network
connection again if a new N-DISCOQNNECT
indication is received;

2) if the network connection is intended to |be used

cases occurs, the initiator shall perform the action specified:

a) if an NCM TPDU is received and associated
according to B.6.2.5b) (TYPE = NEW) the transport
entity shall apply one of the following:

1) if the local transport entity is the winner (see
B.6.2.6.2) the incoming network connection is
disconnected (i.e. an N-DISCONNECT request is
sent in response to the incoming N-CONNECT
indication) and the nc-reference remains in the
OPENING state;

2) if the local entity is the loser (see B.6.2.6.2) the
netwotk connection which was local opened is

90

for—transport—cormections—attowing—recovery, the
network connection has to be reopened in
accordance with the agreed upon quality of service
of the supported transport connection(s).

When recovery is not performed or has stopped (i.e.
a new N-DISCONNECT is received and TTR-NC has
run out) the nc-reference of the network connection
is placed in a PENDING state for a TPD-NC period
of time. During this period the transport entity may
receive an incoming NCM TPDU having this nc-
reference (see B.7.4.3).
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B.7.4 Network connection recovery

B.7.4.1 Receipt of an N-DISCONNECT indication

When a network connection which was established using
NCMS is disconnected (i.e. an N-DISCONNECT is
received) the transport entity shall either

a) ejeetnettoreopen-the-networkeonnoston
nc-rference in the PENDING state for a TPD- NC perlod
of time, and apply the procedure described in B.7.4.3; or

b) attempt to reopen the network connection by
following the procedure described in B.7.4.2.

Alternafive b) is subject to the same constraints as
describgd in B.7.3¢c).

In all cdses the transport entity shall apply the procedure
corresppnding to the receipt of an N-DISCONNECT
indicati¢n to all transport connections assigned to the
network|connection.

B.7.4.2 | Active recovery procedure

The trapsport entity shall open a network connection by
putting fthe nc-reference into the RECOVERY state and
sendinglan NCM TPDU in the NS-user data parameter of
the N-GONNECT request according to B.6.1¢) and B.6.2
with the[following parameters:

a) NC-REF is set to the value of the nc-reference
assdciated with the network connection;

b) NC-TYPE is set to MY if the nc-reference’was locally
alloqated, to YOURS if the nc-reference.was remotely
allodated;

¢) NC-PREF is set to the desired-value (see B.7.3);
d) NC-RIGHT may take atiyvalue;

NOTE — NC-RIGHT~is not significant in an NCM TPDU
perfdrming recovery.

e) NC-REG.is:set to the desired value.

The trarrsport entity shall then apply one of the following:

ISO/IEC 8073 : 1992 (E)

CONNECT response), the nc-reference is placed in
the OPEN state and is ready for use according to the
assignment rights. The network connection for which
an N-CONNECT confirm was - awaited is
disconnected by issuing an N-DISCONNECT
request.

B.7.4.3 Passive recovery procedure

It an N-CONNECT mdlcatnon is recewed which carries an
glerence, the
transpott entlty shall send an N CONNECT regponse (with
an NCMC TPDU in the NS-user datacparameter if the
received NCM TPDU is of type NEW and has the right field
set to the value RA) and put the nc-réference into the OPEN
state and consider it as ready forassignment according to
the assignment rights.

If the TPD-NC timer expires and if the nc-ref
remotely allocated, then\thé transport entity does not keep
track of it any longer] if the nc-reference was locally
allocated, then the transport entity shall not reuse the
reference until a TFR-NC period of time has elaj

erence was

B.7.5 Remotely initiated recovery

Whenra transport entity receives an NCM TPDU which is
associated with an nc-reference in OPEN state it shall

a) accept the incoming network connection and issue
an N-CONNECT response; if the received NCM TPDU is
of type NEW and has the RIGHT field sef to RA, the
NCMC TPDU shall be transmitted in the NS-user data
parameter of the N-CONNECT response;

b) issue an N-DISCONNECT request for the network
connection which was associated with the n¢reference;

c) apply to all transport connections assigned to this
network connection the procedure defined|in the main
body of this International Standard for procgssing an N-
DISCONNECT indication.

B.7.6 Optimization principles

B.7.6.1 Use of the NC-REC indicator

Although the recovery protocol is symmetrical,|it should be
noted that a transport entity is always allowed vFot to initiate

recovery by putting the nc-reference into the PENDING

a) if an N-DISCONNECT is received apply B.7.4.1;

b) if an NCM TPDU with type NEW is received and
associated the incoming network connection is rejected;

c) if an NCM with type different from NEW is received
the collision winner is determined according to B.6.2.6.2
and:

1) if the transport entity is the winner the incoming
network connection is rejected, or

2) if the transport entity is the loser the incoming
network connection is accepted (i.e. send an N-

state:

NOTE - Not initiating recovery is equivalent to having a value of
zero for the TTR-NC timer.

In order to avoid unnecessary recovery being performed or
recovery being delayed the NC-REC field of the NCM TPDU
should be set as follows:

a) 0 (please do not recover): indicates that the sender
does not rely on recovery being performed by the
receiver, and intends to recover even if not required for
its own need;

o1
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b) 1 (please recover): indicates that the sender expects
a recovery to be done by the receiver, and does not
intend to recover if it does not need it

When the nc-reference is in the OPEN state, the NC-REC
field of the associated NCM TPDU gives both entities a view
of the recovery intention of the partner.

When a tr iate recovery. i.e. an N-

© ISO/IEC

If the remote transport entity has assignment rights the nc-
reference shall be placed in the PENDING state after the
network connection has been released.

If the remote transport entity does not have assignment
rights the nc-reference may, as a matter of local choice:

a) be put in the PENDING state; or

DISCONNECT indication has been received in OPENING or
RECOVERY state and TTR-NC has not run out it is
recommenfded that

a) if the entity has received an NCM TPDU with the NC-

entity has received an NCM TPDU with the NC-
REC field set to “please don't recovet”, it should not

ipld set to "please don't recover”, it should initiate
even if not required for its own assignment

d) if the entity has sent an NCM TPDU with the NC-
REC field set to "please recover", it should not initiate
recovely if not required for its own assignment needs.

NOTE { As a local choice, it is possible to implement.a
symmetrical recovery mechanism by setting the NC-REC. field
to the yalue "please recover' and initiating recovery’ even
though not required for the local assignment needs|

B.7.6.2 Use of NS-user data parameter in N-
DISCONNECT primitive

The reasop code in the N-DISCONNECT primitive does not
adequately specify enough_information to completely
optimize the connection recovery mechanisms since the
values deflned in the network service (ISO/IEC 8348) do not
distinguish between the_cases where recovery is desirable
immediately or not and'do not provide adequate diagnostic
information. Thus ‘the' NS-user data parameter of the N-
DISCONNECT request may be used and may contain a
DIAG TP

b) if locally allocated be frozen; or

c) if remotely allocated be made unknown.

B.8  Structure and encoding of TPDUs

B.8.1 Validity

Table B.4 specifies the-TPDU valid for this annex.

Table B.4 - TPDU codes

Name Copde

NCM, -hetwork connection management | 0000(0010
DIAG; diagnostic 0000|0011

NEMC, network connection management | 0000|0100
confirmation

B.8.2 Structure

The structure is defined in 13.2.
B.8.3 Network connection management (NCM)| TPDU

B.8.3.1 Structure

1 2 3 4 5 6
NCM ] NC-TYPE | NG-COL
LI 0000 0010 NC-REF NG-REC
| NC-PREF | NC{RIGHT

B.8.3.2 LI

When a network connection is no longer needed, % is
recommended that only the owner(s) may disconnect it, and
put a DIAG TPDU with code 1 into the NS-user data
parameter of the N-DISCONNECT request primitive.

B.7.7 Releasing a network connection

Either entity may release a network connection at any time
by issuing an N-DISCONNECT request. It is recommended
to use the DIAG TPDU in order to optimize this procedure
as described in B.7.6.2.

92

See 13.2.T.

B.8.3.3 Fixed part

The fixed part shall contain

a) NCM : NCM TPDU code: 000 0010;
b) NC-REF : the nc-reference;
c) NC-TYPE : indicates the type of the nc-

reference which is sent. NC-
TYPE consists of bits 8 and 7 of
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d) NC-PREF

octet 5 and may have the value
00 (NEW), 01 (MY) or 10
(YOURS), Value 11 is reserved;

: indicates the preference the

initiator has to keep the network
connection in case of collision.
NC-REF is bits 6-1 of octet 5:

000000 : highest preference,

ISO/IEC 8073 : 1992 (E)

B.8.4.3  Fixed part

The fixed part shall contain

a) DIAG: DIAG TPDU code 0000 0011,

b) CODE: indicates the reason for disconnecting the
network connection. The foliowing values shall be used:

e) | NC-coL

fy | NC-REC

g) | NC-RIGHT

B.8.3.4 Variable part

There is no variable part.

: indicates the

000001 : medium,

000011 : lowest preference;

. indicates the collision algorithm

to be used. NC-COL is bit 8 of
octet 6. Only one value is
defined (0): resolution of collision
when N-CONNECT indication is
received;

recovery
optimization option. NC-REC is
bit 7 of octet 6:

0 : please do not recover,

1 : please recover;

: indicates the kind of right of use

given by the entity to its peer.
NC-RIGHT is bits 6-1 of octet 6:

000001 : SA,
000010 : RA,
000011 : AA.

B.8.4 Diagnostic (DIAG) TPDU

This TPDU is only transferred in the NS-user data
paramater of an N-DISCONNECT. It provides diagnostic

information. Sending and/or processing this TPDU is

optiondl.

B.8.4.1| CStructure

0~ Collision detection resolution

1~ Network connection no longer-needed

2 - Unrecognized NC-REF (do ‘not try to recover

with this NC-REF)

3 Network connectipn” cannot be accepted

{temporary congestion)

4 — A new networK.connection cannot [pe accepted

again (longsterm congestion or

progress)

B.8.4.4 Variable part

There i§ ho'variable part.

(NCMC) TPDU
B.8.5.1 Structure

1 ; 2

L NCMC
0000 0100
B.8.52 LI
See 13.2.1.

B.8.5.3 Fixed part

shutdown in

‘B85 Network connection management confirm

The fixed part shall contain the NCMC TPDU code:

0000 0100. ‘

B.8.5.4 Variable part

1 2 3
LI DIAG
0000 0011 CODE
B.8.4.2 LI
See 13.2.1.

There is no variable part.
B.9 Conformance

entity shall either

‘B.9.1 When initiatihg a network connection a transport

a) not use the NS-user data parameter of N-CONNECT
request primitive and operate using the protocol of the
main body of this International Standard on this network

connection; or
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b) include in the NS-user data parameter of the N-
CONNECT request a UN TPDU (see ISO/IEC 11570)
with the PRT-ID field set to the value 01 followed by an
NCM TPDU and operate the NCMS procedure together
with those specified in . the main body of this
International Standard.

© ISO/IEC

PRT-ID field set to the value 01 (see ISO/IEC 11570)]
and NCM TPDUs are present; or

¢) operate using the protocol of the main body of this
International Standard but ignore the NCM TPDU if the
UN [with the PRT-ID field set to the value 01 (see
ISO/IEC 11570)] and NCM TPDUs are present.

B.9.2 When processing a N-CONNECT indication, a
B.10 State Table

a) operate using the protocol of the main body of this The following state tables define the states-of) & [network
Internatipnal Standard if no user data is present or if it is connection reference as maintained by alsingle transport
‘not claimed that the implementation supports the NCMS entity obeying the procedure of this annex.. Due tdq failures
procedure; or and recovceries of network connections this referehce may
over a period of time be associated)with many [network
b) operate using the protocol of the main body of this connections, one at a time. /When an NCM TPDU is
Internatjonal Standard together with the network received the association procedure (see B.6.2.5) id applied
connection management procedure if the UN [with the first.
Table B.5 - Events
Event Description
NCMNEW'rec An N-CONNECT indication containing an NCM TPDU with NC-TYPE = NEW is received
NCMNOTNEWre | An N-CONNECT indication containing an NCM.TPDU with NC-TYPE not NEW is received
c
NDISind An N-DISCONNECT indication
Collision A collision in the opening state as a result of association as described in 6.3.5b)
TPDENCexp The timer TPD-NC expires .
TTRiNRexp The timer TTR-NC expires
Locdl decision The transport entity may chooseto initiate this transition
Any TPDU Receipt of any TPDU on the network connection
NCQONconf An C-CONNECT confirmation
Table B.6 — Actions
Action Description
NCONTreq Issue an N-CONNECT request to the network service
NCMNEW Send an/NCM TPDU with the NCONreq with NC-TYPE = NEW and locally allocated nc-reference
NCMNOTNEW [ Send amNCM TPDU with the NCONreq with NC-TYPE set to show the ongnnal source of allocation
of the'reference
NDISreq Isstue an N-DISCONNECT request to the network service
NCONregp Issue an N-DISCONNECT response to the network service
[1] Start TPD-NC timer
[2] Start TTR-NC timer if not already running
[3] Freeze the nc-reference for TEFR-NC if locally allocated
(4] The remotely initiated connection has been the winner. Re-assign any 1Cs from the loser and
process the incoming NCM TPDU as an NCMNEW in the CLOSED state for the winning reference
[5] Stop TTR-NC if running otherwise remove information that it has expired
[6] Stop TPD-NC
{71 Record with the nc-reference that a TPDU has been received
[8] Store information that TTR-NC has expired
[9] if the received NCM TPDU has the RIGHT field set to the value RA, a NCMC TPDU is transmitted in
the NS-user data parameter of N-CONNECT response
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Table B.7 — Predicates

: 1992 (E)

Predicate Description
P1 Incoming network connection unacceptable or the local entity is the winner of a collision
p2 Remote transport entity is not an owner of the network connection and local choice
P3 Local choice not to recover or TTR-NC has previously expired
P4 Local choice not to recover
P5 The remotely initiated network connection is the winner of collision resolution
P6 A TPDU has been received on a network connection associated with this nc-reference [see (7)]
P7 i i = i i TPDU
Table B.8 - Notes
Note Description
(1) DIAG TPDU with CODE = 0 may be sent
(2) The new connection is retained and the old connection disconnécted
(3) Repeat the previous NCM except that NC-PREF may be different
(4) This is a protocol error
(5) Discard the "loser” after collision resolution
(6) The incoming network connection is disconnectedqand the old one retained
Table B.9 — States
Note Description
CLOSED Network connection is closed
OPENING Network connection requested but not yet confirmed
OPEN Network connection is open
RECOVERY Attempting recovery of afailed network connection
PENDING A non-owner of the nétwork connection is waiting for recovery by the owner
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Table B.10 — State Table

© ISO/IEC

State| CLOSED OPENING OPEN RECOVERY | PENDING
Event
NCMNEWTrec P1: P6: (4) NDISreq (6) P6: (4)
NDISreq NDISreq RECOVERY | NDiSreq
CLOSED; OPEN; PENDING;
not P1: [9] not P6: [9] not Pé6: [9]
NC NCONre N("ﬂNreep
OPEN; NDISreq (2) [6] OPEN;
OPEN,;
NCMNOTNEWTrec | (4) NDISreq | NCONresp (2) | NCONresp (2) | P1: NDISreq NCONresp
NDISreq OPEN { NDIS req OPEN| (1) [6]"OPEN
RECOVERY;
not P1:
NCONresp
NDISreg-(2)
(5) OPEN;
Local decision NCMNEW
OPENING
NDISind Not P3: [2] Not P4: Not P3:
NCMNEW (3) | NCMNOTNEW | NCMNOTNEW
OPENING; {2} RECOVERY;
P2 & P3: [3] RECOVERY; P3:{1,5)
CLOSED; P2.&P4: [3] PENDING;
(not P2) & CLOSED;
P3:[1,5] - P4 & not P2:
PENDING; [1] PENDING;
Collision P1: NDISfeq (1)
OPENING;
not P1:
NDISreq (2)
[43]
CLOSED
TPD-NCexp [3] CLOSED
Any TPDU [7] OPEN
TTR-NCexp (8] OPENING [8] RECOVERY
NCONconf P7:[3] [5] OPEN
CLOSED;
not P7: [5]
OPEN;
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B.11 Diagram for NCMS protocol operation

B.11.1.3 The initiator detects a collision in OPENING state
This clause provides some tutortial information by giving with TYPE different from NEW
examples of collision cases (see B.11.1) and remotely

initiated recovery (see B.11.2). This clause is informative. B.11.1.31 The other end is in RECOVERY state

B.11.1 Collision case
NCONreq —
B.11.1.1 Both end detect a collision on OPENING state (NCM-NEW) N
with TYPE=NEW
N
N e ONCONind
(NCM-NEW)
NCONireq __.,.L g NCONreq ;(\\
(NCM-NEW) Ve (NCM-NEW) T<—— NCONresp
N Y i
o N ~ T—®= NDISind
NCONind g} N | NCONind b let— NCONreq
{(NCMNEW) (NCM-NEW) l/ ~ (NCM-YOURS)
NCONind g /
{(NCM-YOURS)
/
The references are different but both ends have decided to
associale the received NCM TPDU according to B.6.2.5b).
B.11.1.2 Both ends detect a collision in RECOVERY state The-éntitiy in OPENING state (left side) acceptq the
in¢oming network connection and disconnects the
PENDING one.
NCONfeq gl =~ , B.11.1.3.2 The other end detects a ¢ollision in
(NCM-NEW) — | —p» NCONind RECOVERY state
(NCM-NEW)
_ T<@&— NCONresp
NCONgonf gt NCONreq gl
NEW ~
y; )& (NCM-NEW) ™ | _pm NCONind
~ . (NOM-NEW)
NDI$ind —~tt—v’ ——#= NDISind
—-a— NCONresp
X
NCONfeq ] ~a— NCONreq NDiind -a— " “{—m— NDIsind
(NCM-MY) Y 7 (NCM-YOURS) n n
v
PN NNCCOMNIr\TSW _H\ 44——— NCONreq
NCON|nd g ™ | NCONind (NCM-NEW) >C (NGM-YOURS)
(NCM-YOURS) (NCM-MY) NCONind ~-—t <N NCONind
(NqM-NEW)
Both entities will use the collision resolution algorithm and Both entities disconnect the network connection initiated by
one of the two network connections will be disconnected. the entity on the left.
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B.11.2 Remotely initiated recovery
— ] NN%OI\;\J F\IGEW)
NCONreq NCONind g—t ~ (
——»h —_ ; (NCM-NEW)
N - NCONind
(NCM-NEW) — (NCM-NEW) NCONresp —Bt -
X
_ T=%— NCONresp P ~N—p NDISind
NCONconf e~ /
X / et NCONreq
. - NCM-YOURS
TN NCONind g1~ /’ ( )
| - NDISind (NCM-YOURS)
[
g NCONre
[ - (NCM-YSURS) The entity on the left detetts an incoming [network
NCONind -t - connection in OPEN statéCand disconnects [the old
(NCM-YOURS) connection.

The entity| on the left detects an incoming network
connection| in OPEN state and disconnects the old
connection.
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Annex C"
(normative)

PICS Proforma

ISO/IEC 8073 : 1992 (E)

General

C.1.1 Symbols used

Status symbols:

M

0]

O.<n>

<index>

<index>|:

Support
Yes
No

N/A

C.1.2 |

Mandatory.

Optional to implement. If implemented the feature may or may not be used.

is required.

also be a Boolean expression composed of several indices:

When this group predicate is true the associated clause should be completed.
symbols:

Supported.

Not supported.

Not applicable.

structions for completing the PICS proforma

Optional but support of at least one of the group of options labelled by the'same numeral <n> in this PI¢S proforma

This predicate symbol means that the status following it applies only when the PICS states that the featyre identified
by the index is supported. In the simplest case, <index> is the.identifying tag of a single PICS item. dindex> may

The m4in part of the PICS. fproforma is a fixed-format questionaire divided into a number of clauses. Answers to the
questiorinaire are to be pravided in the rightmost column either by simply marking an answer to indicate a restricted choice
(such ag Yes or No) or by entering a value of a range of values or entering what action is taken.

1) Copyright release for PICS proforma

Users of this International Standard may freely reproduce the PICS proforma in this annex so that it can be used for its intended purpose and
may further publish the completed PICS.
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C.2 Identification

C.2.1 Implementation identification

Supplier

Contact po

nt for queries about the PICS

Implementertion Names(s) and Version(s)

Other information necessary for full identification —
e.9. name($) and version(s) of machines and/or

operating

stems; System Name(s)

NOTES

1 Only the first three items are required for all implementations; other information may be combpleted as appropriate in meeti

requirement

for full identification.

ng the

2 The termls Name and Version should be interpreted appropiiately to correspond with a supplier's terminology (e.g. Type, Series, NMlodel)

C.2.2 Profocol Summary

Identificatign of protocol specification ISO/IEC 8073:1992(E)
CCITT X.224 Reference Number: X.224 (1988)
Identificatidn of Amendments and ISO/IEC 8073:1992
Corrigenda]to this PICS proforma which
have been pompleted as part of this PICS
Protocol V4rsion(s) supported Version 1
Have any Hxception items been required? No[ ] Yes[ ]
{The answar Yes means that the implementation does not conform to ISO/IEC 8073:1992/CCITT X.224)

Date of:stalement
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C.3 Indices used in this annex

ISO/IEC 8073 : 1992 (E)

A et e s et sae s b

O OO OTPPPTOPPPTTNS

C4L

CCT

DRCC

DRCR

DRDR.

D1ICC

D1ICR

D1iDR

D2ICC

D2ICR

D2IDR

D3ICC

D3ICR

D3IDR A2,
D4iCC 2.
D4ICR ..C12.2
D4IDR ..C122
IC........ .. G122
ICR ..Ca2.2
R....... ..C12.2
10CC. .. G122
I0CR. f... C.10
10DR. ... C.10
1CC. .. C.10
I1CR. ... C.10
I1DR. ... C.17
1DT. ... C.15.5
1MER. .. C.15.3
[2CC. ¢ SOV UOPPPURPTPIYPUROPY NP C.9.1
I2CR. TOS e sttt e s ... C.15.3
I12DR ...C9.2
[2ER. ... C.15.3
13CC. ...C.93
I3CR. ... C.163
13DR. ...C.9.4
I3DT. ... C.163
I3ER ... C.95
14AK . ... C.153
14CC. ... C.16.3
14CR. ... C.15.9
14DR. ...C.15.8
14DT. ... C.16.10

101


https://standardsiso.com/api/?name=4956a263e6d0eec13db512a9a92577e3

ISO/IEC 8073 : 1992 (E)

C.4 Based standard/recommendation conformance

Does the implementation claim conformance to ISO/IEC 80737 Yes No

Does the implementation claim conformance to CCITT X.2247 Yes No

C.5 General statement of conformance

ISO

>

re all mandatory features of ISO/IEC 8073 implemented? Yes | No

CCT | Are all mandatory features of X.224 implemented? Yes | No

Note — Answdring 'No’ to this question indicates non-conformance to the International Standard/Recommendation.

C.6  Prptocol implementation

C.6.1 Annex B - NCMS

Index References Status Supgort

A1 Network connection management procedures Annex B 0] Yes | No

C.6.2 Classes implemented

Index Class References Status Support
Cco CGlass 0 14 1SO:0.1 Yes | No
CCT:M
C1 Glass 1 14 C0:0 Yes | No
C2 Gldss 2 14 1SO:0.1 Yes | No
S0
C3 Class 3 14 C2:.0 Yes No
C4 Class 4 operation over CONS 14 C2.0 Yes No
C4L Class 4 operation over CLNS 14 180:C2:0 Yes No
CCT:N/A
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C.7  NCMS functions
Index ftem References Status Support
N2 | Network connection management B.6.2.1 O Yes No
N3 Diagnostic B.7.6.2, (0] Yes No
B.7.7
N4 ACtive TTetWOTK COTTITECHOTT TECOVETY B742 © Ygs No
The follqwing is mandatory if the predicate is true
Index [tem References Status Support
N5 Passive network connection recovery B.7.4.3 N2 OMR N4: | Yés No
’ N6 Is an NCM TPDU with assignment right set to RA always rejected with B.6.3 0] Y¢s No
N-DISCONNECT request?
C.8 |Initiator/responder capability for protocol classes 0'- 4
Index References Status S$upport
IR1 Initiating CR TPDU 14.5 a) 0.2 Y¢s No
IR2 Responding to CR TPDU 14.5 a) 0.2 Y¢s No
C.9 |Supported functions
C.9.1 Supported functions for class 0)(C0::)
’ . The follpwing functions are mandatoty if class 0 is supported
Index Function References Status Support
TOF1 | | Assignmentto'network connection when operating over CONS 6.1.1 M Yes
TOF2| { TPDU transter 6.2 Yes
TOF3| | Segmenting 6.3 M Yes
TOF4 | {Reassembling 6.3 M Yes
TOF5 | Connection establishment 6.5 M Yes
TOF6 | Connection refusal 6.6 M Yes
TOF7 | Normal release when operating over CONS (implicit) 6.7.1 M Yes
TOF8 | Error release when operating over CONS 6.8 M Yes
TOF9 | Association of TPDUs with Transport connection when operating over 6.9.1 M Yes
CONS
TOF10 | Treatment of protocol etrors when operating over CONS 6.22.1 M Yes
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C.9.2 Supported functions for class 1 (C1::)

The following functions are mandatory if class 1 is supported

Index Function References Status Suppoﬁ
T1F1 | Assignment to network connection when operating over CONS 6.1.1 M Yes
T1F2 | FRBY-transter 6:2 M Yes
T1F3 | Begmenting 6.3 M Yes
T1F4 | Reassembling 6.3 M Yles
T1F5 | Beparation 6.4 N Yes
T1F6 | Connection establishment 6.5 Y Yes
T1F7 | Connection refusal 6.6 M Yps
T1F8 | Normal release when operating over CONS (explicit) 6.7.1 M Yes
TiF9 | Association of TPDUs with Transport connections when operating 6.9.1 M Yes
pver CONS
T1F10 | Pata TPDU numbering (normal) 6.10 M Yes
T1F11 | Expedited data transfer when operating over CONS (Network riormal) 6.11.1 M Ygs
T1F12 | Reassignment after failure when operating over CONS 6.12 M Yes
T1F13 | Retention and acknowledgement of TPDUs 6.13.4.1 M Yes
Retention until acknowledgement of TPDUs (AK)
T1F14 | Resynchronization 6.14 M Yes
T1F15 | Frozen references 6.18 M Yes
T1F16 | Treatment of protocol errors when operating over CONS 6.22.1 M Yes
The following functions are optional if class1 is supported
Index Function References Status Support
T1F17 | Concatenation 6.4 o Yes [ No
T1F18 | Expedited datafransfer when operating over CONS (Network 6.11.1 o Yes [ No
expedited)
T1F19 | Retention-and acknowledgement of TPDUs 6.13.4.2 not T1F20: | Yes | No
Confirmation of Receipt 6] ‘
T1F20 | Retention and acknowledgement of TPDUs 6.13.4.3 not T1IF19: | Yes | No
se of request acknowledgement (0]
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C.9.3 Supported functions for class 2 (C2::)

The following functions are mandatory if class 2 is supported

index Function References Status Support
T2F1 | Assignment to network connection when operating over CONS 6.1.1 M Yes
T2F2 | TPDU transfer 6.2 M Yes
T2F3 _| Segmenting 6.3 M Yes
T2F4| | Reassembling 6.3 M Yes
T2F5| | Separation 6.4 M Yes
T2F6| | Connection establishment 6.5 M Yes
T2F7| | Connection refusal 6.6 M Yes
T2F8| | Normal release when operating over CONS (explicit) 6.7.1 M " Yes
T1F9| | Error release when operating over CONS 6.8 M Yes
T2F1q | Association of TPDUs with Transport connections when operating 6.9.1 M Yes
over CONS
T2F11 | Data TPDU numbering (normal) 6.10 M - Yes
T2F13 | Expedited data transfer when operating over CONS (Networkyniormal) 6.11.1 M Yes
T2F19 | Demultiplexing when opetating over CONS 6.15 M Yes
T2F14 | Explicit flow control (with) 6.16 M Yes
T2F1§ | Treatment of protocol errors when operating over CONS 6.22.1 M Yes
T2F14 | Multiplexing when operating over CONS 6.15 M Yes
The following functions or elements of procedure are optional if class 2 is supported
Index Function References Status Support
T2F17 | Concatenation 6.4 . 0] Yes No
T2F14 | Data TPDU numbeting{extended) 6.10 0 Yes No
T2F19 | Explicit flow control (without) 6.16 | o] Yes No
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y

C.9.4 Supported functions for class 3 (C3::)

The following functions are mandatory if class 3 is supported

Index Function References Status Support
T3F1 | Assignment to network connection when operating over CONS 6.1.1 M Yes
T3F2 | TPDU transfer 6.2 Yes
T3F3 | Segmenting 6.3 M Yes
T3F4 Rlsassembling 6.3 M Yes
T3F5 Slaparation 6.4 M Yes
T3F6 | Cpnnection establishment 6.5 M Yes
T3F7 | Cpnnection refusal 6.6 M Ye$
T3F8 | Nprmal release when operating over CONS (explicit) 6.7.1 M Ye$
T3F9 | Association of TPDUs with Transport connections when operating' 6.9.1 M Yes
oyer CONS
T3F10 | Dpta TPDU numbering (normal) 6.10 M  Ye$
T3F11 | Ekpedited data transfer when operating over CONS (Network normal) 6.11.1 M Yes
T3F12 | Rpassignment after failure when operating over CONS 6.12 M Yes
T3F13 | Rptention and acknowledgement of TPDUs 6.13.4.1 M Yes
Retention until acknowledgement of TPDUs (AK)
T3F14 | Resynchronization 6.14 M Yes
T3F15 | Dpmultiplexing when operating over CONS 6.15 M Yes
T3F16 | Ekplicit flow control 6.16 M Yes
T3F17 | Flozen references 6.18 M Yes
T3F18 | Tyeatment of protocol errors whentoperating over CONS 6.22.1 M Ye$
T3F19 | Multiplexing when operating over CONS 6.15 M Ye
The following functions are optional’if'class 3 is supported
Index Function References Status Suppprt
T3F20 | Cpncatenation 6.4 o Yes | No
T3F21 | Dpta TPDU-nUmbering (extended) 6.10 O Yes | No
T3F22 | Retention and acknowledgement of TPDUs 6.13.4.3 6] Yes [ No
Uge of request acknowledgement
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