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| NTRODUCTI ON

The Transport Protocol Standard is one of a set of International
Standards produced to facilitate the interconnection of conputer
systens. The set of standards covers the services and protocols
required to achi eve such interconnection

The Transport Protocol Standard is positioned wth respect to
other related standards by the layers defined in the Reference

Model for Open Systens Interconnection (ISO 7498). It is nost
closely related to, and lies within the field of application of
the Transport Service Standard (DP 8072). It also uses and nakes

reference to the Network Service Standard (DP 8348), whose
provisions it assunes in order to acconplish the transport
protocol’s aimns. The interelationship of these standards is
depicted in figure 1.

------------------------- TRANSPORT SERVI CE DEFI NI TI ONf = = = = = = = = = - -

Transport | --- Reference to ainmg --------------
Pr ot ocol
Specification | --- Reference to assunptions -------

------------------------- NETWORK SERVI CE DEFI NI TI ONF - === == - oo - - -

Rel ati onashi p between Transport Protocol and adjacent services
Figure 1 .

The International Standard specifies a conmon encoding and a
nunber of classes of transport protocol procedures to be used
with different network qualities of service.

It is intended that the Transport Protocol should be sinple but
general enough to cater for the total range of Network Service
qualities possible, without restricting future extensions.

The protocol is structured to give rise to classes of protocol
which are designed to nininize possible inconpatibilities and
i mpl enentati on costs.



The cl asses are selectable with respect to the Transport and
Net work Services in providing the required quality of service for
the interconnection of two session entities (note that each class
provides a different set of functions for enhancenent of service
qualities).

Thi s protocol standard defines mechanisns that can be wused to
optimze network tariffs and enhance the follow ng qualities of
servi ce:

a) different throughput rates;

b) different error rates;

c) integrity of data requirenents;
d) reliability requirenents

It does not require an inplementation to wuse all of these
nmechani sns, 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 aimof this International Standard is to provide a
set of rules for comunication expressed in terns of the
procedures to be carried out by peer entities at the tine of
comuni cati on. These rules for comunication are intended to
provi de a sound basis for devel opnent in order to serve a variety
of purposes:

a) as a guide for inplenmentors and desi gners;
b) for use in the testing and procurenent of equipnent;

c) as part of an agreenment for the adnmittance of systenms into
the open systens environnent;

d) as a refinenment of the understanding of OSI.

It is expected that the initial wusers of the International
Standard w Il be designers and inplenentors of equipnment and the
International Standard contains, in notes or in annexes, guidance
on the inplenentation of the procedures defined in the standard.



It should be noted that, as the nunber of valid protocol
sequences is very large, it is not possible wth current
technology to verify that an inplenmentation wll operate the
protocol defined in this International Standard correctly under
all circunstances. It is possible by mnmeans of testing to
establish confidence that an inplenmentation correctly operates
the protocol in a representative sanple of circunstances. It is,
however, intended that this International Standard can be used in
ci rcunstances where two inplenentations fail to conmunicate in
order to deternine whether one or both have failed to operate the
protocol correctly.

This International Standard contains a section on confornance of
equi pnent cl ai m ng to i mpl emrent the procedures in this
International Standard. Attention is drawn to the fact that the
st andard does not contain any tests to denponstrate this
conf or nance.

The variations and options available wthin this International
Standard are essential to enable a Transport Service to be
provided for a wide variety of applications over a variety of

network qualities. Thus, a minimally conform ng inplenmentation
will not be suitable for use in all possible circunstances. It
is inmportant, therefore, to qualify all references to this

International Standard with statements of the options provided or
required or with statenments of the intended purpose of provision
or use.

1 SCOPE AND FI ELD OF APPLI CATI ON
1.1 This International Standard specifies:

a) five classes of procedures:

1) Cass 0. Sinple class;

2) Cass 1. Basic error recovery class;

3) dass 2. Miltiplexing class;

4) Class 3. FError recovery and mnultiplexing class;
5) dass 4. Error detection and recovery cl ass,



for the connection oriented transfer of data and control
information fromone transport entity to a peer transport
entity;

b) the neans of negotiating the class of procedures to be
used by the transport entities;

c) the structure and encoding of the transport protocol data
units used for the transfer of data and contro
i nformati on;

1.2 The procedures are defined in terns of:

a) the interactions between peer transport entities through
the exchange of transport protocol data units;

b) the interactions between a transport entity and the
transport service wuser in the sanme systemthrough the
exchange of transport service primtives;

c) the interactions between a transport entity and the
network service provider through the exchange of network
service primtives.

These procedures are defined in the mmin text of the standard
suppl enmented by state tables in annex A

1.3

These procedures are applicable to instances of communication
between systens which support the Transport Layer of the OSI
Ref erence Mbdel and which wish to interconnect in an open systens
envi ronnent .



1.4

Thi s I nt ernati onal St andar d al so specifies conf or mance
requi rements for systens inplenenting these procedures. It does
not contain tests which can be used to denonstrate this
conf or mance.

2 REFERENCES

| SO 7498 I nformation processi ng syst ens - Open systens
i nt erconnection - Basic Reference Model

DP 8072 I nf ormati on processi ng syst ens - Open systens
i nterconnection - Transport service definition

DP 8348 I nf ormati on processi ng syst ens - Open systens
i nterconnection - Connection-oriented network service
definition.



SECTI ON ONE. GENERAL

3 DEFI NI TI ONS

NOTE - The definitions contained in this clause mke use of
abbrevi ati ons defined in clause 4.

3.1
This International Standard is based on the concepts devel oped in
the Reference Model for Open Systens Interconnection (DS 7498)
and nmekes use of the following ternms defined in that standard:

a) concatenation and separation

b) segmenting and reassenbli ng;

c) multiplexing and denul tipl exing;

d) splitting and reconbi ni ng;

e) flow control

3.2

For the purpose of this International Standard, the follow ng
definitions apply:



3.2.1 equipnent:

Har dware or software or a conbination of both; it need not be
physically distinct within a conputer system

3.2.2 transport service user:

An abstract representation of the totality of those entities
within a single systemthat nake use of the transport service.

3.2.3 network service provider:

An abstract machine that nodels the totality of the entities
provi di ng the network service, as viewed by a transport entity.

3.2.4 local mtter:
A decision nade by a system concerning its behavior in the

Transport Layer that is not subject to the requirenents of this
pr ot ocol .

3.2.5 initiator

A transport entity that initiates a CR TPDU.



3.2.6 responder

A transport entity with whoman initiator wishes to establish a
transport connecti on.

NOTE - Initiator and responder are defined wth respect to a

single transport connection. A transport entity can be both an
initiator and responder simultaneously.

3.2.7 sending transport entity:

A transport entity that sends a gi ven TPDU

3.2.8 receiving transport entity:

A transport entity that receives a given TPDU

3.2.9 preferred class:

The protocol class that the initiator indicates in a CR TPDU as
its first choice for use over the transport connection

3.2.10 alternative class:

A protocol class that the initiator indicates in a CR TPDU as an
alternative choice for use over the transport connection



3.2.11 proposed class:

A preferred class or an alternative cl ass.

3.2.12 selected cl ass:

The protocol class that the responder indicates in a CC TPDU t hat
it has chosen for use over the transport connecti on.

3.2.13 proposed paraneter

The value for a paraneter that the initiator indicates in a CR
TPDU that it wishes to use over the transport connection

3.2.14 selected paraneter

The value for a paraneter that the responder indicates in a CC
TPDU that it has chosen for use over the transport connecti on.

3.2.15 error indication:

An N-RESET indication, or an N D SCONNECT indication wth a
reason code indicating an error, that a transport entity receives
fromthe NS-provider



3.2.16 invalid TPDU

A TPDU that does not <conply with the requirements of this
International Standard for structure and encodi ng.

3.2.17 protocol error:

A TPDU whose use does not conply with the procedures for the
cl ass.

3.2.18 sequence nunber:

a) The nunber in the TPDU-NR field of a DI TPDU that
indicates the order in which the DI TPDU was transmitted
by a transport entity.

b) The nunber in the YR-TU-NR field of an AK or RJ TPDU t hat

i ndi cates the sequence nunber of the next DT TPDU expected
to be received by a transport entity.

3.2.19 transmt w ndow
The set of consecutive sequence nunbers which a transport entity

has been authorized by its peer entity to send at a given tinme on
a given transport connecti on.

10



3.2.20 | ower w ndow edge:

The | owest sequence nunber in a transnit w ndow.

3.2.21 upper w ndow edge:

The sequence nunber which is one greater than the highest
sequence nunber in the transmt w ndow.

3.2.22 upper w ndow edge allocated to the peer entity:

The value that a transport entity comrunicates to its peer entity
to be interpreted as its new upper w ndow edge.

3.2.23 cl osed wi ndow

A transnit wi ndow that contains no sequence nunber.

3.2.24 w ndow i nformati on:

Information contained in a TPDU relating to the wupper and the
| ower wi ndow edges.

11



3.2.25 frozen reference:

A reference that is not available for assignment to a connection
because of the requirenments of 6.18.

3.2.26 unassigned reference:

A reference that is neither currently in use for identifying a
transport connection or which is in a frozen state.

3.2.27 transparent (data):
TS-user data that is transferred intact between transport

entities and which is wunavailable for wuse by the transport
entities.

3.2.28 owner (of a network connection):

The transport entity that issued the N-CONNECT request |leading to
the creation of that network connection

3.2.29 retained TPDU
A TPDU that is subject to the retransnission procedure or

retention until acknow edgenent procedure and is available for
possi bl e retransm ssi on.

12



4 SYMBOLS AND ABBREVI ATI ONS

4.1 Data units

Transport protocol data unit
Transport service data unit
Net wor k service data unit

4.2 Types of transport protocol data units

TPDU
TPDU
TPDU
TPDU
TPDU
TPDU
AK TPDU
TPDU
TPDU
ER TPDU

098989

et

4.3 TPDU fields

LI
coT
TSAP-1D

DST- REF
SRC- REF
EOT

TPDU- NR

ED- TPDU- NR
YR- TU- NR
YR- EDTU- NR

Connection request TPDU
Connection confirm TPDU

Di sconnect request TPDU

Di sconnect confirm TPDU
Dat a TPDU

Expedi ted data TPDU

Dat a acknow edge TPDU
Expedi t ed acknow edge TPDU
Rej ect TPDU

Error TPDU

Length indicator (field)

Credit (field)

Transport service access point
identifier (field)

Destination reference (field)
Source reference (field)

End of TSDU mark

DT TPDU nunber (field)

ED TPDU nunber (field)

Sequence nunber response (field)
ED TPDU nunber response (field)
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4.4 Times and associ ated vari abl es

T1 El apsed time between retransni ssions
N The maxi mum nunber of transmi ssions
L Bound on reference
[ Inactivity tine
W W ndow tine
TTR Time to try reassignnent/resynchroni zation
TR Time to wait for
reassi gnment/ resynchroni zati on
TS1 Supervisory tiner 1
TS2 Supervisory tine 2
M.R NSDU lifetinme |ocal-to-renote
VRL NSDU lifetime renote-to-loca
ELR Expected maxi mumtransit del ay
| ocal -to-renote
ERL Expected maxi numtransit del ay
renote-to-1|oca
R Persi stence tine
AL Local acknow edgenent time
AR Renot e acknow edgenent tine

4.5 M scel |l aneous

TS- user Transport service user

TSAP Transport service access point
NS- pr ovi der Net wor k service provider

NSAP Net wor k servi ce access point
00 Quality of service

14



5 OVERVI EW OF THE TRANSPORT PROTOCCL

NOTE - This overview is not exhaustive and has been provided for
gui dance to the reader of this International Standard.

5.1 Service provided by the transport | ayer

The protocol specified in this International Standard supports
the transport service defined in DP 8072.

Information is transferred to and from the TS-user in the
transport service primtives listed in table 1.
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| Primtive | Par anet er |

-------------------------------- R L L EEEEREEEE
| T- CONNECT request | Cal | ed Address, |
| i ndi cation | Cal l'i ng Address, |
| | Expedi t ed Data opti on, |
| | Quality of Service, |
| | TS User - Dat a. |

-------------------------------- |-
| T- CONNECT response Respondi ng Address,

Expedi ted Data opti on,

I I
| confirm | Quality of Service, |
I I
| TS User - Dat a. |

| T- DATA request | TS User - Dat a. |
| i ndi cation | |

-------------------------------- R SRR EEEEEEEEE R
| T- EXPEDI TED DATA request | TS User - Dat a. |
| i ndi cation | |
R ERREEE L EEEL L PERPEEEE R S OEREEEEEEEEEE |
| T- DI SCONNECT request | TS User - Dat a. |
R RREEE L EELEE P EEEREEE |- |
| T- DI SCONNECT i ndi cation | Di sconnect reason, |
| | TS User-Data. |
o m e e e e e e e e e e meamo I +

Table 1. Transport service primtives

5.2 Service assumed fromthe network | ayer

The protocol specified in this International Standard assunes the
use of the network service defined in DP 8348.

Information is transferred to and from the NS-provider in the
network service prinmtives listed in table 2.
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| N- CONNECT request

| i ndi cati on
| response

| confirm
I
I
I

| N- DATA request

| i ndi cati on
| N- DATA ACKNOW.EDGE

| request

| i ndi cati on
| N- EXPEDI TED DATA

| request

| i ndi cati on

| N- RESET request

| i ndi cati on
| response

| confirm

| N- DI SCONNECT request

| i ndi cati on

Cal | ed Address,
Cal i ng Address,

NS User - Dat a,

QS paraneter set,
Respondi ng address,
Recei pt confirmation
sel ection.

NS User - Dat a,
Confirmation request

Ori gi nat or,
Reason.

NS User - Dat a.
Ori gi nat or,
Reason.

Table 2. Network service primtives
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X - The Transport Protocol assunes that this facility is
provided in all networks.

Y - The Transport Protocol assunes that this facility is
provided in sonme networks and a nechanismis provided to
optionally use the facility.

Z - The Transport Protocol does not use this paraneter.

NOTES:

1 - The paraneters listed in this table are those in the
current network service (first DP 8348).

2 - The way the paraneters are exchanged between the transport
entity and the NS-provider is a |local matter.

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 fromthe Network
Layer and those to be offered to the TS-users.

The functions in the Transport Layer are concerned with the
enhancenent of quality of service, including aspects of cost
optim zati on.

These functions are grouped below into those used at all tines
during a transport connection and those concerned with connection
establi shnment, data transfer and rel ease.

NOTE - This International Standard does not include the follow ng
functions which are under consideration for inclusion in future
editions of this standard:

a) encryption;
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b) accounting nmechani sns;

c) status exchanges and nonitoring of QCS;
d) bl ocking;

e) tenporary release of network connections;

f) alternative checksum al gorithm

5.3.1.1 Functions used at all tines

The followi ng functions, depending upon the selected class and
options, are used at all times during a transport connecti on:

a) transmission of TPDUs (see 6.2 and 6.9);

b) nultiplexing and denultiplexing (see 6.15), a function
used to share a single network connection between two or
nore transport connections;

c) error detection (see 6.10, 6.13 and 6.17), a function used
to detect the loss, corruption, duplication, nisordering
or m sdelivery of TPDUs;

d) error recovery (see 6.12, 6.14, 6.18, 6.19, 6.20, 6.21 and
6.22), a function used to recover from detected and
signalled errors.

5.3.1.2 Connection Establishment

The purpose of connection establishnment is to establish a
transport connecti on between two TS-users. The follow ng
functions of the transport |layer during this phase nust natch the
TS-users’ requested quality of service with the services offered
by the network | ayer
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a) select 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 nmultiple transport connections
onto a single network connection (see 6.5);

c) establish the optinum TPDU si ze (see 6.5);

d) select the functions that wll be operational upon
entering the data transfer phase (see 6.5);

e) map transport addresses onto network addresses;

f) provide a neans to distinguish between two different
transport connections (see 6.5);

g) transport of TS-user data (see 6.5).

5.3.1.3 Data Transfer

The purpose of data transfer is to permit duplex transnission of
TSDUs between the two TS-users connected by the transport
connecti on. This purpose is achieved by nmeans of two-way
si mul t aneous conmuni cation and by the follow ng functions, sone
of which are used or not used in accordance with the result of
the selection perforned in connection establishnent:

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 t he
receiving transport entity;

b) segnmenting and reassenbling (see 6.3), a function used to
segnent a single data TSDU into nultiple TPDUs at the
sending transport entity and to reassenble theminto their
original fornmat at the receiving transport entity;
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c) splitting and reconbining (see 6.23), a function allow ng
the sinultaneous use of two or nore network connections to
support the same transport connecti on;

d) flow control (see 6.16), a function used to regulate the
flow of TPDUs between two transport entities on one
transport connecti on;

e) transport connection identification, a neans to uniquely
identify a transport connection between the pair of
transport entities supporting the connection during the
lifetinme 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
flowis controlled by separate flow control

g) TSDU delimiting (see 6.3), a function used to determne
the begi nning and endi ng of a TSDU.

5.3.1.4 Rel ease
The purpose of release (see 6.7 and 6.8) is to provi de

di sconnection of the transport connection, regardless of the
current activity.

5.4 ( asses and options
5.4.1 Ceneral

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

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

This International Standard defines five classes of protocol:
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a) Cass 0: Sinple d ass;

b) dass 1. Basic Error recovery d ass;

c) Cass 2: Miltiplexing dass;

d) dass 3: Error Recovery and Miltiplexing d ass;
e) Cass 4. FError Detection and Recovery C ass.

NOTE - Transport connections of <classes 2, 3 and 4 may be
mul ti pl exed together onto the same network connection

5.4.2 Negotiation

The use of classes and options is negotiated during connection
est abl i shrent . The choice nade by the transport entities wll
depend upon

a) the TS-users’ requirenents expressed via T- CONNECT service
primtives;
b) the quality of the avail abl e network servi ces;

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

5.4.3 Choice of network connecti on

The following list <classifies network services in terns of
quality with respect to error behavior in relation to user
requirenments; its main purpose is to provide a basis for the
decision regarding which class of transport protocol should be
used in conjunction with given network connection
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a) Type A Network connection with acceptable residual error
rate (for exanple not signalled by disconnect or reset)
and acceptable rate of signalled errors.

b) Type B. Network connections wth acceptable residual
error rate (for exanple not signalled by disconnect or
reset) but unacceptable rate of signalled errors.

c) Type C. Network connections wth unacceptable residual
error rate.

It is assunmed that each transport entity is aware of the quality
of service provided by particular network connecti ons.

5.4.4 Characteristics of Class O

Class 0 provides the sinplest type of transport connection and is
fully conpatible wth the CCTT recomendation S.70 for teletex
term nal s.

Class 0 has been designed to be wused with type A network
connecti ons.

5.4.5 Characteristics of Cass 1

Class 1 provides a basic transport connection wth mninmal
over heads.

The main purpose of the <class is to recover from network
di sconnect or reset.

Sel ection of this class is usually based on reliability criteria.

Class 1 has been designed to be used with type B network
connecti ons.
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5.4.6 Characteristics of Cass 2
5.4.6.1 GGeneral

Class 2 provides a way to multiplex several transport connections
onto a single network connection. This class has been desi gned
to be used with type A network connecti ons.

5.4.6.2 Use of explicit flow contro

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

5.4.6.3 Non-use of explicit flow contro

The objective is to provide a basic transport connection wth
m nimal overheads suitable when explicit disconnection of the
transport connection is desirable. The option would typically be
used for unsophisticated term nals, and when no nul tipl exing onto
network connections is required. Expedited data is never
avai |l abl e.

5.4.7 Characteristics of Cass 3

Class 3 provides the characteristics of Class 2 plus the ability
to recover fromnetwork disconnect or reset. Selection of this
class is usually based upon reliability criteria. Cass 3 has
been designed to be used with type B network connecti ons.
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5.4.8 Characteristics of Class 4

Class 4 provides the characteristics of Cdass 3, plus the
capability to detect and recover fromerrors which occur as a
result of the low grade of service available from the NS-

provi der. The kinds of errors to be detected include: TPDU
| oss, TPDU delivery out of sequence, TPDU duplication and TPDU
corruption. These errors my affect control TPDUs as well as
data TPDUs.

This class al so provides for increased throughput capability and
additional resilience against network failure. Cass 4 has been
designed to be used with type C network connecti ons.

5.5 Model of the transport |ayer

A transport entity comunicates with its TS-users through one or
nmore TSAPs by neans of the service prinitives as defined by the
transport service definition DP 8072. Service primtives wll
cause or be the result of transport protocol data unit exchanges
between the peer transport entities supporting a transport
connecti on. These protocol exchanges are effected using the
services of the Network Layer as defined by the Network Service
Definition DP 8348 through one or nore NSAPs.

Transport connection endpoints are identified in end systens by
an internal, inplenentation dependent, nmechanismso that the TS-
user and the transport entity can refer to each transport
connecti on.
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---------- TSAP |-----ccommmmaececeeeeooo| TSAP | ----------
------ + F----- -+
I I
S + S +
| Transport | | Transport |
| entity | | entity |
S + S +
I I
I I
------ + F----- -+
---------- NSAP | -------cmomacaaaaaao| NSAP |-----mm---
------ + F----- -+
I I
o e m e o e o e e e oo +
Figure 2 . Mdel of the transport |ayer
NOTE - For purpose of illustration, this figure shows only one
TSAP and one NSAP for each transport entity. In certain
i nstances, nore than one TSAP and/or nore than one NSAP may be

associated with a particular transport entity.
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SECTI ON TWO. TRANSPORT PROTOCCL SPECI FI CATI ON

6 ELEMENTS OF PROCEDURE

This clause contains el enents of procedure which are used in the
specification of protocol <classes in clauses 7 to 12. These
el ements are not meani ngful on their own.

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

NOTE - Wiere network service prinitives and TPDUs and paraneters

used are not significant for a particular element of procedure,
t hey have not been included in the specification.

6.1 Assignment to network connection
6.1.1 Purpose

The procedure is wused in all <classes to assign transport
connections to network connecti ons.

6.1.2 Network service primtives

The procedure makes wuse of the following network service
primtives:

a) N CONNECT;

b) N DI SCONNECT.
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6.1.3 Procedure

Each transport connection shall be assigned to a network
connection. The initiator may assign the transport 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
pur pose.

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

During the resynchroni zation (see 6.14) and reassignment after
failure (see 6.12) procedures, a transport entity may reassign a
transport connection to another network connection joining the
same NSAPs, provided that it is the owner of the network
connection and that the transport connection is assigned to only
one network connection at any given tine.

During the splitting procedure (see 6.23), a transport entity nay
assi gn a transport connection to any additional network
connection joining the same NSAPs, provided that it is the owner
of the network connection and that multiplexing is possible on
t he network connection

The responder becones aware of the assignnent when it receives

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

b) an RJ TPDU or a retransmitted CR or DR TPDU during the
resynchroni zati on (see 6.14) and reassignnent after
failure (see 6.12) procedures; or

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

1. Wen a new network connection is created, the quality of
service requested is a local matter, although it wll
normally be related to the requirenents of transport
connection(s) expected to be assigned to it.

2. An existing network connection may also not be suitable
if, for exanple, the quality of service requested for the
transport connection cannot be attained by wusing or
enhanci ng the network connecti on.

3. A network connection with no transport connection(s)
assi gned to it, may be avail able after initial
establi shment, or because all of the transport connections
previously assigned to it have been released. It is
reconmended that only the owner of such a net wor k
connection shoul d rel ease it. Furthernore, it is
recommended that it not be released immediately after the
transm ssion of the final TPDU of a transport connection -
either a DR TPDU in response to CR TPDU or a DC TPDU in
response to DR TPDU. An appropriate delay will allowthe
TPDU concerned to reach the other transport entity
allowing the freeing of any resources associated with the
transport connection concer ned.

4. After the failure of a network connection, transport
connections which were previously nultiplexed together may

be assigned to different network connections, and vice
Ver sa.

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 wunits in wuser data fields of network
service primtives.
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6.2.2 Network Service Primtives
The procedure uses the followi ng network service prinitives:
a) N DATA;

b) N EXPEDI TED DATA

6.2.3 Procedure

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

When t he network expedited variant has been selected for class 1,
the transport entities shall transmt and receive ED and EA TPDUs
as NS-user data parameters of N EXPEDI TED DATA primtives.

In all other cases, transport entities shall transnmt and receive
TPDUs as NS-user data paraneters of N DATA primtives.

Wen a TPDU is put into an NS-user data paraneter, t he
significance of the bits within an octet and the order of octets
within a TPDU shall be as defined in 13.2.

NOTE - TPDUs nay be concatenated (see 6.4).

6.3 Segnenting and reassenbling
6.3.1 Purpose

The segnenting and reassenbling procedure is used in all classes
to map TSDUs onto TPDUs.
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6.3.2 TPDUs and paraneter used
The procedure nmakes use of the follow ng TPDU and paraneter:
DT TPDUs;

- End of TSDU

6.3.3 Procedure

A transport entity shall map a TSDU on to an ordered sequence of
one or nore DT TPDUs. This sequence shall not be interrupted by
ot her DT TPDUs on the sane transport connecti on.

Al'l DT TPDUs except the last DT TPDU in a sequence greater than
one shall have a length of data greater than zero.

NOTES

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

2. There is no requirenment that the DT TPDUs shall be of the
maxi mum | engt h sel ected during connection establishnent.

6.4 Concatenation and separation
6.4.1 Purpose

The procedure for concatenati on and separation is used in classes
1, 2, 3 and 4 to convey multiple TPDUs in one NSDU.
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6.4.2 Procedure

A transport entity may concatenate TPDUs from the sanme or
different transport connections.

The set of concatenated TPDUs may cont ain:

a) any nunber of TPDUs fromthe following list: AK, EA RJ,
ER, DC TPDUs, provided that these TPDUs conme from
di fferent transport connections;

b) no nore than one TPDU fromthe following |ist: CR, DR
CC, DI, ED TPDUs; if this TPDU is present, it shall be
pl aced last in the set of concatenated TPDUs.

NOTES

1. The TPDUs within a concatenated set nay be distinguished
by nmeans of the length indicator paramneter.

2. The end of a TPDU containing data is indicated by the
term nation of the NSDU

3. The nunber of concatenated TPDUs referred to in 6.4.2.ais
bounded by the maxi mum nunber of transport connections

which are multipl exed together except during assignnment or
reassi gnnent.

6.5 Connection establishnment
6.5.1 Purpose

The procedure for connection establishnent is used in all classes
to create a new transport connection.
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6.5.2 Network service primtives
The procedure uses the followi ng network service prinitive:

N- DATA

6.5.3 TPDUs and paraneters used
The procedure uses the followi ng TPDUs and paraneters:
a) CR TPDU;

- CDT;

- DST-REF (set to zero);

- SRC- REF

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

- calling TSAP-1D

- called TSAP-ID

- TPDU si ze (proposed);

- versi on nunber;

- security paraneter;

- checksum

- additional option selection (i.e. use of net wor k
expedited in class 1, wuse of receipt confirmation in
class 1, non-use of checksum in class 4, use of
transport expedited data transfer service);

- alternative protocol class(es);

- acknow edge ti ne;

- throughput (proposed);

- residual error rate (proposed);

- priority (proposed);

- transit delay (proposed);

- reassignnent tine;

- user data.

b) CC TPDUY,

- CDT;
- DST- REF;
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- SRC- REF;

- CLASS and OPTI ONS (sel ected);

- calling TSAP-1D

- called TSAP-ID

- TPDU si ze (sel ected);

- security paraneter;

- checksum

- additional option selection (selected);
- acknow edge ti ne;

- throughput (selected);

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

- transit delay (sel ected);

- user data.

NOTE - The transport service defines transit delay as
requiring a previously stated average TSDU size as a basis
for any specification. This protocol, as specified in
13.3.4(n), wuses a value of 128 octets. Conversion to and
from specifications based upon sone other value is a |ocal
matter.

6.5.4 Procedure

A transport connection is established by neans of one transport
entity (the initiator) transmtting 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 transport
connection being created to one (or nore if the splitting

procedure is being use) network connection(s). It is this set of
network connections over which the TPDUs are sent. During this
exchange, all information and paraneters needed for the transport

entities to operate shall be exchanged or negoti ated.

NOTE - Except in class 4, it is recomended that the
initiator starts an optional tiner TSl at the tine the CR

TPDU is sent. This timer should be stopped when the
connecti on is consi dered as accepted or refused or
unsuccessful. If the timer expires, the initiator should
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reset or disconnect the network connection and, in classes 1
and 3 freeze the reference (see 6.18). For all other
transport connection(s) nultiplexed on the sanme network
connection the procedures for reset or disconnect as
appropriate should be foll owed.

After receiving the CC TPDU for a class which includes the
procedure for retention until acknow edgenent of TPDUs the
initiator shall acknow edge the CC TPDU as defined in table 5
(see 6.13).

Wien the network expedited variant of the expedited data transfer
(see 6.11) has been agreed (possible in class 1 only), the
responder shall not send an ED TPDU before the CC TPDU is
acknow edged.

The followi ng informati on i s exchanged:

a) references. Each transport entity chooses a reference
which is to be used by the peer entity is 16 bits | ong and
which is arbitrary except for the following restrictions:
1) it shall not already be in use or frozen (see 6.18),

2) it shall not be zero.
This mechanismis symetrical and provides identification

of the transport connection independent of the network
connection. The range of references used for transport

connections, in a given transport entity, is a local
matter.

b) addresses (optional). Indicate the <calling and called
transport service access points. When either network

addr ess unanbi guously defines the transport address this
i nformati on may be omitted.

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

d) user data. Not available if Cass 0O is the preferred
class (see note). Up to 32 octets in other classes.
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NOTE - If class O is a valid response according to table
3, inclusion of wuser data in the CR TPDU may cause the
responding entity to refuse the connection (e.g. if it
only supports class 0).

e) acknow edgenent time. Only in class 4.

f) checksum paraneter. Only in class 4.

g) security parameter. This parameter and its senmantics are
user defi ned.

The foll owi ng negotiations take place:

h) protocol class. The initiator shall propose a preferred
class and nay propose any nunber of alternative class

which permit a valid response as defined in table 3. The
initiator should assume when it sends the CR TPDU that its
preferred class wll be agreed to, and comence the

procedures associated wth that class, except that if
class 0 or class 1 is an alternative class, multiplexing
shall not comence wuntil a CC TPDU sel ecting the use of
classes 2, 3 or 4 has been received.

NOTE - This neans, for exanple, that when the preferred
cl ass i ncl udes resynchroni zati on (see 6. 14) t he
resynchroni zation will occur if a reset is signalled
during connection establishnent.

The responder shall select one class defined in table 3 as a
valid response corresponding to the preferred class and to the
class(es), if any, contained in the alternative class paraneter
of the CR TPDU. It shall indicate the selected class in the CC
TPDU and shall follow the procedures for the selected class.

If the preferred class is not selected, then on receipt of the CC

TPDU the initiator shall adjust its operation according the
procedures of the selected class.
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| Pre- | Alternative class |
[ferred |------ccmmmmmmme et e e |
| class | 0 | 1 | 2 | 3 | 4 | none |
|- | --o- e - o-- e | --o-- e |- --- e | --om e | ------- |
| 0 | not | not | not | not | not | cl ass

| | valid | val i d | valid | val i d | valid | O |
EEETEEE | ----- e | --- - | --o- e |- --- - | ---- e | ------- |
| 1 | cl ass | cl ass | not | not | not | cl ass |

| 2 | cl ass | not | cl ass | not | not | cl ass
| |2 or O |valid | 2 | val i d | valid | 2 |
EEETREE e Bttt | ---o- e | --- - | ---- e | ----- - |
| 3 | cl ass | class 3,]|class | cl ass | not | cl ass

| 4 | cl ass | cl ass 4, | cl ass | cl ass | cl ass | cl ass

| |4,2 or 0]2,1 or O|4 or 2 |4,3 or 2|4 0or 2 |4 or 2|

T +
Table 3

Valid responses corresponding to the preferred class and any
alternative class proposed in the CR TPDU

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 inplicit negotiation whereby:

a) if class 3 or 4 is proposed then class 2 is a wvalid
response;

b) if class 1 is proposed then class 0 is a wvalid
response.
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k)

P)
q)

Negotiation fromclass 2 to class 1 and fromany class to
an hi gher-nunbered class is not valid.

Redundant conbi nations are not a protocol error

TPDU size. The initiator nmay propose a maxi mum size for
TPDUs, and the responder may accept this value or respond
wi th any val ue between 128 and the proposed value in the
set of values available (see 13.3.4.b).

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

nornmal or extended format. Either normal or extended is
avai |l abl e. When extended is wused this applies to CDT,
TPDU- NR, ED- TPDU- NR, YR-TU-NR and YR- EDTU- NR par anet ers.

checksum sel ection. This defines whether or not TPDUs of
the connection are to include a checksum

quality of service par anet ers. Thi s defines t he
throughput, transit delay, priority and residual error
rate.

the non-use of explicit flow control in class 2.

the wuse of network receipt confirmation and network
expedited when class 1 is to be used.

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
(1SO 8072).

The following information is sent only in the CR TPDU

s)

t)

version nunber. This defines the version of the transport
protocol standard used for this connecti on.

reassi gnnent tine paranmeter. This indicates the tine for

whi ch t he initiator wll persist in following the
reassi gnnent 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 nay either accept the proposed choice or select an
alternative choice as defined in table 4.

In class 2, whenever a transport entity requests or agrees to the
transport expedited data transfer service or to the use of
extended formats, it shall also request or agree (respectively)
to the use of explicit flow control.

e +
| Option | Proposal Made | Valid Selection |
| | by the Initiator | by the Responder |
|2 R EEREEEEEE R R EEEEEE |
| Transport expedited | Yes | Yes or No |
| data transfer service | No | No |

| (Classes 1,2,3,4 only) | | |
|- R ERREEEEEE |- |

| Use of receipt confir- | Yes | Yes or No |
| mation (Class 1 only) | No | No |
----------------------- R R R EEEEEEEE
| Use of the network | Yes | Yes or No |
| expedited vari ant | No | No |
| (Class 1 only) | | |
|- R ERREEEEEE |- |
| Non-use of checksum | Yes | Yes or No |
| (Class 4 only) | No | No |
|- R R EEEEEE |- |
| Non-use of explicit | Yes | Yes or No |
| f1 ow control | No | No |
| (Class 2 only) | | |
O R ERREEEEEE |- |
| Use of extended format | Yes | Yes or No |
| (Classes 2,3,4 only) | No | No |
e +

Tabl e 4. Negotiation of options during connection establishnment
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NOTE - Table 4 defines the procedures for negotiation of options.
This negotiation has been designed such that if the initiator
proposes the mandatory inplenmentati on option specified in clause
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-nmandatory inplenmentation
option, the responder is entitled to select use of the nandatory
i npl erentation option for use over the transport connection.

6.6 Connection refusal
6.6.1 Purpose
The connection refusal procedure is used in all classes when a

transport entity refuses a transport connection in response to a
CR TPDU

6.6.2 TPDUs and paraneters used

The procedure nmakes use of the followi ng TPDUs and paraneters:

a) DR TPDU;

- SRC- REF;

- reason;

- user data.
b) ER TPDU;

- reject code;
- rejected TPDU par anet er
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6.6.3 Procedure

If a transport connection cannot be accepted, the responder shal
respond to the CR TPDU with a DR TPDU. The reason shall indicate
why the connection was not accepted. The source reference field
in the DR TPDU shall be set to zero to indicate an unassigned
ref erence.

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

The responder shall respond to an invalid CR TPDU by sending an
ER or DR TPDU. If an ER TPDU is received in response to a CR
TPDU, the initiator shall regard the connection as rel eased.

NOTES

1. Wen 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 optimal supervisory tinmer TS1 has been set for this

connection then the entity should stop the tinmer on receipt
of the DR or ER TPDU.

6.7 Normal release

6.7.1 Purpose

The rel ease procedure is used by a transport entity in order to
termnate a transport connection. The inplicit variant is used

only in class 0. The explicit variant is used in classes 1,2,3
and 4.
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NOT

6.7

The
pri

6.7

ES

When the inplicit variant is used (i.e. in class 0), the
lifetime of the transport connection is directly correl ated
with the lifetine of the network connection

The use of the explicit variant of the release procedure

enabl es the transport connection to be rel eased i ndependently
of the underlying network connection.

.2 Network service primtives

procedure makes wuse of the following network service
mtives:

a) N-DI SCONNECT (inplicit variant only),

b) N DATA

.3 TPDUs and paraneters used

The procedure nmakes use of the followi ng TPDUs and paraneters:

a) DR TPDU;

cl earing reason
- user data;

- SRC- REF;

DST- REF.

b) DC TPDU.
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6.7.4 Procedure for inplicit variant

In the inplicit variant either transport entity disconnects a
transport connection by disconnecting the network connection to
which it is assigned. Wen a transport entity receives an N
DI SCONNECT this should be considered as the release of the
transport connecti on.

6.7.5 Procedure for explicit variant

When the rel ease 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), shal | send a DR TPDU. It shall ignore al
subsequently received TPDUs other than a DR or DC TPDU.
On receipt of a DR or DC TPDU it shall consider the
transport connection rel eased;

b) in other cases it shall:

1) For <classes other than class 4 wait for t he
acknowl edgenent of the outstanding CR TPDU;, if it
receives a CC TPDU, it shall follow the procedures in
6.7.5. a.

2) For class 4 either send a DR TPDU with a zero value in
t he DST-REF field or follow the procedure in
6.7.5.b. 1.

A transport entity that receives a DR TPDU shal

c) if it has previously sent a DR TPDU for the sane transport
connection, consider the transport connection rel eased;

d) if it has previously sent a CR TPDU that has not been

acknowl edged by a CC TPDU, consider the connection refused
(see 6.6).
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e)

in other cases, send a DC TPDU and consider the transport
connection rel eased.

NOTES

1)

2)

3)

4)

5)

This requirenment ensures that the transport entity is
awar e of t he renote reference for the transport
connecti on.

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

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.).

Except in class 4, it is reconmended that, if a transport
entity does not receive acknow edgenent of a DR TPDU
within tine TS2, it should either reset or disconnect the
net wor k connecti on, and freeze the reference when
appropriate (see 6.18). For al | ot her transport
connection(s) multiplexed on this network connection the
procedures for reset or disconnect as appropriate should
be fol | owed.

When a transport entity is waiting for a CC TPDU before
sending a DR TPDU and the network connection is reset or
rel eased, it should consider the transport connection
released and, in classes other than classes 0 and 2,
freeze the reference (see 6.18).

6.8 Error Rel ease
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6.8.1 Purpose
This procedure is used only in classes 0 and 2 to release a

transport connection on the recei pt of an N DI SCONNECT or N- RESET
i ndi cation.

6.8.2 Network service primtives
The procedure nmakes use of the follow ng service primtives:
a) N DI SCONNECT i ndi cati on;

b) N RESET indication.

6.8.3 Procedure

When, on the network connection to which a transport connection
is assigned, an N-D SCONNECT or N-RESET indication is received,
both transport entities shall consider that the transport
connection is released and so informthe TS-users.

NOTE - In other <classes, since error recovery is wused, the

recei pt of an N-RESET indication or N DI SCONNECT indication will
result in the invocation of the error recovery procedure.

6.9 Association of TPDUs with transport connections
6.9.1 Purpose
This procedure is used in all classes to interpret a received

NSDU as TPDU(s) and, if possible, to associate each such TPDU
with a transport connecti on.
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6.9.2 Network service primtives

This procedure nekes use of the followng network service
primtives:

a) N DATA indication;

b) N EXPEDI TED DATA i ndi cati on.

6.9.3 TPDUs and paraneters uses
This procedure nmakes use of the foll owing TPDUs and paraneters:

a) any TPDU except CR TPDU, DT TPDU in classes 0 or 1 and AK
TPDU in class 1;

- DST- REF
b) CR CC, DR and DC TPDUs;
- SCR- REF.

c) DT TPDU in classes 0 or 1 and AK TPDU in cl ass 1.

6.9.4 Procedures
6.9.4.1 ldentification of TPDUs
If the received NSDU or Expedited NSDU cannot be decoded (i.e.
does not contain one or nore correct TPDUs) or is corrupted (i.e.

contains a TPDU with a wong checksum then the transport entity
shal | :
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a) if the network connection on which the error is detected
has a class 0 or class 1 transport connection assigned to
it, then treat as a protocol error (see 6.22) for that
transport connecti on;

b) otherw se

1) if the NSDU can be decoded but contains corrupted
TPDUs, ignore the TPDUs (class 4 only) and optionally
apply 6.9.4.b. 2.

2) if the NSDU cannot be decoded issue an N-RESET or N
DI SCONNECT request for the network connection and for
all the transport connections assigned to this network
connection (if any), apply the procedures defined for
handl i ng of network signalled reset or disconnect.

If the NSDU can be decoded and is not corrupted, the
transport entity shall:

c) if the network connection on which the NSDU was received
has a <class O transport connection assigned to it, then
consi der the NSDU as form ng TPDU and associate the TPDU
with the transport connection (see 6.9.4.2).

d) otherwi se, invoke the separation procedures and for each
of the individual TPDUs in the order in which they appear
in the NSDU apply the procedure defined in 6.9.4.2.

6.9.4.2 Association of individual TPDUs

If the received TPDU is a CR TPDU then, if it is a duplicate, as
recogni zed by using the NSAPs of the network connection, and the
SRC- REF parameter, then it is associated with the transport
connection created by the original value of the CR TPDU

otherwise it is processed as requesting the creation of a new
transport connecti on.

If the received TPDU is a DT TPDU and the network connection has
a class 0 or 1 transport connection assigned to it, or an AK TPDU
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where a class 1 transport connection is assigned, then the TPDU
is associated with the transport connecti on.

O herwi se, the DST-REF paraneter of the TPDU is used to identify
the transport connection. The follow ng cases are distinguished:

a)

b)

d)

if the DST-REF is not allocated to a transport connection,
the transport entity shall respond on the sanme network
connection with a DR TPDU if the TPDUis a CC TPDU, with a
DC TPDU if the TPDU is a DR TPDU and shall ignore the TPDU
if neither a DR TPDU nor CC TPDU. No association wth a
transport connection is nade.

if the DST-REF is allocated to a connection, but the TPDU
is recei ved on a network connection to which the
connection has not been assigned then there are three
cases:

1) if the transport connection is of class 4 and if the
TPDU i s received on a network connection with the same
pair of NSAPs as that of the CR TPDU then the TPDU is
consi dered as perform ng assignnent,

2) if the transport connection is not assigned to any
network connection (waiting for reassignnment after
failure) and if the TPDU is received on a network
connection wth the same pair of NSAPs as that of the
CR TPDU then the association wth that transport
connection is nade.

3) Oherwise, the TPDU is considered as having a DST-REF
not allocated to a transport connection (case a).

If the TPDU is a DC TPDU then it is associated wth the
transport connection to which the DST-REF is allocated,
unl ess the SRC-REF is not the expected one, in which case
the DC TPDU i s ignored.

If the TPDU is a DR TPDU then there are three cases:
1) if the SRC-REF is not as expected then a DC TPDU with

DST-REF equal to the SRC-REF of the received DR TPDU
is sent back and no association is nmade;
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2) if a CR TPDU is unacknow edged then the DR TPDU is
associated wth the transport connection, regardl ess
of the value of its SRC REF parameter

3) otherwise, the DR TPDU is associated Wi th t he
transport connection identified by the DST-REF
par anet er.

e) if the TPDU is a CC TPDU whose DST-REF paraneter
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 renote reference, then a DR TPDU i s
sent back with DST-REF equal to the SRC-REF of the
recei ved CC TPDU and no association is nade.

f)y if none of the above cases apply then the TPDU is

associated with the transport connection identified by the
DST- REF paraneter.

6.10 Data TPDU nunberi ng

6.10.1 Purpose

Data TPDU nunbering is used in classes 1, 2 (except when the
non-use of explicit flow control option is selected), 3 and 4.

Its purpose is to enable the use of recovery, flow control and
re-sequenci ng functions.

6.10.2 TPDUs and paraneters used
The procedure nmakes use of the followi ng TPDU and paraneter:
DT TPDU,

- TPDU- NR
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6.10.3 Procedure

A Transport entity shall allocate the sequence nunber zero to the
TPDU-NR of the first DT TPDU which it transmts for a transport
connection. For subsequent DT TPDUs sent on the same transport
connection, the transport entity shall allocate a sequence nunber
one greater than the previ ous one.

When a DT TPDU is retransnmitted, the TPDU-NR paraneter shall have
the sanme value as in the first transm ssion of that DT TPDU

Modul o 2**7 arithnetic shall be used when nornmal formats have
been selected and nodulo 2**31 arithmetic shall be used when
extended fornmats have been selected. In this International
Standard the relationships 'greater than’ and 'l ess than' apply
to a set of contiguous TPDU nunbers whose range is less than the
nodul us and whose starting and finishing nunbers are known. The
term’less than’ nmeans ’'occurring sooner in the wi ndow sequence

and the term’greater than’ means 'occurring later in the w ndow
sequence’

6.11 Expedited data transfer

6.11.1 Purpose

Expedited data transfer procedures are sel ected during connection
est abl i shrent . The network normal data variant may be used in

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

6.11.2 Network service primtives

The procedure makes wuse of the following network service
primtives:

a) N DATA;

50



b) N EXPEDI TED DATA.

6.11.3 TPDUs and paraneter used

The procedure nmakes use of the followi ng TPDUs and paraneters:

a) ED TPDU

- ED TPDU- NR
b) EA TPDUY,

- YR-EDTU- NR

6.11.4 Procedures

The TS-user data paraneter of each T-EXPEDI TED DATA request shal
be conveyed as the data field of an Expedited Data (ED) TPDU.

Each ED TPDU received shall be acknow edged by an Expedited
Acknow edge (EA) TPDU

No nore than one ED TPDU shal |l remain unacknow edged at any tine
for each direction of a transport connection.

An ED TPDU with a zero length data field is a protocol error
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NOTES
1. The network nornmal data variant is used, except when the
networ k expedited variant (available in Cass 1 only), has
been agreed, in which case ED and EA TPDUs are conveyed in
the data fields of N EXPEDI TED DATA primtives (see
6.2.3).
2. No TPDUs can be transmtted using network expedited until

the CC TPDU beconmes acknow edged, to prevent the network
expedited from overtaking the CC TPDU.

6.12 Reassignnent after failure
6.12.1 Purpose

The reassignment after failure procedure is used in Casses 1 and
3 to comrence recovery froman NS-provider signalled di sconnect.

6.12.2 Network service primtives
The procedure uses the followi ng network service prinitive:

N- DI SCONNECT i ndi cati on

6.12.3 Procedure

When an N-DI SCONNECT indication is received from the network
connection to which a transport connection is assigned, the
initiator shall apply one of the following alternatives:

a) if the TTR tinmer has not already run out and no DR TPDU i s
retai ned then:
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1) assign the transport connection to a different network
connection (see 6.1) and start its TTRtiner if not
al ready started.

2) while waiting for the conpletion of assignnent if:

- an N-DI SCONNECT indication is received, repeat the
procedure from 6. 12. 3. a,

- the TTR timer expires, begin procedure 6.12.3.b.

3) when reassi gnnent is conpl et ed, begi n
resynchroni zati on (see 6.14) and:

- if avalid TPDU is received as the result of the
resynchroni zation, stop the TTR tiner, or

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

- if an N DI SCONNECT indication is received, then
begi n ei t her procedure 6.12.3.a or 6.12.3.b
dependi ng on the TTR ti mer.

NOTE - After the TTR tinmer expires and while waiting for

the next event, it is recommended that the initiator
starts the TWR tinmer. |If the TWR tiner expires before the
next event the initiator should begin the procedure in
6.12. 3. b.

b) if the TTRtiner has run out, consider the transport
connection as released and freeze the reference (see

6.18).

C) if a DRTPDU is retained and the TTRtinmer has not run
out, then follow the actions in either 6.12.3.a or
6.12.3.b.

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

6.12.4 Tiners
The reassignment after failure procedure uses two tiners:
a) TTR the time to try reassignnent/resynchronization tinmer

b) TWR the tinme to wait for reassignnent/resynchronization
timer.

The TTR timer is used by the initiator. Its value shall not
exceed two mnutes mnus the sum of the maxi mum di sconnect
propagation delay and the transit delay of t he net wor k
connections (see note 1). The value for the TTR tiner may be
indicated in the CR TPDU.

The TWR timer is used by the responder. |If the reassignnent tine
paraneter is present in the CR TPDU, the TWR ti mer val ue shall be
greater than the sumof the TTR tinmer plus the maxi num di sconnect
propagati on del ay plus the transit delay of the network
connecti ons.

If the reassignnent tine paranmeter is not present in the CR TPDU,
a default value of 2 minutes shall be used for the TWR ti mer

NOTES
1. Provided that the required quality of service is net, TTR nay

be set to zero (i.e. no assignnment). This may be done, for
exanple, if the rate of NS-provider generated di sconnects is

very | ow.

2. Inclusion of the reassignnent tine paranmeter in the CR TPDU
allows the responder to use a TWR value of less than 2
m nut es.

3. If the optional TS1 and TS2 tinmers are wused, it is

r econmended:
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to stop TS1 or TS2 if running when TTR or TWR is
started;

to restart TS1 or TS2 if necessary when the
correspondi ng TPDU (CR TPDU or DR TPDU respectively is
repeat ed) ;

to select for TS1 and TS2 val ues greater than TTR
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6.13 Retention until acknow edgenent of TPDUs

6.13.1 Purpose

The retention until acknow edgenment of TPDUs procedure is used in
classes 1, 3 and 4 to enable and nmininize retransni ssion after
possi bl e 1 oss of TPDUs.

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

The AK variant is used in classes 3 and 4 and also in Cdass 1
when the confirmation of receipt variant has not been agreed
during connection establishnent.

NOTE - Use of confirmation of receipt variant depends on the

availability of the network layer receipt confirmation service
and the expected cost reduction.

6.13.2 Network service primtives
The procedure uses the followi ng network service prinitives:
a) N DATA;

b) N DATA ACKNOW.EDGE.

6.13.3 TPDUs and paraneters used

The procedure uses the followi ng TPDUs and paraneters:
a) CR CC DR and DC TPDUs;
b) RJ and AK TPDUs;

- YR-TU-NR
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c) DT TPDU;

- TPDU- NR.
d) ED TPDU;

- ED TPDU- NR.
e) EA TPDU;

- YR-EDTU- NR

6.13.4 Procedures

Copi es of the following TPDUs shall be retained upon transm ssion
to permit their later retransm ssion

CR, CC, DR, DT and ED TPDUs

except that if a DRis sent in response to a CR TPDU there is no
need to retain a copy of the DR TPDU

In the confirmation of receipt variant, applicable only in C ass
1, transport entities receiving N DATA indications which convey
DT TPDUs and have the confirmation request field set shall issue
an N DATA ACKNOW.EDGE request (see notes 1 and 2).

After each TPDU i s acknow edged, as shown in table 5, the copy

need not be retained. Copi es nay al so be discarded when the
transport connection is rel eased.

57



NOTES

It is a local matter for each transport entity to decide
whi ch N- DATA requests should have the confirmati on request
paranmeter set. This decision will normally be related to
t he amount of storage available for retained copies of the
DT TPDUs.

Use of the confirmation request paraneter nay affect the
quality of network service.
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TPDU

DT

DT

ED

bot h
confirmati on
of receipt
vari ant

AK vari ant
confirmati on
of receipt
vari ant

AK vari ant

Tabl e 5.

| CC, DR or ER TPDU.
I
| DC or DR (in case of collision) TPDU.

I
| N- DATA Acknow edge i ndi cation, RJ,
| DT, EA or ED TPDU.

I
| RJ, DT, AK, ED or EA TPDU.

| respondi ng to an N-DATA request which
| conveyed, or cane after, the DT TPDU.
I
| AK or RJ TPDU for which the YR TU- NR
|is greater than TPDU-NR in the DT

| TPDU.

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

I
I
I
I
I
I
I
I
| |
| N- DATA ACKNOWALEDGE i ndi cation cor- |
I
I
I
I
I
I
I
|
| ED TPDU. |

Acknow edgenent of TPDUs
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6.14 Resynchroni zation
6.14.1 Purpose
The resynchroni zati on procedures are used in Classes 1 and 3 to

restore the transport connection to nornal after a reset or
during reassignment after failure according to 6.12

6.14.2 Network service primtives

The procedure mnmakes wuse of the following network service
primtive:

N- RESET i ndi cati on.

6.14.3 TPDUs and paraneters used
The procedure uses the followi ng TPDUs and paraneters:
a) CR DR, CC and DC TPDUs
b) RJ TPDUs;
- YR-TU-NR
c) DT TPDU
- TPDU- NR
d) ED TPDY;
- ED TPDU- NR
e) EA TPDU;

- YR- EDTU- NR
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6.14.4 Procedure

A transport entity which is notified of the occurence of an N
RESET or which is performng ’'reassignnment after failure’
according to 6.12 shall carry out the active resynchronization
procedure (see 6.14.4.1) unless any of the follow ng hold:

a) the transport entity is the responder (see note). In this
case the passive resynchronization procedure is carried
out (see 6.14.4.2).

b) the transport entity has elected not to reassign (see
6.12.3.¢c). In this case no resynchroni zati on takes pl ace.

6.14.4.1 Active resynchroni zati on procedures

The Transport entity shall <carry out one of the followng
actions:

a) if the TTR timer has been previously started and has run
out (i.e. no valid TPDU has been received), the transport
connection is considered as released and the reference is
frozen (see 6.18).

b) otherwise, the TTR tinmer shall be started (unless it is
al ready running) and the first applicable of the follow ng
actions shall be taken:

1) if a CRTPDU is unacknow edged, then the transport
entity shall retransmt it;

2) if a DRTPDU is wunacknow edged, then the transport
entity shall retransmt it;

3) otherwise, the transport entity shall carry out the
data resynchroni zati on procedures (6.14.4.3).

The TTR timer is stopped when a valid TPDU is received.
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6.14.4.2 Passive resynchroni zati on procedures

The transport entity shall not send any TPDUs until a TPDU has
been received. The transport entity shall start its TWR tiner if
it was not already started (due to a previous N D SCONNECT or N
RESET indication). |If the timer runs out prior to the receipt of
a valid TPDU whi ch commence resynchronization (i.e. CRor DR or
RJ TPDU) the transport connection is considered as rel eased and
the reference is released (see 6.18).

When a valid TPDU is received the transport entity shall stop its
TWR tiner and carry out the appropriate one of the follow ng
actions, depending on the TPDU:

a) if it is a DR TPDU, then the transport entity shall send a
DC TPDY,

b) if it is a repeated CR TPDU (see note 1) then the
transport entity shall carry out the appropriate action
fromthe foll ow ng:

1) if a CC TPDU has already been sent, and acknow edged:
treat as a protocol error;

2) if a DR TPDU i s unacknow edged (whether or not a CC
TPDU is wunacknow edged): retransmt the DR TPDU, but
setting the source reference to zero;

3) if the T-CONNECT response has not yet been received
fromthe user: take no action

4) otherwise; retransmt the CC TPDU followed by an
unacknow edged ED TPDU (see note 2) and any DT TPDU

NOTES
1. Avrepeated CR TPDU can be identified by being on a

net wor k connecti on with the appropriate network
addresses and having a correct source reference.
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2. The transport entity should not use network expedited
until the CC TPDU is acknow edged (see 6.5). This
rule prevents the network expedited from overtaking
the CC TPDU.

o
~
-

it isan RJ or ED TPDU then one of the followng
actions shall be taken:

1) if a DR TPDU is unacknow edged, then the transport
entity shall retransmt it;

2) otherwise, the transport entity shall carry out the
data resynchroni zati on procedures (6.14.4.3).

3) If a CC TPDU was unacknowl edge, the RJ or ED TPDU
should then be considered as acknow edging the CC

TPDU. If a CC TPDU was never sent, the RJ TPDU shoul d
then be considered as a protocol error.

6.14. 4.3 Data Resynchroni zati on Procedures

The transport entity shall carry out the following actions in the
follow ng order:

a) (re)transmit any ED TPDU which is unacknow edged,

b) transnmit an RJ] TPDU with YR-TU-NR field set to the TPDU- NR
of the next expected DT TPDU,
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c) wait for the next TPDU fromthe other transport entity,
unl ess an RJ or DR TPDU has al ready been received; if a DR
TPDU is received the transport entity shall send a DC

freeze the ref erence, inform the TS-user of the
di sconnection and take no further action (i.e. it shal

not follow the procedures in 6.14.4.3.d). |If an R} TPDU
is received, the procedure of 6.14.4.3.d shal | be
f ol | owned. If an ED TPDU is received the procedures as
described in 6.11 shall be followed. If it is a

duplicated ED TPDU the transport entity shall acknow edge
it, with an EA TPDU, discard the duplicated ED TPDU and
wait again for the next TPDU

d) (re)transmit any DT TPDUs which are unacknow edged,
subject to any applicable flow control procedures (see
not e) ;

NOTE - The RJ TPDU may have reduced the credit.

6.15 Multiplexing and denul ti pl exing
6.15.1 Purpose
The nultiplexing and denultiplexing procedures are used in

Classes 2, 3 and 4 to allow several transport connections to
share a network connection at the sane tine.

6.15.2 TPDUs and paraneters used
The procedure nmakes use of the followi ng TPDUs and paraneters:
CC, DR, DC, DI, AK, ED, EA, RJ and ER TPDUs

- DST- REF
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6.15.3 Procedure
The transport entities shall be able to send and receive on the
sane network connection TPDUs belonging to different transport
connecti ons.
NOTES
1. Wen perform ng denul tiplexing the transport connection to
which the TPDUs apply is deternined by the procedures
defined in 6.9.
2. Miltiplexing allows the concatenation of TPDUs bel onging

to different transport connections to be transferred in
the sane N-DATA primtive (see 6.4).

6.16 Explicit Flow Control
6.16.1 Purpose
The explicit flow control procedure is used in Casses 2, 3 and 4

to regulate the flow of DI TPDUs independently of the flow
control in the other |ayers.

6.16.2 TPDUs and paraneters used
The procedure nmakes use of the followi ng TPDUs and paraneters:
a) CR CC AK and RJ TPDUs
- CDT.
b) DT TPDU

- TPDU- NR
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c) AK TPDU
- YR-TU-NR;
- subsequence nunber;
- flow control confirnation

d) RJ TPDU

- YR-TU-NR

6.16.3 Procedure

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

6.17 Checksum
6.17.1 Purpose

The checksum procedure is used to detect corruption of TPDUs by
t he NS-provi der.

NOTE - Al though a checksum algorithmhas to be adapted to the

type of errors expected on the network connection, at present
only one algorithmis defined.

6.17.2 TPDUs and paraneters used
The procedure uses the followi ng TPDUs and paraneters:

Al TPDUs
- checksum
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6.17.3 Procedure
The checksumis used only in Class 4. It is always used for the
CR TPDU, and is used for all other TPDUs except if the non-use of
the procedure was agreed during connection establishnent.
The sending transport entity shall transmt TPDUs wth the
checksum paraneter set such that the following fornmulas are
sati sfi ed:

SUMfromi=1to i=L) OF a[i] EQUALS <zero> (nodul e 255)

SUMfromi=1to i=L) OF i*a[i] EQUALS <zero> (nodul e 255)

wher e
[ = nunber (i.e. position) of an octet within the TPDU
(see 13.2);
a[i] = value of octet in position 1;
L = length of TPDU in octets.

A transport entity which receives a TPDU for a transport
connection for which the use of checksum has been agreed and
whi ch does not satisfy the above fornulas shall discard the TPDU
(see also note 2).

NOTES

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

2. If the checksumis incorrect, it is not possible to know
with certainty to which transport connection the TPDU is
related; further action may be taken for all the transport
connections assigned to the network connection (see 6.9).

3. The checksum proposed is easy to calculate and so will not
i npose a heavy burden on inplenentations. However, it
will not detect insertion or loss of leading or trailing
zeros and will not detect sone octets m sordering.
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6.18 Frozen references
6.18.1 Purpose

This procedure is used in order to prevent re-use of a reference
while TPDUs associated with the old use of the reference nay
still exist.

6.18.2 Procedure

When a transport entity determines that a particular connection
is released it shall place the reference which it has allocated
to the connection in a frozen state according to the procedures
of the class. Wiile frozen, the reference shall not be re-used.

NOTE - The frozen reference procedure is necessary because
retransm ssion or msordering can cause TPDUs bearing a reference
to arrive at an entity after it has released the connection for
which it allocated the reference. Retransm ssion, for exanple,
can arise when the class includes either resynchronization (see
6.14) or retransm ssion on tine out (see 6.19).

6.18.2.1 Procedure for classes 0 and 2
The frozen reference procedure is never used for these cl asses.

NOTE - However for consistency with the other classes freezing
the references may be done as a | ocal decision
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6.18.2.2 Procedure for classes 1 and 3

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

a)

b)

c)

d)

when the transport entity receives a DC TPDU in response
to a DR TPDU which it has sent (see note 2);

when the transport entity sends a DR or ER TPDU in
response to a CR TPDU which it has received (see note 3);

when the transport entity has considered the connection to
be released after the expiration of the TWR tiner (see
note 4);

when the transport entity receives a DR or ER TPDU in
response to a CR TPDU which it has sent.

The period of time for which the reference remains frozen shal
be greater than the TWR ti ne.

NOTES

1.

However, even in these cases, for consistency freezing the
ref erence may be done as a | ocal deci sion.

When the DC TPDU is received it is certain that the other
transport entity considers the connection rel eased.

When the DR or ER TPDU is sent the peer transport entity
has not been informed of any reference assignment and thus
cannot possibly nmake use of a reference (this includes the
case where a CC TPDU was sent, but was lost).

In 6.18.2.c the transport entity has already effectively
frozen the reference for an adequate peri od.
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6.18.2.3 Procedure for classes 4
The frozen reference procedure is always used in class 4. The

period for which the reference remains frozen should be greater
than L (see 12.2.1.1.6).

6.19 Retransm ssion on tine-out
6.19.1 Purpose

The procedure is used in Cass 4 to cope with unsignalled | oss of
TPDUs by the NS-provider.

6.19.2 TPDUs used
The procedure nmakes use of the foll ow ng TPDUs:

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

6.19.3 Procedure

The procedure is specified in the procedures for Cass 4 (see
12.2.1.2.j).

6. 20 Resequencing
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6.20.1 Purpose

The resequencing procedure is used in Class 4 to cope
m sordering of TPDUs by the network service provider.

6.20.2 TPDUs and paraneters used

The procedure uses the followi ng TPDUs and paraneters:

a) DT TPDU;
- TPDU- NR
b) ED TPDU
- ED TPDU- NR

6.20.3 Procedure

The procedure is specified in the procedures for Cass 4
12.2.3.5).

6.21 Inactivity control
6.21.1 Purpose

The inactivity control procedure is used in Cass 4 to cope
unsignal l ed term nation of a network connection
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6.21.2 Procedure

The procedure is specified in the procedures for Cass 4 (see
12.2.3.3).

6.22 Treatnment of protocol errors
6.22.1 Purpose

The procedure for treatnment of protocol errors is wused in al
classes to deal with invalid TPDUs.

6.22.2 TPDUs and paraneters used
The procedure uses the followi ng TPDUs and paraneters:
a) ER TPDU;
- reject cause;
- TPDU in error.

b) DR TPDU;
- reason code.

6.22.3 Procedure
A transport entity that receives a TPDU that can be associated to
a transport connection and is invalid or constitutes a protocol
error (see 3.2.16 and 3.2.17) shall take one of the follow ng
actions so as not to jeopardize any other transport connections
not assigned to that network connection

a) ignoring the TPDU

b) transnmitting an ER TPDU,
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c) resetting or closing the network connection; or
d) invoking the rel ease procedures appropriate to the cl ass.

If an ER TPDU is sent in Class O it shall contain the octets of
the invalid TPDU up to and including the octet where the error
was detected (see notes 3, 4 and 5).

If the TPDU cannot be associated to a particular transport
connection then see 6.9.

NOTES

1. In general, no further action is specified for the
receiver of the ER TPDU but it is recommended that it
initiates the rel ease procedure appropriate to the class.
If the ER TPDU has been received as an answer to a CR TPDU
then the connection is regarded as rel eased (see 6.6).

2. Care should be taken by a transport entity receiving
several invalid TPDUs or ER TPDUs to avoid looping if the
error is generated repeatedly.

3. If the invalid received TPDU is greater than the selected
maxi mrum TPDU size it 1is possible that it cannot be
included in the invalid TPDU paraneter of the ER TPDU

4. It is recommended that the sender of the ER TPDU starts an
opti onal timer TS2 to ensure the release of the
connection. If the tiner expires, the transport entity
shall initiate the release procedures appropriate to the
class. The tiner shoul