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I NTRODUCT! ON

The Transport Protocol Standard is one of a set of |Internationa
Standards produced to facilitate the interconnection of conputer
systems. The set of standards covers the services and protocols
required to achieve such interconnection

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

Model for Open Systens |nterconnection (1SO 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 makes

reference to the Network Service Standard (DP 8348), whose
provisions it assunmes 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 ON- - = === = == = - -

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

------------------------- NETWORK SERVI CE DEFI NI TI ON- == <<= - =< = - - -

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

The International Standard specifies a common 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 protoco
which are designed to minimze possible inconpatibilities and
i npl enent ati 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).

This protocol standard defines nmechanisns that can be wused to
optimze network tariffs and enhance the followi ng qualities of
service:

a) different throughput rates;

b) different error rates;

c) integrity of data requirenments;
d) reliability requirements

It does not require an inplenentation to use all of these
mechani snms, nor does it define nethods for neasuring 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
commruni cat i on. These rules for comunication are intended to
provi de a sound basis for developnent 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 agreement for the adnmittance of systems into
t he open systens environnent;

d) as a refinenment of the understandi ng of COSl.

It is expected that the initial users of the Internationa
Standard w Il be designers and inplenmentors of equipnent 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 protoco
sequences is very large, it is not possible wth current
technology to verify that an inplenentation wll operate the
protocol defined in this International Standard correctly under
all circunstances. It is possible by means of testing to
establish confidence that an inplenentation correctly operates
the protocol in a representative sanple of circunstances. It is,
however, intended that this International Standard can be used in
circunst ances where two inplenentations fail to communicate in
order to determ ne whether one or both have failed to operate the
protocol correctly.

This International Standard contains a section on confornmance of
equi pnent cl ai nmng to i mpl enent the procedures in this
International Standard. Attention is drawn to the fact that the
standard does not contain any tests to denonstrate this
conf or mance.

The variations and options available wthin this Internationa
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 inplenentation
will not be suitable for use in all possible circunstances. It
is inportant, therefore, to qualify all references to this

International Standard with statenents of the options provided or
required or with statenents 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) dass 0. Sinple class;

2) Class 1. Basic error recovery class;

3) Cass 2. Miltiplexing class;

4) Cass 3. FError recovery and nultipl exing class;
5) Cass 4. Error detection and recovery cl ass,



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

b) the nmeans 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 terms of:

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

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

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 main text of the standard
suppl enented by state tables in annex A

1.3

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



1.4

Thi s I nt ernati onal St andard al so specifies conf or mance
requirenents for systens inplenenting these procedures. |t does
not contain tests which can be used to denobnstrate this
conf or mance.

2 REFERENCES

| SO 7498 Information processi ng syst ens - Open syst ens
i nterconnection - Basic Reference Mde

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

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



SECTI ON ONE.  GENERAL

3 DEFI NI TI ONS

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

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

a) concatenation and separation;

b) segnenting and reassenbling;

c) nultiplexing and demnul 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:

Hardware 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 make use of the transport service

3.2.3 network service provider:

An abstract nmachine that nodels the totality of the entities
providing the network service, as viewed by a transport entity.

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

Transport Layer that is not subject to the requirenments 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 connection

NOTE - Initiator and responder are defined wth respect to a

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

3.2.7 sending transport entity:

A transport entity that sends a given 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 cl ass:

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 cl ass:

A preferred class or an alternative class.

3.2.12 selected class:

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

3.2.13 proposed paraneter

The value for a parameter 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 connection

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 wth the requirenents 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 DT TPDU was transnitted
by a transport entity.

b) The nunber in the YR TU-NR field of an AK or RI 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 tine on
a given transport connection.

10



3.2.20 | ower w ndow edge:

The | owest sequence nunber in a transmt w ndow.

3.2.21 upper w ndow edge:

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

3.2.22 upper wi ndow edge allocated to the peer entity:

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

3.2.23 cl osed w ndow.

A transnit wi ndow that contains no sequence nunber.

3.2.24 w ndow i nformation:

Information contained in a TPDU relating to the upper 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 1is subject to the retransm ssion procedure or

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

12



4 SYMBOLS AND ABBREVI ATI ONS

4.1 Data units

TPDU Transport protocol data unit
TSDU Transport service data unit
NSDU Net wor k service data unit

4.2 Types of transport protocol data units

CR TPDU Connection request TPDU
CC TPDU Connection confirm TPDU

DR TPDU Di sconnect request TPDU
DC TPDU Di sconnect confirm TPDU

DT TPDU Data TPDU

ED TPDU Expedi ted data TPDU

AK TPDU Dat a acknowl edge TPDU

EA TPDU Expedi t ed acknow edge TPDU
RJ TPDU Rej ect TPDU

ER TPDU Error TPDU

4.3 TPDU fields

LI Length indicator (field)

CDT Credit (field)

TSAP- 1 D Transport service access point
identifier (field)

DST- REF Destination reference (field)

SRC- REF Source reference (field)

ECT End of TSDU mar k

TPDU- NR DT TPDU nunber (field)

ED- TPDU- NR ED TPDU nunber (field)

YR- TU- NR Sequence numnber response (field)

YR- EDTU- NR ED TPDU nunber response (field)

13



4.4 Tinmes and associ ated vari abl es

T1 El apsed tine between retransm ssions
N The maxi mum nunber of transni ssions
L Bound on reference
I Inactivity tine
w W ndow tine
TTR Time to try reassi gnnent/resynchroni zati on
TR Time to wait for
reassi gnnent/ resynchroni zati on
TS1 Supervisory tinmer 1
TS2 Supervisory tine 2
MR NSDU lifetime |local-to-renote
MRL NSDU Iifetime renote-to-Iloca
ELR Expected maxi nrumtransit del ay
| ocal -to-renote
ERL Expected maxi numtransit del ay
renot e-to-1| ocal
R Persi stence tine
AL Local acknow edgenent tinme
AR Renot e acknow edgenent tinme

4.5 M scel |l aneous

TS- user Transport service user

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

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

14



5 OVERVI EW OF THE TRANSPORT PROTOCOL

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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T- CONNECT request Cal | ed Address,

| | |
| i ndi cation | Cal l'i ng Address,
| | Expedi ted Data option,
| | Quality of Service,
| | TS User - Dat a. |
| 2o R R EEEEEREEE |
| T- CONNECT response | Respondi ng Addr ess,
| confirm | Quality of Service, |
| | Expedi ted Data option,
| | TS User - Dat a. |
|2 | o |
| T- DATA request | TS User - Dat a. |
| i ndi cation | |
-------------------------------- R SR EEEEEEEEE R
| T- EXPEDI TED DATA request | TS User - Dat a. |
| i ndi cation | |
-------------------------------- | o
| T- DI SCONNECT request | TS User - Dat a. |
R R REEEEEEEEEREEE R L R PEEEED |
| T- DI SCONNECT i ndi cation | Di sconnect reason, |
| | TS User - Dat a. |
o e e e e e e e e e e e e o | ---------------------------- +

Table 1. Transport service primtives

5.2 Service assuned 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 primtives listed in table 2.
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| Primtives | X/'Y] Par anet er s | XYl z

| <o | = B

| N- CONNECT request | X | Called Address, | X

| indication | X | Calling Address, | X

| response | X | NS User-Data, | Z

| confirm | X | QOS paraneter set, | X

| | | Respondi ng address, | Z

| | | Receipt confirmation | Y

| | | selection. |

| oo T R R | ----- |

| N- DATA request | X | NS User-Data, | X

| indication | X | Confirmation request | Y
---------------------------- e Rl EEREE

| N- DATA ACKNOW.EDGE | | |

| request | Y| | |

| indication | Y| |
---------------------------- R T e Ty EEEEE

| N- EXPEDI TED DATA | | |

| request | Y| NS User-Data. | Y

| indication | Y| |

| <o R RO EEEEEEEEEEE |----- |

| N RESET request | X | Oiginator, | Z

| indication | X | Reason. | Z

| response | X | | |

| confirm | X | |
---------------------------- e S REREEEE Rt EEEEE

| N- DI SCONNECT request | X | NS User-Data. | Zz

| indication | X | Originator, | Z

| | | Reason. | Z

o mmm e e e e e e e e e e e e e e e e e e e e e e e e e e e e emao o +

Table 2. Network service primtives
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X - The Transport Protocol assumes 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 |ocal 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 wth the
enhancenent of quality of service, including aspects of cost
optinization.

These functions are grouped below into those used at all tines
during a transport connection and those concerned with connection
establishment, 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 nechani sns;

c) status exchanges and nonitoring of QCS;
d) bl ocki ng;

e) tenporary release of network connections;

f) alternative checksum al gorithm

5.3.1.1 Functions used at all tines

The follow ng functions, depending upon the selected class and
options, are used at all tinmes during a transport connection

a) transm ssion of TPDUs (see 6.2 and 6.9);

b) nmultiplexing 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, msordering
or msdelivery 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 Establishnment

The purpose of connection establishment is to establish a
transport connecti on between two TS-users. The follow ng
functions of the transport layer during this phase nmust match the
TS-users’ requested quality of service with the services offered
by the network | ayer:

19



a) select network service which best natches the requirenent
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 (see 6.5);

c) establish the opti num TPDU size (see 6.5);

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

e) nap transport addresses onto network addresses;

f) provide a nmeans 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 permt duplex transn ssion of
TSDUs between the two TS-users connected by the transport
connecti on. This purpose is achieved by neans of two-way
si mul t aneous comuni cation and by the follow ng functions, sone
of which are used or not used in accordance with the result of
the selection performed 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) segnenting and reassenbling (see 6.3), a function used to
segment a single data TSDU into nmultiple TPDUs at the
sendi ng transport entity and to reassenble theminto their
original format at the receiving transport entity;
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c) splitting and reconbining (see 6.23), a function allow ng
t he sinultaneous use of two or nore network connections to
support the sane transport connection

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

e) transport connection identification, a nmeans 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
flowis controlled by separate flow control

g) TSDU delimting (see 6.3), a function used to determne
t he begi nning and ending 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 dasses and options
5.4.1 GCenera

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

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 dass;

b) dass 1. Basic Error recovery dass

c) Cdass 2: Miltiplexing dass;

d) dass 3: FError Recovery and Multipl exing d ass;
e) Class 4. FError Detection and Recovery C ass

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

5.4.2 Negotiation

The use of classes and options is negotiated during connection
est abl i shnent. The choice nmade by the transport entities will
depend upon:

a) the TS-users’ requirenents expressed via T- CONNECT service
primtives;
b) the quality of the avail able network services

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

5.4.3 Choice of network connection

The following list <classifies network services in terms of
quality wth respect to error behavior in relation to user
requirenents; its nain 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. Net work connections wth acceptable residua
error rate (for exanple not signalled by disconnect or
reset) but unacceptable rate of signalled errors.

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

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

5.4.4 Characteristics of Class 0O

Cass 0 provides the sinplest type of transport connection and is
fully conpatible wth the CCITT reconmendation S.70 for teletex
term nal s.

Cass 0 has been designed to be used with type A network
connecti ons.

5.4.5 Characteristics of Class 1

Class 1 provides a basic transport connection wth nmininal
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 wused with type B network
connecti ons.
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5.4.6 Characteristics of Cass 2
5.4.6.1 GCenera

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 hel p 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 nmultiplexing. Use of flow control can
optim ze response tinmes and resource utilization

5.4.6.3 Non-use of explicit flow contro

The objective is to provide a basic transport connection wth
m ni mal overheads suitable when explicit disconnection of the
transport connection is desirable. The option would typically be
used for unsophisticated terninals, and when no nultiplexing onto
network connections is required. Expedited data is never
avai | abl e.

5.4.7 Characteristics of Class 3

C ass 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 nmay affect control TPDUs as well as
data TPDUs.

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

5.5 Model of the transport |ayer

A transport entity comruni cates with its TS-users through one or
nmore TSAPs by neans of the service prinmitives 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 systems by
an internal, inplenentation dependent, nechanismso that the TS
user and the transport entity can refer to each transport
connecti on.
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---------- TSAP |--------cmmmeemceeeeee oo | TSAP |- -- - - - - -
------ + B
| |
R + R +
| Transport | | Transport |
| entity | | entity |
S + S +
| |
| |
------ + B
---------- NSAP |------------u-c-umc----] NSAP |----------
------ + Fomm oo+
| |
o e e m e e e e e e e e e e oo oo - +
Figure 2 . Model 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 nmay be

associated with a particular transport entity.
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SECTI ON TWO.  TRANSPORT PROTOCOL 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 nay
issue TPDUs initiating specific elenments of procedure specified
in this clause.

NOTE - Where network service primtives and TPDUs and paraneters

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

6.1 Assignnment to network connection
6.1.1 Purpose

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

6.1.2 Network service primtives

The procedure nakes use 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 protoco
class(es) proposed or the class in wuse for the transport
connection are inconpatible with the current usage of the network
connection with respect to nultiplexing (see Note 2).

During the resynchroni zation (see 6.14) and reassignnment 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 may
assign a transport connection to any additional network
connection joining the sane NSAPs, provided that it is the owner
of the network connection and that nultiplexing is possible on
t he network connection

The responder beconmes aware of the assignnment when it receives

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

b) an R} TPDU or a retransnmitted CRor 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. When 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 nay 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 connection

3. A network connection with no transport connection(s)
assi gned to it, may be available after initial
establishment, or because all of the transport connections
previously assigned to it have been released. It is
recommended that only the owner of such a net wor k
connection shoul d rel ease it. Furthernmore, it s
recomended that it not be released i mediately 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 allow the
TPDU concerned to reach the other transport entity
allowing the freeing of any resources associated with the
transport connection concerned.

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 follow ng network service primtives:
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 paraneters of N EXPEDI TED DATA primtives

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

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 makes use of the following 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
other DT TPDUs on the sane transport connection

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

NOTES

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

2. There is no requirenent that the DI 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 concatenation and separation is used in cl asses
1, 2, 3 and 4 to convey nultiple TPDUs in one NSDU
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6.4.2 Procedure

A transport entity nmay concatenate TPDUs from the sane or
different transport connections.

The set of concatenated TPDUs may contain:

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

b) no nore than one TPDU fromthe followng |ist: CR, DR
CC, DT, 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 may be distinguished
by neans of the | ength indicator paraneter.

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.a is
bounded by the nmaxi mum nunber of transport connections

whi ch are multipl exed together except during assignnment or
reassi gnnment.

6.5 Connection establishnent
6.5.1 Purpose

The procedure for connection establishment 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 follow ng network service primtive:

N- DATA

6.5.3 TPDUs and paraneters used
The procedure uses the follow 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 size (proposed);

- version nunber;

- security paraneter;

- checksum

- additional option selection (i.e. wuse of net wor k
expedited in class 1, use 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 TPDU;

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

- CLASS and OPTIONS (sel ected);

- calling TSAP-1D;

- called TSAP-ID;

- TPDU size (selected);

- security paraneter;

- checksum

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

- throughput (selected);

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

- transit delay (selected);

- 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 sonme other value is a |oca
matter.

6.5.4 Procedure

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

Bef ore 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 at ed.

NOTE - Except in class 4, it is recomended that the
initiator starts an optional timer TS1 at the tinme the CR
TPDU is sent. This tinmer should be stopped when the
connection is consi der ed as accepted or refused or
unsuccessful. If the tiner 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) nmultiplexed on the sane 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).

When 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 information is exchanged:

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

2) it shall not be zero.
This nechanismis 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 loca
mat t er.

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 omtted.

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

d) wuser data. Not available if Cass 0 is the preferred
class (see note). Up to 32 octets in other classes.

35



NOTE - If class O is a valid response according to table
3, inclusion of user 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 tine. Only in class 4.

f) checksum paraneter. Only in class 4.

g) security paraneter. This paraneter and its semantics are
user defi ned.

The follow ng negotiations take place:

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

which pernmit 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 commence the

procedures associated wth that class, except that if
class O or class 1 is an alternative class, nultiplexing
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 zation (see 6. 14) t he
resynchroni zation will occur if a reset is signalled
during connection establishnment.

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 sel ected 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- | Al ternative cl ass

[ferred [-------mmmmm oo |
| class | 0 | 1 | 2 | 3 | 4 | none
|- |- |- |- |- |- |---o - |
| 0 | not | not | not | not | not | cl ass

| | valid | valid | valid | valid | valid | O
RS |- |- R R R B |
| 1 | cl ass | cl ass | not | not | not | cl ass

| [T or O |2 0or O |valid |valid |valid |1 or O
EEETREE | ---e | ---- - | --o-- | ---- e | ---- e | --o - |

| 2 | cl ass | not | cl ass | not | not | cl ass

| |2 or O |valid | 2 | valid | valid | 2
|- B Bttt DOttt B |- A |
| 3 | cl ass | class 3,]|class | cl ass | not | cl ass

| [3,2 or 0]2,1 0or O3 0or 2 |3 or 2 |valid |3 or 2 |
EEEREEE | -- - | -- e | ---- | ---- | --o-- | --o - |

| 4 | cl ass | class 4,]|class | cl ass | cl ass | cl ass

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

o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e +
Tabl e 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 cl asses 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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i)

k)

P)
a)

r)

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

Redundant conbinations are not a protocol error

TPDU size. The initiator may propose a maxi mum size for
TPDUs, and the responder may accept this value or respond
with 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 | 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
t he connection are to include a checksum

quality of service par anet ers. Thi s defi nes t he
t hroughput, transit delay, priority and residual error
rate.

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

the use 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)

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

reassignment tine paranmeter. This indicates the tine for

whi ch t he initiator wll persist in following the
reassi gnment after failure procedure.
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The negotiation rules for the options are such that the initiator
may propose either to wuse 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.

o m m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e emee e +
| Option | Proposal Made | Valid Selection |
| | by the Initiator | by the Responder |
|2 R ERREEEEEE |- |
| Transport expedited | Yes | Yes or No |
| data transfer service | No | No |

| (Casses 1,2,3,4 only) | | |
|- |- |- |

| Use of receipt confir- | Yes | Yes or No |
| mation (Class 1 only) | No | No |
| oo R EEREEEEEE |~ |
| Use of the network | Yes | Yes or No |
| expedi ted vari ant | No | No |
| (Cass 1 only) | | |
| oo oo oo |
| Non-use of checksum | Yes | Yes or No |
| (A ass 4 only) | No | No |
| oo R RREEEEEE R R EEEEE T |
| Non-use of explicit | Yes | Yes or No |
| flow control | No | No |
| (Aass 2 only) | | |
| oo |- R |
| Use of extended format | Yes | Yes or No |
| (Classes 2,3,4 only) | No | No |
o m m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e emee e +

Tabl e 4. Negotiation of options during connection establishment
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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 inplenentation option specified in clause
14, the responder has to accept wuse 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-nandatory inplenentation
option, the responder is entitled to select use of the nandatory
i mpl enentation option for use over the transport connection

6.6 Connection refusa
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 nakes use of the followi ng TPDUs and paraneters:

a) DR TPDU

- SRC- REF;

- reason;

- user data.
b) ER TPDY;

- reject code;
- rejected TPDU par aneter

40



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
reference

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. 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 nay be sent.

2. If the optimal supervisory tiner 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 rel ease

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 nakes wuse of the following network service
mtives:

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

b) N DATA

.3 TPDUs and paraneters used

The procedure nakes 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. When a transport entity receives an N
DI SCONNECT this should be considered as the release of the
transport connection

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
acknow 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 sanme transport
connection, consider the transport connection rel eased,;

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

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

Wien 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 assignnent of other transport connections (see
6.1.).

Except in class 4, it is recommended that, if a transport
entity does not receive acknow edgenent of a DR TPDU
within time 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 foll owed.

Wien 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 receipt of an N DI SCONNECT or N RESET
i ndi cati on.

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 DI 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 used, the

recei pt of an N-RESET indication or N DI SCONNECT i ndication 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 nakes use of the following 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 followi ng 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 class 1.

6.9.4 Procedures

6.9.4.1 |Identification 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 checksun) 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 connection

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 NNRESET 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 0 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 paraneter, 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 connection

If the received TPDU is a DI 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 connection

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

a)

b)

c)

d)

if the DST-REF is not allocated to a transport connection
the transport entity shall respond on the sane network
connection with a DR TPDU if the TPDU is 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 received 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 sane
pair of NSAPs as that of the CR TPDU then the TPDU is
consi dered as perforning assi gnnment,

2) if the transport connection is not assigned to any
network connection (waiting for reassignnent 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 made.

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

If the TPDUis a DC TPDU then it is associated wth the
transport connection to which the DST-REF is all ocated,
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 associ ation is made;
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2) if a CRTPDU is unacknowl edged then the DR TPDU is
associated with the transport connection, regardl ess
of the value of its SRC REF paraneter;

3) otherwise, the DR TPDU is associated W 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 associ ation is nade.

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

associated with the transport connection identified by the
DST- REF par aneter.

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 nakes use of the follow 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 transnmits 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 previous one.

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

Modul o 2**7 arithmetic shall be used when normal formats have
been selected and nodulo 2**31 arithnmetic shall be used when
extended formats have been selected. In this Internationa
Standard the relationships 'greater than’ and 'l ess than’ apply
to a set of contiguous TPDU numbers whose range is |l ess than the
nmodul us and whose starting and finishing nunbers are known. The
term’less than’ means ’'occurring sooner in the window 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 shnent. 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
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b) N EXPEDI TED DATA.

6.11.3 TPDUs and paraneter used

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

a) ED TPDU;

- ED TPDU-NR
b) EA TPDU;

- YR-EDTU- NR

6.11.4 Procedures

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

Each ED TPDU received shall be acknowl edged by an Expedited
Acknowl edge (EA) TPDU.

No nore than one ED TPDU shall remrai n 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
network 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 prinitives (see
6.2.3).
2. No TPDUs can be transmitted using network expedited unti

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 reassignnment after failure procedure is used in Casses 1 and
3 to commence recovery froman NS-provider signalled disconnect.

6.12.2 Network service primtives
The procedure uses the follow ng network service primtive:

N- DI SCONNECT i ndi cati on

6.12.3 Procedure

Wien 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 followi ng alternatives:

a) if the TTRtiner has not already run out and no DR TPDU is
retained then:

52



1) assign the transport connection to a different network
connection (see 6.1) and start its TTR tinmer if not
al ready started.

2) while waiting for the conpletion of assignnment if:

- an N-DI SCONNECT indication is received, repeat the
procedure from6.12. 3. a,

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

3) when reassi gnment is conpl et ed, begi n
resynchroni zation (see 6.14) and:

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

- if TTRruns out, wait for the next event, or

- if an ND SCONNECT indication is received, then
begi n ei t her procedure 6.12.3.a or 6.12.3.b
depending on the TTR timer.

NOTE - After the TTR tinmer expires and while waiting for

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

b) if the TTRtimer has run out, consider the transport
connection as released and freeze the reference (see
6.18).

C) if a DRTPDU is retained and the TTR tiner 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 tiner if not already started.
The arrival of the first TPDU related to the transport connection
(because of resynchronization by the initiator) conpletes the
reassignment after failure procedure. The TWR timer is stopped
and the responder shall continue wth resynchronization (see
6.14). If reassignnent does not take place within this tinme, the
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transport connection is considered rel eased and the reference is
frozen (see 6.18).

6.12.4 Timers
The reassignment after failure procedure uses two tinmers:
a) TTR the time to try reassignnent/resynchronization tiner;

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

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

The TWR tinmer is used by the responder. |f the reassignnment tine
paraneter is present in the CR TPDU, the TWR ti nmer 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 reassignment time paraneter is not present in the CR TPDU
a default value of 2 minutes shall be used for the TWR tiner.

NOTES
1. Provided that the required quality of service is nmet, TTR may

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

very | ow.

2. Inclusion of the reassignment tinme paraneter 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 tiners are wused, it is

r econmended:
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a)

b)

c)

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

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

to select for TSl 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 edgenent of TPDUs procedure is used in
classes 1, 3 and 4 to enable and m nim ze retransm ssion after
possi bl e 1 oss of TPDUs.

The confirmation of receipt variant is used only in Cass 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 follow ng network service primtives:
a) N DATA;

b) N DATA ACKNOALEDGE

6.13.3 TPDUs and paraneters used

The procedure uses the follow 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 followi ng TPDUs shall be retained upon transm ssion
to pernit 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 d ass
1, transport entities receiving N DATA indications which convey
DT TPDUs and have the confirmation request field set shall issue
an N- DATA ACKNOALEDGE request (see notes 1 and 2).

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

need not be retained. Copies nmmy al so be di scarded when the
transport connection is rel eased.
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NOTES

It is alocal matter for each transport entity to decide
whi ch N-DATA requests shoul d have the confirnmation request
paraneter set. This decision will normally be related to
the amobunt of storage available for retained copies of the
DT TPDUs.

Use of the confirmation request paranmeter nmay affect the
quality of network service.
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TPDU

DT

DT

ED

bot h
confirmation
of receipt
vari ant

AK vari ant
confirmation
of receipt
vari ant

AK vari ant

Tabl e 5.

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

|
| N- DATA Acknow edge indication, RJ,
| DT, EA or ED TPDU.

|
| RI, DT, AK, ED or EA TPDU.

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

| TPDU.

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

|
|
|
|
|
|
|
|
| :
| N- DATA ACKNOWLEDGE i ndi cati on cor - |
|
|
|
|
|
|
|
|
| ED TPDU. |

Acknowl edgenent of TPDUs
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6.14 Resynchronization
6.14.1 Purpose
The resynchroni zation procedures are used in Classes 1 and 3 to

restore the transport <connection to normal after a reset or
during reassignnent after failure according to 6.12.

6.14.2 Network service primtives

The procedure nakes use of the following network service
primtive:

N- RESET i ndi cati on.

6.14.3 TPDUs and paraneters used
The procedure uses the follow ng TPDUs and paraneters:

a) CR, DR, CC and DC TPDUs

b) RJ TPDUs;

- YR-TU-NR
c) DT TPDU;

- TPDU- NR
d) ED TPDUY;

- ED TPDU- NR.
e) EA TPDUY,

- 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 perfornming °’reassignnent after failure
according to 6.12 shall carry out the active resynchronization
procedure (see 6.14.4.1) unless any of the follow ng hol d:

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 resynchronization takes place.

6.14.4.1 Active resynchronization procedures

The Transport entity shall carry out one of the follow ng
actions:

a) if the TTRtiner 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 foll ow ng
actions shall be taken:

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

2) if a DR TPDU is unacknow 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 i s 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 DI SCONNECT or N
RESET indication). |If the timer runs out prior to the receipt of
a valid TPDU whi ch commence resynchroni zation (i.e. CRor DR or
R} TPDU) the transport connection is considered as rel eased and
the reference is rel eased (see 6.18).

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

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

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 unacknow edged): retransmit 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; retransnt the CC TPDU followed by an
unacknowl edged ED TPDU (see note 2) and any DT TPDU;

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

net wor k connection 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
t he CC TPDU.

c) if it isan R} or ED TPDU then one of the followng
actions shall be taken:

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

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

3) If a CC TPDU was unacknow 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 Resynchronization Procedures

The transport entity shall carry out the followi ng actions in the
foll owi ng order:

a) (re)transnit any ED TPDU whi ch is unacknow edged,

b) transmit an R] TPDU with YR-TU-NR field set to the TPDU NR
of the next expected DT TPDUY,
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c)

d)

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 shall
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
fol | owed. 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

(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 Ml tiplexing and denul tipl exi ng

6.15.1 Purpose

The

multiplexing and demultiplexing procedures are used in
Cl asses

2, 3 and 4 to allow several transport connections to

share a network connection at the sanme tine.

6.15.2 TPDUs and paraneters used

The procedure makes use of the follow ng TPDUs and paraneters:

CC, DR DC, DT, 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 bel onging to different transport
connecti ons.
NOTES
1. When perfornming demultiplexing the transport connection to
which the TPDUs apply is determined 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 same N-DATA prinitive (see 6.4).

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

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

6.16.2 TPDUs and paraneters used
The procedure nakes 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 confirmtion.

d) RJ TPDU

- YR-TU-NR

6.16.3 Procedure

The procedures differ in different classes. They are defined in
the cl auses 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-provider.

NOTE - Although 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 Cass 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 establishment.
The sending transport entity shall transmit TPDUs wth the
checksum paraneter set such that the following fornulas 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
i = 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 wuse of checksum has been agreed and
whi ch does not satisfy the above formulas shall discard the TPDU
(see al so note 2).

NOTES

1. An efficient algorithm for determning the checksum
paraneters 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
rel ated; further action nmay 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 mppose a heavy burden on inplenentations. However, it
will not detect insertion or loss of leading or trailing
zeros and will not detect some octets misordering.
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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 may
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. Wile frozen, the reference shall not be re-used.

NOTE - The frozen reference procedure is necessary because
retransm ssion or nisordering 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 retransmission on time 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 tine 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
reference nay be done as a | ocal decision

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 infornmed of any reference assignnent and thus
cannot possi bly make use of a reference (this includes the
case where a CC TPDU was sent, but was |ost).

In 6.18.2.c the transport entity has already effectively
frozen the reference for an adequate period.
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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 renmains frozen should be greater
than L (see 12.2.1.1.6).

6.19 Retransmni ssion on tine-out
6.19.1 Purpose

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

6.19.2 TPDUs used
The procedure makes use of the foll owi 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 Resequenci ng
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6.20.1 Purpose

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

6.20.2 TPDUs and paraneters used

The procedure uses the follow 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 contro
6.21.1 Purpose

The inactivity control procedure is used in Class 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 treatnent 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) transmitting an ER TPDU

72



c) resetting or closing the network connection; or
d) invoking the rel ease procedures appropriate to the class.

If an ER TPDU is sent in Cass 0 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 recomended 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 theinvalid received TPDU is greater than the selected
maxi mum TPDU size it is 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 rel ease procedures appropriate to the
class. The tiner should be stopped when a DR TPDU or an
N- DI SCONNECT i ndication is received.

5. In classes other than 0, it 1is recommended that the
invalid TPDU be al so included in the ER TPDU
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6.23 Splitting and reconbi ning
6.23.1 Purpose

This procedure is used only in class 4 to allow a transport
connection to nmake use of multiple network connections to provide
additional resilience against network failure, to i ncrease
t hroughput, or for other reasons.

6.23.2 Procedure

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

If the use of Class 4 is not accepted by the renpbte transport
entity foll owi ng t he negotiation rules, then no network
connection except that over which the CR TPDU was sent rmay have
this transport connection assigned to it.

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 tine during the Iife of the transport connection.
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In order to enable the detection of unsignalled network
connection failures, a transport entity perfornmng
splitting should ensure that TPDUs are sent at intervals
on each supporting network connection, for exanple, by
sendi ng successi ve TPDUs on successi ve net wor k
connections, where the set of network connections is used
cyclically. By nonitoring each network connection, a
transport entity may detect unsignalled network connection
failures, following the inactivity procedures defined in
12.2.3. 3. Thus, for each network connection no period
(see 12.2.3.1) may el apse without the receipt of sone TPDU
for sonme transport connection
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7 Protocol d asses

Tabl e 6 gives an overview of which elenments of procedure are
included in each class. In certain cases the elenents of
procedure within different classes are not identical and, for
this reason, table 6 cannot be considered as part of the
definitive specification of the protocol

KEY TO TABLE 6

* | Procedure always included in class |

o |
Not applicable

R O |
m | Negot i abl e procedure whose inplenentation in equi prent is]

| mandat ory
I R O |
0 | Negoti abl e procedure whose inplenentation in equipnent is|
| opti onal |

|

|

|

|

|

|

|

|

I

| ao| Negoti abl e procedure whose inplenentation in equipnent is
| | optional and where use depends on availability within the
| | network service |
|

|

|

|

|

|

|

|

|

|
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| control is selected |
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)| When non use of explicit flow control has been sel ected,
| mul tiplexing may | ead to degradation of quality of
| service |
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)| This function is provided in class 4 using procedures
| other than those in the cross reference. |
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8 SPECI FI CATI ON FOR CLASS 0. SI MPLE CLASS

8.1 Functions of class 0O

Class 0 is designed to have mnimum functionality. It provides
only the functions needed for connection establishment wth
negoti ation, data transfer with segnenting and protocol error
reporting.

C ass 0 provides transport connections with flow control based on

the network service provided flow control, and disconnection
based on the network service di sconnection.

8.2 Procedures for class 0

8.2.1 Procedures applicable at all tines

The transport entities shall use the follow ng procedures:
a) TPDU transfer (see 6.2);
b) association of TPDUs with transport connections (see 6.9);
c) treatment of protocol errors (see 6.22);

d) error release (see 6.8).

8.2.2 Connection establishnent
The transport entities shall use the follow ng procedures:
a) assignment to network connection (see 6.1); then

b) connection establishnment (see 6.5) and, if appropriate,
connection refusal (see 6.6);

subject to the follow ng constraints:
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c) the CR and CC TPDUs shall contain no paraneter field other
than those for TSAP-1D and naxi mum TPDU si ze

d) the CR and CC TPDUs shall not contain a data field.

8.2.3 Data transfer

The transport entities shall use the segnenting and reassenbling
procedure (see 6.3).

8.2.4 Rel ease

The transport entities shall use the inplicit variant of the
nornmal rel ease procedure (see 6.7).

NOTE - the lifetime of the transport connection is directly
correlated with the lifetinme of the network connection
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9 SPECI FI CATI ON FOR CLASS 1: BASI C ERROR RECOVERY CLASS

9.1 Functions of Cass 1

C ass 1 provides transport connections with flow
the network service provided flow control
expedi ted data transfer, disconnection, and al so
support consecutive transport connecti ons
connecti on.

This class provides the functionality of Cass 0

to recover after a failure signalled by the
wi t hout involving the TS-user.

9.2 Procedures for Cass 1
9.2.1 Procedures applicable at all tines

The transport entities shal

based on
recovery,
ability to
a network

control
error
t he
on

plus the ability
Net wor k Servi ce,

use the foll ow ng procedures:

a) TPDU transfer (see 6.2);

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

c) treatment of protocol errors (see 6.22);

d) reassignnent after failure (see 6.12);

e) resynchronization (see 6.14), or reassi gnnent after
failure (see 6.12) together with resynchronization (see
6. 14);

f) concatenation and separation (see 6.4);

g) retention until acknow edgenent of TPDU (see 6.13); the
variant wused, AK or confirmation of receipt, shall be as
sel ected during connection establishnent (see notes);

h) frozen references (see 6.18).
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NOTES

1. The negotiation of the wvariant of retention unt i
acknow edgerment of TPDUs procedure to be used over the
transport connection has been designed such that if the
initiator proposes the wuse of the AK variant (i.e. the
mandat ory i npl enentation 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 entitled to select use of the AK variant.

2. The AK variant makes use of AK TPDUs to rel ease copies of
retained DT TPDUs. The CDT paraneter of AK TPDUs in cl ass
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 |ayer receipt confirmation service, and t he
expected cost reduction.

9.2.2 Connection establishnent
The transport entities shall use the follow ng procedures:
a) assignnent to network connection (see 6.1); then

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

9.2.3 Data Transfer
9.2.3.1 Cenera
The sending transport entity shall use the follow ng procedures;

a) segnenting (see 6.3); then

82



b) the nornal format variant of DT TPDU nunbering (see 6.10).

The receiving transport entity shall wuse the follow ng
pr ocedur es;

c) the normal variant of DT TPDU nunbering (see 6.10,; then
d) reassenbling (see 6.3).
NOTES

1. The use of RJ TPDU during resynchronization (see 6.14) can
lead to retransmission. Thus the receipt of a duplicate
DT TPDU is possible; such a DT TPDU i s di scarded.

2. It is possible to decide on a local basis to issue an N
RESET request in order to force the renote entity to carry
out the resynchronization (see 6.14).

9.2.3.2 Expedited Data

The transport entities shall use either the network nornal data
or the network expedited variants of the expedited data transfer
procedure (see 6.11) if their use has been selected during
connection establishment (see note 1).

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

When acknowl edging an ED TPDU by sending and EA TPDU the
transport entity shall put into the YR-EDTU- NR paraneter of the
EA TPDU t he val ue received in the ED TPDU-NR paraneter of the ED
TPDU.

NOTES
1. The negotiation of the variant of expedited data transfer
procedure to be wused over the transport connection has

been designed such that if the initiator proposes the use
of the network nornal data variant (i.e. the nmandatory
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i npl ementation 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
sel ect use of the network normal data variant.

2.  This nunbering enables the receiving transport entity to
discard repeated ED TPDUs when resynchronization (see
6. 14) has taken pl ace.

3. No other significance is attached to the ED TPDU NR

paraneter. It is recommended, but not essential, that the
val ues used be consecutive nodul o 128.

9.2.4 Rel ease

The transport entities shall use the explicit variant of the
rel ease procedure (see 6.7).

84



10 SPECI FI CATI ON FOR CLASS 2 - MULTI PLEXI NG CLASS
10.1 Functions of class 2

Cl ass 2 provides transport connections with or w thout individua
flow control; no error detection or error recovery is provided.

If the network connection resets or disconnects, the transport
connection is terminated without the transport rel ease procedure
and the TS-user is inforned.

When explicit flow control is used, a credit nechanismis defined
all owing the receiver to informthe sender of the exact anount of

data he is willing to receive and expedited data transfer is
avai | abl e.

10.2 Procedures for class 2
10.2.1 Procedures applicable at all tines
The transport entities shall use the follow ng procedures
a) association of TPDUs with transport connection (see 6.9);
b) TPDU transfer (see 6.2);
c) treatnent of protocol errors (see 6.22);
d) concatenation and separation (see 6.4);
e) error release (see 6.8).

Additionally the transport entities may wuse the follow ng
procedur e:

f) multiplexing and demul tipl exi ng (see 6.15).
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10. 2.2 Connection establishnent
The transport entities shall use the follow ng procedures:
a) assignment to network connection (see 6.1); then

b) connection establishnent (see 6.5) and, if applicable
connection refusal (see 6.6).

10.2.3 Data transfer when non use of explicit flow contro

has been sel ected
If this option has been selected as a result of the connection
establishnent, the transport entities shall use the segnmenting
procedure (see 6.3).

The TPDU-NR field of DI TPDUs is not significant and nay take any
val ue.

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

10.2.4 Data transfer when use of explicit flow contro

has been sel ected

10.2.4.1 Cenera
The sending transport entity shall use the foll ow ng procedures:
a) segnenting (see 6.3); then

b) DT TPDU nunbering (see 6.10);
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The receiving transport entity shall use the fol |l owi ng
procedures:

c) DT TPDU nunbering (see 6.10); if a DI TPDU is received
which is out of sequence it shall be treated as a protoco
error; then

d) reassenbling (see 6.3).

The variant of the DT TPDU nunbering which is wused by both
transport entities shall be that which was agreed at
connection establishnent.

10.2.4.2 Flow contro

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
to the peer entity.

The transport entity that receives the CRor the CC TPDU shal
consider its |ower wi ndow edge as zero, and its upper w ndow edge
as the value of the CDT field in the received TPDU

In order to authorize the transmi ssion of DI TPDUs, by its peer
a transport entity may transmt an AK TPDU at any tine, subject
to the follow ng constraints:

a) the YR TU NR paraneter shall be at nost one greater than
the TPDU-NR field of the |last received DI TPDU or shall be
zero if no DT TPDU has been received,

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

c) the sumof the YR TU-NR and CDT fields shall not be Iless

than the upper wi ndow edge allocated to the renote entity
(see note 1).
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A transport entity which receives an AK TPDU shall consider the
YR-TU-NR field as its new |l ower w ndow edge, and the sum of YR-
TU-NR and CDT as its new upper wi ndow edge. |If either of these
have been reduced or if the |Iower w ndow edge has beconme nore
than one greater than the TPDU-NR of the last transmitted DT
TPDU, this shall be treated as a protocol error (see 6.22).

A transport entity shall not send a DI TPDU with a TPDU NR
outside of the transmit w ndow (see notes 2 and 3).

NOTES
1. This nmeans that credit reduction is not applicable.

2. This neans that a transport entity is required to stop
sending if the TPDU-NR field of the next DI TPDU which
woul d be sent would be the upper wi ndow edge. Sending of
DT TPDU may be resuned if an AK TPDU i s received which
i ncreases the upper w ndow edge.

3. The rate at which a transport entity progresses the upper
wi ndow edge allocated to its peer entity constrains the
t hroughput attai nable on the transport connection

10.2.4.3 Expedited data

The transport entities shall follow the network normal variant of
the expedited data transfer procedure in 6.11 if its use has been
agreed during connection establishnent. ED and EA  TPDUs
respectively 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 val ue.

88



10. 2.5 Rel ease

The transport entities shall use the explicit variant of the
rel ease procedure in 6.7.
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11 SPECI FI CATI ON FOR CLASS 3: ERROR RECOVERY AND MJLTI PLEXI NG
CLASS

11.1 Functions of Cass 3

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

The mechani sms used to achieve this functionality also allow the
i npl enmentation of nore flexible flow control

11.2 Procedures for Cass 3
11.2.1 Procedures applicable at all tines
The transport entities shall use the follow ng procedures:
a) association of TPDUs with transport connections (see 6.9);

b) TPDU transfer (see 6.2) and retention unti
acknow edgenent of TPDUs (AK variant only) (see 6.13);

c) treatment of protocol errors (see 6.22);
d) concatenation and separation (see 6.4);

e) reassignnent after failure (see 6.12), together with
resynchroni zati on (see 6.14);

f) frozen references (see 6.18).

Additionally, the transport entities nmay use the followng
procedur e:

g) multiplexing and denul tiplexing (see 6.15);
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11.2.2 Connection Establishnent
The transport entities shall use the follow ng procedures;
a) assignment to network connections (see 6.1); then

b) connection establishnment (see 6.5) and, if appropriate,
together with connection refusal (see 6.6).

11.2.3 Data Transfer

11.2.3.1 Cenera

The sending transport entity shall use the foll ow ng procedures:
a) segnenting (see 6.3), then

b) DT TPDU nunbering (see 6.10); after receipt of an RI TPDU
(see 11.2.3.2) the next DI TPDU to be sent may have a
val ue which is not the previous val ue of TPDU-NR pl us one.

The receiving transport entity shal | use t he fol |l owi ng
procedures:

c) DT TPDU nunbering (see 6.10); the TPDU-NR field of each
received DT TPDU shall be treated as a protocol error if
it exceeds the greatest such value received in a previous
DT TPDU by nore than one (see note); then

d) reassenbling (see 6.3); duplicated TPDUs shal | be
elimnated before reassenbling is perforned.

NOTE - The wuse of RJ TPDUs (see 11.2.3.2) can | ead to
retransm ssion 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 w ndow edge allocated to the peer entity, is possible
and is therefore not treated as a protocol error.
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11.2.3.2 Use of RJ TPDU

A transport entity may send an RJ] TPDU at any time in order to
invite retransmssion or to reduce the wupper w ndow edge
all ocated to the peer entity (see note 1).

When an RI TPDU is sent, the following constraints shall be
r espect ed:

a) the YR TU NR paraneter shall be at nost one greater than
the greatest such value received in a previous DI TPDU, or
shall be zero if no DT TPDU has yet been received (see
note 2);

b) if an AK or RJ TPDU has previously been sent the YR TU NR
paraneter shall not be lower than that in the previously
sent AK or RJ TPDU or |lower than zero if no AK or RJ TPDU.

When a transport entity receives an R] TPDU (see note 3):

c) the next DT TPDU to be transnmitted, or retransmtted,
shall be that for which the value of the TPDU- NR paraneter
is equal to the value of the YR-TU-NR paranmeter of the RJ
TPDU;

d) the sum of the values of the YR-TU-NR and CDT paraneters
of the RJ TPDU becones the new upper w ndow edge (see note
4).

NOTES
1. An RJ TPDU can also be sent as part of t he
resynchroni zati on (see 6.14) and reassignnent after
failure (see 6.12) procedures.

2. It is recomended that the YR-TU NR paraneter be equal to
the TPDU-NR paraneter of the next expected DT TPDU.

3. These rules are a subset of those specified for when an RJ

TPDU is received during resynchronization (see 6.14) and
reassi gnment after failure (see 6.12).
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4. This nmeans that RJ TPDU can be used to reduce the upper
wi ndow edge al | ocat ed to the peer entity (credit
reduction).

11.2.3.3 Flow Contro
The procedures shall be as defined in 10.2.4.2, except that:

a) a credit reduction may lead to the reception of a DI TPDU
with a TPDU-NR paraneter whose value is not, but would
have been | ess than the upper wi ndow edge allocated to the
renote entity prior to the credit reduction. This shal
not be treated as a protocol error

b) receipt of an AK TPDU which sets the |ower w ndow edge
nore than one greater than the TPDU-NR of the |ast
transmtted DT TPDU shall not be treated as a protoco
error, provided that all acknow edged DT TPDUs have been
previously transnmitted (see notes 1 and 2).

NOTES

1. This can only occur during retransm ssion fol |l owi ng
recei pt of an RJ TPDU

2. The transport entity may either continue retransm ssion as
before or retransmt only those DT TPDUs, not acknow edged
by the AK TPDU. In either case, copi es of t he
acknow edged DT TPDUs, need not be retained further

11.2.3.4 Expedited data

The transport entities shall follow the network nornal data
variant of expedited data transfer procedure in 6.11 if its use
has been agreed during connection establishnment.

The sending transport entity shall not allocate the sane ED
TPDU-NR t o successive ED TPDUs.
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The receiving transport entity shall transmt an EA TPDU with the

same value in its YR-EDTU-NR paraneter. |If, and only if, this
nunber is different fromthat of the previously received ED TPDU
shall it generate a T-EXPEDI TED 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
paraneter. It is recommended, but not essential, that the
val ues be consecutive nodulo 2**n, where n is the nunber
of bits of the paraneter.

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

11. 2.4 Rel ease

The transport entities shall use the explicit variant of the
rel ease procedure in 6.7.
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12 SPECI FI CATI ON FOR CLASS 4: ERROR DETECTI ON AND RECOVERY CLASS
12.1 Functions of Class 4

C ass 4 provides the functionality of Class 3, plus the ability
to detect and recover fromlost, duplicated, or out of sequence
TPDUs wi t hout involving the TS-user

This detection of errors is nmade by extended use of the DT TPDU
nunbering of Cass 2 and Class 3, by tinme-out nechani sns, and by
addi ti onal procedures.

This class additionally detects and recovers from danaged TPDUs
by using a checksum nechanism The use of the checksum nechani sm
must be available but its use or its non-use is subject to
negoti ati on.

Further on this class provides additional resilience against

network failure and increased throughput capability by allowing a
transport connection to nake use of multiple network connections.

12.2 Procedures for Class 4
12.2.1 Procedures available at all tines
12.2.1.1 Tinmers used at all tines

This subclause defines tinmers that apply at all tines in class 4.
These timers are listed in table 7.

This International Standard does not define specific values for
the tinmers, and the derivations described in this subclause are
not mandatory. The val ues shoul d be chosen so that the required
quality of service can be provi ded, given the known
characteristics of the network.

Timers that apply only to specific procedures are defined under
t he appropriate procedure.
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I
M.R | NSDU lifetine
|l ocal -to-renote

MRL NSDU lifetinme
renote-to-|oca
ELR | Expected maxi num

transit del ay
|l ocal -to-renote

ERL | Expected maxi mum
|transit del ay
| renote-to-1oca

ocal acknow edge

I

I

I

| L
[time
I

I

I

I

I

AR | Renpte acknow
| I edgement tine

A bound for the maxi mumtime which
may el apse between the transnis-
sion of an NSDU by a local trans-
port entity and the receipt of any
copy of it by a renote peer entity.

A bound for the maxi mumtime which

may el apse between the transm ssion
of an SNDU froma renote transport

entity to a renote peer entity.

A bound for the maxi num del ay suf -
fered by all but a snmall proportion
of NSDUs transferred fromthe | ocal
transport entity to a renote peer
entity.

A bound for the maxi num del ay suf -

fered by all but a snmall proportion
of NSDUs transferred froma renote

transport entity to the |ocal peer

entity.

A bound for the maxi mumtime which
can el apse between the receipt of
a TPDU by the | ocal transport en-
tity fromthe network | ayer and
the transm ssion of the corres-
pondi ng acknow edgenent .

As AL, but for the renote entity.

Table 7. (First of 2 pages) Time Paraneters related to class 4
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Tl |Local retrans- A bound for the maxi mumtinme that

| mMission tine the local transport entity wll

| wait for acknow edgenment before re-
transmitting a TPDU.

A bound for the maxi mumtine the
the local transport entity will
continue to transmt a TPDU t hat
requi res acknow edgenent.

Persi stence tinme

A bound for the maxi mum nunber of
times which the |ocal transport
entity will continue to transmt a
TPDU t hat requires acknow edgenent.

Maxi mum nunber of
t ransm ssi ons

|
|
|
|
|
|
|
|
|
|
|
|
|
|
L | Bound on references | A bound for the maxi mumtime
| and sequence | between the transm ssion of a TPDU
| nunmber s | and the receipt of any acknow
| | ledgenment relating to it.
|
| A bound for the time after which
| a transport entity will, if it
| does not receive a TPDU, initiate
|
|
|
|
|
|
|
|
|
|
|

the rel ease procedure to terninate
the transport connection.

Inactivity tine

NOTE - This paraneter is required
for protection agai nst unsignalled
breaks in the network connection.

A bound for the maximumtine a
transport entity will wait before
retransmtting up to date w ndow
i nformation.

W ndow ti nme

|
|
|
|
|
|
|
|
|
|
|
|
|
I
Table 7. (Second of 2 pages) Tine Paraneters related to class 4
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12.2.1.1.1 NSDU lifetime (MR MRL)

The network layer is assunmed to provide, as an aspect of its
grade of service, for a bound on the maximumlifetine of NSDUs in
the network. This value may be different in each direction of
transfer through a network between two transport entities. The
val ues, for both directions of transfer, are assuned to be Known
by the transport entities. The maxinum NSDU lifetinme |ocal-to-
renote (MR) is the maximumtinme which nay elapse between the
transmission of an NSDU fromthe local transport entity to the
network and recei pt of any copy of the NSDU fromthe network at
the renote transport entity. The maxi num NSDU |lifetine renote-
to-local (MRL) is the maximumtine which nay el apse between the
transmission of an NSDU fromthe renpte transport entity to the
network and recei pt of any copy of the NSDU fromthe network at
the |l ocal transport entity.

12.2.1.1.2 Expected maximumtransit delay (ELR, ERL)

The network layer is assunmed to provide, as an aspect of its
grade of service, an expected maxinumtransit delay for NSDUs in
the network. This value may be different in each direction of
transfer through a network between two transport entities. The
val ues, for both directions of transfer, are assuned to be Known
by the transport entities. The expected nmaximumtransit del ay
| ocal -to-renote (ELR) is the maxi num delay suffered by all but a

smal |l proportion of NSDUs transferred through the network from
the local transport entity to the renote transport entity. The
expected maxinmum transit delay renote-to-local (ERL) 1is the
maxi mum del ay suffered by all but a snmall proportion of NSDUs

transfer through the network fromthe renove transport entity to
the I ocal transport entity.
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12.2.1.1.3 Acknow edge Tine (AR, AL)

Any transport entity is assuned to provide a bound for the
maxi mum time which can el apse between its receipt of a TPDU from
the Network Layer and its transmssion of the corresponding
response. This value is referred to as AL. The correspondi ng
time given by the renote transport entity is referred to as AR

12.2.1.1.4 Local retransmission tinme (T1)

The | ocal transport entity is assuned to nmintain a bound on the
time it wll wait for an acknow edgement before retransnitting
the TPDU. |Its value is given by:

Tl = ELR + ERL + AR + X

wher e:
ELR = Expected maxi mumtransit delay |ocal-to-renote,
ERL = Expected maxi mumtransit delay renote-to-Iocal
AR = Renote acknow edge tine, and
X = local processing tine for a TPDU

12.2.1.1.5 Persistence Time (R

The | ocal transport entity is assuned to provide a bound for the
maxi mum time for which it nmay continue to retransmt a TPDU
requiring positive acknow edgenment. This value is referred to as

The value is clearly related to the tine elapsed between
retransm ssion, T1, and the maxi mum nunber of transm ssions, N
It is not less than T1 * N+ X, where Xis a small quantity to
allow for additional internal delays, the granularity of the
mechani smused to inplenent T1 and so on. Because Ris a bound,
the exact value of X is uninportant as long as it is bounded and
the val ue of a bound is known.
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12.2.1.1.6 Bound on References and Sequence Nunbers (L)

A bound for the maximumtine between the decision to transnmt a
TPDU and the receipt of any response relating to it (L) is given

by:
L=MR+ ML + R+ AR

wher e:
MR = NSDU |lifetine |ocal -to-renote,
MRL = NSDU |ifetine renote-to-1|ocal,
R = Persistence tine, and
AR = Renote acknow edgenent tine.

It is necessary to wait for a period L before reusing any
reference of sequence nunber, to avoid confusion in case a TPDU
referring to it may be duplicated or del ayed.

NOTES
1. In practice, the value of L may be unacceptably 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 required quality of service to
be provided.

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

[Figures 3 and 4 are omitted fromthis copy.]

12.2.1.2 GCeneral Procedures
The transport entity shall use the foll ow ng procedures:
a) TPDU transfer (see 6.2);

b) association of TPDUs with transport connections (see 6.9);
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c)

treatment of protocol errors (see 6.22);

d) checksum (see 6.17);

e) splitting and reconbining (see 6.23);

f) multiplexing and denul tipl exing (see 6.15);

g) retention until acknow edgenent of TPDUs (see 6.13);

h) frozen references (see 6.18).

j) retransm ssion procedures; when a transport entity has
some outstanding TPDUs that require acknow edgenent, it
will check that no Tl interval el apses without the arrival
of a TPDU that acknow edges at Ileast one of the
out st andi ng TPDUs.
If the timer expires, except if the TPDU to be
retransmitted is a DT TPDU and it is outside the transnit
wi ndow due credit reducti on, the first TPDU is
retransmtted and the timer is restarted. After N
transmssions (i.e. NN1 retransnmissions) it is assuned
that wuseful two-way comunication is no |onger possible
and the rel ease procedure is used, and the TS-user is
i nformed.

NOTES

1) This procedure nmay be inplenmented by different neans. For

exanpl e:

a) one interval is associated with each TPDU. If 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 wth each transport

connecti on:

1) if the transport entity transmts a TPDU requiring
acknow edgenent, it starts tinmer T1;
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2) if the transport entity receives a TPDU that
acknow edges one of the TPDUs to be acknow edged,
it restarts tinmer T1 unless the received TPDU is
an AK which explicitly closes the transnmt w ndow.

3) if the transport entity receives a TPDU that
acknow edges the last TPDU to be acknow edged, it
stops tinmer T1.

For a decision whether the retransmission timer T1 is
mai ntained on a per TPDU or on a per transport connection
basi s, throughput considerations have to be taken into
account .

2. For DT TPDUs it is a local choice to retransnmt either
only the first DI TPDU or all TPDUs waiting for an
acknow edgenment up to the upper w ndow edge.

3. It is recomended that after N transnissions of a DI TPDU
the transport entity waits Tl + W+ MRL to provide a
hi gher possibility of receiving an acknow edgenment before
entering the release phase. For other TPDU types which
may be retransmitted, it is recommended that after N
transm ssions the transport entity waits T1 + MRL to
provide a higher possibility of receiving the expected

reply.

12. 2.2 Procedures for Connection Establishnent
12.2.2.1 Tiners used in Connection Establishnment

There are no tinmers specific to connection establishnment.
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12.2.2.2 General Procedures

The transport entities shall use the follow ng procedures:

a)

b)

assignnent to network connection (see 6.1);

connection establishnent (see 6.5) and if appropriate
connection refusal (see 6.6) together with the additiona
procedur es:

1) a connection is not considered established until the
successful conpletion of a 3-way TPDU exchange. The
sender of a CR TPDU shall respond to the corresponding
CC TPDU by imediately sending a DI, ED, DR or AK
TPDU;

2) as a result of duplication or retransmssion, a CR
TPDU may be received specifying a source reference
which is already in use wth the sending transport
entity. If the receiving transport entity is in the
data transfer phase, having conpleted the 3-way TPDU
exchange procedure, or is waiting for the T- CONNECT
response fromthe TS-user, the receiving transport
entity shall ignore such a TPDU. O herwi se a CC TPDU
shall be transmtted

3) as aresult of duplication or retransmssion, a CC
TPDU nay be received specifying a paired reference
which is already in use. The receiving transport
entity shall only acknow edge the duplicate CC TPDU
according to the procedure in 12.2.2.2.b. 1.

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

5) the retransm ssion procedures (see 12.2.1.2) are used
for both the CR TPDU and CC TPDU
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12.2.3 Procedures for Data Transfer
12.2.3.1 Timers used in Data Transfer
The data transfer procedures use two additional tiners:
a) Inactivity Tine (I)
To protect against wunsignalled breaks in t he net wor k
connection or failure of the peer transport entity (half-open
connections), each transport entity maintains an inactivity
interval. The interval mnmust be greater than E
NOTE - A suitable value for | is given by
2 * (N* maxi mumof (T1, W)
unl ess | ocal needs indicate another nore appropriate val ue.
b) Wndow Tinme (W
A transport entity naintains a tiner interval to ensure that

there is a bound on the nmaxinmum interval between w ndow
updat es.

12.2.3.2 GCeneral Procedures for data transfer

The transport entities shall use the follow ng procedures:
a) inactivity control (see 6.21);
b) expedited data (see 6.11);
c) explicit flow control (see 6.16).

The sending transport entity shall use the follow ng procedures
in the followi ng order

d) segnenting (see 6.3);

e) DT TPDU nunbering (see 6.10).
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The receiving transport entity shall use the follow ng procedures
in the followi ng order

f) DT TPDU nunbering (see 6.10);
g) resequencing (see 6.20);
h) reassenbling (see 6.3).

12.2.3.3 lInactivity Contro

If the interval of the inactivity tiner | expires w thout receipt
of sone TPDU, the transport entity shall initiate the release
pr ocedures. To prevent expiration of the renote transport
entity’s inactivity timer when no data is being sent, the |oca
transport entity nmust send AK TPDUs at suitable intervals in the
absence of data, having regard to the probability of TPDU | oss.
The wi ndow synchroni zati on procedures (see 12.2.3.8) ensure that
this requirenment is net.

NOTE - It is likely that the rel ease procedure initiated due to
the expiration of the inactivity tiner wll fail, as such
expiration indicates probable failure of the supporting network
connection or of the renmpte transport entity.

12.2.3.4 Expedited Data

The transport entities shall follow the network normal data
variant of the expedited data transfer procedures (see 6.11), if
the use of transport expedited service option has been agreed
during connection establishnent.

The ED TPDU shall have a TPDU-NR which is allocated from a
separate sequence space fromthat of the DT TPDUs.

A transport entity shall allocate the sequence nunber zero to the
ED TPDU-NR of the first ED TPDU which it transnits for a
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transport connection. For subsequent ED TPDU sent on the sane
transport connection, the transport entity shall allocate a
sequence nunber one greater than the previous one.

Modul o 2**7 arithnetic shall be used when normal formats have
been selected and nodulo 2**31 arithnetic shall be used when
ext ended formats have been sel ect ed.

The receiving transport entity shall transmt an EA TPDU with the
same sequence nunber in its YR-ETDU-NR field. |[If this nunber is
one greater than in the previously in sequence received 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 TPDU in
acknow edgerment to an ED TPDU it shall follow the retransm ssion
procedures (see note and 12.2.1.2).

The sender of an ED TPDU shall not send any new DT TPDU wth
hi gher TPDU-NR until it receives the EA TPDU

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

12.2.3.5 Resequencing

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

DT TPDUs received out-of-sequence but within the transmt w ndow
shal |l not be delivered to the TS-user until all in-sequence TPDUs
have been received. DT TPDU received out-of-sequence and out si de
the transnmit wi ndow shall be discarded.

Duplicate TPDUs can be detected because the sequence nunber

mat ches that of preciously received TPDUs. Sequence nunbers
shall not be reused for the period L after their previous use.
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O herwise, a new, valid TPDU could be confused with a duplicated
TPDU whi ch had previously been received and acknow edged.

Duplicated DT TPDUs shall be acknow edged, since the duplicated
TPDU nmay be the result of a retransmi ssion resulting fromthe
| oss of an AK TPDU

The data contained in a duplicated DT TPDU shall be ignored.

12.2.3.6 Explicit Flow Contro

The transport entities shall send an initial credit (which my
take the value 0) 1in the CDT field of the CR TPDU or CC TPDU
This credit represents the initial value of the upper w ndow edge
of the peer entity.

The transport entity which receives the CR TPDU or CC TPDU shal
consider its |lower w ndow edge as zero and its upper w ndow edge
as the value in the CDT field in the received TPDU

In order to authorize the transm ssion of DI TPDUs by its peer, a
transport entity may transmt an AK TPDU at any tine.

The sequence nunber of an AK TPDU shall not exceed the sequence
number of the next expected DT TPDU, i.e. it shall not be greater
than the hi ghest sequence nunber of a received DI TPDU, plus one.

A transport entity nay send a duplicate AK TPDU containing the
same sequence nunber, CDT, and subsequence nunber field at any
tinme.

A transport entity which receives an AK TPDU shall consider the
value of the YRTUNR field as its new | ower wi ndow edge if it is
greater than any previously received in a YRTU-NR field, and the
sum of YR TU-NR and CDT as its new upper w ndow edge subject to
the procedures for sequencing AK TPDUs (see 12.2.3.8). A
transport entity shall not transmit or retransmit a DT TPDU with
a sequence nunber outside the transmt w ndow.
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12.2.3.7 Sequencing of received AK TPDUs

To allow a receiving transport entity to properly sequence a
series of AK TPDUs that all contain the sane sequence nunber and
thereby use the correct CDT value, AK TPDUs may contain a

subsequence paraneter. For the purpose of determning the
correct sequence of AK TPDUs, the absence of the subsequence
paraneter shall be equivalent to the value of the paraneter set
to zero.

An AK TPDU is defined to be in sequence if:

a) the sequence nunber is greater than in any previously
recei ved AK TPDU, or

b) the sequence nunber is equal to the highest in any
previously received AK TPDU, and the subsequence paraneter
is greater than in any previously received AK TPDU having
the same value for YR-TU-NR field, or

c) the sequence nunber and subsequence paraneter 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 sanme YR TU- NR

field.
A transport entity is not required to include the subsequence
nunber in its AK TPDUs. It may also choose not to use the
subsequence paraneter in sequencing received AK TPDUs. If a
transport entity chooses not to recognize the subsequence
paraneter it shall still sequence received AK TPDUs according to
12.2.3.7. a.

When the receiving transport entity recogni zes an out of sequence
AK TPDU it shall ignore it.
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12.2.3.8 Procedure for transm ssion of AK TPDUs
12.2.3.8.1 Retransnission of AK TPDUs for w ndow synchroni zati on

A transport entity shall not allow an interval Wto pass w thout
the transmission of an AK TPDU. if the transport entity is not
using the procedure following setting CDIT to zero (see
12.2.3.8.3) or reduction of the upper w ndow edge (see
12.2.3.8.4), and does not have to acknow edge receipt of any DT
TPDU, then it shall achieve this by retransni ssion of the nost
recent AK TPDU, with up-to-date w ndow infornmation

NOTE - The use of the procedures defined in 12.2.3.8.3 and
12.2.3.8.4 are 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. However,
if these procedures are not used then Wnust be set to ensure
enough retransmssions of the AK TPDU so that release of TCis
avoi ded. The val ue of w shoul d be approxi natel y
W= (T1 * N/(N1) when the procedures are not used.

12.2.3.8.2 Sequence control for transm ssion of AK TPDUs

To allow the receiving transport entity to process AK TPDUs in
the correct sequence, as described in 12.2.3.7, the subsequence
paraneter may be included foll owing reduction of CDT. If the
value of the subsequence nunber to be transmitted is zero, then
the paraneter should be omtted.

The val ue of the subsequence paraneter, if used, shall be zero
(either explicitly or by absence of the paranmeter) if the
sequence nunmber is greater than the field in previous AK TPDUs,
sent by the transport entity.

If the sequence nunber is the same as the previous AK TPDU sent
and the CDT field is equal to or greater than the CDT field in
the previous AK TPDU sent then the subsequence paraneter, if
used, shall be equal to that in the previously sent AK TPDU

If the sequence nunber is the same as the previous AK TPDU sent
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and the CDT field is less than the value of the CDT field in the
previ ous AK TPDU sent than the subsequence paraneter, if used,
shall be one greater than the value in the previous AK TPDU.

12.2.3.8.3 Retransnission of AK TPDUs after CDT set to zero

Due to the possibility of loss of AK TPDUs, the upper w ndow edge
as perceived by the transport entity transmtting an AK TPDU may
differ fromthat perceived by the intended recipient. To avoid
the possibility of extra delay, the retransm ssion procedure (see
12.2.1.2) should be followed for an AK TPDU, if it opens the
transmt wi ndow which has previously been closed by sending an AK
TPDU with CDT field set to zero

The retransm ssion procedure, if wused, termnates and t he
procedure in 12.2.3.8.1 is used when:

a) an AK TPDU is received containing the flow contro
confirmation paranmeter, whose |ower w ndow edge and your
subsequence fields are equal to the sequence nunber and
subsequence nunber in the retained AK TPDU and whose
credit field is not zero.

b) an AK TPDU is transnitted with a sequence nunber higher
than that in the retained AK TPDU, due to reception of a
DT TPDU whose sequence nunber is equal to the | ower w ndow
edge;

c) N transm ssions of the retai ned AK TPDU have taken place.
In this case the transport entity shall continue to
transmit the AK TPDU at an interval of W

An AK TPDU which is subject to the retransm ssion procedure shal

not contain the flow control confirmation paraneter. If it is
required to transmit this paraneter concurrently, an additiona
AK TPDU shall be transmtted having the sanme values in the

sequence, subsequence (if applicable) and credit fields.
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12.2.3.8.4 Retransni ssion procedures follow ng reduction of the
upper w ndow edge

Thi s subcl ause specifies the procedure for retransmssion of AK
TPDUs after a transport entity has reduced the upper w ndow edge
(see 12.2.3.6) or for an AK TPDU with the credit field set to
zero. This procedure is used until the | ower wi ndow edge exceeds
t he hi ghest val ue of the upper w ndow edge ever transnitted (i.e.
the value existing at the tine of credit reduction, unless a
hi gher value is retained froma previous credit reduction).

This retransni ssion procedure should be foll owed for any AK TPDU
whi ch increases the upper wi ndow edge, unless an AK TPDU has been
received containing a flow control confirmation parameter, which
corresponds to an AK TPDU transnitted following credit reduction,
for which the sumof the credit and I|ower w ndow edge fields
(i.e. the wupper w ndow edge value) is greater than the | ower
wi ndow edge (YR-TU-NR field) of the transmtted AK TPDU.

This retransm ssion procedure for any particular AK TPDU shall
term nate when:

a) an AK TPDU is received containing the flow control
confirmation paraneter, whose |ower w ndow edge and your
subsequence fields are equal to the | ower w ndow edge and
subsequence nunber in the retained AK TPDU;, or

b) N transmi ssions of the retained AK TPDU have taken pl ace.
In this case the transport entity shall continue to
transmt the AK TPDU at an interval of W

An AK TPDU which is subject to the retransmi ssion procedure shall

not contain the flow control confirmation paranmeter. |If it is
required to transmt this paraneter concurrently, an additional
AK TPDU shall be transmitted having the sane values in the

sequence, subsequence (if applicable) and credit fields.

NOTE - Retransmission of AK TPDUs is nornmally not necessary,
except foll owi ng explicit closing of the wndow (i.e.
transm ssion of an AK TPDU with CDT field set to zero). | f
data is available to be transmtted, the retransm ssion
procedure for DT TPDUs will ensure that an AK TPDU i s received
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granting further <credit where this is available. Follow ng
credit reduction, this nmay no |onger be so, because
retransm ssion nmay be inhibited by the credit reduction. The
rules described in this clause avoid extra del ay.

The rules for determi ning whether to apply the retransm ssion
procedure to an AK TPDU nmmy be expressed alternatively as
follows. Let:

LWVE = |l ower wi ndow edge
UE = upper wi ndow edge
KUWE = | ower bound on upper w ndow edge

hel d by renbte transport entity
The retransm ssion procedure is to be used whenever:
(UWE>LVE) and (KUWE = LVE)

i.e. when the window is opened and it is not known definitely
that the renpte transport entity is aware of this.

KUWE is naintained as follows. When credit is reduced, KWE is
set to LWE. Subsequently, it is increased only upon receipt of a
valid flow control confirmation (i.e. one which matches the

retained |ower w ndow edge and subsequence). |In this case KWE
is set to the inplied upper w ndow edge of the flow control
confirmation, i.e. the sum of its |ower w ndow edge and your

credit fields. By this means, it can be ensured that KUWE is
al ways less than or equal to the actual upper w ndow edge in use
by the transmitter of DT TPDUs.

12.2.3.9 Use of Flow Control Confirnmation paraneter

At any tinme, an AK TPDU nay be transnmitted containing a flow
control confirmation paraneter. The |ower w ndow edge, your
subsequence and your credit fields shall be set to the sane
values as the corresponding fields in the nost recently received
i n sequence AK TPDU.
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An AK TPDU containing a flow control confirmation paraneter
shoul d be transnitted whenever

a) a duplicate AK TPDU is received, with the value of YR TU
NR, CDT, and subsequence fields equal to the npst recently
received AK TPDU, but not itself containing the flow
control confirmation paraneter;

b) an AK TPDU is received which increases the upper w ndow
edge but not the | ower wi ndow edge, and the upper w ndow
edge was fornerly equal to the | ower w ndow edge; or

c) an AK TPDU is received which increases the upper w ndow
edge but not the | ower w ndow edge, and the | ower w ndow
edge is lower than the highest value of the upper w ndow

edge received and subsequently reduced (i.e. follow ng
credit reduction).

12.2.4 Procedures for Rel ease
12.2.4.1 Tiners used for Rel ease

There are no tiners used only for rel ease.

12.2.4.2 General Procedures for Rel ease

The transport entity shall use the explicit variant of nornal
rel ease (see 6.7).
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13 STRUCTURE AND ENCODI NG OF TPDUs
13.1 Validity

Tabl e 8 specifies those TPDUs which are valid for each class and
the code for each TPDU

KEY: xxxx (bits 4-1): wused to signal the CDT (set to 0000
in classes 0 and 1)

zzzz (bits 4-1): wused to signal CDT in classes 2, 3,
4 set to 1111 in class 1

NF: Not avail abl e when the non explicit
flow control option is selected.

NRC: Not avail abl e when the receipt
confirmation option is sel ected.

NOTE - These codes are already in use in related protocols
defined by standards ogani zations other than CC TT/I SO
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| Validity within |

|

|

not avail abl e |
(see note) | ---

|

|

|

|
| | cl asses |
| ___________________
I I O] 1] 2] 3] 4I
| CR Connection Request | x | x| x| x| x|
| oo R R e R B
| CC Connection Confirm | x| x| x| x| x|
| oo R ERRI R EEE R
| DR Di sconnect Request | x | x| x| x| x|
| oo R R R R e
| DC Di sconnect Confirm | | x| x| x| x|
| oo R e e R B
| DT Dat a | x| x| x| x| x|
| oo R R )RR RS
| ED Expedited Data | | x| N x| x|
| oo R R e R EE
| AK Dat a Acknow edgenent | | NRC] NF| x | x|
| oo R R R R R
| EA Expedited Data | | x| NF x| x|
| Acknow edgenent | | | | | |
| o R R R EEE RS
| R Reject | | x| | x| |
----------------------- e B RES EERI EE
| ER TPDU Error | x| x| x| x| x|
R EERI R R

[ N

[---1---1---1

[

[ ---1---1---1

I

[ ---1---1---1

N N

|
|
|
|
|
I

Tabl e 8. TPDU code
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13.2 Structure

Al the transport protocol data units (TPDUs) shall contain an
integral nunber of octets. The octets in a TPDU are nunbered
starting from1l and increasing in the order they are put into an
NSDU. The bits in an octet are nunbered from1 to 8, where bit 1
is the lowordered bit.

Wien consecutive octets are used to represent a binary nunber,
the |l ower octet nunmber has the |east significant val ue.

NOTE - When the encoding of a TPDU is represented using a
diagramin this clause, the follow ng representation is used:

a) octets are shown with the |owest nunbered octet to the
| eft, higher nunbered octets being further to the right;

b) within an octet, bits are shown with bit 8 to the left and
bit 1 to the right.

TPDUs shall contain, in the follow ng order:
a) the header, conprising:
1) the length indicator (LI) field;
2) the fixed part;
3) the variable part, if present;

b) the data field, if present.

This structure is illustrated bel ow
oct et 1 234 ... n n+l ... p pt+tl ...end
T B TS S +
| LIl fixed part | variable part| data field
S e . +
T header ------ >
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13.2.1 Length indicator field

This field is contained in the first octet of the TPDUs. The
length is indicated by a binary nunber, with a maxi num val ue of
254 (1111 1110). The length indicated shall be the header |ength

in octets including paraneters, but excluding the length
indicator field and user data, if any. The value 255 (1111 1111)
is reserved for possible extensions. |If the length indicated

exceeds the size of the NS-user data which is present, this is a
protocol error.

13.2.2 Fixed part
13.2.2.1 GCenera

The fixed part contains frequently occurring paraneters including
the code of the TPDU. The length and the structure of the fixed
part are defined by the TPDU code and in certain cases by the
protocol class and the formats in use (normal or extended). |If
any of the parameters of the fixed part have an invalid val ue, or
if the fixed part cannot be contained with the header (as defined
by LI) this is a protocol error.

NOTE - In general, the TPDU code defines the fixed part

unambi guousl y. However, different variants may exist for the
sanme TPDU code (see normal and extended fornmats).

13.2.2.2 TPDU code

This field contains the TPDU code and is contained in octet 2 of

the header. It is used to define the structure of the renaining
header. This fieldis a full octet except in the followng
cases:
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1110 XXxX Connecti on Request

1101 xXxX Connection Confirm
0101 xxxX Rej ect
0110 xxxX Dat a Acknowl edgenent

where xxxx (bits 4-1) is used to signal the CDT.

Only those codes defined in 13.1 are valid.

13.2.3 Variable part

The wvariable part is wused to define less frequently used
par amet ers. If the variable part is present, it shall contain
one or nore paraneters

NOTE - The nunber of paraneters that nmay be contained in the
variable part is indicated by the Iength of the variable part
which is LI minus the Iength of the fixed part.

Each paraneter contained within the variable part is structured
as follows:

Cctets R +
n+1 | Par anet er Code |

R T |
n+2 | Par anmet er Length |

| Indication (e.g. m |
n+3

n+2+m
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The paraneter code field is coded in binary;

NOTE - Wthout extensions, it provides a maxi nrum nunber of 255
different paraneters. However, as noted below, bits 8 and 7
cannot take every possible value, so the practical naxinmm
nunber of different paraneters is |less. Paraneter code 1111
1111 is reserved for possible extensions of the paraneter code.

The paranmeter length indication indicates the length, in
octets, of the paraneter value field.

NOTE - The length is indicated by a binary nunber, m wth a
theoretical maxi numvalue of 255. The practical maxi num val ue
of mis lower. For exanple, in the case of a single paraneter
contained within the variable part, two octets are required for
the paraneter code and the paranmeter length indication itself.
Thus, the value of mis limted to 248. For larger fixed parts
of the header and for each succeeding paraneter, the naxinmm
val ue of m decreases.

The paraneter value field contains the value of the paraneter
identified in the paranmeter code field.

No paraneter codes use bits 8 and 7 with the val ue 00.

The paraneters defined in the variable part my be in any
order. If any paraneter is duplicated then the |later value
shall be used. A paraneter not defined in this Internationa

Standard shall be treated as a protocol error in any received
TPDU except a CR TPDU; in a CR TPDU it shall be ignored. | f
the responding transport entity selects a class for which a
paraneter of the CR TPDU is not defined, it may ignore this
par anet er, except the class and option, and alternative
protocol class paraneters which shall always be interpreted. A
paraneter 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 CRTPDU it shall be
treated as a protocol error if it is either the class and
option paraneter or the alternative class paraneter or the
additional option parameter; otherwise it shall be either
ignored or treated as a protocol error.
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13.2.3.1 Checksum Paraneter (C ass 4 only)

Al'l TPDU types nmay contain a 16-bit checksum paranmeter in their
variable part. This paraneter shall be present in a CR TPDU and
shall be present in all other TPDUs except when the non wuse of
checksum option is sel ected.

Par amet er Code: 1100 0011
Paraneter Length: 2
Par anet er Val ue: Result of checksum algorithm This algorithm

is specified in 6.17.

13.2.4 Data Field

This field contains transparent user data. Restrictions on its
size are noted for each TPDU

13.3 Connection Request (CR) TPDU

The I ength of the CR TPDU shall not exceed 128 octets.

13.3.1 Structure

The structure of the CR TPDU shall be as foll ows:

1 2 3 4 5 6 7 8 p p+l...end
e m e e e A oo - oo +
| LI | CR CDT| DST - REF | SRC- REF| CLASS | VARI AB. | USER |
| |]1110 |0000 0000| 0000 0000| | | OPTION PART | DATA |
oo - Fome e Fome e i Fome oo Fome e +
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13.3.2 LI

See 13.2.1

13.3.3 Fixed Part (Cctets 2 to 7)

The structure of this part shall contain:

a) CR
b) DT
c) DST-REF
d) SRC REF

e) CLASS and
OPTI ON:

Connecti on Request Code: 1110. Bits 8-5 of
octet 2;

Initial Credit Allocation (set to 0000 in
Classes 0 and 1 when specified as preferred
class). Bits 4-1 of octet 2;

Set to zero;

Ref erence selected by the transport entity
initiating the CR TPDU to identify the
requested transport connection

Bits 8-5 of octet 7 defines the preferred
transport protocol class to be operated over
t he requested transport connection. Thi s
field shall take one of the follow ng val ues:

0000 dass O
0001 dass 1
0010 dass 2
0011 dass 3
0100 dass 4

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 4-1 of octet 7 define options to be used on the requested
transport connection as foll ows:
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| BIT | OPTI ON

| ----- | o |
| 4 | O al ways

| | |
| 3 | 0 always |
| | |
| 2 | = use of normal formats in all classes

| | = use of extended formats in O asses 2,3,4

| | |
| 1 | = use of explicit flow control in Class 2

| | = no use of explicit flow control in |
| | Cass 2 |
o o o e e e e e e e e e e e e e e e e e e e e e e e e e e eee oo +
NOTES

1. The connection establishnent procedure (see 6.5) does not
permit a given CR TPDU to request use of transport expedited
data transfer service (additional option paraneter) and no
use of explicit flowcontrol in Cass 2 (bit 1 =1).

2. Bits 4to 1 are always zero in Cass 0 and have no neani ng.

13.3.4 Variable Part (Cctets 8 to p)
The followi ng paraneters are pernmitted in the variable part:

a) Transport Service Access Point ldentifier (TSAP-1D)

Par anet er code: 1100 0001 for the identifier of the
Cal ling TSAP
1100 0010 for the identifier of the
Cal | ed TSAP

Paraneter length: not defined in this standard

Par anet er val ue: identifier of the <calling or called

TSAP respectively.
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b)

d)

e)

If a TSAP-IDis given in the request it nmay be returned in
the confirmation.

TPDU si ze

This paraneter defines the proposed maxi num TPDU size (in
octets including the header) to be used over the requested
transport connection. The coding of this paraneter is:

Par anet er code: 1100 0000
Paraneter Length: 1 octet

Par anet er val ue:

0000 1101 8192 octets (not allowed in dass 0)
0000 1100 4096 octets (not allowed in O ass 0)
0000 1011 2048 octets
0000 1010 1024 octets
0000 1001 512 octets
0000 1000 256 octets
0000 0111 128 octets

Default value is 0000 0111 (128 octets)

Versi on Nunber (not used if Class 0 is the preferred
cl ass)

Par anmet er code: 1100 0100

Par anet er | engt h: 1 octet

Paraneter value field: 0000 0001

Default value is 0000 0001 (not used in Cass 0)

Security Paraneters (not used if Class 0 is the preferred
cl ass)

This paranmeter is user defined.

Par anet er code: 1100 0101
Paraneter |ength: wuser defined
Par anet er val ue: user defined

Checksum (used only if class 4 is the preferred class)
(see 13.2.3.1)
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This paraneter shall always be present in a CR TPDU
requesting Cass 4, even if the checksum selection
paraneter is used to request non-use of the checksum
facility.

Additional Option Selection (not used if Class 0 is the
preferred class)

This paraneter defines the selection to be made as to
whet her or not additional options are to be used.

Par anet er code: 1100 0110
Paraneter length: 1
Par anet er val ue:

= Use of network expedited in Class 1
= Non use of network expedited in Class 1

|

|

| | |
| | |
| | |
| 3] 1= Use of receipt confirmation in Cass 1

| | 0= Use of explicit AK variant in Cass 1

| | |
| 2] 0= 16-bit checksumdefined in 6.17 is to be used
| | in Class 4 |
| | 1= 16-bit checksumdefined in 6.17 is not to be

| | used on O ass 4 |
| | |
| 1| 1= Use of transport expedited data transfer |
| | service |
| | O= No use of transport expedited data transfer

| | service |
Fom e e e e e e e e e e e e e e e e e e e e e e e e e e am o +

Default value is 000 0001
Bits related to options particular to a class are not

meani ngful if that class is not proposed and may take any
val ue.
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9)

h)

i)

Al ternative protocol class(es) (not used if Class 0 is the
preferred cl ass)

Par anet er code: 1100 0111
Paraneter length: n

Par anet er val ue encoded as a sequence of single octets.
Each octet is encoded as for octet 7 but with bits 4-1 set
to zero (i.e. no alternative option selections permtted).

Acknowl edge Tine (used only if class 4 is the preferred
cl ass)

Thi s paranmeter conveys the naxi mum acknow edge tinme AL to

the renote transport entity. It is an indication only,
and is not subject to negotiation (see 12.2.1.1.3)
Par anet er code: 1000 0101
Paraneter |length: 2
Par anet er val ue: n, a binary nunber where n is the
maxi mum acknow edge tinme, expressed
in mlliseconds.

Thr oughput (not used if class 0 is the preferred cl ass)

Par anet er code: 1000 1001
Paraneter length: 12 or 24
Par anmet er val ue:

1st 12 Cctets: maxi mum t hr oughput, as fol |l ows:

1st 3 octets: Tar get val ue, calling-called user
direction

2nd 3 octets: M n. acceptable, <calling-called user
direction

3rd 3 octets: Tar get val ue, call ed-cal ling user
direction

4th 3 octets: M n. acceptable, «called-calling user
direction

2nd 12 octets (optional): average throughput, as follows:

5th 3 octets: Tar get val ue, calling-called user
direction
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k)

6th 3 octets:
7th 3 octets:

8th 3 octets:

Where t he average throughput

M n. acceptable, <calling-called user
direction
Tar get val ue, cal l ed-cal l'i ng user
direction
M n. acceptable, <called-calling user
direction

is onmtted, it is considered

to have the sane val ue as the maxi numt hr oughput.

Val ues are expressed in octets per second.

Residual error rate (not used if class O is the preferred

cl ass)

Par anet er code: 1000 1001

Paraneter length: 12

1st 3 octets: Tar get val ue, calling-called user
direction

2nd 3 octets: M n. acceptable, <calling-called user
direction

3rd 3 octets: Tar get val ue, cal l ed-cal li ng user
direction

4th 3 octets: M n. acceptable, <called-calling user
direction

Residual error rate (not used if class O is the preferred

cl ass)

Par anet er code: 1000 0110

Paraneter length: 3

Par anet er val ue:

1st octet: Target val ue, power of 10

2nd octet: M n. acceptable, power of 10

3rd octet: TSDU size of interest, expressed as a

Priority (not used

Par anet er code
Par anet er | engt h:
Par anet er val ue:

power of 2
if class 0 is the preferred class)
1000 0111

2
Integer (0 is the highest priority)
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n) Transit delay (not used if class 0 is the preferred cl ass)

Par anet er code: 1000 1000
Paraneter length: 8
Par anet er val ue:

1st 2 octets: Tar get val ue, calling-called user
direction

2nd 2 octets: Max. acceptable, <calling-called user
direction

3rd 2 octets: Tar get val ue, call ed-cal li ng user
direction

4th 2 octets: Max. acceptable, called-calling user
direction

Val ues are expressed in milliseconds, and are based upon a
TSDU si ze of 128 octets.

p) assignnent tinme (not used if class 0, 2 or class 4 is the
preferred class)

This paraneter conveys the Tine to Try Reassignnment (TTR)

which will be used when following the procedure for
Reassi gnnent after Failure (see 6.12).

Par anet er code: 1000 1011

Paraneter length: 2

Par anet er val ue: n, a binary nunber where nis the TIR

val ue expressed in seconds.

13.3.5 User Data (Cctets p+l to the end)

No user data are pernmitted in Class 0, and are optional in the
other classes. \Where pernitted, it may 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 foll ows:

1 2 3 4 5 6 7 8 p p+l ...end
e L I S R LT T -
| LI | CC CDT| DST- REF| SRC- REF| CLASS | VARI ABLE| USER
| | 1101] | | | | | OPTION| PART | DATA
B T T [ S LS
13.4.2 LI
See 13.2.1

13.4.3 Fixed Part (Cctets 2 to 7)

The fixed part shall contain:

a) CC Connection Confirm Code: 1101. Bits 8-5 of octet 2;

b) CDT: Initial Credit Allocation (set to 0000 in Cl asses

and 1). Bits 4-1 of octet 2;

c) DST-REF:. Reference identifying the requested transport

connection at the renote transport entity;

d) SRC-REF: Reference identifying the requested transport

connection at the renpote transport entity.

e) Cass and Option: Defines the selected transport protoco
cl ass and option to be operated over the accepted

transport connection according to the negotiation
specified in 6.5;
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13.4.4 Variable Part (Cctet 8 to p)
The paranmeters are defined in 13.3.4 and are subject to the
constraints states in 6.5 (connection establishment). Paraneters

rul ed out by selection of an alternative class and option shal
not be present.

13.4.5 User Data (Cctets p+l to the end)
No user data are permitted in class 0, and are optional in the
other classes. Where pernmitted, it nmay not exceed 32 octets.

The user data are subject to the constraints of the negotiation
rules (see 6.5).

13.5 Disonnect Request (DR) TPDU
13.5.1 Structure

The structure of the DR TPDU shall be as foll ows:

1 2 3 4 5 6 7 8 p p+1 end
T [ T S [ T S R E R [ T +
| LI DR | DST-REF. | SRC- REF. | REASON VARI ABLE| USER |
| ]1000 0001] | | | | | PART | DATA
B T [ S S [ S S Hom - - Fom e oo - Fomm e - +
13.5.2 LI

See Section 13.2.1
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13.5.3 Fixed Part (Cctets 2 to 7

The fixed part shall contain:

a)

b)

c)

d)

DR: Di sconnect Request Code: 1000 0000;

DST- REF: Reference identifying the transport connection
at the renote transport entity;

SRC- REF: Reference identifying the transport connection
at the transport entity initiating the TPDU. Value zero
when reference i s unassigned;

REASON: Defines the reason for di sconnecti ng t he
transport connection. This field shall take one of the
fol l owi ng val ues:

The follow ng values may be used for Casses 1 to 4:

1) 128 + 0 - Normal disconnect initiated by sessi on
entity

2) 128 + 1 - Renote transport entity congestion at
connect request tine

3) *128 + 2 - Connection negotiation failed (i.e. proposed
cl ass(es) not supported)

4) 128 + 3 - Duplicate source reference detected for the
sanme pair of NSAPS.

5) 128 + 4 - M smatched 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
connecti on

10) 128 + 9 - Not used

11) 128 + 10- Header or paraneter length invalid
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The follow ng 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 - Reasons marked with an asterisk (*) nmay be reported to
the TS-user as persistent, other reasons as transient.

13.5.4 Variable Part (Cctets 8 to p)
The variable part may contain

a) A paranmeter allow ng additional information related to the
clearing of the connection.

Par anet er code: 1110 0000

Paraneter |length: Any value provided that the Ilength of
the DR TPDU does not exceed the maxi mum
agreed TPDU size or 128 when the DR
TPDU is wused during the connection
ref usal procedure

Par anet er val ue: Addi tional information. The content of
this field is user defined.

b) Checksum (see 13.2.3.1)

13.5.5 User Data (Cctets p+l to the end)

This field shall not exceed 64 octets and is used to carry TS-
user dat a. The successful transfer of this data is not
guaranteed by the transport protocol. Wen 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 O ass O.

13.6.1 Structure

The structure of DC TPDU shall be as foll ows:

1 2 3 4 5 6 7 p
S L L L L F - Fom e oo -
| LI | DC | DST REF | SRC REF | Variable Part
| | 1100 0000 | | | | | |
oo S S S S S oo -
13.6.2 LI
See 13. 2.1

13.6.3 Fixed Part (Cctets 2 to 6)

The fixed part shall contain:
a) DC Disconnect Confirm Code: 1100 0000;
b) DST-REF: See 13.4.3;

c) SRC-REF: See 13.4.3.
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13.6.4 Variable Part

The variable part shall contain the checksum paraneter if
condition in (see 13.2.3.1) applies.

13.7 Data (DT) TPDU
13.7.1 Structure

Dependi ng on the class and the option the DT TPDU shall have
of the follow ng structures.

a) Normal format for Casses 0 and 1

1 2 3 4 5 end
S [ S o m e oo oo - - - - - - oo
| LI | DT | TPDU-NR | User Data
| | 1111 0000 | and EOT |
Fom e e a o R TR - e e e e e

b) Normal format for Casses 2, 3 and 4

1 2 3 4 5 6 p p+1
R e LT +oeem - o - - -
| LI | DT | DST- REF| TPDU- NR| Vari abl e Part| User Data
| | 1111 0000| | | and EOT| | |
F e B e I L F - S -

c) Extended Format for wuse in Casses 2, 3 and 4
sel ected during connection establishment.

1 2 3 4 567,8 9 p p+l ... end
F e B I Fom e oo - Fomm e - - - -+
| LI | DT | DST- REF| TPDU- NR | Vari abl e| User Data |
| | 1111 0000| | | and EOT | Part | |
R B i E R [ T - - -+
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13.7.2 LI

See 13.2.1

13.7.3 Fixed Part

The fixed part shall contain:
a) DrT: Data Transfer Code: 1111 0000;
b) DST-REF:. See 13.4.3;

c) EOrT: When set to ONE, indicates that the current DT
TPDU is the last data unit of a conplete DT TPDU
sequence (End of TSDU). EOT is bit 8 of octet 3
in class 0 and 1, bit 8 of octet 5 for normal
formats for classes 2, 3 and 4 and bit 8 of
octet 8 for extended fornats;

d) TPDU-NR  TPDU send Sequence Nunber (zero in Cdass 0).
May take any value in Class 2 without explicit
flow control. TPDU-NR is bits 7-1 of octet 3
for classes 0O and 1, bits 7-1 of octet 5 for
nornmal formats in classes 2, 3 and 4, octets 5,
6 and 7 together with bits 7-1 of octet 8 for
extended formats.

NOTE - Depending on the class, the fixed part of the DI TPDU
uses the follow ng octets:

Cl asses 0 and 1: Cctets 2 to 3;

Classes 2,3,4 normal format: Cctets 2 to 5;
Cl asses 2,3,4 extended format: COctets 2 to 8.
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13. 7.4 Variable Part

The variable part shall contain the checksum paraneter iif the
condition in see 13.2.3.1 applies.

13.7.5 User Data Field
This field contains data of the TSDU being transmtted.

NOTE - The length of this field is linited to the negotiated TPDU
size for this transport connection ninus 3 octets in Classes 0
and 1, and minus 5 octets (nornmal header fornmat) or 8 octets
(extended header format) in the other classes. The variable
part, if present, may further reduce the size of the wuser data
field.

13.8 Expedited Data (ED) TPDU
The ED TPDU shall not be used in Class 0 or in dass 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

Dependi ng on the format negotiated at connection establishnent
the ED TPDU shall have one of the follow ng structures
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a)

Nor mal Format (classes 1, 2, 3, 4)

1 2 3 4 5 6 p p+1 ... end
SR T I T +oeem - o - I +
| LI ED | DST- REF| EDTPDU- NR| Var i abl e Part| User Data |
| 10001 0000| | | and EOT | | | |
B T B I L F - S +

b) Extended Format (for use in classes 2, 3, 4 when selected
during connection establishment).

1 2 3 4 5,6,7,8 9 p p+1 ... end
S I R I e enmnn emmanan I +
| LI ED | DST- REF| EDTPDU- NR| Vari abl e Part| User Data
| 10001 0000| | | and ECT | | | |
B TR R B L L Fomm - S +
13.8.2 LI
See 13.2.1
13.8.3 Fixed Part

The fixed part shall contain:

a)
b)
c)

ED:

DST- REF:

ED- TPDU- NR:

Expedited Data code: 0001 0000;
see 13.4.3;

Expedited TPDU identification nunber. ED-
TPDU-NR is used in classes 1, 3 and 4 and nmay
take any value in Class 2. Bits 7-1 of octet
5 for normal formats and octets 5, 6 and 7
together wth bits 7-1 of octet 8 for
extended fornmats;
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d) EOT: end of TSDU always set to 1 (bit 8 of octet 5
for normal formats and bit 8 of octet 8 for
extended formats).

NOTE - Depending on the format the fixed part shall be either
octets 2 to 5 or 2 to 8.

13.8.4 Variable Part

The variable part shall contain the checksum paraneter if the
condition defined in 13.2.3.1 applies.

13.8.5 User Data Field

This field contains an expedited TSDU (1 to 16 octets).

13.9 Data Acknow edgenent (AK) TPDU
This TPDU shall not be used for Cass 0 and Cass 2 when the "no

explicit flow control"” option is selected, and for Cass 1 when
the network receipt confirmation option is sel ected.

13.9.1 Structure

Dependi ng on the class and option agreed the AK TPDU shall have
one of the follow ng structures:
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a) Normal Format (classes 1, 2, 3, 4)

|LI| AK CDT | DST-REF | YR TU-NR | Variable Part |
| | 0110 | | | |

b) Extended Format (for use in classes 2, 3, 4 when selected
during connection establishment).

1 2 3 4 56,7,8 9,10 11 p
E [ SR —-— [ R +--- - - [ +
| LI AK | DST-REF | YR-TU-NR | CDT | Variabl e
| | 0110 0000| | | | Part
Fom o m e e oo Fomm e e o Fommmmea o oo - o mme o +
13.9.2 LI
See 13.2.1

13.9.3 Fixed Part

The fixed part shall contain (in octet 2 to 5 when normal fornmat
is used, 2 to 10 otherwise) the follow ng paraneters:

a) AK Acknowl edgenent code: 0110;

b) CDT: Credit Value (set to 1111 in class 1). Bits
4-1 of octet 2 for normal formats and octets 9
and 10 for extended fornats;

c) DST- REF: See 13.4.3;

d) YR TU-NR  Sequence nunber indicating the next expected DT

TPDU nunber. For normal formats, bits 7-1 of
octet 5; bit 8 of octet 5 is not significant
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and shall take the wvalue 0. For extended
formats, octets 5, 6 and 7 together wth bits
7-1 of octet 8; bit 8 of octet 8 is not
significant and shall take the value O.

13.9.4 \Variable Part
The variable part contains the foll ow ng paraneters:

a) Checksum See 13.2.3.1 if the <condition in 13.2.3.1
appl i es;

b) Subsequence nunber when optionally used under t he
conditions defined in class 4. This paraneter is used to
ensure that AK TPDUs are processed in the correct

sequence. If it is absent, this is equivalent to
transmitting the paraneter with a value of zero

Par anet er code: 1000 1010

Paraneter length: 2

Par anet er val ue: 16-bit sub-sequence nunber;

c) Flow Control Confirmation Class 4 when optionally wused
under the conditions defined in class 4. This paraneter
contains 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 the receiving transport entity (see

12.2.3.10).

Par anet er code: 1000 1011
Paraneter length: 8

Par anmet er val ue: defined as foll ows

1. Lower W ndow Edge (32 bits)
Bit 8 of octet 4 is set to zero, the remainder
contains the YR TU NR value of the received AK TPDU
When nornal fornmat has been selected, only the |east
significant seven bits (bits 1 to 7 of octet 1) of
this field are significant.

2. Your Sub-Sequence (16 bits)
Contains the value of the sub-sequence paraneter of
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the received AK TPDU, or zero if this paraneter was
not present.

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

| east significant four bits (bits 1 to 4 of octet 1)
of this field are significant.

13.10 Expedited Data Acknow edgenent (EA) TPDU

This TPDU shall not be used for ass 0 and Cass 2 when the no
explicit flow control option is selected.

13.10.1 Structure

Dependi ng on the option (normal or extended format) the TPDU
structure shall be:

a) Normal Format (classes 1,2,3,4)

ILI| EA | DST-REF | YR-TU-NR | Variabl e Part|
| ]0010 0000| | | | |

b) Extended Format (for use in classes 2, 3, 4 if selected
during connection establishnment)
[ LI EA | DST-REF | YR-TU-NR | Vari abl e Part|

| |0010 0000| | | | |
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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 fornat
is used, in octets 2 to 8 otherw se):

a) EA Expedi t ed Acknowl edgenent code: 0010 0000
b) DST- REF: See 13.4.3;

c) YR EDTU-NR Identification of t he ED TPDU being
acknow edged. My take any value in O ass 2;

For normal formats bits 7-1 of octet 5; bit 8
of octet 5 is not significant and shall take
the value 0. For extended formats, octets
5,6 and 7 together with bits 7-1 of octet 8;

bit 8 of octet 8 is not significant and shal
take the val ue 0.

13.10.4 Variable Part

The variable part my contain the checksum paraneter (see
13.2.3.1).

13.11 Reject (RJ) TPDU

The RJ TPDU shall not be used in Classes 0, 2 and 4.
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13.11.1 Structure

The RJ TPDU shall have one of the follow ng formats:

a) Normal Format (classes 1 and 3)
1 2 3 4 5
oo U +
| LI | RJI CDT | DST-REF | YR TU-NR |
| | 0101 | | | |
Fomm e m e e oo - B T, +
b) Extended Fornmat (for use in classes 3 if selected during
connection establishnent).
1 2 3 4 56,7,8 9,10
B Fom e e e e e e oo F--- - +
| LI RJ | DST-REF | YR-TU-NR | CDT |
| | 0101 0000 | | | | |
O e oo - +
13.11.2 LI
See 13.2.1.

13.11.3 Fixed Part

The fixed part shall contain (in octets 2 to 5 when normal fornat
is used, in octets 2 to 10 otherw se):

a)

b)

c)

RJ: Rej ect Code: 0101. Bits 8-5 of octet 2;

CDT: Credit Value (set to 1111 in class 1). Bits
4-1 of octet 2 for normal formats and octets 9
and 10 for extended formats;

DST- REF: See 13.4.3;
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d) YR TUNR

Sequence nunber indicating the next expected
TPDU from whi ch retransm ssion should occur

For normal formats, bits 7-1 of octet 5; bit 8
of octet 5 is not significant and shall take
the value 0. For extended formats, octets 5,6
and 7 together with bits 7-1 of octet 8; bit 8
of octet 8 is not significant and shall take
t he val ue 0.

13.11.4 Variable Part

There is no variable part for this TPDU type.

13.12 TPDU Error (ER) TPDU

13.12.1 Structure

| Ll | ER
| | 0111 0000

See 13.2.1

3 4 5 6 P
B e L g B +
| DST-REF | Reject | Variable
| | | Cause | Part |
B T S +
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13.12.3 Fixed Part

The fixed part shall contain:

a)
b)
c)

ER: TPDU Error Code: 0111 0000;
DST- REF: See 13.4.3;

REJECT CAUSE: 0000 0000 Reason not specified
0000 0001 Invalid paraneter code
0000 0010 Invalid TPDU type
0000 0011 Invalid parameter val ue.

13.12. 4 Variable Part

The variable part may contain the foll owi ng paraneters:

a)

b)

I nvalid TPDU

Par anet er code: 1100 0001

Paraneter |ength: nunber of octets of the value field

Paraneter Value: Contains the bit pattern of the rejected
TPDU up to and including the octet
whi ch caused the rejection. Thi s
paraneter is mandatory in Cass O.

Checksum

This paraneter shall be present if the condition in
13.2.3.1 applies.
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SECTI ON THREE.  CONFORVANCE

14 CONFORMANCE
14.1

A systemclaimng to inplenment the procedures specified in this
standard shall conply with the requirenents in 14.2 - 14.5.

14. 2

The system shall inplenment Class 0 or Class 2 or both.

14. 3

If the systeminplenents Class 3 or Cdass 4, it shall also

i mpl enent C ass 2.

14. 4

If the systeminplements Class 1, it shall also inplement d ass
0.
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14.

5

For each class which the systemclains to inplenent, the system
shal |

14.

a)

b)

c)

d)

6
a)

b)

c)

be capabl e of:

initiating CR TPDUs or responding to CR TPDUs wth CC
TPDUs or both;

responding to any other TPDU and operating network service
in accordance with the procedures for the class;

operating all the procedures for the class listed as
mandatory in table 9;

operating those procedures for the class |listed as
optional in table 9 for which conformance is clai ned,

handling all TPDUs of lengths up to the |esser value of:
1) the maxi numlength for the class;
2) the maxi mum for which conformance is clained.

NOTE - This requirenent indicates that TPDU sizes of 128
octets are always inplenented

C ains of Conformance Shall State
whi ch class or classes of protocol are inplenented;

whet her the systemis capable of initiating or responding
to CR TPDUs or bot h;

whi ch of the procedures listed as optional in table 9 are
i mpl enent ed;
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d)

the maxi num si ze of TPDU i npl enmented; the value shall be
chosen fromthe following list and all values in the I|ist
whi ch are less than this maxi num shall be inpl emented:

128, 256, 512, 1024, 2048, 4096 or 8192 octets.
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| PROCEDURE | CLASS 0 | CLASS 1
[---mmmmm e [----mmmmmmmm - [----mmmmmmmm -
| | |
| TPDU wi t h checksum | NA | NA
| TPDU wi hout checksum | mandatory | mandatory
| | |
| Expedited data transfer | NA | mandatory
| No expedited data transfer| nandatory | mandatory
| | |
R R [----mmmmme e [----mmmmme e
| Fl ow control in Cass 2 | NA | NA
| No flow control in Class 2| NA | NA
| | |
[ =-mmmmm e [=--mmmmmme - [=--mmmmmme -
| Normal fornats | mandat ory | mandat ory
| Ext ended fornmats | NA | NA
| | |
| o |- |-
| Use of receipt confirma- | |
[tionin Cass 1 | NA | optiona
| No use of receipt con- |
[firmation in Class 1 | NA | mandatory
| | |
[ == e [-----mmmmm - [-----mmmmm -
| Use of network expedited | |
|[in dass 1 | NA | optiona
| No use of network expedi- |
[ted in Class 1 | NA | mandatory
| |

NA i ndi cates the procedure is not applicable.

Tabl e 9.
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| PROCEDURE | CLASS 2 | CLASS 3 | CLASS 4
|- [EEEREEEEES [EEEREEEEEE [EEREEEEEEES
| _ | | |

| TPDU wi t h checksum | NA | NA | mandat ory

| TPDU wi hout checksum | mandat ory | mandatory | opti onal

| |

| o R R |-
| Expedi ted data transfer | mandat ory | mandatory | nmandat ory

| No expedited data transfer|mndatory | nandatory | mandatory

| Flow control in Class 2 | mandat ory | | NA
| No flow control in Cass 2|optional | | NA
| | | |
| Normal formats | mandat ory | mandat ory | mandat ory
| Ext ended formats | opti onal | opti onal | opti onal
| |
|- [EEEREEEEEE [EEEREEEEEE [EEREEEEEEES
| Use of receipt confirma-
[tion in Class 1 | NA | NA | NA
| No use of receipt con- | | |
[firmation in Class 1 | NA | NA | NA
|
R TR [ ---------- [ ---------- [ -----------
| Use of network expedited | | |
|[in dass 1 | NA | NA | NA
| No use of network expedi- | | |
[ted in Class 1 | NA | NA | NA
| | |

NA indi cates the procedure is not applicable
Table 9. (Second of 2 pages) Provision of options
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ANNEX A - STATE TABLES

This annex is an integral part of the body of this Internationa
St andar d.

This Annex provides a nore 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 precedence.

The state table also define the mapping between service and
protocol events that TS-users can expect.

This annex describes the transport protocol in terns of state
t abl es. 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 tables have been omtted fromthis copy.]

150



ANNEX B - CHECKSUM ALGORI THVS

(This annex is provided for information for inplementors and is
not an integral part of the body of the standard.)

B.1 SYMBOLS

The foll owi ng synbol s are used:

0
C1

vari ables used in the algorithns
nurmber (i.e. position) of an octet within the TPDU (see
12.1)

nunber (i.e. position) of the first octet of the checksum
par anet er

| ength of the conplete TPDU
val ue of the first octet of the checksum paraneter

val ue of the second octet of the checksum paraneter.

B.2 ARI THVETI C CONVENTI ONS

Addition is performed in one of the two foll owi ng nodes:

a)

b)

nodul o 255 arithnetic;

one’s conplenment arithmetic in which if any of the
variables has the value mnus zero (i.e. 255) it shall be
regarded as though it was plus zero (i.e. 0).

B.3 ALGORI THM FOR GENERATI NG CHECKSUM PARAMETERS
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B.3.1 Set up the conplete TPDU with the value of the checksum
paraneter field set to zero

B.3.2 Initialize CO and Cl1 to zero.

B.3.3 Process each octet sequentially fromi =1 to L by:
a) adding the value of the octet to CO; then

b) adding the value of CO to CI.

B.3.4 Calculate X and Y such that

-Cl + (L-n).CO
Cl - (L-n+l). Q0

<
I

B.3.5 Place the values X and Y in octets n and (n + 1)
respectively.

[ A Note describing the above algorithmin nmathenmatical notation
has been omitted fromthis copy.]

B.4 ALGORI THM FOR CHECKI NG CHECKSUM PARAMETERS

B.4.1 Initialize CO and Cl1 to zero.

™

4.2 Process each octet of the TPDU sequentially fromi =1 to
b

a) adding the value of the octet to CO; then

b) adding the value of CO to CI.
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B.4.3 |If, when all the octets have been processed, either or
both of C0O and Cl1 does not have the value zero, the checksum
formulas in 6.17 have not been satisfied.

NOTE - The nature of the algorithm is such that it 1is not
necessary to conpare explicitly the stored checksum bytes.
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Expl anat ory Report

The Transport Layer Services and Protocols have been under study
within TC97/SC16 since 1979. It was agreed by SCl16 at its
meeting in Berlin, Novenber 1980, that the Service and Protoco
docunents woul d be progressed concurrently.

At the SC16 neeting in Tokyo, June 1982, authorization was given
(Resolutions 10 and 11, SC16 N 1233) to register both the
Transport Service Definition and the  Transport Pr ot oco
Specification as Draft Proposals and to circulate themfor a 90-
day ball ot.

Following the close of the letter ballot an Editing Goup was
convened to integrate editorial conments and nmake reconmendati ons
regardi ng proposed technical changes. The revised texts and
proposed recommendati ons were reviewed by SC16/ W% at its neeting
in Vienna, March 1983. The revised text of the Transport Service
Definition (SC16 N 1435) was accepted as presented whereas the
revised text of the Transport Protocol (SC16 N 1433) was
subjected to an additional 60-day ballot. Consistent with the
SC16 decision regarding the parallel progression of both DPs, the
Transport Service Definition was held in abeyance pending
acceptance by SC16 of the revised Transport Protocol (Second DP
8073).

A second Editing G oup was convened in Paris, July 1983, to
review coments subnitted on Second DP 8073. The Mnutes and
Report of this meeting are docunented in SC16 N1575 and N 1574
respectively. The two negative votes (DIN and NNI) were given
full consideration. The NNI concerns have been fully covered in
the revised text prepared by the Editing Group. The DI N concerns
have been taken into account and incorporated in their [large
majority.

Upon the reconmendation of the Editing G oup, DP 8072 and DP 8073

are forwarded for registration as Draft International Standards
and letter ballot of |SO Menber Bodi es.
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