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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-4: Data-link layer protocol specification — Type 4 elements

FOREWORD
1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizati mprising
all national electrotechnical committees (IEC National Committees). The objeCt\of promote
interhational co-operation on all questions concerning standardization in the electri ic flelds. To
this end and in addition to other activities, IEC publishes International Standard i if|cations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (f hs “IEC

Publ|cation(s)”). Their preparation is entrusted to technical committees; ap interested
in tHe subject dealt with may participate in this preparatory work. hd non-
govarnmental organizations liaising with the IEC also participate in #hi ) closely
with |the International Organization for Standardization (ISO) in dccorda i ined by

agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technical mattgrs express 3 ible, i national
consensus of opinion on the relevant subjects since eac i from all
interpsted IEC National Committees.

3) IEC |Publications have the form of recommendations” far int | National
Compmittees in that sense. While all reasonable S e i t of IEC
Publ|cations is accurate, IEC cannot be held respohsi 5 i for any
misipterpretation by any end user.

4) In ofder to promote international uniformity, IE i Y ications
trangparently to the maximup Si v nati i icati . ijergence
between any IEC Publication Qnding bi ) i icati ind|cated in
the lptter.

5) IEC |provides no marking proce indi i G i for any
equipment declared to 3

6) All upers should@
7) No liability shall attach

mployees, servants or agents including individual expprts and
members of its tec ational Committees for any personal injury, property damage or
othe ,yWhether direct or indirect, or for costs (including legal fdes) and
expgnses arising\out\o i use of, or reliance upon, this IEC Publication or any other IEC

Publ|cations

8) Attention is\drawn te ative references cited in this publication. Use of the referenced publications is
indisjperisa

9) Attentiohy fg the pogsibility that some of the elements of this IEC Publication may be the siibject of

patept rightss IE sha notMe held responsible for identifying any or all such patent rights.

NOTE [se 6f some o associated protocol types is restricted by their intellectual-property-right holdefs. In all
cases, thecommitment to limited release of intellectual-property-rights made by the holders of those rightq permits
a partictlar data-link layer protocol type to be used with physical layer and application layer protocols|in Type
combinations as specified explicitly in the IEC 61784 series. Use of the various protocol types in other
combinations may require permission from their respective intellectual-property-right holders.

International Standard IEC 61158-4-4 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This first edition and its companion parts of the IEC 61158-4 subseries cancel and replace
IEC 61158-4:2003. This edition of this part constitutes a minor revision. This part and its
companion Type 4 parts also cancel and replace IEC PAS 62412, published in 2005.

This edition of IEC 61158-4 includes the following significant changes from the previous
edition:

a) deletion of the former Type 6 fieldbus, and the placeholder for a Type 5 fieldbus data link
layer, for lack of market relevance;
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b) addition of new types of fieldbuses;
c) division of this part into multiple parts numbered -4-1, -4-2, ..., -4-19.
The text of this standard is based on the following documents:

FDIS Report on voting
65C/474/FDIS 65C/485/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This pdiblication has been drafted in accordance with ISO/IEC Directives,

The cgmmittee has decided that the contents of this publication wi
the mdintenance result date indicated on the IEC web site under ht
data rglated to the specific publication. At this date, the publicatjor

* recpnfirmed;

* withdrawn;

* repjaced by a revised edition, or

+ amgnded.

NOTE [The revision of this standard will be syn

The ligt of all the parts of the
commynication networks — Fieldbus specH

d until
in the


http://webstore.iec.ch/
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INTRODUCTION

This part of IEC 61158 is one of a series produced to facilitate the interconnection of
automation system components. It is related to other standards in the set as defined by the
“three-layer” fieldbus reference model described in IEC/TR 61158-1.

The data-link protocol provides the data-link service by making use of the services available
from the physical layer. The primary aim of this standard is to provide a set of rules for
communication expressed in terms of the procedures to be carried out by peer data-link
entities (DLEs) at the time of communication. These rules for communication are intended to
provide a sound basis for development in order to serve a variety of purposes:

a) as p guide for implementors and designers;

b) forluse in the testing and procurement of equipment;

c) as part of an agreement for the admittance of systems into the opens irohment;
d) as p refinement to the understanding of time-critical commu

This standard is concerned, in particular, with the communjéatioqn\aneint nsors,
effectgrs and other automation devices. By using this s a ogetherwithy other sta’}vdards
positiohed within the OSI or fieldbus reference mode i S may

work tggether in any combination.

N
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-4: Data-link layer protocol specification — Type 4 elements

1 Scope

1.1 General

The ddta-link layer provides basic time-critical messaging communication ices in

an autpmation environment.

This pfotocol provides a means of connecting devices through a pa , such

that most failures of an interconnection between two device ed. In

commgn practice the devices are interconnected in a non- hanner

reflecting application needs

1.2 Specifications

This standard specifies

a) procedures for the timely transferkof d k user
entjty to a peer user entity, and ameng j data-
linK service provider;

b) the mation
by the protocol of this s nits.

1.3 Procedures

The pracedures<>

a) the| interactio e tities (DLEs) through the exchange of fieldbus
DLPDUs;

b) the|interactio G ervice (DLS) provider and a DLS-user in the same system
through ; Je\. primitives;

c) theli cen @' DLS-provider and a Ph-service provider in the same gystem
thropégh the \exd ange of Ph-service primitives.

1.4 Applicability

These [ procedures are applicable to instances of communication between systems| which

suppont_time-criti icati i ithi =l eldbus

reference models,

interco

Profiles provide a simple multi-attribute means of summarizing an

capabi

nnection environment.

lities, and thus its applicability to various time-critical communications needs.

1.5 Conformance

and which require the ability to interconnect in an open systems

implementation’s

This standard also specifies conformance requirements for systems implementing these
procedures. This standard does not contain tests to demonstrate compliance with such
requirements.
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2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 61158-2 (Ed.4.0), Industrial communication networks — Fieldbus specifications — Part 2:
Physical layer specification and service definition

IEC 61158-3-4, Industrial communication networks — Fieldbus specifications — Part 3-4: Data-
link layer service definition — Type 4 elements

ISO/IEC 7498-1, Information technology — Open Systems Interconnectj Reflerence

Model] The Basic Model

ISO/IE
ModellNaming and addressing

erence

ISO/IE
Model

erence

3 Tenms, definitions, symbols a

For the purposes of this document, the fo i S ohs, symbols and abbreViations
apply.

This s ) developed in ISO/IEC 7498-1 and I$O/IEC
7498-3 A i
3.1.1 [7498-3]
3.1.2 [7498-3]
3.1.3 [7498-1]
31.4 [74{98-1]
b -entities (N=2)
h-entities (N=1)
3.1.5 demultiplexiiig [74]98-1]
3.1.6 DL-address [7498-3]
3.1.7 DL-address-mapping [7498-1]
3.1.8 DL-connection [7498-1]
3.1.9 DL-connection-end-point [7498-1]
3.1.10 DL-connection-end-point-identifier [7498-1]
3.1.11 DL-connection-mode transmission [7498-1]
3.1.12 DL-connectionless-mode transmission [7498-1]

3.1.13 DL-data-sink [7498-1]
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3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1.
3.1.
3.1.
3.1.
3.1.
3.1.

3.1

3.1

3.1

3.1.

14
.15
.16
A7
.18
.19
.20
.21
.22
.23
.24
.25
.26
.27
.28
.29
.30

31

37

.38

.39

40

DL-data-source [7498-1]

DL-duplex-transmission [7498-1]

DL-facility [7498-1]

DL-local-view [7498-3]

DL-name [7498-3]

DL-protocol [7498-1]
—DL-protocol-connection-identifier

DL-protocol-control-information
DL-protocol-data-unit
DL-protocol-version-identifier
DL-relay
DL-service-connection-identifier
DL-service-data-unit
DL-simplex-transmission
DL-subsystem

DL-user-data

flow control
layer-manage
multiple

naming-(adg

=unit

DL-service-data-unit (N=2)
Ph-interface-data-unit (N=1)

(N)-layer [7498-1]
DL-layer (N=2)
Ph-layer (N=1)

(N)-service [7498-1]
DL-service (N=2)
Ph-service (N=1)

(N)-service-access-point [7498-1]
DL-service-access-point (N=2)
Ph-service-access-point (N=1)
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3.1.41 (N)-service-access-point-address [7498-1]
DL-service-access-point-address (N=2)
Ph-service-access-point-address (N=1)

3.1.42 peer-entities [7498-1]
3.1.43 Ph-interface-control-information [7498-1]
3.1.44 Ph-interface-data [7498-1]
3.1.45 primitive name [7498-3]

3.1.46 reassembling

3.1.47| recombining
3.1.48( reset

3.1.49| responding-DL-address
3.1.50]| routing

3.1.51| segmenting

3.1.52| sequencing

3.1.53| splitting

3.1.54| synonymous name
3.1.55| systems-management

3.2 Service convention‘ter

This standard also m
to the glata-link @

3.21
3.2.2
3.2.3
(primitive)
3.24
3.2.5 pPL-confirmed-facility

3.2.6 DL-facility

3.2.7 DL-local-view

3.2.8 DL-mandatory-facility

3.2.9 DL-non-confirmed-facility
3.2.10 DL-provider-initiated-facility
3.2.11 DL-provider-optional-facility

3.2.12 DL-service-primitive;
primitive

3.2.13 DL-service-provider
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3.2.14 DL-service-user
3.2.15 DL-user-optional-facility

3.2.16 indication (primitive)
acceptor.deliver (primitive)

3.2.17 multi-peer

3.2.18 request (primitive);
requestor.submit (primitive)

3.2.19 requestor

3.2.20| response (primitive);
acceptor.submit (primitive)

3.2.21| submit (primitive)
3.2.22 symmetrical service

3.3 Teérms and definitions

3.3.1
broad¢ast-Node-address
address used to send broadcasts to all

NOTE RAIl DLEs on a Link receive all DLPDU € 3 -addregs is equal to the Broadca
Address| Such DLPDUs are always Unconfirmedq, d th is—n€ver acknowledged. The val

Broadcalst-Node-address is 126.

3.3.2
destinption-DL-route
holds @ sequence of Dk

NOTE [This includes hoth wati > aJlocal component meaningful to the destination DLS
3.3.3
DL-royte

combirnation of a Dest on-D¥-routeyand a Source-DL-route

3.34
DL-route<e
octet h ofe<addrass or an address used by the DLS-user
3.3.5
DL-segment), link,

ocal link
single DL-

5t-Node-
ue of a

=)

-user.

without

any intervening DL-relaying, whenever all of those DLEs that are participating in an instance
of communication are simultaneously attentive to the DL-subnetwork during the period(s) of

attempted communication.

3.3.6
DLSAP

distinctive point at which DL-services are provided by a single DL-entity to a single higher-

layer entity.

NOTE This definition, derived from ISO/IEC 7498-1, is repeated here to facilitate understanding of the critical

distinction between DLSAPs and their DL-addresses.

3.3.7

DL(SAP)-address
an individual DLSAP-address, designating a single DLSAP of a single DLS-user.
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3.3.8
(individual) DLSAP-address
DL-address that designates only one DLSAP within the extended link

NOTE A single DL-entity may have multiple DLSAP-addresses associated with a single DLSAP.

3.3.9
frame
denigrated synonym for DLPDU

3.3.10

IPNetID

identifi ; 7. The
values|0, 126 and 127 are reserved for special purposes

NOTE RAn IPNetID is translated into an IP-address and a UPD port number.

3.3.11

IPNetTable

definitipn of the relation between IPNetID, IP address Router

NodeAlddress, where IPNetID is used as index in the table

3.3.12
IP Range net
is used for local access, where nodescan be 3
client, pr through a local Router wheré

tIy op the same subnet|as the
gurethin the local Router

3.3.13
Nettype
an IP petwork is of a certai an\e “Unused”, “IP Range net” of “UDP
Range|net”

3.3.14
no-Copfirm-Node-s
address used to diCz

NOTE [The value of a

résponse is Unconfirmed
is 0.

3.3.15
node
single

3.3.16
node-address
addregs whieh uniquely identifies a DLE on a Link

NOTE The value of a Node-address can be in the range of 0 to 127, with the values 0, 126 and 127 reserved for
special purposes.

3.3.17
normal class device
device which replies to requests from other normal class devices, and initiates transmissions

NOTE Such a device can act as a server (responder) and as a client (requestor) - this is also called a peer

3.3.18
Type 4-route
holds a sequence of Type 4-route-elements

NOTE A Type 4-route is defined as an encoded DL-route, with one of the formats used when transmitting the
DLPDU on the Link. The Type 4-route format can be Simple, Extended, Complex, Immediate or IP.
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3.3.19

Type 4-route-element

an octet, holding a 7-bit DL-route-element or Remaining-route-length, and a 1-bit source/
destination designator

3.3.20
receiving DLS-user
DL-service user that acts as a recipient of DL-user-data

NOTE A DL-service user can be concurrently both a sending and receiving DLS-user.

3.3.21
sendingBtS-user

DL-seryice user that acts as a source of DL-user-data

3.3.22
servicp-Node-address
addresdls reserved for service purposes only

NOTE Al DLEs on a Link receive all DLPDUs where the first Node-adg vice-Node-Address.
Such DYPDUs can be Confirmed or Unconfirmed, and their receipt may © e asknowledged. The [Service-
Node-Address can be used on Links with only two DLEs - the r i ponding
Simple @r Normal class DLE. The value of the Service-Node-Addyess is 12

D
&
C
[}
(2]
5
o
[N
3
Q
—
>
()
=
[
7

3.3.23
simplg class device
device| which replies to requests fron
responder only

s ..

Vices, Jand can act as a sefver or

3.3.24
sourcé-DL-route

holds a sequence of DL-rot e complete route back to the sourge

3.3.25

UDP pprt numl@

a SerVer can receive xequ different UPD port numbers: Normal UDP pgrt and
Securg UDP port. The ef shall be 34378 for Normal UDP port. The UDP port
numbefr shall be 34 S P port

NOTE [These YDP part are registered with the IANA (Internet Assigned Numbers Authority)

3.3.26

UDP range ne

is useq ess, where a node cannot be accessed directly on the same suljnet as

the clignt. Fhe 1P ble holds a NAT Router IP address and access to the node is obptained
through this-NAT Router

NOTE The NAT Router shall hold a table that translates the UDP port number to the actual server node IP
address and UDP port number.

3.3.27
Virtual link-access token
basis for the link-access system

NOTE It is called virtual because the token is not explicitly sent from one normal-class DLE to another, but
implicitly passed as the link is idle.
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3.4.1 Constants, variables, counters and queues
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3.411 BNA broadcast node address
3.4.1.2 C(LAC) link access counter

3.41.3 C(LIC) link idle counter

3.41.4 SNA service node address

3.4.1.5 NCNA no confirm node address
3.4.1.6 Q(UR) user request queue

3.4.1.7 V(ACPDU) acknowledge confirmed PDU
3.4.1.8 V(AUPDU) acknowledge unconfirmed PDU
3.41.9 V(BR) bit rate

34110 V(DC) device class (simple or nogr
3.41.11 V(DMRT) default max retry time

3.41.12 V(MID)

3.41.13 V(NA)

3.4.1.14 V(NDLE)

3.41.15 V(PNR)

3.41.16 IPNetTable

3.4.2 Miscella

3.4.2.1 RCL/ACH sewcapries later / acknowledge
4 Data Definition

4.1 Opervie DL-protocol

The DLL{provides connectionless data transfer services for limited-size DLSDUs frdm one
DLS-userto one or more (broadcast) DLS-users

A DLE is implicitly connected to one PhE and to a single DLSAP. This means, that when a
local DLS-user issues a service primitive at a certain DLSAP, the DLE and hence the Link is
implicitly selected.

A DLE always delivers received DLSDUs at the same DLSAP, and hence to the same DLS-

user.

This concept is illustrated in Figure 1.
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Application
Layer DLS-user DLS-user
___________________ DLSAR _._.bLsaR
Data Link
DLE DLE
Layer
A A
Physical A 4 A 4
Layer PhE
Each Link.
A DL-n by the
DLS-user.
A Desfination-DL-route holds a sequente of DL-xg P route
to the gestination.
A Soufce-DL-route ho route
back t¢ the source.
A DL-r
411
The fu Kity of
conforming i
Simple
Norma] class; including initiator and responder functionality (client and server, also|called
peer).

4.1.2 Functions of the DLL

The functions of the DLL are those necessary to bridge the gap between the services
available from the PhL and those offered to DLS-users. The functions are:

As a responder (in Simple class or Normal class DLEs):

a) Receive a DLPDU from a remote DLE, perform frame check, parse the received DLPDU
into its DL-protocol information and data components, and generate a DLS-user indication
primitive. Possibly wait for a DLS-user request or response primitive, convert it to a
DLPDU, and send that DLPDU to the remote DLE.

b) Receive a single PhIDU specifying LINK-IDLE, and use that to time-out when waiting for a
DLS-user request primitive.
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As an initiator (in Normal class DLEs):

c) Convert a DLS-user request primitive to a DLPDU, queue it, and send it to a remote DLE
(or all DLEs at the Link if broadcast) at the first opportunity. Possibly wait for an
Acknowledge or Immediate-reply DLPDU from the remote DLE, and (if an Immediate-reply
DLPDU is received) generate a DLS-user indication primitive.

d) Receive an SPDU, and use the associated data to check or gain Link-access
synchronization.

e) Receive a single PhIDU specifying LINK-IDLE, use that to keep Link-access synchronized,
and possibly to initiate sending a DLPDU from the queue if the queue is not empty, or if
the queue is empty, to send an SPDU for Link-access synchronization.

These [functions are illustrated in Figure 2 to Figure 4.

4.1.2.1 Acknowledged vs. confirmed

The tefms acknowledged and unacknowledged are used to deSesdi Ceiving
DLE mjust acknowledge the receipt of a DLPDU or not. The tern ‘ e firmed
are used to describe whether the receiving DLS-user mus [ - i 5DU or
not.

The variable V(ACPDU) - E must
acknowledge the receipt of Confirmed DLPDU Nledge
Unconfirmed PDU - defines, whether ths [ 1 firmed
DLPDUs.

A spedial case is when the first Node-dddress in\a ed DLPDU is equal to the Broadcast-
Node-address (BNA). In this case, th i 2 eipt of
the DLPDU.

4.1.2.2 Half-duplex a

Unless otherwis@te Ja PhL
supporting full du x:

Full dup dllowed
to trar} it i duplex
PhEs 5 and
Figure(6

In full duplexsiystems, Confirmed as well as Unconfirmed DLPDUs are unacknowledged.

PhLs slupporting full duplex shall not provide Link-ldle indications.
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Indication to DLS-
user

!

Error OK
AY I

Receive DLPDU

f

START-OF-ACTIVITY
indication from PhE

Figurg 2 — Di e didgram for confirmed and unconfirmed, unacknowledged DI PDUs
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N

Response from DLS-
user or 30 bit idle

user
DLS-user *
f Send Acknowledge
DLPDU
Error OK
AY I

Receive DLPDU

f

START-OF-ACTIVITY
indication from PhE

Error indication to
DLS-user

Retfjansmission
nqt allowed

Send Immediate-
reply DLPDU

<&

&

Erroxindication to
DLS-user

k

Retransmission
not allowed

/

Retransmission
allowed

Queue DLPDU for
retransmission if
allowed

Retrgnsmit PDU ' .
p : ait for Immediate-
immediatel\if
SHowe reply or Acknowledge o
DLPDU Indication to PLS-
\ | user
Received RCL/ACK f
35 bit idle
/ Received \Wait Recejve
START-OF-ACTIVATY - diat |
indication from PhE immediate reply
Error Receive DLPDU

Figure 3 — DLE state diagram for confirmed acknowledged DLPDUs
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Indication to DLS-
user

!

Error OK Send Acknowledge

(=Y = =N
Ay T =4 = g = awy

Receive DLPDU

f

START-OF-ACTIVITY
indication from PhE

Error indication to
DLS-user

Retfjansmission
nqt allowed

Erroxindication to
DLS-user

k

Retransmission
not allowed

Retransmission
allowed

/

Queue DLPDU for
retransmission if
allowed

Retransmit PDU

immediatel\if
Bawed\ |
A

35 bit idle

. for Acknowledge

DLPDU

Received RCL/ACK

/ Recejved \Wait

START-OF-ACTIVITY
indication from PhE

\ 4
Receive DLPDU

Error

Figure 4 — DLE state diagram for unconfirmed acknowledged DLPDUs
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Indication to DLS-
user

!

Error OK
\ [

Receive DLPDU

f

START-OF-ACTIVITY
indication from PhE

Figure 5 — Full duplex DLE re

Queue DLPDU

/

Request from DLS-user

Queue not empty

l

Send DLPDU
from queue

Figure 6 — Full duplex DLE transmit state diagram

4.1.2.3 DLPDU types
Four different types of DLPDUs are defined.

a) Confirmed - used to send confirmed requests between DLS-users.
b) Unconfirmed - used to send responses or unconfirmed requests between DLS-users.


https://iecnorm.com/api/?name=cc6455d5d60627454543603e8d64830d

61158-4-4 © IEC:2007(E) -21-

c)

d)

Acknowledge - used by DLEs to acknowledge receipt of Confirmed or Unconfirmed
DLPDUs. The receipt of Acknowledge DLPDUs must never be acknowledged.

Immediate-reply - used to send responses between DLS-users. The receipt of Immediate-
reply DLPDUs must never be acknowledged.

4.1.2.4 SPDU types

Only one type of SPDU (Support Protocol Data Unit) is defined.

a)

4.1.2.5I Responder role, receiving a DLPDU from the PhE

This ag¢tion includes a sequence of steps, as described in the following

a)

Sync - used to send Link access synchronization information between DLEs. An SPDU
holds the Node-address of the DLE holding the Virtual Link-access token. An SPDU can
be "stand-alone" or part of an Acknowledge or Immediate-reply DLPDU.

Regeive a single PhIDU specifying START-OF-ACTIVITY. This Pk dress.
This address is examined to determine, whether its value is ress of
thig DLE, or equal to the Broadcast-Node-address (BNA) © Serw ddress
(SNA). If not, ignore this sequence and wait for the™next \b RT-OF-

ACTIVITY.

Reg¢eive a sequence of PhIDUs from the PhE,(sps i Ay CO m to a

received DLPDU, compute a frame check seq : i ceived

datp as specified by the value of V(F ~ check

for|the proper value. If the value 1 e next

PhIDU specifying START-OF-ACTIVITY

Convert the received DLPDU data

components.

Geherate a DLS-user

If the DLPDU rece of the
t for a

DLPDU must be
request or =¢

te and
DLE is
E is of

is issued from the local DLS-user in time, generafe and
nediately<send\an Acknowledge DLPDU, speC|fy|ng "Wait" if this DLE is of Simple

If a request primitive 1S issued irom the local DLS-user in time, convert It into an
Immediate-reply DLPDU and send it immediately. After sending, wait for the next PhiDU
specifying START-OF-ACTIVITY.

If the DLPDU received from the remote DLE is of the Confirmed type, and the receipt of
the DLPDU shall not be acknowledged, wait for the next PhIDU specifying START-OF-
ACTIVITY.

If the DLPDU received from the remote DLE is of the Unconfirmed type, and the receipt of
the DLPDU shall be acknowledged, according to the rules described in 4.1.2.1, generate
and immediately send an Acknowledge DLPDU, specifying RCL/ACK. After sending, wait
for the next PhIDU specifying START-OF-ACTIVITY.

If the DLPDU received from the remote DLE is of the Unconfirmed type, and the receipt of
the DLPDU shall not be acknowledged, wait for the next PhIDU specifying START-OF-
ACTIVITY.
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4.1.2.6 Responder role, receiving a PhIDU specifying LINK-IDLE

As a responder, when waiting for a request or response primitive from the local DLS-user, the
receipt of a PhIDU from the PhE specifying "LINK-IDLE for 30 bit periods" is used to timeout
waiting for the DLS-user. The possible actions resulting from the timeout are defined in
4.1.2.5.

4.1.2.7 Initiator role, managing request primitives from the local DLS-user
This action includes a sequence of steps, as described in the following:

a) Convert a request primitive from the IocaI DLS-user into a DLPDU queue it, and send it to

are ote D oratt b O S R OTOauCd S S OppOTtUTIHY

b) If the DLPDU sent is of type Unconfirmed, and the receiving DLE should ackhowledge the
receipt, according to the rules defined in 4.1.2.1, wait for an Acknowledge DBERDJ from
thel remote DLE specifying RCL/ACK. If no acknowledge is réceived imntime (bgfore a
PhIDU specifying "LINK-IDLE for 35 bit periods" is received fro RPhE),immedijalely re-
trapsmit the DLPDU if the permitted number of transmissio vYE€ not been pent. If

the| permitted number of transmission retries have failed is agtion is
completed.
c) If the DLPDU sent is of type Unconfirmed, and the i should not acknowledge

the|receipt, this action is completed.

d) If t1e DLPDU sent is of type Conflrmed an [ L\ ge the
rec wledge
DLDDU from the remote DLE.

If PhIDU
sSpe c , wledge
sp4cifies "RCL/ACK" S . g ad. S ifi it",|queue
thel DLPDU for retrangmissijon if th 3 i ired. e retry
timer has expired b error
infgrmation.

If gn Immed@w remote
DLE q l data

cor
If neithe ack Q A & i i in time, re-tjansmit
the i if the
pern nsmission retries have not been sent. If the permitted number of
trapsmissj i iled, - indicati imiti th the
apy

e) Ift wledge
th\/ I\lUUI'JL, LIIIO UULIUII IO UVIII'JIUI.UU

4.1.2.8 Initiator role, link-access

The Link-access system is based on a so-called Virtual Link-access token. Virtual because
the token is not explicitly sent from one Normal class DLE to another, but implicitly passed as
the Link is idle.

The following DLE variables and counters are used by the Link-access system.

V(NA) - Node-address. Each DLE on a Link is uniquely identified by its Node-address, the
value of which is stored in V(NA). The value of V(NA) must be different in all DLEs on the
Link.
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V(NDLE) - Number of DLEs - holds the maximum number of Normal class DLEs on the Link.
The value of V(NA) must be lower than or equal to the value of V(NDLE). The value of
V(NDLE) must not exceed 32. The value of V(NDLE) must be the same in all DLEs on the
Link.

C(LAC) - Link Access Counter - holds the Node-address of the DLE holding the Virtual Link-
access token. The value of C(LAC) will be the same in all DLEs on the Link.

C(LIC) - Link Idle Counter - holds information on, for how long the Link has been idle. The
value of C(LIC) will be the same in all DLEs on the Link.

Figure[7ittustrates thefunctiomatity of thetimk=accesssystem—The—“Actiorp-tg descrihes the
use of|the Link. The first action is that the DLE having Node-address 2( sends\a /Carnfirmed
DLPDU, and receives the corresponding Immediate-reply DLPDU. T jon|is that
the DLE having Node-address 3 sends an Unconfirmed DLPDU. The beriod,
the DLE with Node-address 2 sends a Sync SPDU.

The DLE having Node-address 4 is not present. Had it been pre : e sent
the Sync SPDU, as the Link had been idle for 360 bit pefi N Virtual
Link-a¢cess token. The next DLE holding the token is prefore
sends the Sync SPDU.

Attion DLE2 req.
<>

response E3 req. DLE1 syng.

4
]

~ -
-~ -

Link signal
level

C[LAC) Q Q &2 \/\/I 3 |4|1|2 _____________________ E

cfLic) < ONZS 2o 1 i

Scale: 10 bit periods

Figure 7 — Link access example

Each single PhIDU specifying LINK-IDLE holds information on, whether the Link has been idle
for 30 bit periods, for 35 bit periods, or for 40 or more bit periods in the associated status
parameter.

Each time a LINK-IDLE specifying that the Link has been idle for 40 or more bit periods is
received, the value of C(LAC) - Link Access Counter - and the value of C(LIC) - Link Idle
Counter - is incremented by 1. When the value of C(LAC) becomes higher than the value of
V(NDLE) the value of C(LAC) is set to 1.
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Each time a LINK-IDLE specifying that the Link has been idle for 30 bit periods is received, the
value of C(LIC) is set to 0.

If, immediately after incrementing C(LAC), the value of C(LAC) is equal to the Node-address
of this DLE, it means this DLE holds the Virtual token, and therefore is allowed to send (and
possibly re-transmit) a DLPDU from the queue. This must be initiated immediately, by sending
a START-OF-ACTIVITY-2 to the PhE. It is a task of the implementation to ensure that the
transmission is initiated within 7 bit-periods after receipt of the LINK-IDLE service primitive. If
the queue is empty, the DLE must check the value of C(LIC), to see for how long time the Link
has been idle. If the value of C(LIC) is equal to or higher than 33, it means the Link has been
idle for 360 bit periods or more. If this applies, the DLE must send a Sync SPDU for Link-
access synchronization. This must be done immediately, by sending a START-OF-ACTIVITY-2 to
the Ph[E. The associated data field must specify Source, and hold the de~address |of this
DLE. This system is used to keep the idle counters in all PhEs on t us the
values|of C(LAC) and C(LIC) in all DLEs on the Link, synchronized.

nd a
source
pment.

Each |single PhIDU specifying START-OF-ACTIVITY holds
Sourcg/Destination designator in the associated data field.
Node-address, it identifies the DLE holding the Virtual Li
Such 4 PhIDU forms a complete Sync SPDU.

When the DLE receives a Sync SPDU, it must comparg [ ode-address with the
value of C(LAC). If the 2 values are equal p 3 is synchronized to thg other
DLEs ¢n the Link. If they are not equa ynchronization. As llong as
the DL bs how
to gain|

4.1.3

This s gtraints

on use|

4.1.31

The gr| arity of

PhS-ug

4.1.3.1.

The Ph& i hmeter

values

P
P
Ph-GETVALUE request (parameter name)

Q
=

O
=

{1SETVALUE confirm (status)

(¢

)
)
)
d)

Ph-GETVALUE confirm (current value)
These services are used by the DLE to

1) set the bit rate, as a result of bit rate changing through DL-management;

2) get the bit rate, as a result of bit rate or Max Indication Delay reading through
DL-management. The value of Max Indication Delay is calculated from the current value of
bit rate, and shall indicate a value corresponding to 30 bit periods.

4.1.3.1.2 PhS transmission and reception services

The PhS is assumed to provide the following service primitives for transmission and
reception:
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a) Ph-DATA request (class, data)
b) Ph-DATA indication (class, data, status)
c) Ph-DATA confirm (status)

where

class — specifies the Ph-interface-control-information (PhICI) component of the Ph-interface-
data-unit (PhIDU).

For a Ph-DATA request, its possible values are

rea

DA
imn

a “Data character”

END-
the
be

a from
all not

For a H

ST/
rep
sud

”, the value of which is
ecifies

eceiyed a /Data character”, the value of which is reported|in the
¢ associated status parameter specifies success |or the

as detected, that the signal level on the Link has been “Idle” [for 30,
erlods The assomated status parameter specmes if the Lipk has

NOTE</The PhE holds an idle counter. This counter is incremented by one each time the signal levgl on the
Link_has been idle for one bit period, Each time the signal level is not idle, the idle counter is cleared. When
the idle counter reaches 30, the PhE reports this with a Ph-DATA indication of class LINK-IDLE, and associated
status indicating 30 bit periods. Five bit periods later, if the Link is still idle, the PhE reports this with another
Ph-DATA indication of class LINK-IDLE, and associated status indicating 35 bit periods. Five bit periods later, if
the Link is still idle, the PhE reports this with another Ph-DATA indication of class LINK-IDLE, and associated
status indicating 40 or more bit periods. This goes on for each 10 bit period with indications specifying 40 or
more bit periods, till the signal level on the Link is no longer idle.

data — specifies the Ph-interface-data (PhID) component of the PhIDU. It consists of one
octet of Ph-user data to be transmitted (Ph-DATA request), or one octet of Ph-user data
which was received (Ph-DATA indication).

status — specifies either success or the locally detected reason for failure, or specifies if
the associated LINK-IDLE indication indicates "30", "35" or "40 or more" bit periods of idle
after Link activity.
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The Ph-DATA confirm primitive provides the feedback necessary to enable the DLE to report
failures such as Link short-circuit or noise resulting in framing error to the DLS-user, and
provides the critical physical timing necessary to prevent the DLE from starting a second
transmission before the first is complete.

4.1.3.2 Transmission of Ph-user data

When a DLE has a DLPDU to transmit, and the Link-access system gives that DLE the right to
transmit, then the DLE shall send the DLPDU, including a concatenated FCS. Making a
sequence of Ph-DATA requests as follows does this:

a) the first request shall specify START-OF-ACTIVITY-11 if the DLPDU to transmit is an
Aciwmmmmmte re-
tramsmission of a Confirmed or Unconfirmed DLPDU. The first request|shall specify START-
OFHACTIVITY-2 if transmission of a Confirmed or Unconfirmed DL eue is
commenced;

b) thig first request shall be followed by consecutive requ
corjcluded by a single request specifying END-OF-ACTIVITY.

\, and

a new
N-DATA

The PHE signals its completion of each Ph-DATA request;
Ph-DATA request, with a Ph-DATA confirm primitive.

4.1.3.3 Reception of Ph-user data

The PhE reports a received transmissjon “wit indicdtions, which shall corsist of
either |a single indication specifying a single indication spdcifying
START{OF-ACTIVITY followed by consegq specifying data. Each indicatipn has
an asspciated status parameter, speci or the
locally|detected reason fof fai

4.2 General structure\g
procedure

4.2.1 PhiDU strg X

Each R

interfag e DLE transmits a DLPDU, it computes a frame| check

sequer pecified in 0, concatenates the DLPDU and the frame| check
sequer smits\the tehcatenated pair as a sequence of PhIDUs as follows.

of Ph-

a) IS8 asingle Ph-DATA request primitive with PhICI| specifying START-OF-
ActT i ing from the queue, and specifying START- OF- ACTIVITY 11 if sending an
1|ssing

confirm pr|m|t|ve

b) The DLE issues a sequence of Ph-DATA request primitives with PhICI specifying DATA,
each accompanied by one octet of the DLPDU as Ph-interface-data, from second to last
octet of the DLPDU, and after each Ph-DATA request primitive awaits the consequent Ph-
DATA confirm primitive.

c) If the value of V(FCM) - FrameCheckMethod - specifies reduced frame check, the DLE
issues a single Ph-DATA request primitive with PhICI specifying DATA, accompanied by
one octet holding the computed FCS as Ph-interface-data, and after the Ph-DATA request
primitive awaits the consequent Ph-DATA confirm primitive. If the value of V(FCM) -
FrameCheckMethod - specifies normal frame check, the DLE issues a sequence of Ph-
DATA request primitives with PhICI specifying DATA, each accompanied by one octet of the
FCS as Ph-interface-data, from first to last octet of the FCS, and after each Ph-DATA
request primitive awaits the consequent Ph-DATA confirm primitive. If the value of V(FCM)
- FrameCheckMethod - specifies None frame check, the transmission is finished.
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d) The DLE issues a single Ph-DATA request primitive with PhICI specifying END-OF-ACTIVITY,
and awaits the consequent Ph-DATA confirm primitive.

It is a task of the implementation to ensure that there are no idle periods between the octets
of a transmitted DLPDU.

The DLE forms a received DLPDU by concatenating the sequence of octets received as Ph-
interface-data of consecutive Ph-DATA indications, computing a frame check sequence for
those received octets as specified in 0, and compares the received FCS value with the
computed, as follows.

1) The DLE received a single Ph-DATA indication primitive with PhICI specifying START-OF-

AcT 9 y , and
init aI|zes its computation of an FCS for the received DLPDU.

2) The DLE receives a sequence of Ph-DATA indication primitives wi d DATA,
eagh accompanied by one octet of the received DLPE b-data,
incfementally computes an FCS on the received octet, and ) except
the ceived
DL . i ion, i sived toMComplite the
nur

3) Wh if any —
deg
i) ) as a
i) Fms no

4.2.2

The vdlue of the DLE lpcalari 5e

The following fra

4.2.21

The "N ges two frame-check codes, FCA and FCB. The method

gives 4 ist b three

(Hammi will be

detected. of bits

in errof wi

At the fransmittingDL.E, the following sequence is followed.

a) Before‘transmitting the first octet of the DLPDU, clear the two variables FCA and F(B.

b) For each octet of the DLPDU to be sent, exclusive OR the value of the octet to be sent to
the value of FCA, and store the result in FCA. Exclusive OR the value of the octet to be
sent to the value of FCB, rotate the result one bit left, and store the final result in FCB.
This is done in the order in which the octets are sent.

c) When the last octet of the DLPDU has been sent, send the value of FCA, exclusive OR the
value of FCA to the value of FCB, rotate the result one bit left, and store the final result in
FCB.

d) When FCA has been sent, send the value of FCB.
At the receiving DLE, the following sequence is followed:

e) Before receiving the first octet of the DLPDU, clear the two variables FCA and FCB.

f) For each octet of the DLPDU received, exclusive OR the value of the received octet to the
value of FCA, and store the result in FCA. Exclusive OR the value of the received octet to
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the value of FCB, rotate the result one bit left, and store the final result in FCB. This must
be done in the order in which the octets are received.

g) When the first octet of the FCS has been received, and the normal frame check
computation performed, check that the value of FCA is equal to zero.

h) When the last octet of the FCS has been received, and the normal frame check
computation performed, check that the value of FCB is equal to zero.
4.2.2.2 Reduced frame check method

The "Reduced" frame check method uses one frame-check code, FC. The method gives a

“Hamming Distance” of 2 for the whole DLPDU, which means any single error bit will be
detected.-A Qingln error burst up-to 8 bits in Inngfh will also bhe detected

At the fransmitting DLE, the following sequence is followed.

a) Before transmitting the first octet of the DLPDU, clear the variable

b) Fon each octet of the DLPDU to be sent, add the value of tkle octetto
of FC, without carry, and store the result in FC.

be sentto the¢ value

c) When the last octet of the DLPDU has been sent, send™ S nplemeht of the vplue of

FC
At the receiving DLE, the following sequence is followed

d) Before receiving the first octet of t

e) Fol each octet of the DLPDU receive 6 ¢/received octet to the vplue of
FC|without carry, and store the res

f) WHhen the FCS has been received| an ) pame check computation perfprmed,
chgck that the value of F¢ is equal to ze

4.2.2.3

The "N ame check. This method is only used|for IP

networ in a frame on the IP network and the IP network
specifi

4.2.3 )L PE e, ehcoding and elements of procedure

Each [ 4-route field, a Control-status field, a Data-field-format field,
and fo ata field. An FCS field (see 0) which is used to check the inteprity of

the reqgei R an be appended before transmission, and removed after receptiop.

4.2.3.1 Type 4-route’field

The firktield in each DI PDU is a Typp 4-route field The Typp 4-route field holds a ype 4-
route and consists of 2-30 octets, called Type 4-route-elements. Each Type 4-route-element is
an octet, holding a 7-bit DL-route-element or Remaining-route-length, and a 1-bit
Source/Destination designator. Five different Type 4-route field formats are defined: "Simple",
"Extended", "Complex", "Immediate"” and “IP”. The Type 4-route field format is indicated by
the sequence of Source/Destination designators.

The Source/Destination designator is physically located as bit 8 in the octet. A value of "0"
designates "Destination", and a value of "1" designates "Source".

4.2.3.1.1 Simple Type 4-route format

Type 4-route fields of Simple format consist of one destination Type 4-route-element followed
by one source Type 4-route-element, as illustrated in Figure 8.
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0 Destination address

1 Source address

Figure 8 — Simple Type 4-route format

The Destination address identifies the DLE to receive the DLPDU. The Source address

identifies the transmitting DLE.

Simple i ests to
DLEs ¢f simple class. The DLPDU is of type Unconfirmed if the Destinatjon a $ equal
to the Broadcast-Node-Address (BNA).
4.2.3.1.2 Extended Type 4-route format
Type 4f-route fields of Extended format consist of two des ¢ments
followqd by two source Type 4-route-elements, as illustrated in

0 Destination address

0 estm?@én/?/

)
re9 xte d Type 4-route format

The fifst Dest 2 entifjes e DLE to receive the DLPDU. The s$econd
Destingtion address /i S-user. The first Source address identifies the
transmlitting DLE. T\he ress is used by the DLS-user.
Extended ro sending Confirmed or Unconfirmed DLPDUs holding relquests
to DLEs of DLPDU is Unconfirmed if the value of the first Desfination
address €
4.2.3.1.3 Complex Ryp€& 4-route format
Type 4-route’ fields™~f Complex format consist of more than 2 destination Type 4route-

elementsfollowed by 2 or more source Type 4-route-elements, as illustrated in Figure 1

0.
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0 Destination address
0 Destination address
0 Remaining-route-length
1 Source address

1 Source address

The fifst Destination address identifies the DLE to re€ei The renmpaining
Destingtion addresses are used by the DLS-user. The-thi ds the
numbelr of Type 4-route-elements following the third Source
addresgs identifies the transmitting DLE. The remaining(sgurce bpt the
last) afe used by the DLS-user.

Complex routes are used when sending irn quests
or Ungonfirmed DLPDUs holding resp 3 DU is
Unconfirmed if the value of the last Source addre of the
Destingtion addresses equals BNA.

4.2.3.1.4 Immediate

Type 4-route fielgs of
by one|destinati

llowed

) Source address
\

Destination address

o

igure 11 — Immediate Type 4-route format

The Spufce” address identifies the DLE to receive the DLPDU. The Destination address
identifiescthe transmitting DI F_The Source address daes NOT identify the transmitting DLE,
but the DLE that transmitted the request resulting in this DLPDU. As always, the first octet in
the Type 4-route identifies the DLE to receive the DLPDU.

Immediate routes are used when sending Acknowledge or Immediate-reply DLPDUs to DLEs
of normal class.

4.2.3.1.5 IP Type 4-route format

Type 4-route fields of IP format consist of more than 2 destination Type 4-route-elements
followed by 2 or more source Type 4-route-elements, as illustrated in Figure 12.
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0 Destination address
0 Destination address
0 Remaining-route-length
1 Source address
1 Source address

Figure 12 — IP Type 4-route for

; onfirmed DLPDUs holding re
holding responses 3" of normal class. The DLH

the DLPDU is of type Immediate-reply or Acknowledge, acq

LPDU.

ds the
Source

ies the

by the

quests
DU is
of the

, used
field to
holds
re 13.

4 -reply or
of the Control-status field indicates (in conjunction with the

Data-
ording
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Bit number: 8 7 6 5 4 3 2 1

u|s3|s2|s1|u|i3]i2]i1

Instruction

DLS-user information

Status

DLS-user information

Figure 13 — Control-status forma

Type 4-route-fi
value of

value of th
value of t

The third/field in each DLPDU is a Data-field-format field. This field consists of 1

holdina—a-6-bit subfield indir‘nfing Data-size and a 2-bit subfield for DL S-user informat

lled:

ns are

wledge
es not

octet,

on, as

illustra

ted in Figure 14.

Bit number: 8 7 6 5 4 3 2 1

u2|u1|dl6(dI5|dI4|dI3|dI2|dI1

| | | | | | Data-size

DLS-user information

Figure 14 — Data-field-format
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The range for the Data-size subfield is 0 to 63. The value indicates the number of octets in

the Data-field of the DLPDU, and does not include the FCS octet(s).

4.2.3.4 Data field

The next field in the DLPDU is the Data field. The size and DLS-user interpretation of this
field is indicated in the Data-field-format and Control-status fields. The size of the Data field is

0 to 63 octets.

4.3 DLPDU-specific structure, encoding and elements of procedure

Table 1 — Summary structure of DLPDUs

I N
DLPIDU type Type 4-route Destination Last Source Control-sta Data Oata
format Node-addresses address A (\si{e
Copfirmed Simple # BNA %0 A{X \ \\2 u%r data
Copfirmed Extended # BNA #0 (N \ > 2 uselr data
Copfirmed Complex # BNA #0 \Anx\\ >\2/ user data
Copfirmed IP # BNA #0 \&y\ > 2 user data
Uncpnfirmed Simple = BNA 7/0 ~ W \ >2 user data
Uncpnfirmed Extended = BNA /\A\O)/ A Any > 2 user data
Uncpnfirmed Complex = EA(A\ /\ (> 0 ( Q ‘\ﬁy > 2 user data
Uncpnfirmed Complex # BN)\ §\0 / Any >0 user data
Uncpnfirmed IP = BNA 20 Any >2 user data
Uncpnfirmed IP # BNA (\ =W Any >0 user data
Immegiate-reply Immedi& ( M _) ‘\A}JZ Any >0 uselr data
Ackrowledge i ) . Any = Wait / RCLIACK | =0 -

Ay
N\

The DLPDU type e pe 4-route format, the contents of the Desfination
Node-2 oute, the contents of the last Source address in the Type 4-
route, 7 and the contents of the data size subfield of Datp-field-

format

When

the Ng
Destin
the Ty

be 4-route field

e Type 4-route field are BNA. When the value in the
esses is "= BNA" it means, that at least one of the Node-addre
is = BNA.

one of
column
ESes in

4.3.1 Confirmed

DLPDU

A Confirmed DLPDU is used

a) to request the transfer of a limited amount of transparent user data from another DLS-user
to the requesting DLS-user;

b)

another DLS-user;

c)

to transfer a limited amount of transparent user data from the requesting DLS-user to

to transfer a limited amount of transparent user data from the requesting DLS-user to

another DLS-user, and at the same time request the transfer of the same amount of
transparent user data from that other DLS-user to the requesting.

4.3.1.1 Structure of confirmed DLPDUs

The structure of c

onfirmed DLPDUs is shown in Table 2.
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Table 2 — Structure of confirmed DLPDUs

Route format | Bestination | Lest source | controrstatus 207 | pats
Simple # BNA #0 DLS-user info > 2 | DLS-user data
Extended # BNA #0 DLS-user info > 2 | DLS-user data
Complex # BNA #0 DLS-user info > 2 | DLS-user data
IP # BNA #0 DLS-user info > 2 | DLS-user data

4.3.1.2—Sending-the-confirmed-DLPDU

A confjrmed DLPDU is selected for transmission on the Link when th
the queue, and the DLE receives the Virtual Link-access token (excex
selectgd, the DLPDU is removed from the queue, and tra
commences. If the receipt of the DLPDU must be acknowle
described in 4.1.2.1, the DLPDU shall be transmitted until eithe

a) an|mmediate-reply DLPDU is received, or
b) an Acknowledge DLPDU is received, or
c) the orlglnal transmlssmn and the permitted m issi retries,

In addjti
4.1.2.7.

bed in

4.3.1.3

A rece|ved confirmed DLPRU sha

NOTE [The next alternativ

immedigte retry by the\cur
receipt qf the earlie @

from an
H during

bed in

r more

same

r the-receiving DLE shall

i) retransmit the prior-transmitted acknowledge or immediate-reply DLPDU
immediately, and

ii) discard the received DLPDU and not forward it to the DLS-user.

b) If a) does not apply, the receiving DLE shall act according to the rules described in
4.1.2.5.

4.3.2 Unconfirmed DLPDU
An Unconfirmed DLPDU is used

a) by a requesting DLS-user to transfer a limited amount of transparent user data from the
requesting DLS-user to one or more other DLS-users;
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b) by a responding DLS-user to transfer a limited amount of transparent user data from the
responding DLS-user to the requesting, as a response to a received confirmed DLPDU;

c) by a responding DLS-user to acknowledge the receipt of a limited amount of transparent
user data from the requesting DLS-user, as a response to a received confirmed DLPDU.

4.3.2.1 Structure of unconfirmed DLPDUs

The structure of unconfirmed DLPDUs is shown in Table 3.

Table 3 — Structure of unconfirmed DLPDUs

—Route-format—oestination _Last SOUICE e yrypegparos—-2212

node-addresses | node-address size
Simple = BNA #0 DLS-user info | >2 /b{s-#sgr J}‘q
Extended = BNA £0 DLS-user info </2 \D{_s-ﬁs\er ta
Complex = BNA #0 DLS-user inf}/\ >\& \L%er ata

Complex # BNA =0 DLS-user, inf}\ >0 \DI}S\-us\é\nga
P = BNA +0 DLS-uSeg infor J\ > 2| DLS-bser data

IP # BNA =0 /Dé u%\%\ 20 \DL¥user data

O

An undonfirmed DLPDU is selected for eh the_Link when the DLPDU is the first
in the |queue, and the DLE receives access token (except for Full dflplex).

4.3.2.2 Sending the unconfirmed D

Once pelected, the DLPDU is remo ed f , and transmission of the DPLPDU
commences. If the receipt e acknowledged, according to the rules
described in 4.1.2.1, the RLP 3 antil either

a) an Acknowledge D
b) the| original RSMisSi ang &, parmitted maximum number or transmission fetries,
V(MRC), have g slicitiene of the permissible reply DLPDUs.

In addjtion to the s heNransmitting DLE shall act according to the rules descr|bed in
4.1.2.7.

4.3.2.3

A rece|ve i G DU shall be treated as follows by the receiving DLE.

NOTE [The next-alternative is used to detect the reception of a duplicated Unconfirmed DLPDU resulting|from an
immedigte retry) by the>sdrrent token-holding DLE, which itself was probably caused by an error detected during
receipt gqf.the earlier Acknowledge or Immediate-reply DLPDU.

a) If

1) the receipt of the DLPDU shall be acknowledged, according to the rules described in
4.1.2.1, and

2) no PhE LINK-IDLE indication primitive, specifying the Link has been idle for 40 or more
bit periods, has been received since the last DLPDU was received, and

3) the contents of the Type 4-route field in the just received DLPDU is exactly the same
as the contents of the Type 4-route field in the last DLPDU received,

then the receiving DLE shall

i) retransmit the prior-transmitted Acknowledge DLPDU immediately, and
ii) discard the received DLPDU and not forward it to the DLS-user.

b) If a) does not apply, the receiving DLE shall act according to the rules described in
4.1.2.5.
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4.3.3 Acknowledge DLPDU
An Acknowledge DLPDU is used

a) by aresponding DLE to acknowledge the receipt of a Confirmed or Unconfirmed DLPDU;

b) by a responding DLS-user to acknowledge the receipt of a Confirmed DLPDU (the
Acknowledge DLPDU is transmitted by the DLE as a result of a request service primitive
from the local DLS-user specifying DLSDU type acknowledge).

4.3.3.1 Structure of acknowledge DLPDUs

The structure of acknowledge DLPDUs is shown in Table 4.

Table 4 — Structure of acknowledge DLPDU

Route format Destlnation Last source Control-stat ala
node-addresses | node-address z

Immediate Any Any = wait/RELACK \= &

%7

N\

4.3.3.2 Sending the acknowledge DLPDU

An Achnowledge DLPDU is transmitted as an im ge the

receipf of a Confirmed or Unconfirmed .1.2.5.

Ackno

4.3.3.3

A rece ed according to the rules described in 4.1.2.7.

The reg ge DLPL be agknowledged.

4.3.4

An Imn

a) by bm the
res DU;

b) by nt user
dat

4.3.41

Table 5 — Structure of immediate-reply DLPDU

Route f De?tmatlon Last-source Control- Data Data
Immediate Any Any # Wait/RCL/ACK | >0 | DLS-user-data

4.3.4.2 Sending the immediate-reply DLPDU

An immediate-reply DLPDU is transmitted as an immediate reply on the Link to acknowledge
the receipt of a confirmed DLPDU, according to the rules described in 4.1.2.5. Immediate-
reply DLPDUs shall never be retransmitted.

4.3.4.3 Receiving the immediate-reply DLPDU

A received immediate-reply DLPDU shall be treated according to the rules described in
4.1.2.7. The receipt of immediate-reply DLPDUs shall never be acknowledged.
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4.4 DL-service elements of procedure
4.4.1 Receipt of a DL-UNITDATA request primitive

When the DLE receives a DL-UNITDATA request primitive from the local DLS-user, the DLE
shall determine, whether the request primitive holds a response for immediate transmission,
or a request or response to be queued.

a) If

1) the DLE is waiting for a request or response primitive from the local DLS-user,
according to the rules described in 4.1.2.5, and

2)

the
and immediately transmit an Immediate-reply DLPDU.

b) If 0does not apply, then the request primitive holds a requ
The¢ DLE shall form a Confirmed or Unconfirmed DLPDU

If the request is accepted, the DLE shall append the-Bl - : nission
at {he first opportunity. The DLPDU is appended/to the que iti on the
user- ifi iori i g5. The
DL riority,

whe

The D based on the user-specified
Maxim ero, then the duration of thig timer
shall b nall be
2000 all be
associ

The DL ith the
DLPDUY.

The DL ith the
DLPDUY,

If the equ [ ' the user-specified DL-route specifies Confirmed, the DLE shall

immed)a

4411

The fofnting of an Immediate-reply DLPDU is described in the following.

The first Node-address in the Destination DL-route is copied to the address subfield of the
first Type 4-route-element, and the Source/Destination designator in that element is set to
TRUE. The Node-address of the DLE is copied to the address field of the second element,
and the Source/Destination designator in that element is set to FALSE.

The user-specified Control-status parameter is stored in the Control-status (C-S) field of the
DLPDU.

The user-specified Data-field-format parameter is stored in the Data-field-format (DFF) field of
the DLPDU.

The user-specified Data unit (DLSDU) (the size of which is indicated in bit 1-6 of the Data-
field-format field) is stored in the Data field of the DLPDU.
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4.4.1.2 Forming a Confirmed or Unconfirmed DLPDU

The forming of a Confirmed or Unconfirmed DLPDU is described in the following.

The DLE's Node-address shall be inserted in front of all other addresses in the source
DL-route.

Request Type 4-route generation encodes the resulting DL-route into a Type 4-route with
Simple, Extended, Complex or IP format, and stores the result in the Type 4-route field of the
DLPDU. Request Type 4-route generation is described in 4.5.1.

The ug of the

DLPDU.

The uder-specified Data-field-format parameter is stored in the Data<fie field of

the DL

The ug Data-

field-fg

4.4.2

When the DLE receives a DL-UNITDATA\respo e DLE

shall determine, whether the respons€ priqiti sion of

an Ackinowledge DLPDU.

a) If
1) b-user,
2) |the contents of] nse is

the same as the imitive
generated b\ thi E,

thep the respons ledge
DLPDU.

b) If O bn, the
DLE

If the rp
Th

4.4.2.11 Forming an Acknowledge DLPDU

The forming of an Acknowledge DLPDU is described in the following.

The parameters used to form an Acknowledge DLPDU are those from the indication causing
the request specifying acknowledge.

The first Node-address in the Source DL-route parameter of the indication is copied to the
address subfield of the first Type 4-route-element, and the Source/Destination designator in
that element is set to TRUE. The Node-address of the DLE is copied to the address field of
the second element, and the Source/Destination designator in that element is set to FALSE.

The Status subfield of the Control-status parameter of the indication is replaced with the code
for “Wait” (4) if this DLE is of Simple class, and with the code for "RCL/ACK" (5) if this DLE is
of Normal class. The result is stored in the Control-status (C-S) field of the DLPDU.
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The value 0 is stored in the Data-field-format (DFF) field of the DLPDU. This value specifies
the length of the data field, which is zero.

4.4.3 Autonomous DLE acknowledge
If

a) the DLE has received an Unconfirmed DLPDU requiring acknowledge, or

b) the DLE has received a Confirmed DLPDU requiring acknowledge, and does not
receive a request or response primitive from the local DLE-user within “Max Indication
Delay”,

then the DLE shall autonomously form and immediately transmit an Acknowledge/DOLPDU.
The DYPDU is formed as described in 4.4.2.1.

4.4.4 Generation of a DL-UNITDATA indication primitive

The DLE shall inform a DLS-user by generating a DL-UNITD® sdicati imitive[in the
followipg situations:

b) when the transmission of a Confirmed DLPD
acKnowledge from the receiving DLE.

nissing

The parsing of a received DLPDU 4 i i &teérs, and the generation of
DL-ser 3SIoNN ribed in this subclausg.
4.4.41

The parsing of a receivedKCondj LPDU is described in the followirg text.
DL-route generation g Ates ination™N\DL-route and Source DL-route from the rdceived
Simpld, Extende@o ; 8 2. DL-route generation is described in 4.5/2.

The v4

The fir

The Cq

The D4

(I = H Y

The Dataumt(BESBY)yparametershattbethe DBatafietdof the BEPBUY(themumber—of octets

in DLSDU is indicated in bit 1-6 of the Data-field-format field).

4.4.4.2 Parsing of a received Immediate-reply DLPDU

The parsing of a received Immediate-reply DLPDU is described in the following text.

The user-specified Destination DL-route parameter from the request causing this immediate
reply is copied to the Source DL-route indication parameter. A DL-route-element is appended
at the end, with the value of No-Confirm-Node-Address (0). The Source DL-route request
parameter is copied to the Destination DL-route indication parameter.

The value of Confirm shall be FALSE.

The Control-status parameter shall be the Control-status (C-S) field of the DLPDU.
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