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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 3-2: Data-link layer service definition —
Type 2 elements

FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote intefnational
co-operation on all questions concerning standardization in the electrical and electronic fields” To this jend and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publ|cly Available Specifications (PAS) and Guides (hereafter referred to as "IECG)Publication(s)]). Their
preppration is entrusted to technical committees; any IEC National Committee interegsted in the subject dealt with
may |participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with th€)International Organizption for
Stanfardization (ISO) in accordance with conditions determined by agreement between the two organizgtions.

2) The formal decisions or agreements of IEC on technical matters express;\as/nearly as possible, an intefnational
consensus of opinion on the relevant subjects since each technical‘committee has representation [from all
interpsted IEC National Committees.

3) IEC [Publications have the form of recommendations for international use and are accepted by IEC [National
Compmittees in that sense. While all reasonable efforts are made€ to ensure that the technical content of IEC
Publ|cations is accurate, IEC cannot be held responsible\for the way in which they are used or|for any
misipterpretation by any end user.

4) In oyder to promote international uniformity, IEC National Committees undertake to apply IEC Publications
trangparently to the maximum extent possible in their hational and regional publications. Any divergence petween
any |[EC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC ftself does not provide any attestation of'‘conformity. Independent certification bodies provide cgnformity
assejssment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg for any
services carried out by independent certification bodies.

6) All upers should ensure that they have\the latest edition of this publication.

7) No lijability shall attach to IEC or~its.'directors, employees, servants or agents including individual expprts and
members of its technical committees and IEC National Committees for any personal injury, property damnage or
othef damage of any nature\ whatsoever, whether direct or indirect, or for costs (including legal fdes) and

nses arising out of .the" publication, use of, or reliance upon, this IEC Publication or any other IEC

8) Attention is drawn to the€ Normative references cited in this publication. Use of the referenced publicgtions is

9) Attention is drawnto the possibility that some of the elements of this IEC Publication may be the subject ¢f patent

rightg. IEC shalt"hot be held responsible for identifying any or all such patent rights.
Attentipniis drawn to the fact that the use of the associated protocol type is restricted by its
intellectual-prope ightholderstnallcases —the-commitmentioHmitedrelease-ofintetectual-

property-rights made by the holders of those rights permits a layer protocol type to be used with
other layer protocols of the same type, or in other type combinations explicitly
authorized by its intellectual-property-right holders.

NOTE Combinations of protocol types are specified in the IEC 61784-1 series and the IEC 61784-2 series.

IEC 61158-3-2 has been prepared by subcommittee 65C: Industrial networks, of IEC technical
committee 65: Industrial-process measurement, control and automation. It is an International
Standard.

This third edition cancels and replaces the second edition published in 2014 and
Amendment 1:2019. This edition constitutes a technical revision.
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a) update of normative and bibliographic references;

b) use of more inclusive terminology ("master” replaced by "active" or "supervisor");

c) miscellaneous editorial corrections.

The text of this International Standard is based on the following documents:

Draft Report on voting

65C/1201/EDIS 65C/1242/RVD

Full information on the voting for its approval can be found in the report on voting‘indic

the ab

pve table.

The lapguage used for the development of this International Standard is English.

This d
accord
at ww

bcument was drafted in accordance with ISO/IEC Directives{/Rart 2, and develg
lance with ISO/IEC Directives, Part 1 and ISO/IEC Directives,,|IEC Supplement, av
v.iec.ch/members_experts/refdocs. The main documenftypes developed by IH

descriljed in greater detail at www.iec.ch/publications.

A list df all the parts of the IEC 61158 series, under thé.general title Industrial commun
networks — Fieldbus specifications, can be found on.theé IEC web site.

The cdmmittee has decided that the contents ofcthis document will remain unchanged u

stabilit

y date indicated on the IEC website under webstore.iec.ch in the data related

specific document. At this date, the document will be
e recpnfirmed,
e withdrawn,

e replaced by a revised edition, or

e am

ended.

ntil the
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https://webstore.iec.ch/?ref=menu
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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 61158-1.

Throughout the set of fieldbus standards, the term "service" refers to the abstract capability
provided by one layer of the OSI Basic Reference Model to the layer immediately above. Thus,
the data-link layer service defined in this document is a conceptual architectural service,
independent of administrative and implementation divisions.
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 3-2: Data-link layer service definition —
Type 2 elements

1 Scope

1.1 General

This pgart of IEC 61158 provides common elements for basic time-critical” messaging
commuynications between devices in an automation environment. The term "time-eritical" |s used
to represent the presence of a time-window, within which one or more speeified actigns are
requirdd to be completed with some defined level of certainty. Failure ¢e-complete specified
actiong within the time window risks failure of the applications requesting the actions, with
attendant risk to equipment, plant and possibly human life.

This dgocument defines in an abstract way the externally visible\s€rvice provided by the [Type 2
fieldbus data-link layer in terms of:
o the|primitive actions and events of the service;

o the| parameters associated with each primitive agtion and event, and the form whigh they
takp; and

o the|interrelationship between these actions(and events, and their valid sequences.
The purpose of this document is to definecthe services provided to:

o the|Type 2 fieldbus application layer at the boundary between the application and data-link
layers of the fieldbus referencemodel;

e systems management at~ the boundary between the data-link layer and systems
mapagement of the fieldbus“reference model.

Type 4 DL-service provides both a connected and a connectionless subset of those sérvices
specified in ISO/IEC 8886.

1.2 PBpecifications

The pr|ncipaliobjective of this document is to specify the characteristics of conceptual data-link
layer dervices suitable for time-critical communications and thus supplement the OS| Basic
Referehce—Model—in glliding the Hn\/nlnpmnnf of data.link prnfnnnle for—timedcritical
communications. A secondary objective is to provide migration paths from previously existing
industrial communications protocols.

This document can be used as the basis for formal DL-Programming-Interfaces. Nevertheless,
it is not a formal programming interface, and any such interface will need to address
implementation issues not covered by this specification, including:

e the sizes and octet ordering of various multi-octet service parameters;

o the correlation of paired request and confirm, or indication and response, primitives.
1.3 Conformance

This document does not specify individual implementations or products, nor does it constrain
the implementations of data-link entities within industrial automation systems.
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There is no conformance of equipment to this data-link layer service definition standard.
Instead, conformance is achieved through implementation of the corresponding data-link
protocol that fulfills the Type 2 data-link layer services defined in this document.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.

NOTE Jall parts of the IEC 61158 series, as well as the IEC 61784-1 series and the IEC 61784-2,sdries are
maintairfed simultaneously. Cross-references to these documents within the text therefore refer to the)edftions as
dated in|this list of normative references.

IEC 61|158-4-2:2023, Industrial communication networks — Fieldbus specifications — Part 4-2:
Data-link layer protocol specification — Type 2 elements

ISO/IEC 7498-1, Information technology — Open Systems Interconnection — Basic Reference
Model:l The Basic Model

ISO/IEC 7498-3, Information technology — Open Systems Interconnection — Basic Reference
ModellNaming and addressing

ISO/IEC 8886, Information technology — Open Systems’ Interconnection — Data link $ervice
definitipn

ISO/IEC 10731:1994, Information technology~~ Open Systems Interconnection —| Basic
Reference Model — Conventions for the definition of OS/ services

3 T¢rms, definitions, symbols,;abbreviated terms and conventions

For thg purposes of this document; the following terms, definitions, symbols, abbreviated terms
and conventions apply.

ISO and IEC maintain (terminological databases for use in standardization at the fol|lowing
addresses:

o |EQ Electropedia: available at https://www.electropedia.org/

e |SQ Onlinesbrowsing platform: available at https://www.iso.org/obp

3.1 Reference model terms and definitions

This document is based in part on the concepts developed in ISO/IEC 7498-1 and
ISO/IEC 7498-3, and makes use of the following terms defined therein:


https://www.electropedia.org/
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https://iecnorm.com/api/?name=ca06420138d56f49eb28aabe04a4e528

IEC 61158-3-2:2023 © IEC 2023 -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
3.1
3.1
3.1
3.1
3.1

3.1

3.1
3.1
3.1
3.1

= = O 00N G AW DN -

12

13

14
.15
.16

A7
.18
19
.20
.21
.22
.23
.24
.25
.26
.27

.28
.29
.30
.31

.32

.33
.34
.35
.36

DL-address

DL-address-mapping
called-DL-address

calling-DL-address

centralized multi-end-point-connection
DL-connection
DL-connection-end-point
DL-connection-end-point-identifier

[ISO/IEC 7498-3]
[ISO/IEC 7498-1]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]

—Di=conmectiom-modetramsmrission

DL-connectionless-mode transmission

correspondent (N)-entities
correspondent DL-entities (N=2)
correspondent Ph-entities (N=1)

DL-duplex-transmission

(N)-entity
DL-entity (N=2)
Ph-entity (N=1)

DL-facility
flow control

(N)-layer
DL-layer (N=2)
Ph-layer (N=1)

layer-management
DL-local-view

DL-name
naming-(addressing)-domain
peer-entities

primitive name

DL-protocol
DL-protocol-connection-identifier
DL-protocol-data-unit
DL-relay

reset
responding-DL-address

HSOHECT498-1]
[ISO/IEC.7498-1]
[ISO/EC 7498-1]

[ISO/IEC 7498-1]
[ISO/IEC 7498-1]

[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]

[ISO/IEC 7498-1]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-1]
[ISO/IEC 7498-3]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-3]

routing
segmenting

(N)-service
DL-service (N=2)
Ph-service (N=1)

(N)-service-access-point
DL-service-access-point (N=2)
Ph-service-access-point (N=1)

DL-service-access-point-address
DL-service-connection-identifier
DL-service-data-unit

DL-simplex-transmission

[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]

[ISO/IEC 7498-1]

[ISO/IEC 7498-3]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
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3.1.38 systems-management
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3.2 Service convention terms and definitions
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[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]

This document also makes use of the following terms defined in ISO/IEC 10731 as they apply

to the data-link layer:

3.2.1 _acceptor

3.2.2 asymmetrical service

3.2.3 confirm (primitive);
requestor.deliver (primitive)

3.24 deliver (primitive)

3.2.5 DL-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

3.2.14| DL-service-user

3.2.15| DLS-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 Common data-link service terms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE Many definitions are common to more than one protocol Type; they are not necessarily used by all protocol

Types.
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3.3.1
DL-segment
link

local link

single DL-subnetwork in which any of the connected DLEs may communicate directly, 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

3.3.2
DLSAP

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

Note 1 tp entry: This definition, derived from ISO/IEC 7498-1, is repeated here to facilitate undérstandirlg of the
critical distinction between DLSAPs and their DL-addresses (see Figure 1).
DLS- s er-entity >

OL f-users

\gsup DL-
address

DL -Jayer

Ph-Jayer
IEC

NOTE 1| DLSAPs-and PhSAPs are depicted as ovals spanning the boundary between two adjacent layers.

NOTE 2| DL-addresses are depicted as designating small gaps (points of access) in the DLL portion of a DLSAP.

NOTE 3 A single DL-entity can have multiple DLSAP-addresses and group DL-addresses associated with a single
DLSAP.

Figure 1 — Relationships of DLSAPs, DLSAP-addresses and group DL-addresses

3.3.3

DL(SAP)-address

either an individual DLSAP-address, designating a single DLSAP of a single DLS-user, or a
group DL-address potentially designating multiple DLSAPs, each of a single DLS-user

Note 1 to entry: This terminology is chosen because ISO/IEC 7498-3 does not permit the use of the term DLSAP-
address to designate more than a single DLSAP at a single DLS-user.

3.3.4
(individual) DLSAP-address
DL-address that designates only one DLSAP within the extended link
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Note 1 to entry: A single DL-entity may have multiple DLSAP-addresses associated with a single DLSAP.

3.3.5

extended link
DL-subnetwork, consisting of the maximal set of links interconnected by DL-relays, sharing a
DL-name (DL-address) space, in which any of the connected DL-entities may
communicate, one with another, either directly or with the assistance of one or more of those

single

interve

ning DL-relay entities

Note 1 to entry: An extended link may be composed of just a single link.

3.3.6

frame

denigrzlated synonym for DLPDU

3.3.7

group
DL-adq

Note 1t
DL-entit

3.3.8
node
single

3.3.9
receiv
DL-ser

Note 1t

3.3.10
sendin
DL-ser

3.4
3.4.1

DL-address
ress that potentially designates more than one DLSAP within the extended link

entry: A single DL-entity may have multiple group DL-addresses associated\with a single DLSAP.
also may have a single group DL-address associated with more than one DLSAP.

DL -entity as it appears on one local link

ng DLS-user
vice user that acts as a recipient of DLS-user-data

b entry: A DL-service user can be concurrently both a sending and receiving DLS-user.

g DLS-user
vVice user that acts as a source of DLS-user-data

Additional Type 2 data=link specific definitions

application

functio

3.4.2
behav
indicat

h or data structure for which data is subscribed or published

or
aon/of'how the object responds to particular events

Note 1 to entry: Its description includes the relationship between attribute values and services.

3.4.3
bridge

, DL-router

A single

DL-relay entity which performs selective store-and-forward and routing functions to connect two
or more separate DL-subnetworks (links) to form a unified DL-subnetwork (the extended link)

3.44
cyclic

term used to describe events which repeat in a regular and repetitive manner

3.4.5
device

physical hardware connection to the link
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Note 1 to entry: A device may contain more than one node.

3.4.6

DL-subnetwork
series of nodes connected by PhEs and, where appropriate, DL-routers

3.4.7

DLPDU
Data-link Protocol Data unit

Note 1 to entry:

received by an associated PhE.

A DLPDU consists of a source MAC ID, zero or more Lpackets, and an FCS, as transmitted or

3.4.8
error
discreg
or theg

3.4.9

ancy between a computed, observed or measured value or condition and the sp
retically correct value or condition

fixed thg

two oc

et identifier (tag) which identifies a specific service to be perféarmed by either

a) thaf receiving node on the local link which has a specified MAC ID, or

b) all feceiving nodes on the local link

Note 1 tp entry: Identification of the target node(s) is included in the fwo octet tag.

3.4.10

generic tag

three qctet identifier (tag) which identifies a specific piece of application information
3.4.11

guardband

time slpt allocated for the transmission’of the moderator DLPDU

3.4.12

link

collectlon of nodes with uniqgue MAC IDs

Note 1 tp entry: Ph-segments connected by Ph-repeaters make up a link; links connected by DL-routers
an exter|ded link (sometimes called a local area network).

3.4.13

Lpacket

well-dgfined“sub-portion of a DLPDU containing (among other things)

ecified

make up

c) a fixed tag or a generic tag, and

d) DLS-user data or, when the tag has DL-significance, DL-data

3.4.14
moder

ator

node with the lowest MAC ID that is responsible for transmitting the moderator DLPDU

3.4.15
moder

ator DLPDU

DLPDU transmitted by the node with the lowest MAC ID for the purpose of synchronizing the
nodes and distributing the link configuration parameters
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3.4.16

multipoint DLC

centralized multi-end-point DL-connection offering DL-simplex-transmission between a single
distinguished DLS-user, known as the publisher or publishing DLS-user, and a set of peer but
undistinguished DLS-users, known collectively as the subscribers or subscribing DLS-users,
where the publishing DLS-user can send to the subscribing DLS-users as a group (but not
individually)

Note 1 to entry: A multipoint DLC always provides asymmetrical service.

3.4.17
node
Iogical connection to a 1ocal 1k, requiring a singlie viAGw 1

Note 1 tp entry: A single physical device can appear as many nodes on the same local link. For-the purposes of
this protpcol, each node is considered to be a separate DLE.

3.4.18
peer-tp-peer DLC
point-tp-point DL-connection offering DL-simplex-transmission between“a’single distinguished
sending DLS-user and a single distinguished receiving DLS-user

Note 1 tp entry: A peer-to-peer DLC always provides asymmetrical service.

3.4.19
rogue
node that has received a moderator DLPDU that disagre€s with the link configuration cyrrently
used bl this node

3.4.20
schedpled
data trgnsfers that occur in a deterministiccand repeatable manner on predefined NUTs.

3.4.21
tMinu1
numbefr of NUTs before a newsset of link configuration parameters are to be used

3.4.22
tone
instant| of time which marks the boundary between two NUTs

3.4.23
unscheduled
data trpnsfers that use the remaining allocated time in the NUT after the scheduled transfers
have bgencompleted

3.5 Common symbols and abbreviations

NOTE Many symbols and abbreviations are common to more than one protocol Type; they are not necessarily used
by all protocol Types.

DL- Data-link layer (as a prefix)

DLC DL-connection

DLCEP DL-connection-end-point

DLE DL-entity (the local active instance of the data-link layer)
DLL DL-layer

DLPCI DL-protocol-control-information

DLPDU DL-protocol-data-unit
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DLM DL-management

DLME DL-management Entity (the local active instance of DL-management)
DLMS DL-management Service

DLS DL-service

DLSAP DL-service-access-point

DLSDU DL-service-data-unit

FIFO First-in first-out (queuing method)

oSl Open systems interconnection

Ph- Physical layer (as a prefix)

PhE Ph-entity (the local active instance of the physical layer)
PhL Ph-layer

QoS Quality of service

3.6 Additional Type 2 symbols and abbreviations

MAC ID DL-address of a node
MDS Medium dependent sublayer
NUT Network (actually, local link) update-time

NOTE |The use of the term "network" in the preceding definitiop~issmaintained for historic reasons, even| though
the scope involved is only a portion of a single DL-subnetwork,

RMS root mean square

SMAX MAC ID of the maximum scheduled node
Tx Transmit

TUI Table unique identifier

ucvmM Unconnected’message manager

UMAX MAC ID(of maximum unscheduled node
USR Unscheduled start register

3.7 Common conventions

This dgcumentuses the descriptive conventions given in ISO/IEC 10731.

The sdrvice_model, service primitives, and time-sequence diagrams used are entirely apstract
descriptions; they do not represent a specification for implementation.

Service primitives, used to represent service user/service provider interactions (see
ISO/IEC 10731), convey parameters that indicate information available in the user/provider
interaction.

This document uses a tabular format to describe the component parameters of the DLS
primitives. The parameters that apply to each group of DLS primitives are set out in tables
throughout the remainder of this document. Each table consists of up to six columns, containing
the name of the service parameter, and a column each for those primitives and parameter-
transfer directions used by the DLS:

— the request primitive’s input parameters;
— the request primitive’s output parameters;

— the indication primitive’s output parameters;
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— the response primitive’s input parameters; and

— the confirm primitive’s output parameters.

NOTE The request, indication, response and confirm primitives are also known as requestor.submit,
acceptor.deliver, acceptor.submit, and requestor.deliver primitives, respectively (see ISO/IEC 10731).

One parameter (or part of it) is listed in each row of each table. Under the appropriate service
primitive columns, a code is used to specify the type of usage of the parameter on the primitive
and parameter direction specified in the column.

M — parameter is mandatory for the primitive.

U — parameter is a User option, and can be provided or not depending on the
dynamic usage of the DLS-user. VWhen not provided, a default valuelfor the
parameter is assumed.

C — parameter is conditional upon other parameters or upon the environment of
the DLS-user.

(blank)  — parameter is never present.
Some entries are further qualified by items in brackets. These may be;

a) a pprameter-specific constraint

(=)| indicates that the parameter is semantically equivalentfo’the parameter in the gervice
primitive to its immediate left in the table.

b) an jndication that some note applies to the entry

(n)| indicates that the following note n contains“additional information pertaining|to the
parameter and its use.

In any [particular interface, not all parameters neéed be explicitly stated. Some may be implicitly
associgted with the DLSAP at which the primitive is issued.

In the diagrams which illustrate these interfaces, dashed lines indicate cause-and-effect qr time-
sequernce relationships, and wavy lines indicate that events are roughly contemporaneous.

4 Connection-mode and.connectionless-mode data-link service

4.1 Dverview
4.1.1 Data transfer services
The prjmary task of a DLE is to determine, in co-operation with other DLEs on the samje local

link, the granting of permission to transmit on the medium. At its upper interface, the DLL
provide services to receive and deliver service data units (DLSDUs) for higher level enrities.

NOTE 1 The following access mechanisms are not visible to the higher level entities. They are described here as
an aid to understanding the purpose and use of DLS parameters and services that are visible to higher layer entities.

This DLL protocol is based on a fixed repetitive time cycle, called the network update time
(NUT). The NUT is maintained in close synchronism among all nodes on the local link. A node
is not permitted access to transmit if its configured NUT does not agree with the NUT currently
being used on the local link. Different local links within the extended link may have different
NUT durations.

Each node contains its own timer synchronized to the local link’s NUT. Medium access is
determined by local sub-division of the NUT into variable-duration access slots. Access to the
medium is in sequential order based on the MAC ID of the node. Specific behaviors have been
incorporated into the access protocol allowing a node which temporarily assumes a MAC ID of
zero to perform link maintenance. The MAC ID numbers of all nodes on a link are unique. Any
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DLE detecting the presence of a MAC ID duplicating its own MAC ID immediately stops
transmitting.

An implicit token passing mechanism is used to grant access to the medium. Each node
monitors the source MAC ID of each DLPDU received. At the end of a DLPDU, each DLE sets
an "implicit token register" to the received source MAC ID + 1. If the implicit token register is
equal to the local MAC ID, then the DLE transmits one DLPDU containing zero or more Lpackets
with data. In all other cases, the node watches for either a new DLPDU from the node identified
by the "implicit token register" or a time-out value if the identified node fails to transmit. In each
case, the "implicit token" is automatically advanced to the next MAC ID. All nodes have the
same value in their "implicit token register" preventing collisions on the medium.

The tir‘1e-out period (called the "slot time") is based on the amount of time required for

a) the|current node to hear the end of the transmission from the previous node, @nd
b) the|current node to begin transmitting, and
c) the|next node to hear the beginning of the transmission from the curreft/node.

The slgt time is adjusted to compensate for the total length of the meditim'since the propagation
delay ¢f the medium effects the first and last item on the previous list.

NOTE 2| The calculation of slot time is the responsibility of System Management.

Each NUT is divided into three major parts: scheduled, unscheduled, and guardband as|shown
in Figure 2. This sequence is repeated in every NUT. Fhe implicit token passing mechapism is
used tg grant access to the medium during both the unscheduled and scheduled intervals.

Data-link layer protocol

Scheduled

Network update time (NUT) Unscheduled Guardbang

Figure 2 — NUT structure

During the scheduled part of the NUT, each node, starting with node 0 and ending with node
SMAX, gets a chance to transmit time-critical (scheduled) data. SMAX is the MAC ID of the
highest numbered node that has access to the medium during the scheduled part of the NUT.
Every node between 0 and SMAX has only one opportunity to send one DLPDU of scheduled
data in each NUT. The opportunity to access the medium during the scheduled time is the same
for each node in every NUT. This allows data that is transmitted during the scheduled portion
of the NUT to be sent in a predictable and deterministic manner.

Figure 3 shows how the permission to transmit is granted during the scheduled time. The DLS-
user regulates the amount of data that each node may transmit during this scheduled token
pass.
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> Time Scheduled

| _—— Unscheduled

I 3 . //— Guardband

Nodd

During

] N
0 0 |
1 1 ‘
2 : 2 |
3 . 3 1
n: n: |
n =SMAX
maximum schedul
Fach node is allowed to transmit Example: network addres
pxactly once during scheduled time node #3 waits one slot time
(implied token) because node #2 was This boundary'moves from NUT to

missing depending on the utilization

s wait one slot time for each missing of scheduled time

node (MAC ID) from 0 to SMAX

Figure 3 — Medium access during scheduled time

the unscheduled part of the NUT, each node.fram 0 to UMAX shares the opportdy

trans

duratign is exhausted. UMAX is the MAC ID of the highest numbered node that has ac
the megdium during the unscheduled part ofthe NUT. The round robin method of

it one DLPDU of non-time-critical data in a reund robin fashion, until the allocatd

d

NUT

IEC

nity to
d NUT
cess to
ACCEeSS

opportinity enables every node between 0 and UMAX to have zero, one or many opporfunities

to sen
the sch
during

Figure
MAC Il
each N

unscheduled data depending on. how much of the NUT remains after the comple

the unscheduled time can be different for each node in every NUT.

D of the node that goes first in the unscheduled part of the NUT is incremented b
UT. The unscheduled token begins at the MAC ID specified in the unschedul¢

tion of

eduled time. Variations in scheduled traffic means the opportunity to access the medium

4 shows how the permission to transmit is granted during the unscheduled time. The

y 1 for
d start

register (USR) of the (previous moderator DLPDU. The USR increments by one modulo

(UMAX
the tok

+1) each NUT. If the USR reaches UMAX before the guardband, it returns to z¢
en pass continues.

ro and
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MAC ID)
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Nodd

misgding node (MAC ID) from 0 to UMAX

When

hission to transmit is passed

; - Each node gets sevéral or no
on a round-robin basis

opportunities to transmit,
based on available-NUT time
and other unseheduled traffic

MAC ID from start of previous
interval plus one gets first
opportunity to transmit
one MAC frame in interval
plus one

s wait one slot time for each

Figure 4 — Medium access during unscheduled time

he guardband is reached, all nodes stop transmitting. A node is not allowed to

transmfission unless it can be completed before the ‘heginning of the guardband. Dur

guardb
messa

pe (called the "moderator DLPDU") that accomplishes two things.

IEC

start a
ng the

and, the node with the lowest MAC ID (called:the "moderator") transmits a maint¢nance

1) It keeps the NUT timers of all nodes synchronized.
2) It plublishes critical link parameters enabling all DLEs on the local link to share a common
vergion of important local link values'such as NUT, slot time, SMAX, UMAX, USR, efc.

The m
the NU
values

bderator transmits the moderator DLPDU, which re-synchronizes all nodes and r|
T. Following the receipiof-a valid moderator DLPDU, each node compares its i
with those transmitted.in the moderator DLPDU. A node using link paramete

pestarts
nternal
rs that

disagrée with the moderator- disables itself. If the moderator DLPDU is not heard for two

conseq

utive NUTs, the mode with the lowest MAC ID assumes the moderator role and

transmfitting the moderator DLPDU in the guardband of the third NUT. A moderator no

notices
cancel

Situati
PhL se

another node-online and transmitting with a MAC ID lower than its own imme
5 its modefator role.

bns that can cause disruption of the DL-protocol arise due to problems in the und
rvice” Some examples of the types of PhL problems which can disrupt the DL-p

are:

begins
e that
diately

rlying

Fotocol

induced noise within the distributed PhE;
poor quality PhE components or installation practices;

physically connecting two Ph-segments together while the link is operating.

One common consequence of such disruption is that nodes can be caused to disagree as to
which node should be transmitting; this is called a "non-concurrence". Another potential problem
occurs when the nodes do not agree to the same values of the link configuration parameters. A
node that disagrees with the link parameters as transmitted by the moderator is called a "rogue"
and immediately stops transmitting. The DL-protocol is designed to recover a rogue node and
bring it back online.
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DL-management services

DL-management services support:

a) setting of address filters by receiving DLS users;

b) queue maintenance support for sending DLS users;

c) local link synchronization and online change of local link parameters;

d) event reporting of important variables and events within the layer;

e) non-disruptive addition of nodes to the link;

f) tuning of link parameters;

g) tim
41.3

This D
interva
by con
to the

these parameters to be changed online, while the local link is operating, it also allows th

link to

DLEs ¢
10 ps.

4.2

The DI

a) A means of transferring DLSDUs of limited length between two or more DLS-users wh

neg

b distribution and clock synchronization between nodes.

Timing services

| L is quite flexible. It can provide deterministic and synchronized I/Qytransfer a
Is up to 1 ms and node separations up to 25 km. This performancenis ‘adjustable
figuring the link parameters of the local link. These parameters, which govern the
ink, can be tuned as required to match different applicationshDL-management

continue functioning while connections to new nodes are added and removed.

an maintain clock synchronization across the extended'link with a precision bett

Facilities of the data-link service

S provides the following facilities to the DL.S-user:

otiated peer or multipoint connectioh-mode services, see Figure 5.

first end-system second end-system third end-system

publisher peer peer subscriber subscriber
DLCEP DLCEP DLCEP DLCEP
\% DLSAPs -%
< R ol e

peer-to=peer DLC

- multipoint DLC

cyclic
online
ACCEeSS
allows
e local

er than

o have

Figure 5 — Queue model for the peer and multipoint DLS, DLSAPs and their DLCEPs

b) A means of maintaining time synchronization for service execution and cyclic transfer of
DLSDUs based on selected QoS parameters.

c) A means of transferring DLSDUs of limited length from one source DLSAP to a destination
DLSAP or group of DLSAPs, without establishing or later releasing a DLC. The transfer of
DLSDUs is transparent, in that the boundaries of DLSDUs and the contents of DLSDUs are
preserved unchanged by the DLS, and there are no constraints on the DLSDU content (other
than limited length) imposed by the DLS. QoS for this transmission can be selected by the
sending DLS-user.

NOTE

The length of a DLSDU is limited because of internal mechanisms employed by the DL-protocol.

d) A means by which the status of dispatch to the destination DLSAP or group of DLSAPs can

be

returned to the source DLSAP.
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e) A means of cancelling either a specific outstanding DLSDU transfer service request, or all
outstanding DLSDU transfer service requests of a specified QoS.

4.3 Model of the data-link service

4.3.1 General

This document uses the abstract model for a layer service defined in ISO/IEC 10731:1994,
Clause 5. The model defines interactions between the DLS-user and the DLS provider that take
place at a DLSAP. Information is passed between the DLS-user and the DLS provider by DLS
primitives that convey parameters.

4.3.2 —DLS-irstanceidemntification

A DLSiuser is able to distinguish among several DLCEPs at the same DLSAP. This\is"done by
an address structure named generic-tag and supported by address filtering services available
to each receiving DLS-user.

For connectionless service, a DLS-user is able to distinguish among sevenal DLSAPs using an
addresls structure named fixed-tag. Address filtering services are available for each regeiving
DLS-user.

A local identification mechanism is provided for each use of the.DLS which needs to cqrrelate
a confirmation or subsequent cancellation request with its associated request.

4.3.3 Model of abstract queue concepts
4.3.3.1 General

After eptablishment of the DLC using a generic-tag address, there exists a relationship be¢tween
the pulblishing DLS-user and the subscribing®\DLS-user(s).

DL seryices using a fixed-tag address-do not need establishment as they use pre-define(d fixed
relatiopships between permanent DLSAPs associated with each DLS-user.

As a njeans of specifying these relationships, an abstract queue model of a multipoint DLC,
which {s described in 4.3.3:2, is used.

NOTE 1| Establishment ahd management of a DLC and its identifying generic-tag is provided by higher layef entities
above ttle DLS-interface;

NOTE 2| The internal mechanisms that support the operation of the DLS are not visible to the DLS-user.

4.3.3.2 Queue model concepts

The quene madel represents the nppra’rinn of a mnlfipnint DILS in the ahstract hy al set of

abstract queues linking the sending DLSAP-user with the receiving DLSAP-user(s) — one queue
per receiving DLSAP (see Figure 6).
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Luu&ues fomPto S1..Sy ﬁ"‘

DLS Provider

Each queue represents one direction of transfer. The ability of a sending'0r receiving DL
to rempve objects from a queue is determined by the behavior of the. DLS provider.

DLSDU

IEC

Figure 6 — Queue model of a multipoint DLS between a
sending DLS-user and one or more receiving DLS-users

S-user

objects identified by DL-generic-tag primitives or Dl<£fixed-tag primitives anfd their

parameters can be placed in the abstract queue by the sending DLS-user and will be delivered
to recgiving DLS-users as determined by the DLSDU object’'s associated address and QoS
parameters.

Queuelmanagement services are available to the sending DLS-user for flushing unsent pbjects
from altransmit queue. These can be either identified individual objects or all objects loaded at
a specific QoS.

4.3.4 QoS features

4.3.41 Sending priority and timing

The a
sendin

The cH
execut
low.

NOTE 1
fixed tag
link and

ailable QoS options for<{thé connection-mode and connectionless-mode servic
j priority and timing.

oice of sending priority implicitly selects the timing characteristics of the DLS s
on of the transmission. Three alternative priorities are available: scheduled, hi

To ensure/guaranteed access, the active Keeper uses scheduled priority for regular publication
message-containing the current Table Unique Identifier (TUI). The TUI is a unique reference to thd
node\.configuration parameters. All participating DLEs receive the TUI and use it to ensure their lin

es are

upplier
gh and

pf a TUI
current
k details

are curr

bt

High and low priorities are recommended for all connectionless-mode services except those
involved with TUI messages.

NOTE 2 High and low priorities are used only in a local sense to set the order of servicing locally submitted DLS-

user-dat

a; they do not have link-wide connotations.

4.3.4.2 Scheduled priority

This QoS provides accurate time-based cyclic and acyclic sending of DLSDUs. The execution
timing for this scheduled service can be accurate and repeatable to better than 1 ms.
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4.3.4.3 High priority

This QoS provides acyclic sending of DLSDUs with a bounded upper time for the sending delay.
Data on this priority is sent only when all scheduled data has been sent and a non-scheduled

sendin

g opportunity is available.

4.3.4.4 Low priority

This QoS provides sending of DLSDUs only on a time-available basis. Data on this priority is
sent only when all other priorities of data have been sent and a non-scheduled sending
opportunity is available.

4.3.5

This pa

transmiission. The value conveyed in this parameter is as follows:

a) "Of
b) "TX

c) "FL
ser

NOTE 1
NOTE 2

4.3.6

The re
receive
indicat

If it is
discarg

4.4
4.41

Subclause 4.4.1 defines the constraints on the sequence in which the primitives defined

and 4.
fully s

DLS-TxStatus

rameter allows a sending DLS-user to determine the status of a corresponding’req

(" — success — message successfully sent;
ABORT" — failure — sending process failed;

JSHED" — failure — message has been removed from the pénding queue beforg
t.

The FLUSHED status is only used in response to the Queue maintenance service of 4.7.

The parameter value OK is not an indication that the message€ has been received.

Receive queues

ceiving DLS-user has an implicit queue of indeterminate capacity which is used

queue, and the DLSDU is delivered as(the DLS-user-data parameter of the ass
on primitive.

hot possible to append the received DLSDU to the receive queue, then the DL
ed and an indication primitiveiis not issued to the DLS-user.

SBequence of primitives

Constraints onsequence of primitives

b may occut.\Fhe constraints determine the order in which primitives occur, but

uested

being

as the
bciated

5DU is

in 4.5
do not

ecify when-they may occur. Other aspects of actual system operation, such as PhL

problems affecting messages in transit, will affect the ability of a DLS-user or a DLS pfovider
to issup a primitive at any particular time.
The bUIIIIUb“UII-IIIUdU dllul bUIIIICb“UIIiCbb-IIIUdU plillliiivcb dlld i.ilbil pdldlllUi.U S are

summarized in Table 1.
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Table 1 — Summary of connection-mode and connectionless-mode

primitives and parameters

IEC 61158-3-2:2023 © |EC 2023

Service Service subtype Primitive Parameter
Data Connection-mode [DL-GENERIC-TAG request (in request DLS-user-identifier,
Transfer DLS-user-data,
DLS-QoS,
DLS-generic-tag)
DL-GENERIC-TAG indication (out DLS-user-data,
DLS-generic-tag)
DL-GENERIC-TAG confirm (out DLS-TxStatus)
Connectiontess-mode—B—FEp-FAerequest HHr—requestBES-user-dentifier,
DLS-user-data,
DLS-QoS,
DLS-fixed-tag,
DLS-destination-DELE-ID)
DL-FIXED-TAG indication (out DLS-user-data,
DLS-fixed-tag,
DLS-source-DLE-ID)
DL-FIXED-TAG confirm (out DLS<TxStatus)
Super Queue maintenance [DL-FLUSH-SINGLE-REQUEST request (in” request DLS-user-identifier)
visioh
DL-FLUSH-SINGLE-REQUEST confirm (oGt DLS-TxStatus)
DL-FLUSH-REQUESTS-BY-QOS request) [(in DLS-QoS)
DL-FLUSH-REQUESTS-BY-QOS €onfirm  [<none>
Tag filter DL-ENABLE-TAG request (in DLS-tag)
DL-ENABLE-TAG confirm (out DLS-result)
DL-DISABLE-TAG request (in DLS-tag)
DL-DISABLE-TAG:confirm (out DLS-result)
NOTE 1| Request DLS-user-identifiers are locally ‘assigned by the DLS-user and used to flush a specific|request|
from the DLS-provider’s queues.
NOTE 2| The method by which a confirmi primitive is correlated with its corresponding preceding request primitive
is a locqdl matter.
4.4.2 Relation of primitives at DLSAPs
With fgw exceptions; a primitive issued at one DLSAP will have consequences at one gr more
other DLSAPsThe relations of primitives of each type at one DLSAP to primitives at the other
DLSAHs are<defined in 4.5 and 4.6, and summarized in Figure 7.
DL-service
Tequest
> < DL-service
47 AN indication
N
DL-service N
confirm AN

DL-service
indication

DL-service
indication

IEC

Figure 7 — DLS primitive time-sequence diagram
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Sequence of primitives at one DLSAP

The possible overall sequences of primitives at a DLSAP are defined in the state transition
diagram shown in Figure 8. In the diagram, the use of a state transition diagram to describe the
allowable sequences of service primitives does not impose any requirements or constraints on
the internal organization of any implementation of the service.

Fig
4.5

4.5.1

DL-connection-mode service primitives can be used to transmit.DLSDUs from one DL

one or
users.

DLSDU is presented to the DLS provider, together with_the user data to be transmitte]

single

DLS-u

connegtions above the DLL through additionallinterpretation of the DLS-generic-tag.

No mejans are provided by which the réceiving DLS-user may control the rate at wh
g DLS-user may send DLSDUsy This is managed externally by appropriate sche¢duling
tools which match the capability of sending and receiving DLS users and the configured
schedyle of the DLS provider.

sendin

4.5.2
This s

DL-cornnection-mode DLSDU from one DLSAP to another or to a group of DLSAPSs, in &
servicg access.

Idle

DL-service request,
indication or confirm

<

IEC
ure 8 — State transition diagram for sequences of DLS primitives at-one DLS

Connection-mode data transfer

General

more peer DLSAPs using a generic-tag address to identify a connection betwee
FEach DLSDU is transmitted in a single DLPDU. All the information required to deli

Service access.

bers which are higher layer protocol entities can provide negotiation and manager

Function

brvice provides—the facilities of 4.2 a), b), c), d) and e). It can be used to trarn

AP

SBAP to
nh DLS-
ver the
d, in a

nent of

ch the

service

smit a
single

returned

s, and

NOTE Peliverystatus (if required) is provided by higher-layer services provided by the DLS-user, it is not

as part ¢f the\local DLS invocation.

In the abbcllbc Uf CITuroS, thc DLS pIUV;dUI Illdilltd;lla thc ;Iltcylity Uf illdividua= DLSDL
delivers them to the receiving DLS-users in the order in which they are presented by the sending
DLS-user.

4.5.3 Types of primitives and parameters

4.5.3.1

Primitive specifications

Table 2 indicates the types of primitives and the parameters needed for the DL-connection-
mode transmission service.
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Table 2 — DL-connection-mode transfer primitives and parameters

IEC 61158-3-2:2023 © |EC 2023

DL-GENERIC-TAG| Request Indication Confirm
Parameter name input output output
Request DLS-user-identifier (handle) M
DLS-user-data (packet) M M(=)
DLS-QoS (priority) M
DLS-generic-tag M M(=)
DLS-TxStatus M
NOTE The method by which a confirm primitive Is correlated with its corresponding
preceding request primitive is a local matter.

4.5.3.2 Request DLS-user-identifier

This pprameter, which is specified by the DLS-user on cancelable BDh-request prin
provid¢s a local means by which the DLS-user can subsequently attemptto cancel that 1
through a DL-FLUSH-SINGLE queue maintenance request. The naming-domain of this id
is the DLS-user-local-view.

hitives,
equest
entifier

4.5.3. DLS-user data

This parameter provides the data to be transmitted between DLS-users without alteration by
the DUS provider. The initiating DLS-user may transmit any integral number of octets greater
than zero, up to the limit determined by the service type parameter specified in the service
reque

45.3.4 DLS-QoS

This parameter is specified in 4.3.4.

4.5.3.5 DLS-generic-tag

This parameter conveys a.connection identification or DLSAP-address identifying the femote
DLSAH(s) to which the DES'is to be provided. It is a DL(SAP)-address in the request primitive,
but takles the form of a-lecal DL(SAP)-address DLS-user-identifier in the indication primifive(s).
It may pe a DLSAP-address or a multi-cast DL-address.

4.5.3. Request primitive

If the Initiating DLS-user has implemented a FIFO queue of maximum depth K as a jsource
queue |forthe DLSAP-address at the specified QoS priority, then a DL-GENERIC-REQUEST
primitive attempts to append a DLSDU to the queue, but fails It the queue already contains K
DLSDUs. If the append operation is successful, then the DLSDU will be transmitted at the first

opportunity, after all preceding DLSDUs in the queue.

NOTE 1
combining them in a single transmission opportunity.

NOTE 2 The queue depth K is implementation specific.

4.5.3.7

Indication primitive for DLSDUs associated with generic tags

The queue provides a means of managing multiple DLS-user requests for the efficiency advantage of

The receiving DLS-user is able to identify Generic Tag values of interest to it and pass them to
the local DLS provider using the DLS-tag-filter management services. The set of local tag values
are used to filter arriving associated DLSDUs. For DLSDUs with associated Generic tags that
are acceptable to the filter, the following indication parameters are delivered to the local DLS-
user:
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— DLS-user-data;
— DLS-generic-tag, the value of the generic tag associated with the DLSDU.

4.5.3.8 DLS-TxStatus

This parameter is specified in 4.3.5.

454 Sequence of primitives

The sequence of primitives in a successful or unsuccessful generic-tag transfer is defined in
the time-sequence diagrams in Figure 9 and Figure 10.

DL-service
request

N DL-service
AN indication

DL-service

confirm

Figure 9 — Sequence of primitives for a successful connection-mode transfer

DL-service
request

DL-service
confirm

IEC
Figure 10 — Sequence of primitives for\an unsuccessful connection-mode transgfer

4.6 Connectionless-mode data transfer
4.6.1 General

DL-cornnectionless-mode service primitives can be used to transmit independent DLSDUs from
one DLSAP to another DUSAP using a fixed-tag address to identify the destination OLSAP.
Each DLSDU is transmitted in a single DLPDU. The DLSDU is independent in the sensq that it
bears po relationship(to any other DLSDU transmitted through an invocation of the DL]S. The
DLSDU is self-contained in that all the information required to deliver the DLSDU is presented
to the DLS provider, together with the user data to be transmitted, in a single service access.

No mejans(are provided by which the receiving DLS-user may control the rate at which the
sendinp DLS user may send DLSDUs ThIS is managed externally by approprlate sche¢duling
tools wh i v igured
service schedule of the DLS provider.

4.6.2 Function

This service provides the facilities of 4.2 b), ¢), d) and e). It can be used to transmit an
independent, self-contained DLSDU from one DLSAP to a group of DLSAPs, all in a single
service access. Delivery status is not returned as part of the local DLS invocation.

A DLSDU transmitted using DL-connectionless-mode data transfer is not considered by the DLS
provider to be related in any way to any other DLSDU. In the absence of errors, it maintains the
integrity of individual DLSDUs, and delivers them to the receiving DLS-users in the order in
which they are presented by the sending DLS-user.
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Types of primitives and parameters

Primitive specifications
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Table 3 indicates the types of primitives and the parameters needed for the DL-connectionless-

mode t

ransmission service.

Table 3 — DL-connectionless-mode transfer primitives and parameters

4.6.3.2

DL-FIXED-TAG Request Indication Confirm
Parameter name input output output
Request DES-user-raentifier (hranafe) ™
DLS-user-data (packet) M M(=)
DLS-QoS (priority) M
DLS-fixed-tag M M(=)
DLS destination-DLE-ID (station MAC ID) |M
DLS-source-DLE-ID (station MAC ID) M
DLS-TxStatus M
NOTE The method by which a confirm primitive is correlated wijth its corresponding
preceding request primitive is a local matter.

Request DLS-user-identifier

This parameter is specified in 4.5.3.2.

4.6.3.3
This p

4.6.3.4

DLS-user data

ameter provides the data to bé“transmitted between DLS-users without altera
provider. The initiating DLSzuser may transmit any integral number of octets

r
the DLE
than z¢ro, up to the limit inherent for the specified service.

DLS-QoS

This parameter is specified in 4.3.4.

NOTE
exceptig
share a

4.6.3.5

PDLS-schedule®=priority is generally reserved for generic-tag connection-mode services. The only
n is for periedic TUI fixed tag messages published by the active Keeper to ensure that all DLS p
common,sense of link parameters.

DLS-fixed-tag

tion by
jreater

normal
roviders

This parameter specifies the destination DLSAP In the DLE identified by the DLS-desTl
DLE-ID address. The DLSAP to be used is selected from the set of Fixed Tag service types
available in the destination DLE.

The se

t of Fixed-tag services available to the DLS-user are listed in Table 4.

nation-
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Table 4 — Fixed tag services available to the DLS-user

Fixed tag service code (hexadecimal) Meaning of service

0x01 — 0x08 Vendor specific
0x09 Ping request

0x0A — 0x14 Vendor specific
0x15 tMinus

0x16 — 0x28 Vendor specific
0x29 Ping reply

Ox2A—0x3F Vermdorspectific

0x70 — Ox7F Vendor-specific
0x83 UCMM
0x88 Keeper UCMM
0x8C Time distribution

0xFO — OxFF Vendor specific

Fixed-1ag service codes in the vendor-specific range may be assigned by the DLS-user,

The UCMM fixed tag is reserved for DLS-users wishing to;send messages via the Unconhected
Messapge Manager object in the destination DLE.

The Keeper UCMM fixed tag is reserved for DLS-users wishing to send messages via the
Keepef Unconnected Message Manager object.itvthe destination DLE.

Specific uses for other fixed tags in the table are presented in Clause 5 and IEC 61158-4-2.

NOTE Il other fixed tags are reserved or used internally by the DLS provider.
4.6.3.6 DLS-destination-DLE-ID

This parameter conveys the node DL-address of the destination node; it is a MAC ID address.

4.6.3.7 Request primitive

If the ihitiating DDS-user has implemented a FIFO queue of maximum depth K to the OLSAP-
addresls at the(specified priority as a source, then a DL-request primitive attempts to append a
DLSDU to the-queue, but fails if the queue already contains K DLSDUs. If the append opgration
is sucgessful, then the DLSDU will be transmitted at the first opportunity, after all prelceding
DLSDUs\in the queue. The queue serves to assemble multiple DLS-user requests for the
efficiency advantage of combining them in a single transmission opportunity for the specified
QoS or better.

NOTE The queue depth K is implementation specific.
4.6.3.8 Indication primitives
4.6.3.8.1 General

The receiving DLS-user has an implicit queue of indeterminate capacity which is used as the
receive queue, and the DLSDU is delivered as the DLS-user-data parameter of the associated
indication primitive.

If it is not possible to append the received DLSDU to the receive queue, then the DLSDU is
discarded and an indication primitive is not issued to the DLS-user.
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4.6.3.8.2 Indication for fixed tag DLSDUs

The receiving DLS-user is able to identify a number of Fixed Tag values of interest to it and
pass them to the local DLS provider using the DLS-tag-filter management services. The set of
local tag values are used to filter associated arriving DLSDUs. For DLSDUs with associated
Fixed tags that are acceptable to the filter, the following indication parameters are delivered to
the local DLS-user:

— DLS-user-data;
— DLS-fixed-tag, the value of the fixed tag service code associated with the DLSDU;
— DLS-source-DLE-ID, the source DLE MAC ID.

4.6.3.8.3 DLS-source-DLE-ID

This parameter conveys an address identifying the local DLE from which the fixed‘tag DLSDU
has begen sent. It is a DLE MAC ID address on the local link.

4.6.3.9 DLS-TxStatus

This parameter is specified in 4.3.5.

4.6.4 Sequence of primitives

The selquence of primitives in a successful or unsuccessful fixed-tag transfer is defined in the
time-sg@quence diagrams in Figure 11 and Figure 12.

DL-service
request

N DL-service
N indication

DL-service
cohfirm

Figure 11 — Sequence of primitives for a successful connectionless-mode transgfer

DL-service
request

DL-service
confirm

IEC

Figm]e 12°= Sequence of primitives for an unsuccessful connectionless-mode trahsfer

4.7 Queue maintenance
4.7.1 Function

DLS-send requests are held in a pending queue by the DLS provider until the requested sending
opportunity is available. This queue is not visible to the DLS-user. To support efficient operation,
the queue maintenance service is provided to de-queue pending requests that have not been
sent.

4.7.2 Types of primitives and parameters
4.7.2.1 Primitive specifications

Table 5 and Table 6 indicate the primitives and parameters of the DL-queue maintenance
service. This is a local service at each DLSAP.
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Table 5 — DL-queue maintenance primitives and parameters (single flush)

DL-FLUSH SINGLE-REQUEST Request Confirm
Parameter name input output
request DLS-user-identifier (handle) M
DLS-TxStatus M

NOTE The method by which a confirm primitive is correlated with its corresponding
preceding request primitive is a local matter.

4.7.2.2

The re
specifi

Table 6 — DL-queue maintenance primitives and parameters (flush by QosS)

DL-FLUSH REQUESTS-BY-QO0S Request Confirm

Parameter name input output

DLS-QoS (priority) M

NOTE The method by which a confirm primitive is correlated with its cerresponding
preceding request primitive is a local matter.

Request DLS-user-identifier and DLS-QoS

quest DLS-user-identifier and DLS-QoS parameters have the same meanir
bd in 4.5. Their purpose in these primitives is tosidentify the set of requests, or the

request, which is to be flushed from the request queue if they have not yet been irrey

commi

4.7.2.3

The Dl

4.7.3

When
priority

When
cancel

4.7.4

4.7.41

ted for transmission.

DLS-TxStatus

S-TxStatus parameter has the same meaning and purpose as specified in 4.5.

Request primitive

ised with a DL-FLUSH REQUESTS-BY-QOS request, all untransmitted transfers at th
are cancelled.

ised with a DL-PLUSH SINGLE-REQUEST request, only the specified individual tran
ed.

Confirmation primitive

DL-Flush-single-request

gs as
single
ocably

at QoS

sfer is

When the single pending transfer identified by request DLS-user-id has been cancelled, the
confirmation for the original transfer request (DL-GENERIC-TAG or DL-FIXED-TAG) is returned
with the DLS-TxStatus specifying the value FLUSHED.

4.7.4.2 DL-Flush-requests-by-QoS

When all pending transfers of the specified QoS have been cancelled, a confirmation is
returned.

4.7.5 Sequence of primitives

The sequence of primitives for a queue maintenance request is defined in the time sequence
diagrams of Figure 13.
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DL-flush

request

DL-flush
confirm

IEC
Figure 13 — Sequence of primitives for a queue maintenance request

4.8 Tag filter

4.8.1 Function

By default, the receiving DLS provider accepts and processes only the DLS-fixed-tagyme

ssages

which have the fixed-tag value of 00 (moderator tag) and all other messages are discarded.

The tap filter service allows the DLS user to enable or disable receptiom-of other me
based jpon the contents of their DLS parameter tag.

ssages

The DUS provider will deliver incoming messages to the DLS-user-only for DLS-tags that have

been gnabled.

4.8.2 Types of primitives and parameters
4.8.2.1 Primitive specifications

Table T indicates the primitives and parametérs” of the DL-connectionless-mode
maintejnance service. This is a local service at gach DLSAP.

Table 7 — DL-connectionless-mode tag filter primitives and parameters

DL-ENABLE-TAG Request Confirm
DL-DISABLE-TAG
Parameter name input output
DLS-tag M
DLS-result M

NOTE The-method by which a confirm primitive is correlated with its corresponding
preceding, request primitive is a local matter.

4.8.2.2 Request DLS-user-identifier and DLS-tag

queue

These parameters have the same meanings and purpose as specified in 4.5, The DLS-tag can

be either a DLS-generic-tag or a DLS-fixed-tag.

4.8.2.3 DLS-result
This parameter conveys the status of the corresponding request:

a) TRUE — the service request completed successfully;
b) FALSE — the service request failed to complete successfully.

NOTE If the DLS provider is unable to accept filtering requests for additional generic tags, the status retu
be FALSE.

rned will
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4.8.3 Sequence of primitives

The sequence of primitives for a tag filter request is defined in the time sequence diagrams of
Figure 14.

DL-tag
request

DL-tag

IEC

Figure 14 — Sequence of primitives for a tag filter request

5 DL-management services

5.1 Sequence of primitives

Subclguse 5.1 defines the constraints on the sequence in which the primitives defined in 5.2 to
5.9 mgy occur. The constraints determine the order in which primitives occur, but do nppt fully
specifyf when they may occur. Other aspects of actual system opération, such as PhL problems
affecting messages in transit, will affect the ability of a DLS-user or a DLS provider to issue a

primitiye at any particular time.

The Dl-management primitives and their parameters_are summarized in Table 8.
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Table 8 — Summary of DL-management primitives and parameters
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Service Service subtype Primitive Parameter
Management Local link DLM-TONE INDICATION (out DLMS-cycle)
synchronization
Synchronized DLM-SET-PENDING request (in DLMS-configuration-data)
parameter change DLM-SET-PENDING confirm (out DLMS-result)
DLM-GET-PENDING request <none>
DLM-GET-PENDING confirm (out DLMS-configuration-data)
DLM-SET-CURRENT request (in DLMS-configuration-data)
DLM-SET-CURRENT confirm (out DLMS-result)
DLM-GET-CURRENT request <none>
DLM-GET-CURRENT confirm (out DLMS-configuration-data)
DLM-TMINUS-START-COUNTDOWN (in DLMS-:start-count)
request
DLM-TMINUS-START-COUNTDOWN (out DLMS-result)
confirm
DLM-TMINUS-ZERO indication <mone>
Event reports DLM-EVENT indication (out DLMS-event,
DLMS-source-DLE-ID)
Bad FCS DLM-BAD-FCS indication (out DLMS-channel)
Current moderator |[DLM-CURRENT-MODERATOR indication |(out DLMS-source-DLE-ID)
Enable moderator [DLM-ENABLE-MODERATOR request (in DLMS-enable-moderafor)
DLM-ENABLE-MODERATOR confirm (out DLMS-enable-moderatpor)
Power-up and Online |DLM-POWER=UP indication <none>
DLM-ONRINE request (in DLMS-online)
DLM-ONLINE confirm (out DLMS-online)
Listen only DLM-LISTEN-ONLY request (in DLMS-listen only)
DLM-LISTEN-ONLY confirm (out DLMS-listen only)
NOTE [The method by which a-confirm primitive is correlated with its corresponding preceding request primitive is
a local matter.
5.2 ink synchronization
5.2.1 Function
The schetduted-QoS-tsbasedomarepeatingcycteof BEStransmissiomopportunities—which are

time locked to better than 1 ms. The basic time interval is the NUT or Network Update Time and
an incrementing count is maintained for each NUT within the repeating cycle. This service
indicates to the DLMS-user the current NUT count within the cycle.

5.2.2

5.2.2.1

Types of primitives and parameters

Primitive specifications

Table 9 indicates the primitives and parameters of the Link synchronization service. This is a
local service.
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Table 9 — Link synchronization primitives and parameters

DLM-TONE| Indication

Parameter name output

DLMS-cycle M

5.2.2.2 DLMS-cycle

This parameter indicates the interval count for the NUT which has just been received within the
overall cycle of scheduled access intervals. The DLS provider uses internal timing facilities to
simulafe this indicafion it expected moderator DLPDUs are not available.

5.2.3 Sequence of primitives

The selquence of primitives for a link synchronization is defined in the time sequence diagrams
of Figure 15.

DLM-tone
indication
IEC

Figure 15 — Sequence of primitives for a-Joecal link synchronization

5.3 Bynchronized parameter change
5.3.1 Function

All DLEs maintain two local copies of“DLMS-configuration-data parameters: currept and
pending. The current copy is used for.the ongoing operation of the DLS. The pending ¢opy is
maintajned to allow a synchronized.change of DLS configuration parameters. This service
managles these DLMS-configuration-data parameters and their changeover.

At the [system management level, a required set of DLMS-configuration-data parametgrs and
the codint down trigger fofsa‘change-over are distributed to all DLMS-users using data tfansmit
servicgs and fixed tags\(link parameters tag and tMinus tag).

The synchronized_ parameter change service enables each DLMS-user to transfer rgquired
configyration-data values to the local DLS provider.

The modérator fixed tag DLPDU contains a parameter, called tMinus, that counts down to zero
as a uigger to synchronize the change-over from current to pending sets of the DLS
configuration parameters. The DLM-TMINUS-START-COUNTDOWN request from a DLMS-user
causes its local DLS provider to participate in a tMinus countdown, and, if the node is the
moderator, it initializes the tMinus parameter of the moderator. The moderator decrements this
parameter count before transmitting each moderator DLPDU until the parameter equals zero.
When tMinus transitions from 1 to 0, each local DLS provider participating in the countdown
locally generates a DLM-TMINUS-zERO indication and copies its pending DLMS-configuration-
data parameters into its current copy. If the tMinus field transitions to 0 from any value except
1, the countdown is aborted and no DLM-TMINUS-ZERO indication is generated.

5.3.2 Types of primitives and parameters
5.3.2.1 Primitive specifications

Table 10, Table 11, Table 12 and Table 13 indicate the primitives and parameters of the DLM
synchronized parameter change service. This is a local service.


https://iecnorm.com/api/?name=ca06420138d56f49eb28aabe04a4e528

— 38 —

IEC 61158-3-2:2023 © |EC 2023

Table 10 — Synchronized parameter change primitives and parameters
(set configuration)

DLM-SET-PENDING
DLM-SET-CURRENT

Parameter name

Request Confirm

input output

DLMS-configuration-data

DLMS-result

M

preceding request primitive is a local matter.

NOTE The method by which a confirm primitive is correlated with its corresponding

Table 11 — Synchronized parameter change primitives and parameters
(get configuration)

DLM-GET-PENDING
DLM-GET-CURRENT

Request Confirm

Parameter name

input output

DLMS-configuration-data

M

preceding request primitive is a local matter.

NOTE The method by which a confirm primitive is correlated\with its corresponding

Table 12 — Synchronized parameter change primitives and parameters
(start countdown)

DLM-TMINUS-START-COUNTDOWN Request Confirm
Parameter name input output
DLMS-start-count M
DLMS-result M

preceding request primitive is a local matter.

NOTE The method by which a confirm primitive is correlated with its corresponding

Table 13 — Syhchronized parameter change primitives and parameters (tMinus)

5.3.2.2

DLM-TMINUS-zERO| Indication
Parameter name output
<none>
DLMS-result

This parameter has the same meaning and purpose as specified in 4.8 for DLS-result.

5.3.2.3

DLMS-configuration-data

This parameter conveys the set of configuration data values specified in Table 14.
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Table 14 —- DLMS-configuration-data

Subparameter Meaning

my_addr the MAC ID of this DLE

NUT_length the length of the NUT in 10 ys increments

SMAX highest MAC ID allowed to transmit scheduled

UMAX highest MAC ID allowed to transmit unscheduled
slotTime time allowed for Ph layer line turnaround in 1 ps increments
blanking time to disable RX after DLPDU in 1 600 ns increments

4 P 40 b bk mqadrr m A,
yu_otart TUHS TTIICTVars muitt stdit v yuarduariyu tu turic

gb_center 10 ps intervals from start of moderator to tone

modulus modulus of the interval counter for intervals in a cycle of NUTs

gb_prestart transmit cut-off, 10 ys intervals before tone, shall not transmit past
this limit

5.3.2.4 DLMS-start-count

In all QLEs but the moderator, the presence of this parameter.enables the local DLS pfovider
to track the tMinus countdown contained in successive moderator messages and when the
count ghanges from 1 to 0, to change to the pending set of DLS configuration parameters

previolisly requested by the local DLMS user. If the finaktMinus transition to 0 is from an
other than 1, the change of configuration data parametéers is aborted.

If the [local DLE is the moderator, this parameter initializes the tMinus parameter

value

in the

moderator messages and initiates its decrementing by 1 for each successive modgerator

message until it reaches 0.

If the [final tMinus transition is from\ 1 to O, this indication is locally generated by

each

participating DLS provider and passed to local DL-management, which then transforms any

pending link DLS configuration parameters into current parameters.

5.3.3 Sequence of primitives

The sejguence of primitives for synchronized parameter change is defined in the time sequence

diagrams of Figure 46-and Figure 17.

DLM-get/set
request

—
 —

DLM-get/set
confirm

IEC

Figure 16 — Sequence of primitives for a DLM-get/set parameters request

DLM-tMinus
request

N DLM-tMinus
AN indication

DLM-tMinus
confirm

Figure 17 — Sequence of primitives for a DLM-tMinus change request
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