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ISO 226

Foreword

64:2013(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

Intern

The main task of technical committees is to prepare International Standards. Draft-Internation

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ely with the

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, FPart 2.

al Standards

adopfed by the technical committees are circulated to the member bodies for |voting. Publication as an

Intern

Attention is drawn to the possibility that some of the elements of this document may be the sub

rightg

ational Standard requires approval by at least 75 % of the member bodies.casting a vote.

. ISO shall not be held responsible for identifying any or all such patént rights.

ect of patent

ISO 22664 was prepared by the Consultative Committee for/Space Data Systems (CCSDS) (as

CCS
of thi
SC1

This
revis

B, Space data and information transfer systems.

DS 232.0-B-2, September 2010) and was adopted (withoutumodifications except those statedl in Clause 2
5 International Standard) by Technical Committee ISO/TE 20, Aircraft and space vehicles, Subcommittee

second edition cancels and replaces the first edition (ISO 22664:2005), which has been technically

pd.
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Space data and information transfer systems — TC

(te

11
data

lecommand) space data link protocol

$cope

This International Standard specifies the telecommand (TC) space data link protocol, This
link layer protocol (as defined in ISO/IEC 7498-1) intended for use over ground:to-space

spacg¢ communications links by space missions.

1.2
a)
b)
c)
1.3
a)
b)
c)
d)

1.4

This International Standard defines the TC space data link protocol in terms ‘of

e services provided to the users of this protocol,
e protocol data units employed by the protocol, and
e procedures performed by the protocol.
It does not specify
individual implementations or products,
e implementation of service interfaces within real systems,
Ie methods or technologies requiredtaperform the procedures, or
the management activities required.to configure and control the protocol.

The scope and field of~application are furthermore detailed in subclauses 1.1, 1.2 an

enclgsed CCSDS publication,

2

Requirements

Requirements{are the technical recommendations made in the following publication (reprod
following pages), which is adopted as an International Standard:

CCSD6-232.0-B-2, September 2010, TC space data link protocol.

protocol is a
or space-to-

d 1.3 of the

uced on the

For the purposes of international standardization, the modifications outlined below shall apply to the specific
clauses and paragraphs of publication CCSDS 232.0-B-2.

Pagesito v

This

part is information which is relevant to the CCSDS publication only.

Page 1-5

Add

(4]

the following information to the reference indicated:

Document CCSDS 232.1-B-2, September 2010, is equivalent to ISO 22667:2013.
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Page B-1

Add the following information to the reference indicated:

[B4] Document CCSDS 910.4-B-2, October 2005, is equivalent to ISO 15396:2007.
[B5] Document CCSDS 132.0-B-1, September 2003, is equivalent to ISO 22645:2005.

[B6] Document CCSDS 732.0-B-2, July 2006, is equivalent to ISO 22666:2007.

3 Revisipnofpubtication €€SDS-232:0-B-2

It has been agreed with the Consultative Committee for Space Data Systems that Subcommittee
ISO/TC 20/S[C 13 will be consulted in the event of any revision or amendment of publication CCSDS 232.0-
B-2. To this end, NASA will act as a liaison body between CCSDS and ISO.

2 © ISO 2013 — Al rights reserved
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AUTHORITY
Issue: Recommended Standard, Issue 2
Date: September 2010
Location: Washington, DC, USA

THis document has been approved for publication by the Management Council pf the
Cansultative Committee for Space Data Systems (CCSDS) and representsitheé congensus
teghnical agreement of the participating CCSDS Member Agencies. The’ procedyre for
reyiew and authorization of CCSDS documents is detailed in the Procedures Manual for the
Cqnsultative Committee for Space Data Systems, and the record of Agency participation in

the authorization of this document can be obtained from the CCSDS Secretariat |[at the
adfress below.

THis document is published and maintained by:

CCSDS Secretariat

Space Communications and Navigation. Office, 7L70
Space Operations Mission Directorate

NASA Headquarters

Washington, DC 20546-0001, USA

CCSDS 232.0-B-2 Page i September 2010
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STATEMENT OF INTENT

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially
established by the management of its members. The Committee meets periodically to address
data systems problems that are common to all participants, and to formulate sound technical
solutions to these problems. Inasmuch as participation in the CCSDS is completely
voluntary, the results of Committee actions are termed Recommended Standards and are
not considered binding on any Agency.

This Recommended Standard is issued by, and represents the consensus of, the CCSDS
membgrs. Endorsement of this Recommendation is entirely voluntary. EndofSement,
howeVer, indicates the following understandings:

0 | Whenever a member establishes a CCSDS-related standard, this standard will be]in
accord with the relevant Recommended Standard. Establishing, such a standdqrd
does not preclude other provisions which a member may develop.

o | Whenever a member establishes a CCSDS-related standard, that member will
provide other CCSDS members with the following information:

-- The standard itself.
-- The anticipated date of initial operational’capability.
-- The anticipated duration of operational service.

0 | Specific service arrangements shall be made via memoranda of agreement. Neither
this Recommended Standard nor~any ensuing standard is a substitute forl a
memorandum of agreement.

No later than five years from itstdate of issuance, this Recommended Standard will |be
reviewed by the CCSDS to determine whether it should: (1) remain in effect without change;
(2) ba changed to reflect.the impact of new technologies, new requirements, or ngw
directions; or (3) be retired;er canceled.

In those instanceswhen a new version of a Recommended Standard is issued, existing
CCSDS-related member standards and implementations are not negated or deemed to be ngn-
CCSOS compatible. 1t is the responsibility of each member to determine when such
standgrds . ar~implementations are to be modified. Each member is, however, strongly
encoufaged to direct planning for its new standards and implementations towards the I;Fer
versiomofthe RecommendedStandard:

CCSDS 232.0-B-2 Page ii September 2010
6 © IS0 2013 — Al rights reserved
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FOREWORD

This document is a technical Recommendation for use in developing flight and ground
systems for space missions and has been prepared by the Consultative Committee for Space
Data Systems (CCSDS). The TC Space Data Link Protocol described herein is intended for
missions that are cross-supported between Agencies of the CCSDS.

This Recommendation specifies a communications protocol to be used by space missions to
transfer space application data aver ground-to-space or space-to-space communicationsg links.
ThHis Recommendation is developed from the specifications of an older “GCSDS
Rqcommendation (reference [B2]), which defines essentially the same protocol-and sgrvices
but in a slightly different context.

THis Recommendation does not change the major technical contents definéd.in reference [B2],
but the presentation of the specification has been changed so that:

a) this protocol can be used to transfer any data over any spacelink in either direction;
b) all CCSDS space link protocols are specified in a unifiéd manner;

c) the specification matches the Open Systems Interconnection (OSI) Basic Reference
Model (references [1] and [2]).

Tqgether with the change in presentation, a few technical descriptions in reference [B2] have
bepn changed to allow flexibility for future extensions of the CCSDS protocol suite. | Also,
some technical terms in reference [B2] have been changed in order to unify the termipology
used in all the CCSDS Recommendations that define space link. These changes are listed in
anpex C of this Recommendation.

THrough the process of normal evolution, it is expected that expansion, deletion or
maodification to this document may occur. This Recommendation is therefore subject to
CCSDS document management and change control procedures, as defined in reference [B1].
Cyrrent versions of CCSDS documents are maintained at the CCSDS Web site:

http://www.ccsds.org/

Questions «elating to the contents or status of this document should be addressed |to the
CCSDS-Secretariat at the address indicated on page i.

CCSDS 232.0-B-2 Page iii September 2010
© 1SO 2013 — All rights reserved 7
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At time of publication, the active Member and Observer Agencies of the CCSDS were:

Member Agencies

— Agenzia Spaziale Italiana (ASI)/Italy.

— Canadian Space Agency (CSA)/Canada.

— Centre National d’Etudes Spatiales (CNES)/France.

— China National Space Administration (CNSA)/People’s Republic of China.
— Deutsches Zentrum fiir Luft- und Raumfahrt e.VV. (DLR)/Germany.
— —European Space Agency (FQA)/Fllmlnp

— | Instituto Nacional de Pesquisas Espaciais (INPE)/Brazil.

— | Japan Aerospace Exploration Agency (JAXA)/Japan.

— | National Aeronautics and Space Administration (NASA)/USA.

— | Russian Federal Space Agency (RFSA)/Russian Federation.

— | UK Space Agency/United Kingdom.

Obseryer Agencies

— | Austrian Space Agency (ASA)/Austria.

— | Belgian Federal Science Policy Office (BFSPO)/Belgium:

— | Central Research Institute of Machine Building (TsNHMash)/Russian Federation.
— | China Satellite Launch and Tracking Control General, Beijing Institute of Tracking
and Telecommunications Technology (CLTC/BITTT)/China.

— | Chinese Academy of Sciences (CAS)/China.

— | Chinese Academy of Space Technology (CAST)/China.

— | Commonwealth Scientific and Industrial-Résearch Organization (CSIRO)/Australig.
— | CSIR Satellite Applications Centre (CSIR)/Republic of South Africa.

— | Danish National Space Center (DNSC)/Denmark.

— | Departamento de Ciéncia e Tecnalogia Aeroespacial (DCTA)/Brazil.

— | European Organization for the*Exploitation of Meteorological Satellites
(EUMETSAT)/Europe.

— | European Telecommunications Satellite Organization (EUTELSAT)/Europe.
— | Geo-Informatics and, Space Technology Development Agency (GISTDA)/Thailand.
— | Hellenic National'Space Committee (HNSC)/Greece.

— | Indian Space Research Organization (ISRO)/India.

— | Institute of-Space Research (IKI)/Russian Federation.

— | KFKI Research Institute for Particle & Nuclear Physics (KFKI)/Hungary.

— | Korea:Aerospace Research Institute (KARI)/Korea.

— | Ministry of Communications (MOC)/lIsrael.

— | National Institute of Information and Communications Technology (NICT)/Japan.
— National Oceanic and Atmospheric Administration (NOAA)/USA.

— National Space Agency of the Republic of Kazakhstan (NSARK)/Kazakhstan.

— National Space Organization (NSPO)/Chinese Taipei.

— Naval Center for Space Technology (NCST)/USA.

— Scientific and Technological Research Council of Turkey (TUBITAK)/Turkey.

— Space and Upper Atmosphere Research Commission (SUPARCO)/Pakistan.

— Swedish Space Corporation (SSC)/Sweden.

— United States Geological Survey (USGS)/USA.

CCSDS 232.0-B-2 Page iv September 2010
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DOCUMENT CONTROL
Document  Title Date Status
CCSDS TC Space Data Link Protocol, September  Original Issue
232.0-B-1 Recommended Standard, Issue 1 2003
CCSDS TC Space Data Link Protocol, September  Current issue:
232.0-B-2 Recommended Standard, Issue 2 2010 - updates Frame Hrror

Control Field Encoding
Procedure to be
consistent with ¢ther
CCSDS Space Data
Link Protocol
specifications;
- adds specificatigns and
parameters to support a
systematic
retransmission gption
(note).

NQTE - Substantive changes from the-previous issue are indicated by change bars|in the
right margin.

CCSDS 232.0-B-2 Page v September 2010
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INTRODUCTION

PURPOSE

The purpose of this Recommendation is to specify the Telecommand (TC) Space Data Link
Protocol. This protocol is a Data Link Layer protocol (see reference [1]) to be used over
ground-to-space or space-to-space communications links by space missions.

1.2

THis Recommendation defines the TC Space Data Link Protocol in terms of:

It gloes not specify:

1.3

TH

communications over space’ links between CCSDS Agencies in cross-support situation

R8
A(
be

Th
Sta

m
im

crss’support based on capabilities described in this Recommendation is anticipated.

SCOPE

a) the services provided to the users of this protocol,
b) the protocol data units employed by the protocol; and

c) the procedures performed by the protocol.

a) individual implementations or products;
b) the implementation of service interfaces within real systems;
c) the methods or technologies required to-perform the procedures; or

d) the management activities requireg-to configure and control the protocol.

APPLICABILITY

is Recommendation applies to the creation of Agency standards and to futurg data

commendation includes comprehensive specification of the services and protocol fo

5. The

inter-

ency cross suppart:” It is neither a specification of, nor a design for, real systems that may

implementedor existing or future missions.

e Recammendation specified in this document is to be invoked through the 1
ndards-programs of each CCSDS Agency and is applicable to those missions for

ormal
which
Where

plemented when this document is used as a basis for cross support. Where optio

Must be

ns are

allowed or implied, implementation of these options is subject to specific bilateral cross
support agreements between the Agencies involved.

CCSDS 232.0-B-2 Page 1-1 September 2010
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1.4 RATIONALE

The CCSDS believes it is important to document the rationale underlying t
recommendations chosen, so that future evaluations of proposed changes or improvements
will not lose sight of previous decisions.

1.5 DOCUMENT STRUCTURE

This
a)

ocument IS divided Into Tive numbered sections and three annexes:

Recommendation and lists the conventions, definitions, and normativeirefereng
used throughout the Recommendation;

section 2 provides an overview of the TC Space Data Link Protocel;
section 3 defines the services provided by the protocol entity;

section 4 specifies the protocol data units and procedures.employed by the proto
entity;

he

section 1 presents the purpose, scope, applicability and rationale~of this

€s

col

e) | section 5 specifies the managed parameters used by-the protocol entity;

f) | annex A lists all acronyms used within this document;

g)| annex B provides a list of informative references;

h)[ annex C lists the changes from the older CCSDS Recommendation (reference [B2]).
1.6 [CONVENTIONS AND DEFINITIONS
1.6.1 | DEFINITIONS
1.6.1.1 Definitions fragm the Open Systems Interconnection (OSI) Basic Reference

Model

This Recommendation makes use of a number of terms defined in reference [1]. The use|of
those ferms in:this Recommendation shall be understood in a generic sense; i.e., in the sense
that tosecterms are generally applicable to any of a variety of technologies that provide for
the exghange of information between real systems. Those terms are:

a) blocking;

b) connection;

c) Data Link Layer;

d) entity;

e) flow control,
CCSDS 232.0-B-2 Page 1-2 September 2010
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f) Network Layer;

g) peer entities;

h) Physical Layer;

1) protocol control information;

j) protocol data unit;

K—reat-system:

I) segmenting;

m) service;

n) Service Access Point (SAP);
0) SAP address;

p) service data unit.

1.6.1.2 Definitions from OSI Service Definition Conventions

THis Recommendation makes use of a number of:ferms defined in reference [1]. The|use of
thgse terms in this Recommendation shall be understood in a generic sense; i.e., in thg sense
that those terms are generally applicable to any of a variety of technologies that prov{de for

the exchange of information between realsystems. Those terms are:
a) confirmation;

b) indication;

C) primitive;

d) request;

e) response;

f) serviceprovider;

g), service user.

1.6.1.3 Terms Defined in this Recommendation

For the purposes of this Recommendation, the following definitions also apply. Many other

terms that pertain to specific items are defined in the appropriate sections.

asynchronous: not synchronous (see below).

CCSDS 232.0-B-2 Page 1-3
© 1SO 2013 — All rights reserved
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delimited: having a known (and finite) length; applies to data in the context of data
handling.

Mission Phase: a period of a mission during which specified communications
characteristics are fixed. The transition between two consecutive Mission Phases may cause
an interruption of the communications services.

Physical Channel: a stream of bits transferred over a space link in a single direction.

space [link: a communications link between a spacecraft and its associated ground system,|or
between two spacecraft. A space link consists of one or more Physical Channels in~0One|or
both dlirections.

synchronous: of or pertaining to a sequence of events occurring in a fixed time relationship

(withip specified tolerance) to another sequence of events.

1.6.2 | NOMENCLATURE

The fgllowing conventions apply throughout this Recommendation:
a) | the words *shall” and ‘must’ imply a binding and verifiable specification;
b)[ the word “should’ implies an optional, but desirable, specification;
c) | the word ‘may’ implies an optional specification;

d)| the words ‘is’, “are’, and ‘will” imply statements of fact.

1.6.3 | CONVENTIONS

In thig document, the followifig Convention is used to identify each bit in an N-bit field. The
first bjt in the field to be transmitted (i.e., the most left justified when drawing a figure) is
defined to be ‘Bit 0’; the“following bit is defined to be ‘Bit 1’ and so on up to ‘Bit N-{L’.
When(|the field is used to express a binary value (such as a counter), the Most Significant Bit
(MSB) shall be the<first transmitted bit of the field, i.e., ‘Bit 0’ (see figure 1-1).

BITO BIT N-1

N-BIT DATA FIELD

4
FIRST BIT TRANSMITTED = MSB

Figure 1-1: Bit Numbering Convention

CCSDS 232.0-B-2 Page 1-4 September 2010
© 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=087cbce36f266dd1306f47d41e7cb612

ISO 22664:2013(E)

CCSDS RECOMMENDED STANDARD FOR TC SPACE DATA LINK PROTOCOL

In accordance with standard data-communications practice, data fields are often grouped into
eight-bit  ‘words’ which conform to the above convention. Throughout this
Recommendation, such an eight-bit word is called an “octet’.

The numbering for octets within a data structure starts with zero.

By CCSDS convention, all “spare’ bits shall be permanently set to ‘0.

1. REFERENCES

The following documents contain provisions which, through reference in this text;’corstitute

provisions of this Recommended Standard. At the time of publication, the editions indicated

ware valid. All documents are subject to revision, and users of this Recomimended Standard
ar¢ encouraged to investigate the possibility of applying the most_recent editions |of the
documents indicated below. The CCSDS Secretariat maintains a register of currently valid

CCSDS Recommended Standards.

[1] Information Technology—Open Systems Interconnection—Basic Reference Nodel:
The Basic Model. International Standard, ISO/IEC{7498-1. 2nd ed. Geneva:| ISO,
1994,

[2] Information Technology—Open Systems hiterconnection—Basic Reference Mpdel—
Conventions for the Definition of OSLiServices. International Standard, ISO/IEC
10731:1994. Geneva: 1SO, 1994.

[3] TC Synchronization and Channel Coding. Recommendation for Space Data System
Standards, CCSDS 231.0-B;2;>Blue Book. Issue 2. Washington, D.C.: CCSD$, July
2010.

[4] Communications Operation Procedure-1. Recommendation for Space Data Jystem
Standards, CCSDS, 232.1-B-2. Blue Book. Issue 2. Washington, D.C.: CCSD$, July
2010.

[5] Space Link-fdentifiers. Recommendation for Space Data System Standards, GCSDS
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NOTE - Informative references are listed in annex B.
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OVERVIEW

2.1 CONCEPT OF TC SPACE DATA LINK PROTOCOL

2.1.1 ARCHITECTURE

The TC Space Data Link Protocol is a Data Link Layer protocol (see reference [1]) to be
used by space missions. This protocol has been designed to meet the requirements of space
missions for efficient transfer of space application data of various types and characteristics

oV
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Er ground-to-space or space-to-space communications links (hereafter called space h

yjure 2-1 illustrates the relationship of this protocol to the Open Systems Interconn
SI) reference model (reference [1]). Two sublayers of the Data Link Layeryare defir
LSDS space link protocols as shown in reference [B]. The TC SpaceData Link Pr
rresponds to the Logical Link Sublayer and provides functions of transferring varioy
ng a variable-length protocol data unit called the Transfer Frame,~ The Channel (
blayer provides some additional functions necessary for transferring Transfer Framg
pace link. These functions are the delimiting/synchronizing of Transfer Frames,
frection coding/decoding, and bit transition generation/removal (optional). F
annel Coding Sublayer, the Channel Coding and\. Synchronization Recommen
ference [3]) must be used with the TC Space Data kink Protocol. How the TC Spac
nk Protocol is used in overall space data systems-is’shown in reference [B3].
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Figure 2-1: Relationship with OSI Layers

2.1.2 PROTOCOL FEATURES

The TC Space Data Link Protocol provides the users with several services to transfer service
data units over a space link. The major functions performed by this protocol are (1)

segmentation and blocking of service data units and (2) transmission control of service data

un
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Because the underlying space link inherently includes a noisy signal path, there is a finite
probability that it will introduce an error. It is desirable to break large service data units into
relatively small pieces so that each piece has a lower probability of being invalidated by
transmission error than if the entire service data unit were sent contiguously. System
throughput efficiency is improved because only small pieces have to be retransmitted when
errors are detected. However, there may also be situations in which the service data units are
very small. For efficient transfer of service data units, it is desirable to group these small
units into larger pieces. The TC Space Data Link Protocol provides the capability to break

Iar es DI"\III‘D Hafa ||n|'|'c |n'|'n rnlafl\lnl\l cmall hIDI‘DC /cnnmnnfaflnn\ anrl to-groub cmall cnr\l ce
g S 1eEes—SegH S-groap-—>

data upits into larger pieces (blocklng).

The T[C Space Data Link Protocol controls the transmission of service data units through the
space [link performing retransmissions needed to ensure delivery of service, data units|in
sequemce and without gaps or duplication. This function is provided Ay-an automatic
retrangmission control mechanism called the Communications Operation“Procedure (COP).
The dpecification of the COP is given in reference [4]. In addition, a systematic
retrangmission mechanism for use on deep space links can optionally be provided by the
Synchfonization and Channel Coding Sublayer as specified in reference [3].

The protocol data units employed by this protocol are:the TC Transfer Frame (unlgss
otherwise stated, the terms ‘Transfer Frame’ and ‘Framé’-in this document refer to the TC
Transfer Frame) and the Communications Link Control Word (CLCW). Each Transfer
Framg contains a header, which provides protocol_eontrol information, and a variable-length
data field, within which higher-layer service dataunits are carried. Transfer Frames are s¢nt
in the direction of the flow of service data units. Each CLCW contains a report that descrilpes
the stgtus of acceptance of Transfer Frames. CLCWs are sent from the receiver to the sender
of Trapsfer Frames.

A key|feature of the TC Space Data Link Protocol is the concept of “Virtual Channels’. The
Virtugl Channel facility allows.one Physical Channel to be shared among multiple highgr-
layer glata streams, each of which may have different service requirements. A single Physical
Chanrlel may therefore be-divided into several separate logical data channels, each known|as
a ‘Virfual Channel’ (M€). Each Transfer Frame transferred over a Physical Channel belorjgs
to one|of the Virtual €hannels of the Physical Channel.

Optionally, this-protocol enables service data units from different sources to be multipleXed
together in‘ene Virtual Channel using ‘Multiplexer Access Points’ (MAPs). If MAPs are
used, $ervice data units arriving at the service access point for a MAP at the sending end are
transferred to the corresponding MAP at the receiving end.

2.1.3 ADDRESSING
There are three identifier fields in the header of Transfer Frames: Transfer Frame Version

Number (TFVN), Spacecraft Identifier (SCID), and Virtual Channel Identifier (VCID). The
concatenation of a TFVN and a SCID is known as a Master Channel Identifier (MCID), and
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the concatenation of an MCID and a VCID is called a Global Virtual Channel Identifier
(GVCID). Therefore,

MCID =TFVN + SCID;

GVCID = MCID + VCID
=TFVN + SCID + VCID.

Each Virtual Channel on a Physical Channel is identified by a GVCID. Therefore, a Virtual
Channel consists of Transfer Frames having the same GVCID.

All Transfer Frames with the same MCID on a Physical Channel constitute a Master Channel
(MC). A Master Channel consists of one or more Virtual Channels. In“most cases, a
Physical Channel carries only Transfer Frames of a single MCID, and the’Master Channel
will be identical with the Physical Channel. However, a Physical €hannel may] carry
Transfer Frames with multiple MCIDs (with the same TFVN). In¢sueh a case, the Physical
Channel consists of multiple Master Channels. A Physical Channel is identified with a
Physical Channel Name, which is set by management and/not included in the header of
Transfer Frames.

In|the optional Segment Header, there is a field called-Multiplexer Access Point ldgntifier
(MAP ID). All Transfer Frames with the same GVCID and MAP ID constitute af MAP
Channel. If the Segment Header is used, a Virtual*Channel consists of one or multiplg MAP
Channels. The concatenation of a GVCID. and a MAP ID is known as a Global MAP 1D
(GMAP ID). Therefore,

GMAP ID =GVCID + MAPID
= MCID + VCID + MAP ID
=TFVN.+ SCID + VCID + MAP ID.

The relationships between these Channels are shown in figure 2-2.
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MAP Channel (Optional):
Identified by GMAP ID

Identified by GVCID

Virtual Channel: ‘ ‘ ‘ ‘ ‘

Master Channel:

1ol ffiodl b, AMOIN
TOCT MU~ oy WioTo

Physical Channel:
Identified by Physical
Channel Name

Figure 2-2: Relationships Between Channels

2.14 | PROTOCOL DESCRIPTION

The T Space Data Link Protocol is described in terms of:
a) | the services provided to the users;
b)| the protocol data units; and

c) | the procedures performed by the protocol.

The service definitions are given in the form of primitives, which present an abstract mogel
of the|logical exchange of data and control information between the protocol entity and the
service user. The definitions of. primitives are independent of specific implementatijon
approgches.

The pyocedure specifications’ define the procedures performed by protocol entities for the
transfer of information-between peer entities. The definitions of procedures are independgnt
of spetific implementation methods or technologies.

This protocol¢specification also specifies the requirements for the underlying serviges
provided by the Channel Coding Sublayer and the Physical Layer.

2.2 OVERVIEW OF SERVICES
221 COMMON FEATURES OF SERVICES

The TC Space Data Link Protocol provides users with data transfer services. The point at
which a service is provided by a protocol entity to a user is called a Service Access Point
(SAP) (see reference [1]). Each service user is identified by a SAP address. At a SAP, two
ports may be provided, each of which is for one of the service types described in 2.2.2.
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Service data units of the same type submitted to a SAP (or a port if implemented) are
processed in the order of submission. No processing order is maintained for service data
units submitted to different SAPs (or ports).

NOTE - Implementations may be required to perform flow control at a SAP (or a port if
present) between the service user and the service provider. However, CCSDS
does not make any recommendations for a scheme for flow control between the
user and the provider.

The followings features are common to all the services defined by this Recommendation:

a) Unidirectional (one way) services: one end of a connection can send, but|not receive,
data through the space link, while the other end can receive, but not send.

b) Asynchronous services: there are no predefined timing rules) for the trangfer of
service data units supplied by the service user or for the transmission of Tiansfer
Frames generated by the service provider. The user may request data transfer jat any
time, but there may be restrictions imposed by the sefvice provider on thg data
generation rate. The timing of data transfer is-determined by the provider in
accordance with mission-specific rules and may depend on the traffic at the tjme of
transfer.

c) Sequence preserving services: the sequence’ of service data units supplied by the
sending user is preserved through the transfer over the space link, although for the
Expedited Service, described below, @here may be gaps in the sequence of gervice
data units delivered to the receiving user.

NOTE - This Recommendation assumes that these services are provided at the end [points
of a space link. However, this Recommendation makes no assunjptions
concerning how these end points are composed or configured either on-bpard a
spacecraft or in@'ground system. In a ground system, the services defined by this
Recommendation may be extended or enhanced with Space Link Extgnsion
Services (reference [B]).

2.2.2 SERVICE TYPES

2.2.2.1 _“Overview

THe-TC Space Data Link Protocol provides two service types (Sequence-Controlled and
Expedited) that determine how reliably service data units supplied by the sending user are
delivered to the receiving user.

Both of these two service types are provided at any Service Access Point except for the
Virtual Channel Frame, Master Channel Frame, and COP Management Services. The user
requests with a parameter of the service request primitive whether the Sequence-Controlled
or Expedited Service Type should be applied to each service data unit. Alternatively, the
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service provider may provide two separate ports (one for the Sequence-Controlled Service
Type and the other for the Expedited Service Type) within a Service Access Point.

For the Virtual Channel Frame and Master Channel Frame Services, the service provider
does not make any distinction between Sequence-Controlled and Expedited service types
applicable to service data units supplied by the user. The user should perform necessary
procedures to provide Sequence-Controlled and Expedited Service Types for its service data
units.

2.2.2.2 Sequence-Controlled Service (Type-A Service)

The Sequence-Controlled Service (Type-A Service) utilizes an Automatic Repedt Requpst
(ARQ) procedure of the ‘go-back-n’ type with sequence-control mechanisms-at-both sending
and refeiving ends and a standard report returned from the receiving end to_the sending end.

For Type-A Service, service data units supplied by a sending user at.a~SAP are inserted into
Transfer Frames (after MAP multiplexing when applicable) and ‘transmitted on a Virtpal
Chanrjel in the order in which they are presented at the SAP. Fhe‘retransmission mechanism
ensurgs with a high probability of success that:

a) | no service data unit is lost;
b)[ no service data unit is duplicated;

C) | no service data unit is delivered out of sequence.

The Tlype-A Service guarantees, with a high probability, complete in-sequence delivery|of
service data units supplied by a user~on a single MAP or Virtual Channel. Becayse
retrangmission is performed independently on each Virtual Channel, there is no guarantee
that Tlype-A service data units transmitted on separate Virtual Channels will be delivered|to
the regeiving users in the order initially presented. Further, because MAP multiplexing is
performed before the seguence-control mechanisms are applied, there is no guarantee that
Type-A service data units’ transmitted on separate MAP Channels will be delivered to the
receivjng users in the-order initially presented.

NOTH - Some’implementations of this protocol may not distinguish service data units
transferred with Type-A Service from service data units transferred with Type-B
SerV|ce at the receIVIng end In this case, if both Type-A Service and Type-B

be able to reconstruct service data units transferred with Type-A Serwce even
though the ARQ procedure has been applied to them (because, for example, the
Type-A Transfer Frames derived from a single service data unit may be
interlaced, at the receiving end, with Type-B Transfer Frames derived from a
different service data unit). For this implementation, the sending end should
terminate any ongoing Type-A Service before starting a Type-B Service on the
same Virtual Channel.
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The Expedited Service (Type-B Service) is normally used either in exceptional operational
circumstances, typically during spacecraft recovery operations, or when a higher layer
protocol provides a retransmission capability.

For Type-B Service, service data units supplied by the sending user are transmitted only once
(i.e., no retransmission). There is no guarantee that all Type-B service data units are

delivered to the receiving user.

NOTES

1 Although Type-B Service carries the name ‘Expedited’, it is neither a reguired

be used exclusively.

method nor a faster method for sending urgent data to the receiving end. |If the
service provider is supporting a reliable Type-A Service, then Type-A Service should

2 For frames carrying service data units on the Type-B ‘Service, the TC Spac¢ Data

2.2.3 SUMMARY OF SERVICES

2.2.3.1 Overview

Link Protocol does not use the systematic retransmission mechanism that is
optionally provided by the Synchronization and Channel Coding Sublayer (see 2.4.2).

Selven services are provided by the TC"Space Data Link Protocol. Two of them |[(MAP
Packet and MAP Access) are provided for a MAP Channel.

Four of them (VC Racket,

Virtual Channel. One of them (Master Channel Frame) is provided for a Master Channel.

T

ble 2-1 summarizes these-services.

V}tual Channel Access, Virtual. Channel Frame, and COP Management) are provided for a

Table 2-1: Summary of Services Provided by TC Space Data Link Protocol

Service Service Type Service Data SAP Address
Unit
MAP Racket (MAPP) Type-A and Packet GMAP ID + Packet
Type-B Version Number
Virtual Channel Packet (VCP) | Type-A and Packet GVCID + Packet
Type-B Version Number
MAP Access (MAPA) Type-A and MAP_SDU GMAP ID
Type-B
Virtual Channel Access (VCA) | Type-A and VCA_SDU GVCID
Type-B
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Virtual Channel Frame (VCF) | N/A Transfer GVCID
Frame

Master Channel Frame (MCF) | N/A Transfer MCID
Frame

COP Management N/A N/A GVCID

2.2.3. cket (MAARR) Service

The MAP Packet (MAPP) Service transfers a sequence of variable-length, delimited; octet-
alignefl service data units known as Packets across a space link on a specified MAP Chanriel.
The Rackets transferred by this service must have a Packet Version Number (PVN)
authorfized by CCSDS. For the PVVNs presently authorized by CCSDS, see reference [5].

The service is unidirectional and asynchronous. Both Sequence-Controlled (Type-A) gnd
Expedited (Type-B) service types are provided for the MAPP Service. The user requepts
with @ parameter of the service request primitive whether Type-A or Type-B should |be
applief for each Packet or uses one port for Type-A Packets and another port for Type-B
Packets.

>

In the [context of a given GMAP ID (i.e., a GVCID and‘@ MAP ID), a user of this service is a
protodol entity that sends or receives Packets with a single PVN. A user is identified with a
PVN and a GMAP ID. Different users (i.e., Packets with different versions) can shar¢ a
singlefMAP Channel, and if there are multiple users on a MAP Channel, the service provider
multiglexes Packets of different versions to form a single stream of Packets to be transferted
on that MAP Channel.

2.2.3.3 Virtual Channel Packet (VCP) Service

The Vjirtual Channel Packét (VCP) Service transfers a sequence of variable-length, delimited,
octet-aligned service data-units known as Packets across a space link on a specified Virtyal
Chanrlel. The Packéts-transferred by this service must have a PVN authorized by CCSDS.
For the PVNs presently authorized by CCSDS, see reference [5].

The sg¢rvice Ss*unidirectional and asynchronous. Both Sequence-Controlled (Type-A) and
Expedited (Type B) serV|ce types are prowded for the VCP Service. The user requests ith

each Packet, or uses one port for Type -A Packets and another port for Type-B Packets

Within the context of a given GVCID, a user of this service is a protocol entity that sends or
receives Packets with a single PVN. A user is identified with a PVN and a GVCID.
Different users (i.e., Packets with different versions) can share a single Virtual Channel, and
if there are multiple users on a Virtual Channel, the service provider multiplexes Packets of
different versions to form a single stream of Packets to be transferred on that Virtual
Channel.
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2.2.3.4 MAP Access (MAPA) Service

The MAP Access (MAPA) Service provides transfer of a sequence of privately formatted
service data units of variable length across a space link. The length of the service data units
transferred by this service is not constrained by the length of the Data Field of the Transfer
Frame.

The service is unidirectional and asynchronous. Both Sequence-Controlled (Type-A) and
Expedited (Type-B) service types are provided for the MAPA Service. The user_requests
with a parameter of the service request primitive whether Type-A or Type-B shetld be
applied for each service data unit, or uses one port for Type-A service data units and another
poyt for Type-B service data units.

Fgr a given service instance, only one user, identified with the GMAP 1D (i.e., GVCID and
MAP ID) of the MAP Channel, can use this service on a MAP Channel? Service datg units
frgm different users are not multiplexed together within one MAP Charinel.

2.2.3.5 Virtual Channel Access (VCA) Service

THe Virtual Channel Access (VCA) Service provides; transfer of a sequence of privately
formatted service data units of variable length across,a space link. The length of the dervice
data units transferred by this service can not exceed the maximum length of the Data Fjeld of
the Transfer Frame.

THhe service is unidirectional and asynehronous. Both Sequence-Controlled (Type-A) and
EXpedited (Type-B) service types are-grovided for the VCA Service. The user requests with
a garameter of the service requestprimitive whether Type-A or Type-B should be appljed for
each service data unit, or uses one port for Type-A service data units and another pprt for
Type-B service data units.

For a given service instance, only one user, identified with the GVCID of the Virtual
Channel, can use thisZservice on a Virtual Channel. Service data units from different users
ar¢ not multiplexed-together within one Virtual Channel.

=

2.2.3.6 Mirtual Channel Frame (VCF) Service

ThecWirtual Channel Frame (VCF) Service provides transfer of a sequence of TC Transfer
Frames, created Dy an independent protocot entity, on a Virtual Channel across a space link.
The service does not guarantee completeness nor does it make any distinction between
Sequence-Controlled and Expedited service types applicable to service data units supplied by
the user. The user should perform necessary procedures to provide Sequence-Controlled and
Expedited service types.

For a given service instance, only one user, identified with the GVCID of the Virtual
Channel, can use this service on a Virtual Channel. Service data units from different users
are not multiplexed together within one Virtual Channel.
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The Virtual Channel Frame Service transfers the independently created TC Transfer Frames
through a space link, together with TC Transfer Frames created by the service provider itself.
This service is made available to trusted users who are certified during the design process to
ensure that the independently created protocol data units do not violate the operational
integrity of the space link.

2.2.3.7 Master Channel Frame (MCF) Service

The Master Channel Frame (MCF) Service provides transfer of a sequence of TC Transfer
Frames of a Master Channel, created by an independent protocol entity, across a space-link.
The sgrvice does not guarantee completeness nor does it make any distinction betwgen
Sequepce-Controlled and Expedited service types applicable to service data units-supplied by
the user. The user should perform necessary procedures to provide Sequence-Controlled gnd
Expedited service types.

For a given service instance, only one user, identified with the MCID._of the Master Channel,
can uge this service on a Master Channel. Service data units from different users are Mot
multiglexed together within one Master Channel.

The Master Channel Frame Service transfers the independently created TC Transfer Franes
through the space link, together with TC Transfer Frames created by the service provigier
itself.| This service is made available to trusted users who are certified during the design
procegs to ensure that the independently createdh protocol data units do not violate the
operatjonal integrity of the space link.

2.2.3.3 COP Management Service

The GOP Management Servicesis  used by a user at the sending end for managing the
operatjons of the COP for a particular Virtual Channel. The user manages the operations|of
the COP by invoking Directives defined in reference [4]. The user is notified by the servjce
provider of events asseciated with Directives and events that occur asynchronously with
Directjves.

A usgr of this-service must be authorized to manage the COP for a particular Virtyal
Chanrel. For-a“given service instance, only one user, identified with the GVCID of the
Virtugl Channel, is allowed to use this service on a Virtual Channel.

2.24 RESTRICTIONS ON SERVICES

There are some restrictions on the services provided on a Physical Channel.

a) If the Master Channel Frame Service exists on a Master Channel, other services shall
not exist simultaneously on that Master Channel.
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b) If the Virtual Channel Frame Service exists on a Virtual Channel, other services shall
not exist simultaneously on that Virtual Channel.

c) If the Virtual Channel Access Service exists on a Virtual Channel, other services shall
not exist simultaneously on that Virtual Channel.

d) If the Virtual Channel Packet Service exists on a Virtual Channel, other services shall
not exist simultaneously on that Virtual Channel.

e) On one MAP Channel, the MAP Access Service shall not exist simultaneously with
the MAP Packet Service.

2.3 OVERVIEW OF FUNCTIONS
2.3.1 GENERAL FUNCTIONS

Uding services of lower layers, the TC Space Data Link Protocohtransfers various gervice
data units, supplied by sending users, encapsulated in a sequence’of protocol data unitg. The
protocol data units, known as TC Transfer Frames, have variable lengths and are trangferred
over a Physical Channel asynchronously.

THe protocol entity performs the following protocol functions:

a) generation and processing of protocol cantrol information (i.e., headers and trailers)
to perform data identification, loss detgction, and error detection;

b) segmenting and blocking of service data units to transfer service data units of arious
sizes in protocol data units suitable for efficient transfer;

c) multiplexing/demultiplexing in order for various service users to share a |single
Physical Channel,

d) retransmission ,ef -missing protocol data units, rejection of out-of-sequende and
duplicated protocol data units, and control of sequence-control mechanigms at
sending and-receiving ends to guarantee complete and in-order delivery (for Tlype-A
Service-only);

e) flow control (for Type-A Service only).

The ~protocol entity does not perform the following protocol function: conrjection
establishment and release

2.3.2 INTERNAL ORGANIZATION OF PROTOCOL ENTITY

Figures 2-3 and 2-4 show the internal organization of the protocol entity of the sending and
receiving ends, respectively. Data flow from top to bottom in figure 2-3 and from bottom to
top in figure 2-4. The four functions in the upper part of these figures are collectively called
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the Segmentation Sublayer, and the other four functions in the lower part are collectively
called the Transfer Sublayer.

These figures identify data-handling functions performed by the protocol entity. The purpose
of these figures is to show logical relationships among the functions of the protocol entity.
The figures are not intended to imply any hardware or software configuration in a real
system. Depending on the services actually used for a real system, not all of the functions
may be present in the protocol entity.

S

w4

Segmen-

tation
ublayer

ransfer
ublayer

v

MAP MAP
Packet Access COP Mgmt.
Service Service Service
VAP Packel VAP VC Papket VC Acpess
. . Service Service
Processing Generation
| | | VC Frame
VC Packet Service
MAP Multiplexing Processing MC Frame
[ | Service

Virtual Channel Generation

Virtual Channel Mulfiplexing

Master Channel Multiplexing

All Frames Generation

Figure 2-3: InternalOrganization of Protocol Entity (Sending End)
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MAP MAP
Packet Access
Service Service
VC Packet VC Access
MAP Pa_c ket MAP. Service Service
Segmen-| Extraction Reception
tation | | | VC Frame
Sublayer VC Packet Service
MAP Demultiplexing Extraction MC Frame
t Virtual Channel Reception
I

Transfer Virtual Channel Demultiplexing
Sublayer

Master Channel Demultiplexing

v

All Frames Reception

Figure 2-4: Internal Organization of Protoecol Entity (Receiving End)

extracting multiplexing and demultiplexing functions from figures 2-3 and 244, the

rellationship among various data units can-be shown as figure 2-5, which is known |as the

CH

In
alg
idg

annel Tree of the TC Space Data LinkProtocol.

figure 2-5, multiplexing (shown with a triangle) is a function of mixing, according to an
orithm established by the project, multiple streams of data units, each with a different
ntifier, and generating a sifigle stream of data units.
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MAP MAP
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Packet  MAP_SDU VC Packet VC Access VC Frame

Service Service Service
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Packet VCA_SDU
| |
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| .
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| |
MC Flrame
MCID
All Frames
I
Key

Multiplexer/
Demultiplexer.

Figure 2-5: TC Space Data Lifik Protocol Channel Tree

2.3.3 | COMMUNICATIONS OPERATION PROCEDURE (COP)

The Communications Operation Procedure (COP) fully specifies the closed-loop procedufes
execufed by the sending and receiving ends of the TC Space Data Link Protocol. The CQP,
which|exists wholly within this protocol, consists of a pair of synchronized procedures for
each Virtual Channel: a Frame Operation Procedure (FOP) that executes within the sending
entity; and a Frame AccCeptance and Reporting Mechanism (FARM) that executes within the
receivjng entity. The)sending FOP transmits Transfer Frames to the receiving FARM. Tlhe
FARM returns to<the FOP reports of the status of Transfer Frame acceptance using
Comnpunications Link Control Words (CLCWs) and thus closes the loop.

Within this protocol the COP provides a basu: Quallty of SerV|ce (Qo9), | e., the dellvery of

dupllcatlon and in the same sequentlal order in which they were received from the Iayer
above at the sending end.

Underlying this protocol is a space link, which interconnects its sending and receiving ends.
If a perfect link existed, the QoS would be assured since the exact duplicate of the series of
service data units input at the sending end would appear at the receiving end. However,
space links are noisy and may introduce errors or discontinuities into transmitted data
streams. The job of the COP within this protocol is therefore to ensure, in the presence of
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such errors or discontinuities introduced by the space link, the correctness, completeness, and
sequentiality of the delivered service data units.

Correctness of the delivered service data units is guaranteed (within known error
probabilities) by the error-protection encoding applied by the Channel Coding Sublayer, and
by the Frame Validation Checks performed in this protocol. However, validation of the
completeness, sequentiality, and non-duplication of the delivered service data units on a

particular Virtual Channel requires that an accounting (i.e., numbering) scheme for Transfer
Frames he implpmpnfpd hy the COP

The COP controls transfer of Type-A Transfer Frames so that service data units within| Type-
A [Transfer Frames are delivered to the receiving end of the layer above, correct ‘and without
onpission or duplication, and in the same sequential order in which they were received from
the layer above at the sending end.

T)1pe-B Transfer Frames are processed by the COP only to the extentof causing the FARM
to lincrement a counter for Type-B Transfer Frames in the CLCW., "Type-B Transfer Frames
arg also used to send Control Commands from the FOP to thezFARM.

Only one COP, which is called COP-1, is defined in.this Recommendation. The dgtailed
specification of the COP-1 is given in reference [4].

CAUTION - The controlling specifications for the logical operations which must be
executed to perform the COP-1 are contained in a more detailed CGCSDS
Recommendation (reference*[4]). In the event of any conflict betwegn the
descriptive text contained-in this Recommendation and the text of refgrence
[4], the more detailed Specifications contained in reference [4] shall preyail.

2.4 SERVICES ASSUMED'FROM LOWER LAYERS
24.1 SERVICES ASSUMED FROM THE CHANNEL CODING SUBLAYER

Aq described in-2)1.1, the TC Synchronization and Channel Coding Recommerndation
(rdference [3])(must be used with the TC Space Data Link Protocol as the Synchronijzation
anf ChanpekCoding Sublayer specification.  The functions provided by the TC
Syinchronization and Channel Coding Recommendation are as follows:

a), ‘error control encoding and decoding functions;

b) bit transition generation and removal functions (optional);

c) delimiting and synchronizing functions.

The Synchronization and Channel Coding Sublayer, then, transfers variable-length, delimited
protocol data units as an intermittent stream of bits over a space link using the services of the
underlying Physical Layer.
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SYSTEMATIC RETRANSMISSIONS

In addition, the TC Space Data Link Protocol can request the Synchronization and Channel
Coding Sublayer to perform systematic retransmissions of the data units submitted to it. The
retransmissions can improve the efficiency of the protocol for deep space missions on links
with long light time delays.

The definition of the service interface to the Synchronization and Channel Coding Sublayer

specifi

Repet
Repet
Repet
transfg

The T
param

used for the Repetitions parameter when requesting the transfer of*frames carrying serv

data U
param
sets ar

When
TC Sp
243

The ¢
the pe

the following criteria:

ed in [3] includes the ChannelAccess.request service primitive, which has an optional

tions parameter. The sublayer transfers the data unit the number of times specified
tions. If the value of Repetitions is one, or if the sublayer does not suppert {
tions parameter, then no systematic retransmissions are performed, and the data unif
rred once.

bters set by management. For each Virtual Channel, management;sets the value to

nits on the Type-A Service. For each Virtual Channel, <nanagement sets a simi
pter for frames carrying COP control commands. For a Rhysical Channel, managem
upper limit for the value of the Repetitions parameter.specified in [3].

requesting the transfer of frames carrying service‘data units on the Type-B Service, 1
ace Data Link Protocol always sets the value of'the Repetitions parameter to one.
PERFORMANCE REQUIREMENTS TO LOWER LAYERS

pding options of the TC Synchranization and Channel Coding Recommendation g
rformance of the RF link provided by the Physical Layer shall be chosen according

by
he
is

C Space Data Link Protocol requests the systematic retransmissions-in ‘dccordance wjith

be
ce
lar
ent

he

a) | the probability of misidentifying the MCID, VCID and MAP ID shall be less thap a
mission-specified-value;
b)| the probability) of rejection of Transfer Frames by the Channel Coding Sublayer due
to channel.grrors shall be less than a mission-specified value.
In order to.assure correct decoding at the receiving end, the same coding options must |be
applief toall Transfer Frames of a Physical Channel.
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SERVICE DEFINITION

3.1 OVERVIEW

This section provides service definition in the form of primitives, which present an abstract
model of the logical exchange of data and control information between the protocol entity

and the service user.

im

plementation approaches.

The definitions of primitives are independent of specific

in
im
ad
pa
pe

3.2

3.4

N(

Th

lee parameters of the primitives are specified in an abstract sense and speci

ormation to be made available to the user of the primitives. The way in which\a s
plementation makes this information available is not constrained by this specificati
dition to the parameters specified in this section, an implementation may provide
rfameters to the service user (e.g., parameters for controlling the-Service, mon
rformance, facilitating diagnosis, and so on).

SOURCE DATA
.1 SOURCE DATA OVERVIEW

DTE — This subsection describes the service data units that are transferred from s
users to receiving users by the TC Space Data Link Protocol.

e service data units transferred by the TC Space Data Link Protocol shall be:
a) Packet;
b) MAP Access Service DatalUnit (MAP_SDU);
c) Virtual Channel Access:Service Data Unit (VCA_SDU);
d) TC Transfer Frame:

fy the
pecific
bn. In

other
toring

ending

3.2.2 PACKET

3.2.2.1 Packets shall be transferred over a space link via the MAP Packet and VC Packet
Seyvices.

3.2.2.2 The Packets transferred by this service must have a PVN authorized by CCSIOS.
NOTES

1 Packets are variable-length, delimited, octet-aligned data units, and are usually the

2

protocol data unit of a Network Layer protocol.

For the PVNs presently authorized by CCSDS, see reference [5].
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3.2.2.3 If blocking of Packets is performed by the service provider, the position and length
of the Packet Length Field of the Packets must be known to the service provider in order to
extract Packets from Transfer Frames at the receiving end.

3.2.3 MAP CHANNEL ACCESS SERVICE DATA UNIT (MAP_SDU)

3.2.3.1 MAP Channel Access Service Data Units (MAP_SDUs) shall be transferred over a
space link via the MAP Channel Access Service.

3.2.3.% A single MAP_SDU may be transmitted in the Data Field of one or multiple
Transfer Frame(s), and therefore the length of MAP_SDUs is not constrained by the length
of the|Data Field of the Transfer Frames.

NOTH - MAP_SDUs are variable-length, octet-aligned data units, the format of which is
unknown to the service provider.

3.2.4 | VIRTUAL CHANNEL ACCESS SERVICE DATA UNMT (VCA_SDU)

3.2.4.1 Virtual Channel Access Service Data Units (VCALSDUSs) shall be transferred oyer
a spack link via the Virtual Channel Access Service.

3.24.2 A single VCA_SDU shall be transmitted, in the Data Field of a single Transfer
Framg, and therefore the length of VCA_SDUs shall not exceed the maximum length of the
Transfer Frame Data Field.

NOTH - VCA_SDUs are variable-length, delimited, octet-aligned data units, the format|of
which is unknown to the service provider.

3.2.5 | TC TRANSFER FRAME

If it i present on the Physical Channel, the Frame Error Control Field of Transfer Frames
submifted to the \rtual Channel Frame and Master Channel Frame Services shall |be
included and shall e set to “‘all zeroes’.

NOTH - . The TC Transfer Frame is the variable-length protocol data unit of the TC Space
Data Link Protocol, but it can also be used as the service data unit of the Virttal
Channel Frame and Master Channel Frame Services. Its format is defined in 4.1
of this Recommendation. Transfer Frames submitted to the Virtual Channel
Frame and Master Channel Frame Services are actually partially formatted TC
Transfer Frames having ‘empty’ Frame Error Control Fields.
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3.3 MAP PACKET SERVICE
3.3.1 OVERVIEW

The MAP Packet (MAPP) Service transfers a sequence of variable-length, delimited,

octet-

aligned service data units known as Packets across a space link on a specified MAP Channel.
The Packets transferred by this service must be assigned a Packet Version Number (PVN) by

CCSDS. For the Packet Version Numbers presently authorized by CCSDS, see referen

ce [5].

THe service is unidirectional and asynchronous. Both Sequence-Controlled (Type-A) and
EXpedited (Type-B) service types are provided for the MAPP Service. The user-rgquests

with a parameter of the service request primitive whether Type-A or Type-B sho

ild be

applied for each Packet, or uses one port for Type-A Packets and another(port for Type-B

Packets.

A user of this service is a protocol entity identified with the PVN-and a GMAP ID
GYCID and a MAP ID) that sends or receives Packets with a single PVN. Differen

ie,a
users

(i.e., Packets with different versions) can share a single MAP’ Channel, and if thgre are

multiple users on a MAP Channel, the service provider<multiplexes Packets of di
vefsions to form a single stream of Packets to be transferred on that MAP Channel.
3.3.2 MAPP SERVICE PARAMETERS

3.3.21 General

The parameters used by the MAPP Sefvice primitives shall conform to the specificati
th¢ following subsections.

3.3.2.2 Packet

The Packet parameter-shall contain a Packet for transfer by the MAPP Service.

NOTE - ThePacket parameter is the service data unit transferred by the MAPP S

Ferirestrictions on the Packets transferred by the MAPP Service, see 3.2.2.

3.3.2:3."' GVCID

fferent

lons of

brvice.

The GVCID parameter shall contain a GVCID that indicates the Virtual Channel through

which the Packet is to be transferred.

NOTE - The GVCID consists of an MCID and a VCID and is part of the SAP address of

the MAPP Service.
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3.3.24 MAPID

The MAP ID parameter shall contain a MAP ID that indicates the MAP Channel (within the
Virtual Channel specified by the GVCID) through which the Packet is to be transferred.

NOTE - The MAP ID is part of the SAP address of the MAPP Service.

3.3.2.5 Packet VVersion Number

The P

NOTH

3.3.2.4

The S
the ass

3.3.2.1

3.3.2.]
transfe

type (]

3.3.2.]
the Se

3.3.2.]

3.3.2.8 Notification‘Type

In not
an evg
define

hcket VVersion Number parameter shall contain the PVN of the Packet to be transferre
— The PVN is part of the SAP address of the MAPP Service and jdentifies 1
upper-layer protocol entity that uses the MAPP Service.
SDU ID
DU ID parameter shall contain a user-supplied sequence nimber to be used to ident
ociated Packet in subsequent MAPP_Notify.indicationprimitives.
[ Service Type

.1 The Service Type parameter shall sindicate whether the Packet should
rred with the Sequence-Controlled Service type (Type-A) or the Expedited Serv

['ype-B).

.2 When separate ports are pravided for Type-A and Type-B Services (see 2.2.
fvice Type parameter is not used.

.3 At the receiving end, the Service Type parameter is not used.

nt assoeiated with the transfer of a Packet. The values taken by this parameter
d in-reference [4].

he

be
ce

fications_to~the user, the Notification Type parameter shall contain information abgut

Are

3.3.2.9 Packet Quality Indicator

The Packet Quality Indicator is an optional parameter that may be used to notify the user at
the receiving end of the Packet Service whether the Packet delivered by the primitive is
complete or partial. This parameter shall be used when the service provider is required to
deliver incomplete Packets to the user at the receiving end.
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3.3.3 MAPP SERVICE PRIMITIVES

3.3.3.1 General

The service primitives associated with the MAPP service are:

a) MAPP.request;
b) MAPP_Notify.indication;

3.3
3.

At
se

thiough the specified MAP Channel.

TH

N(

3.
Th

3.3.2.1 Function

.3.3.2.2 Semantics

3.3.2.3 _AWhen Generated

¢) MAPP.indication.

3.2 MAPP.request

the sending end, the MAPP Service user shall pass a MAPR:request primitive
vice provider to request that a Packet be transferred to the‘“user at the receivin

e MAPP.request primitive shall provide parameters as follows:

MAPP.request (Packet,
GVCID,
MAP ID,
Packet Version Number,
SDU ID,
Service Type)

DTE — When separate ports are provided for Type-A and Type-B Services, the §
Type parameter is not used in this primitive.

transferred.

e sénding-end user shall generate a MAPP.request primitive when a Packet is ready

3.3.3.2.4 Effect On Receipt

to the
g end

ervice

to be

Receipt of the MAPP.request primitive shall cause the service provider to transfer the Packet.
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3.3.3.3 MAPP_Notify.indication
3.3.3.3.1 Function
At the sending end, the service provider shall pass a MAPP_Notify.indication primitive to

the MAPP Service user to notify the user of an event associated with the transfer of a Packet.

3.3.3.3.2 Semantics

The MAPP_Notify.indication primitive shall provide parameters as follows:

MAPP_Notify.indication (GVCID,
MAP ID,
Packet Version Number,
SDU ID,
Service Type,
Notification Type)

NOTH - When separate ports are provided for Type-A and Type-B Services, the Servjce
Type parameter is not used in this primitive.

3.3.3.3.3 When Generated

The sending-end service provider shall generate a MAPP_Notify.indication primitive
resporjse to an event associated with the transfer of a Packet.

n

3.3.3.3.4 Effect On Receipt

The effect of receipt of the MAPP_Notify.indication primitive by the MAPP Service usel
undefined.

S

3.3.3.4 MAPP.indication

3.3.3.4.1 Function

At thelreceiving end, the service provider shall pass a MAPP.indication to the MAPP Servjce
user to deliver a Packet.
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3.3.3.4.2 Semantics
The MAPP.indication primitive shall provide parameters as follows:

MAPP.indication (Packet,
GVCID,
MAP ID,
Packet Version Number,
Service Type (optional),
Packet Quality Indicator (optional))

3.3.3.4.3 When Generated

THe receiving-end service provider shall generate a MAPP.indication primitive when a
Packet is ready to be delivered.

3.3.3.4.4 Effect On Receipt

The effect of receipt of the MAPP.indication primitive by the MAPP Service yser is
ungdefined.

3.4 VIRTUAL CHANNEL PACKET SERVICE

3.

[

.1 OVERVIEW

The Virtual Channel Packet (VCP) Service transfers a sequence of variable-length, delimited,
oclet-aligned service data units_known as Packets across a space link on a specified Virtual
Channel. The Packets transferred by this service must be assigned a Packet Version Number
(PVN) by CCSDS. For the Packet Version Numbers presently authorized by CCSDOS, see
reference [5].

THe service is unidirectional and asynchronous. Both Sequence-Controlled (Type-A) and
EXpedited (Type-B) service types are provided for the VCP Service. The user requests with
a parameter of the service request primitive whether Type-A or Type-B should be appljed for
each Packet, or uses one port for Type-A Packets and another port for Type-B Packets.

>

A user of this service is a protacol entity identified with the P\V/N and a GV/CID that sdnds or
receives Packets with a single PVN. Different users (i.e., Packets with different versions)
can share a single Virtual Channel, and if there are multiple users on a Virtual Channel, the
service provider multiplexes Packets of different versions to form a single stream of Packets
to be transferred on that Virtual Channel.
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VCP SERVICE PARAMETERS

3.4.2.1 General

The parameters used by the VCP Service primitives shall conform to the specifications of the
following subsections.

3.4.2.2 Packet

The P
GVCI

NOTH

3.4.2.3

The G
which

NOTH

3.4.2.4
The P

NOTH

3.4.21

The S
the ass

hcket parameter shall contain a Packet for transfer on the Virtual Channel identified
D.

— The Packet is the service data unit of the VCP Service. For restfictions on {
Packets transferred by the VCP Service, see 3.2.2.
GVCID

VCID parameter shall contain a GVCID that indicatesthe Virtual Channel throu
the Packet is to be transferred.

— The GVCID consists of an MCID and a \V/CID and is part of the SAP address
the VCP Service.

| Packet Version Number

hcket VVersion Number parameter shall contain the PVN of the Packet to be transferre

— The PVN is part of the*SAP address of the VCP Service and identifies the upp
layer protocol entity-that uses the VCP Service.

b SDU ID

DU ID parameter shall contain a user-supplied sequence number to be used to ident
ociatedPacket in subsequent VCP_Notify.indication primitives.

by

gh

of

)
T

3.4.26.1 The Service Type parameter shall indicate whether the Packet should be
transferred with the Sequence-Controlled Service type (Type-A) or the Expedited Service

type (Type-B).

3.4.2.6.2 When separate ports are provided for Type-A and Type-B Services (see 2.2.2),

the Se

rvice Type parameter is not used.
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3.4.2.6.3 At the receiving end, the Service Type parameter is not used.

3.4.2.7 Notification Type

In notifications to the user, the Notification Type parameter shall contain information about
an event associated with the transfer of a Packet. The values taken by this parameter are
defined in reference [4].

3.4

3.4
se

3.4
ing

3.

[

Th

At
pr
sp

4.3.1 General

4.3.2 VCP.request

4.3.2.1 Function

|.2.8 Packet Quality Indicator

|.2.8.1 The Packet Quality Indicator shall indicate whether the Packet delivered
vice provider to the service user at the receiving end is complete or not.

omplete Packets to the service user at the receiving end.

1.3 VCP SERVICE PRIMITIVES

e service primitives associated with the VCP service are:
a) VCP.request;
b) VCP_Notify.indication;
c) VCP.indication.

the sendingend, the VCP Service user shall pass a VCP.request primitive to the §
pvider to-request that a Packet be transferred to the user at the receiving end throu
peified-Virtual Channel.

by the

|.2.8.2 This parameter shall be used only when the service providen is required to deliver

ervice
gh the

3.

3.2.2_Semantics

The VCP.request primitive shall provide parameters as follows:

VCP.request (Packet,
GVCID,
Packet Version Number,
SDU ID,
Service Type)
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NOTE - When separate ports are provided for Type-A and Type-B Services, the Service
Type parameter is not used in this primitive.
3.4.3.2.3 When Generated

The sending-end user shall generate a VCP.request primitive when a Packet is ready to be
transferred.

3.4.3.2.4 Effect On Receipt

Receipt of the VCP.request primitive shall cause the service provider to transfer the:Packet

3.4.3.3 VCP_Notify.indication
3.4.3.3.1 Function

At the sending end, the service provider shall pass a VCP_Notify.indication primitive to the
VCP $ervice user to notify the user of an event associated with the transfer of a Packet.

3.4.3.3.2 Semantics
The VICP_Notify.indication primitive shall provide parameters as follows:

VVCP_Notify.indication (GVCID,
Packet Version Number,
SDU ID,
Service Type,
Notification Type)

NOTH - When separate ports are provided for Type-A and Type-B Services, the Servjce
Type parameter is not used in this primitive.
3.4.3.3.3 WHhen Generated

The sending-end service provider shall generate a VCP_Notify.indication primitive [in

resporse to ar event associated wittr the transfer of a Packet:

3.4.3.3.4 Effect On Receipt

The effect of receipt of the VCP_Notify.indication primitive by the VCP Service user is
undefined.
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3.4.3.4 VCP.indication
3.4.3.4.1 Function
At the receiving end, the service provider shall pass a VCP.indication primitive to the VCP

Service user to deliver a Packet.

3.4.3.4.2 Semantics

The VCP.indication primitive shall provide parameters as follows:

VCP.indication (Packet,
GVCID,
Packet Version Number,
Service Type (optional),
Packet Quality Indicator (optional))

3.4.3.43 When Generated
THe receiving-end service provider shall generate a VVCP.indication primitive when a Packet
is feady to be delivered.

3.4.3.4.4 Effect On Receipt

The effect of receipt of the VCP.indigation primitive by the VCP Service user is undefiped.

3.9 MAP ACCESS SERVICE
3.9.1 OVERVIEW

The MAP Access{MAPA) Service provides transfer of a sequence of privately formatted
sefvice data units-of variable length across a space link. The length of the service data units
transferred by this service is not constrained by the length of the Data Field of the Transfer
Frame.

TheCservice is unidirectional and asynchronous. Both Sequence-Controlled (Type-/|\) and
Expedited (Type-B) service types are provided for the MAPA Service. The USer requests
with a parameter of the service request primitive whether Type-A or Type-B should be
applied for each service data unit, or uses one port for Type-A service data units and another
port for Type-B service data units.

Only one user, identified with the GMAP ID (i.e., GVCID and MAP ID) of the MAP
Channel, can use this service on a MAP Channel. Service data units from different users are
not multiplexed together within one MAP Channel.
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3.5.2 MAPA SERVICE PARAMETERS
3.5.2.1 General
The parameters used by the MAPA Service primitives shall conform to the specifications of

the following subsections.

3.5.2.2 MAP_SDU

The MAP_SDU parameter shall contain a MAP_SDU to be transferred over thenMAP
channel identified by MAP ID.

NOTH - The MAP_SDU is the service data unit transferred by the MAPAService. For
restrictions on the MAP_SDUs transferred by the MAPA Service, see 3.2.3.
3523 GVCID

The QVCID parameter shall contain the GVCID of the Virtual/Channel through which the
MAP |SDU is to be transferred.

NOTH - The GVCID consists of an MCID and a \/CID and is part of the SAP address|of
the MAPA Service.
3524 MAPID

The MAP ID parameter shall contain'the MAP ID of the MAP Channel (within the Virtpal
Chanrjel specified by GVCID) thraugh which the MAP_SDU is to be transferred.

NOTH - The MAP ID is partof the SAP address of the MAPA Service.

3.5.2% SDUID

The SPU ID parameter shall contain a user-supplied sequence number to be used to identjfy
the asgociated"MAP_SDU in subsequent MAPA _Notify.indication primitive.

3.5.2.6.1 The Service Type parameter shall indicate whether the MAP_SDU should be
transferred with the Sequence-Controlled Service type (Type-A) or the Expedited Service

type (Type-B).

3.5.2.6.2 When separate ports are provided for Type-A and Type-B Services (see 2.2.2),
the Service Type parameter is not used.
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3.5.2.6.3 At the receiving end, the Service Type parameter is not used.

3.5.2.7 Notification Type

In notifications to the user, the Notification Type parameter shall contain information about
an event associated with the transfer of a MAP_SDU. The values taken by this parameter are
defined in reference [4].

3.8
3.9

TH

3.8
3.9

At
se

.3 MAPA SERVICE PRIMITIVES
3.1 General

e service primitives associated with this service are:
a) MAPA. request;
b) MAPA_Notify.indication;
c) MAPA. indication.

.3.2  MAPA.request
.3.2.1 Function

the sending end, the MAPA Service-user shall pass a MAPA.request primitive

thiough the specified MAP Channel:

N(

3.8
Th

Service.

.3.2.2  Semantics
e MAPA:request primitive shall provide parameters as follows:
MAPA.request (MAP_SDU,
GVCID,
MAP 1D,
SDU ID,
Service Type)

to the

vice provider to request that a MAP_SDU be transferred to the user at the receiving end

DTE — The MAPA.request primitive is the service request primitive for the MAPA

NOTE - When separate ports are provided for Type-A and Type-B Services, the Service

Type parameter is not used in this primitive.
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3.5.3.2.3 When Generated

The sending-end service user shall generate a MAPA.request primitive when a MAP_SDU is
ready to be transferred.

3.5.3.2.4 Effect On Receipt

Receipt of the MAPA.request primitive shall cause the service provider to transfer the
MAP [SDU.

3.5.3.3 MAPA _Notify.indication
3.5.3.3.1 Function

At thg sending end, the service provider shall pass a MAPA_Notify:indication primitive|to
the MIAPA Service user to notify the user of an event associated with the transfer of a
MAP [SDU.

3.5.3.3.2 Semantics

The MAPA.indication primitive shall provide parameters as follows:

MAPA_Notify.indication (GVCID,
MAR-D,
SDU ID,
Service Type,
Notification Type)

NOTH - When separate ports are provided for Type-A and Type-B Services, the Servjce
Type parameter is'not used in this primitive.

3.5.3.3.3 When Generated

The spnding-end service provider shall generate a MAPA_Notify.indication primitive
respor]se.to'an event associated with the transfer of a MAP_SDU.

n

3.5.3.3.4 Effect On Receipt

The effect of receipt of the MAPA_Notify.indication primitive by the MAPA Service user is
undefined.
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3.5.3.4 MAPA.indication

3.5.3.4.1 Function

At the receiving end, the service provider shall pass a MAPA.indication to the MAPA
Service user to deliver a MAP_SDU.

NOTE - The MAPA.indication primitive is the service indication primitive for the MAPA

Service.

3.9

TH

3.9
TH
M
3.9
TH
un
3.6
3.4

Th
fo
da

.3.4.2 Semantics
e MAPA.indication primitive shall provide parameters as follows:

MAPA .indication (MAP_SDU,

GVCID,

MAP ID,

Service Type (optional))
.3.4.3 When Generated
e receiving-end service provider shall generate a MAPA.indication primitive W
AP SDU is ready to be delivered.
.3.4.4 Effect On Receipt
e effect of receipt of the MAPA.indication primitive by the MAPA Service U
pefined.

VIRTUAL CHANNEL ACCESS SERVICE

1 OVERVIEW

e VirtualvChannel Access (VCA) Service provides transfer of a sequence of pr
matted-service data units of variable length across a space link. The length of the g

hen a

ser is

vately
ervice
. Field

fa_units transferred by this service should not exceed the maximum length of the Dat

of

The service is unidirectional and asynchronous.

the Transter Frame.

Both Sequence-Controlled (Type-A) and

Expedited (Type-B) service types are provided for the VCA Service. The user requests with
a parameter of the service request primitive whether Type-A or Type-B should be applied for
each service data unit, or uses one port for Type-A service data units and another port for
Type-B service data units.
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Only one user, identified with the GVCID of the Virtual Channel, can use this service on a
Virtual Channel. Service data units from different users are not multiplexed together within
one Virtual Channel.

3.6.2 VCA SERVICE PARAMETERS

3.6.2.1 General

The pgrameters used by the VCA Service primitives shall conform to the specifications of the
followiing subsections.
3.6.22 VCA_SDU

The YCA _SDU parameter shall contain a VCA _SDU to be transfefred on the Virtyal
Chanrjel identified by GVCID.

NOTH - The VCA_SDU is the service data unit transferred‘by the VCA Service. For
restrictions on the VCA_SDUs transferred by the &GA Service, see 3.2.4.
3.6.2.3 GVCID

The QVCID parameter shall contain the GVCID>0f the Virtual Channel through which the
VCA |SDU is to be transferred.

NOTH - The GVCID consists of an MCID and a VCID and is the SAP address of the
VCA Service.
3.6.24 SDUID

The SPU ID parameter-$hall contain a user-supplied sequence number to be used to identjfy
the asgociated VCA SDU in subsequent VCA_Notify.indication primitives.
3.6.2.% Service Type

3.6.2.%.2- “The Service Type parameter shall be used to indicate whether the VCA_SDU
shouldbetransferred with theSequence-ControttedServite type (Type-A) or the EXpedited
Service type (Type-B).

3.6.2.5.2 When separate ports are provided for Type-A and Type-B Services (see 2.2.2),
the Service Type parameter is not used.

3.6.2.5.3 At the receiving end, the Service Type parameter is not used.
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3.6.2.6 Notification Type

In notifications to the user, the Notification Type parameter shall contain information about
an event associated with the transfer of a VCA_SDU. The values taken by this parameter are
defined in reference [4].

3.6.3 VCASERVICE PRIMITIVES

3.6.3. 1 General

THe service primitives associated with this service are:
a) VCA.request;

b) VCA_Notify.indication;

c) VCA.indication.

3.6.3.2 VCA. request
3.6.3.2.1 Function

Afl the sending end, the VCA Service user shall\pass a VCA.request primitive to the gervice
provider to request that a VCA_SDU be transferred to the user at the receiving end through
the¢ specified Virtual Channel.

NOTE - The VCA.request primitive'is the service request primitive for the VCA Selvice.

3.6.3.2.2 Semantics
The VCA.request primitive shall provide parameters as follows:

VCA .request (VCA_SDuU,
GVCID,
SDU ID,
Service Type)

NOQTE — When separate ports are provided for Type-A and Type-B Services, the Service
Type parameter is not used in this primitive.

3.6.3.2.3 When Generated

The VCA service user shall generate a VCA.request primitive when a VCA_SDU is ready
for transfer.
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3.6.3.2.4 Effect On Receipt

Receipt of the VCA.request primitive shall cause the service provider to transfer the
VCA_SDU.

3.6.3.3 VCA_Notify.indication

3.6.3.3.1 Function

At the
VCA

3.6.3.
The V

NOTH

3.6.3.3
The s
event
3.6.3.
The e

undefi

3.6.3.4

sending end, the service provider shall pass a VCA_Notify.indication primitivero-t

bervice user to notify the user of an event associated with the transfer of a VCA -SD\
3.2 Semantics
CA.indication primitive shall provide parameters as follows:
VCA_Notify.indication (GVCID,
SDU ID,
Service Type,
Notification Type)

— When separate ports are provided for Type-A and Type-B Services, the Serv
Type parameter is not used in this primitive.
.3 When Generated

ervice provider shall generate.a VCA_Notify.indication primitive in response to
hssociated with the transferof a VCA_SDU.

3.4 Effect On Receipt

ffect of receipt-of the VCA_Notify.indication primitive by the VCA Service user|
ned.

| ~\VVCA.indication

3.6.3.4.1 Function

he

ce

an

S

At the receiving end, the service provider shall pass a VCA.indication primitive to the VCA
Service user to deliver a VCA _SDU.

NOTE - The VCA.indication primitive is the service indication primitive for the VCA

Service.
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3.6.3.4.2 Semantics
The VCA.indication primitive shall provide parameters as follows:

VCA.indication (VCA_SDuU,
GVCID,
Service Type (optional))

3.6.3.4.3 When Generated
The service provider shall generate a VCA.indication primitive when a VCA_SDU id ready
for delivery.

3.6.3.4.4 Effect On Receipt

The effect of receipt of the VCA.indication primitive by the VCA Service user is undefjned.

3.1 VIRTUAL CHANNEL FRAME SERVICE
3.1.1 OVERVIEW

The Virtual Channel Frame (VCF) Service. provides transfer of a sequence of TC Transfer
Frames of a Virtual Channel, created by an-independent protocol entity, across a spacg link.
The service does not guarantee completeness nor does it make any distinction between
Seguence-Controlled and Expedited. service types against service data units supplied py the
user. The user should perform necessary procedures to provide Sequence-Controllgd and
EXpedited service types.

Only one user, identified(with the GVCID of the Virtual Channel, can use this service on a
Virtual Channel. Service data units from different users are not multiplexed together within
ong Virtual Channgl:

3.1.2 VCFKSERVICE PARAMETERS

3.7.2.2 \(General

The parameters used by the VCF Service primitives shall conform to the specifications of the
following subsections.
3.7.2.2 Frame

The Frame parameter shall contain a TC Transfer Frame to be transferred on the Virtual
Channel identified by GVCID.
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NOTE - The TC Transfer Frame is the service data unit transferred by the VCF Service.
The format of the TC Transfer Frame is defined in 4.1. For restrictions on the
TC Transfer Frames transferred by the VCF Service, see 3.2.5.

3.7.2.3 GVCID

The GVCID parameter shall contain the GVCID of the Virtual Channel on which the Frame
is to be transferred.

NOTH - The GVCID consists of an MCID and a VCID and is the SAP address./of the
VCF Service.

3.7.3 | VCF SERVICE PRIMITIVES
3.7.3.1 General

The sqrvice primitives associated with VCF Service are:
a)| VCF.request;
b)[ VCF.indication.

3.7.3.2 VCF.request
3.7.3.2.1 Function

At the sending end, the VCF Service-user shall pass a VCF.request primitive to the serv|ce
provider to request that a Frame_be transferred to the user at the receiving end through the
specified Virtual Channel.

NOTH - The VCF.request primitive is the service request primitive for the VCF Service

3.7.3.2.2 Semantics

The VICF.request primitive shall provide parameters as follows:

V/CF.request (Frame,
GVCID)

3.7.3.2.3 When Generated

The sending-end service user shall generate a VCF.request primitive when a Frame is ready
to be transferred.
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3.7.3.2.4 Effect On Receipt

Receipt of the VCF.request primitive shall cause the service provider to transfer the Frame.

3.7.3.3 VCF.indication

3.7.3.3.1 Function

Atrthe Teceiving end; the Service provider strattpassa VCFandication to the VCE_Service

user to deliver a Frame.

NOTE - The VCF.indication primitive is the service indication primitive<for the VCF
Service.

3.1.3.3.2 Semantics
The VCF.indication primitive shall provide parameters as follows:

VCF.indication (Frame,
GVCID)

3.1.3.3.3 When Generated

The receiving-end service provider shalk'generate a VVCF.indication primitive when a [Frame
is feady to be delivered to the user.

3.1.3.3.4 Effect On Receipt

The effect of receipt of the"VCF.indication primitive by the VCF Service user is undefiped.

3.8 MASTERCHANNEL FRAME SERVICE

3.81 OVERVIEW

T e Master Channel Frame (MCF) Service prOV|des transfer of a sequence of TC Transfer
g : pace link.
The service does not guarantee completeness nor does |t make any dlstlnctlon between
Sequence-Controlled and Expedited service types against service data units supplied by the
user. The user should perform necessary procedures to provide Sequence-Controlled and
Expedited service types.

Only one user, identified with the MCID of the Master Channel, can use this service on a
Master Channel. Service data units from different users are not multiplexed together within
one Master Channel.
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3.8.2 MCF SERVICE PARAMETERS
3.8.2.1 General

The parameters used by the MCF Service primitives shall conform to the specifications of the
following subsections.

3.8.2.2 Frame

The Hrame parameter shall contain a TC Transfer Frame to be transferred on the Master
Chanrjel identified by MCID.

NOTH - The TC Transfer Frame is the service data unit transferred by the(MCF Servige.
The format of the TC Transfer Frame is defined in 4.1. For restrictions on the
TC Transfer Frames transferred by the MCF Service, see 3.2.5.

3.8.2.3 MCID

The MCID parameter shall contain the MCID of the Master.Channel on which the Framg
to be transferred.

S

NOTH - The MCID is the SAP address of the MCF-Service.

3.8.3 | MCF SERVICE PRIMITIVES
3.8.3.1 General

The sgrvice primitives associated:with the MCF service are:
a)| MCF.request;
b)| MCF.indication,

3.8.3.2 MCFErequest

3.8.3.2.1. < Function

At the sending end, the MCF Service user shall pass an MCF.request primitive to the service
provider to request that a Frame be transferred to the user at the receiving end through the
specified Master Channel.

NOTE - The MCF.request primitive is the service request primitive for the MCF Service.
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3.8.3.2.2 Semantics

The MCF.request primitive shall provide parameters as follows:

MCEF.request (Frame,
MCID)

3.8.3.2.3 When Generated

Th
to

3.8.3.2.4 Effect On Receipt

Rg

3.8.3.3 MCF.indication

3.8.3.3.1 Function

Af
Se

N(

3.8.3.3.2 Semantics

Th

e sending-end service user shall generate an MCF.request primitive when a Frame 3
be transferred.

ceipt of the MCF.request primitive shall cause the service providepto transfer the Fr

the receiving end, the service provider shall pass an MCF.indication primitive to the
Fvice user to deliver a Frame.

DTE — The MCF.indication primitive’ is the service indication primitive for the
Service.

e MCF.indication primitive shall provide parameters as follows:

MCF.indication (Frame,
MCID)

ready

iMme.

MCF

MCF

3.8.3.3.4 Effect On Receipt

The effect of receipt of the MCF.indication primitive by the MCF Service user is undefined.
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3.9 COP MANAGEMENT SERVICE
3.9.1 OVERVIEW

The COP Management Service is used by a user at the sending end for managing the
operations of COP for a particular Virtual Channel. The user manages the operations of COP
by invoking Directives defined in reference [4]. The user is notified by the service provider
of events associated with Directives and events that occur asynchronously with Directives.

A usef of this service must be authorized to manage COP for a particular Virtual Chanriel.
Only pne user, identified with the GVCID of the Virtual Channel, is allowed to use this
service on a Virtual Channel.

3.9.2 | COP MANAGEMENT SERVICE PARAMETERS
3.9.21 General

The parameters used by the COP Management Service primitives shall conform to the
speciffcations of the following subsections.

3.9.2.2 GVCID

The GVCID parameter shall contain the GVCID.@f the Virtual Channel for which the COR is
managed.

NOTH - The GVCID consists of an.MCID and a VCID and is the SAP address of the
COP Management Service.
3.9.2.3 Directive ID

The Directive ID parameter shall contain a user-supplied sequence number to be used|to
identify the associated-Directive.request primitive in subsequent Directive_Notify.indication
primitjves.

3.9.2.4 .Directive Type

The Directive Type parameter shall contain the type of Directive. The values taken by this
parameter are defined in reference [4].
3.9.2.5 Directive Qualifier

The Directive Qualifier parameter shall contain a qualifier of the Directive if one is required.
The values taken by this parameter are defined in reference [4].
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3.9.2.6 Notification Type

In notifications to the user, the Notification Type parameter shall contain information about
an event associated with a Directive. The values taken by this parameter are defined in
reference [4].

3.9.2.7 Notification Qualifier

TI]Ie Nofification Qualifier parameter shall contain a qualifier of the notification i jone is
required. The values taken by this parameter are defined in reference [4].

3.9.3 COP MANAGEMENT SERVICE PRIMITIVES
3.9.3.1 General

The service primitives associated with the COP Management Service are:
a) Directive.request;
b) Directive_Notify.indication;

c) Async_Notify.indication.

3.9.3.2 Directive.request
3.9.3.2.1 Function

Atlthe sending end, the authorized user shall pass a Directive.request primitive to the dervice
provider to invoke a Directive defined in reference [4].

=

3.9.3.2.2 Semantics
The Directive.request primitive shall provide parameters as follows:

Direetive.request (GVCID,
Directive 1D,
Directive Type,
Directive Qualitier)

3.9.3.2.3 When Generated

The authorized user shall generate a Directive.request primitive when execution of a
Directive is required.
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3.9.3.2.4 Effect On Receipt

Receipt of the Directive.request primitive shall cause the service provider to execute the
Directive.

3.9.3.3 Directive_Notify.indication

3.9.3.3.1 Function

At thel sending end, the service provider shall pass a Directive_Notify.indication primitivel to
the authorized user to notify the user of an event or an action associated with aDirectjve
requedted by the user.

3.9.3.3.2 Semantics
The Djirective_Notify.indication primitive shall provide parameters asfollows:
Directive_Notify.indication (GVCID,

Directive 1D,
Notification Type)

3.9.3.3.3 When Generated

The sending-end service provider shall generate a Directive_Notify.indication primitive
respor]se to an event or action associated with a Directive.

n

3.9.3.3.4 Effect On Receipt
The effect of receipt of the Directive_Notify.indication primitive by the COP Management
Servige user is undefined:

3.9.3.4 Async_Notify.indication

3.9.3.4.1 , Eunction

At th eandina and +tha campans ey Ay clhall nace o Acvme NMaotifirindinatinns viadn /o t
SCTIUTTTY TITU, U1TT STTVILT PJTUVIUTT olialt paoos ait /Ao yTiv TNULIT y. 1TTuTeatiur Jrimmmitnrve 0

the authorized user to notify the user of an event that occurs asynchronously with requests.

3.9.3.4.2 Semantics

The Async_Notify.indication primitive shall provide parameters as follows:
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Async_Notify.indication (GVCID,
Notification Type,
Notification Qualifier)

3.9.3.4.3 When Generated

The sending-end service provider shall generate an Async_Notify.indication primitive in
response to an event that occurs asynchronously with requests.

3.9.3.4.4 Effect On Receipt

The effect of receipt of the Async_Notify.indication primitive by the COP Management
Seyvice user is undefined.
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4 PROTOCOL SPECIFICATION

41 PROTOCOL DATA UNIT (TC TRANSFER FRAME)

411 TC TRANSFER FRAME

ISO 22664:2013(E)

A TC Transfer Frame shall encompass the major fields, positioned contiguously, in the

following sequence:

a)_Transfer Frame Header (5 OClels, mandatoryy);
b) Transfer Frame Data Field (up to 1019 or 1017 octets, mandatory);

c) Frame Error Control Field (2 octets, optional).

NOTES

1 The TC Transfer Frame is the protocol data unit transmitted from the sending end to
the receiving end by the TC Space Data Link Protoeol: In this Recommendatipn, the
TC Transfer Frame is also called the Transfer Frame or Frame for simplicity.

2 The maximum Transfer Frame length allowed by a particular spacecraft or ground
implementation on a particular Virtual *Channel may be less than the maximum
specified here.

3 The structural components of the, TC Transfer Frame are shown in figure 4-1.

TC TRANSFER FRAME >
TRANSFER TRANSFER FRAME FRAME
FRAME DATA FIELD ERROR
PRIMARY: CONTROL
HEABER FIELD
(Optional)
5 octets Varies 2 octets
Up to 1019 octets >
Figure 4-1: TC Transfer Frame Structural Components
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4.1.2 TRANSFER FRAME PRIMARY HEADER
4121 General

The Transfer Frame Primary Header is mandatory and shall consist of eight fields, positioned
contiguously, in the following sequence:

a) Transfer Frame Version Number (2 bits, mandatory);
b) —Bypass-Flag (1 bit-mandatory);
c)| Control Command Flag (1 bit, mandatory);

d)| Reserved Spare (2 bits, mandatory);

e)| Spacecraft Identifier (10 bits, mandatory);

f) | Virtual Channel Identifier (6 bits, mandatory);
g)| Frame Length (10 bits, mandatory);

h)| Frame Sequence Number (8 bits, mandatory).

NOTH - The format of the Transfer Frame Primary Header is shown in figure 4-2.

< TRANSFER FRAME PRIMARY HEADER (5 octets) >
TRANSFERBYPASS| CONTROL | RS\D. [SPACE-|VIRTUAL FRAME FRAME
FRAME FLAG |COMMAND{SPARE | CRAFT [CHANNEL| LENGTH SEQUENCE
VERSION FLAG ID ID NUMBER
NUMBER
2 bits 1 bit 1 bit 2 bits | 10 bits | 6 bits 10 bits 8 bits
2 octets 2 octets 1 octet

Figure 4-2: Transfer Frame Primary Header

4 1 2 by Trancfor Tramao \/oroionm N~ o
L.L. 1 TArioIcr mrrairic veroitultl INUTItoT

4.1.2.2.1 Bits 0-1 of the Transfer Frame Primary Header shall contain the (binary encoded)
Transfer Frame Version Number.

4.1.2.2.2 This 2-bit field shall identify the data unit as a Transfer Frame defined by this
Recommendation and shall be set to “‘00’.
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NOTE - This Recommendation defines the TC Transfer Frame, whose binary encoded

Version Number is ‘00°.

4.1.2.3 Bypass and Control Command Flags

4.1.2.3.1 Bypass Flag

4.1.2.3.1.1 Bit 2 of the Transfer Frame Primary Header shall contain the Bypass Flag.

4.
A

N(

4.]

1.2.3.1.2 The single-bit Bypass Flag shall be used to control the application"of

ceptance Checks by the receiving end:

a) setting the Bypass Flag to value ‘0" shall specify that this Transfer Erame is a T|
Transfer Frame, and acceptance of this Transfer Frame by the receiving end s
subject to the normal Frame Acceptance Checks of the FARM;

b) setting the Bypass Flag to value ‘1’ shall specify that this‘Transfer Frame is a T
Transfer Frame, and the Frame Acceptance Checks .of the FARM by the rec
end shall be bypassed.

DTES
The Frame Acceptance and Reporting Méchanism (FARM) associated with th
can be made to operate in a normal ‘Agceptance’ mode (for Type-A Transfer F
or a ‘Bypass’ mode (for Type-B Transfer Frames), according to the setting
Bypass Flag.
All Transfer Frames receiyed by the receiving end first undergo a basic stand
of Frame Validation Checks, which are applied regardless of the setting of the E
Flag (see 4.4.8.3).

.2.3.2  Control Command Flag

4.
FI

1.2.3.2.1 Bit.3/of the Transfer Frame Primary Header shall contain the Control Con

g.

4.1.2.3.222 The single-bit Control Command Flag shall be used to specify whether th

Frame

ype-A
nall be

ype-B

eiving

e COP
ames)
of the

ard set
BYpass

nmand

e Data

Figeld-of the Transfer Frame is conveying Control Commands (Type-C) or Data (Type-D):
a) setting the Control Command Flag to value ‘0’ shall indicate that the Transfer Frame
Data Field contains a Frame Data Unit (FDU) (Type-D);
b) setting the Control Command Flag to value ‘1’ shall indicate that the Transfer Frame
Data Field contains control information (Type-C).
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NOTE - Inthe C mode, the Transfer Frame Data Field conveys control information used
to set the parameters of the FARM to the proper configuration to accept data. In
the D mode, the Transfer Frame Data Field contains a Frame Data Unit.

4.1.2.3.3 Combined States of the Bypass Flag and Control Command Flag

The combined states of the Bypass Flag and Control Command Flag shall be interpreted by
the receiving end as shown in table 4-1.

Table 4-1: Interpretation of the Bypass and Control Command Flags

Control
Bypass Command
Flag Flag Interpretation

0 0 Type-AD. Transfer Frame Data Field carries a Frame
Data Unit, subject to Frame~Acceptance Checks under
control of the FARM. These Frames use the Sequence-
Controlled (or AD) Service’of the COP.

0 1 Reserved for future application.

1 0 Type-BD. Transfer Frame Data Field carries a Frame
Data Unit,xwith Frame Acceptance Checks bypassed
under control of the FARM. These Frames use the
Expedited (or BD) Service of the COP.

1 1 Type-BC. Transfer Frame Data Field carries Control
Commands, with Frame Acceptance Checks bypassed
under control of the FARM. These Frames control the
Sequence-Controlled Service of the COP.

4.1.2.4 Reserved Spare

4.1.2.4.1 < Bits 4-5 of the Transfer Frame Primary Header shall contain the Reserved Sparg.

4.1.2.4.2 These two bits are reserved for future application and shall be set to “‘00°.

4.1.2.5 Spacecraft Identifier

4.1.2.5.1 Bits 6-15 of the Transfer Frame Primary Header shall contain the Spacecraft
Identifier (SCID).
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4.1.25.2 The Spacecraft Identifier is assigned by the CCSDS and shall provide the
identification of the spacecraft associated with the data contained in the Transfer Frame.

4.1.2.5.3 The Spacecraft Identifier shall be static throughout all Mission Phases.

NOTE - The Secretariat of the CCSDS assigns Spacecraft Identifiers according to the

procedures in reference [6].

41

41

.1.2.6  Virtual Channel Identitier

1.2.6.1 Bits 16-21 of the Transfer Frame Primary Header shall contain)the )

annel Identifier (VCID).

1.2.6.2 The Virtual Channel Identifier shall be used to identify the Virtual Channel.

particular, Virtual Channels are not required to be numbered consecutively.

1.2.7 Frame Length
1.2.7.1 Bits 22-31 of the Transfer Frame Primary’Header shall contain the Frame L

1.2.7.2 This 10-bit field shall contain a length count C which equals one fewer th

tofal octets in the Transfer Frame.

4
Hd
Tr

N(

1.2.7.3 The count shall be measured from the first bit of the Transfer Frame P

ader to the last bit of the Frame)Error Control Field (if present), or to the last bit
hnsfer Frame Data Field (if the Frame Error Control Field is omitted).

DTES

The length.count C is expressed as:

C =A(Total Number of Octets in the Transfer Frame) — 1

The size of this field limits the maximum length of a Transfer Frame to 1024 oc

DTE — There are no restrictions on the selection of Virtual“Channel Identifiefs.

Virtual

ength.

an the

rimary
of the

tets.

4.1.2.8 Frame Sequence Number

Bits 32-39 of the Transfer Frame Primary Header shall contain the Frame Sequence Number,
N(S).
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NOTES

1

The procedure for assigning the Frame Sequence Number to Transfer Frames is
defined in reference [4].

The Frame Sequence Number enables the FARM to check the sequentiality of
incoming Type-A Transfer Frames. The Frame Sequence Number is Virtual Channel
dependent; i.e., this protocol shall maintain a separate Frame Sequence Number for
each of the Virtual Channels.

4.1.3

413.1

4.1.3.]
Prima

4.1.3.]
may V]
Field

4.1.3.]
data c
numbg

4132

4.1.3.

4.1.3.7

a)
b)

The COP does not use this field of Type-B Transfer Frames; in this case the eontepts
of the Frame Sequence Number field is set to “all zeroes’ by COP.

TRANSFER FRAME DATA FIELD

General

.1 The Transfer Frame Data Field shall follow, witheut gap, the Transfer Frame
'y Header.

.2 The Transfer Frame Data Field, which shall contain an integral number of octats,
ary in length up to a maximum of 1019 octets. (1017 octets if the Frame Error Contyol
S present).

.3 The Transfer Frame Data Field shall contain either an integral number of octets| of
prresponding to one Frame Data Wnit (for a Type-D Transfer Frame) or an integyal
r of octets of Control Command-information (for a Type-C Transfer Frame).

Frame Data Unit

.1  General

.1.1 A Frame)Data Unit shall consist of either
an integral number of User Data octets; or

a Segment Header followed by an integral number of User Data octets, if the Segment
Header is used on the Virtual Channel.

4.1.3.2.1.2 If the Segment Header is present, the User Data contained in a Frame Data Unit
shall consist of one of the following:

a)
b)

c)

a complete Packet;
multiple Packets;

a portion of a Packet;
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d) acomplete MAP_SDU;
e) aportion of a MAP_SDU.

4.1.3.2.1.3 If the Segment Header is not present, the User Data contained in a Fram
Unit shall consist of one of the following:

a) acomplete Packet;

b) multiple Packets;

e Data

c) acomplete VCA_SDU.

4.1.3.2.1.4 The Segment Header is required for any Virtual Channel whichthas more than

one MAP or which transfers service data units larger than permitted in‘@ single Tiansfer

Frame. Its use is optional otherwise, except that if it is used in any Transfer Frame cartied on

a Yirtual Channel, it must be used for all Transfer Frames carrying.Frame Data Uni
Cqntrol Commands) on that Virtual Channel.

NQTE - A Frame Data Unit that has a Segment Header is-Called a Segment.

4.1.3.2.2 Segment Header
4.1.3.2.2.1 General

4.1.3.2.2.1.1 If present, the Segment Header shall follow, without gap, the Transfer
Pr{mary Header.

[s (not

Frame

4.1.3.2.2.1.2 The Segment Header is optional; its presence or absence shall be estaijlished

by|management for each Virtual Channel.

4.1.3.2.2.1.3 The Segmeént Header must not be present in Transfer Frames carrying Gontrol

Cammands.

4.1.3.2.2.1.4 TheSegment Header shall contain the following fields:
a) Sequerice Flags (2 bits, mandatory);
b), Multiplexer Access Point (MAP) Identifier (6 bits, mandatory).

N

NOTI: The faormmat-afthe Soapmentl-toadericchowmin-ficira 4.2
= e TOTTIat UT tiC-OCYTCTIC T ICaUCT 1S SITOVWIT I TTYUTe™ I,
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R SEGMENT HEADER (1 octet) - >
SEQUENCE MULTIPLEXER
FLAGS ACCESS POINT
(MAP) ID
2 bits 6 bits

Figure 4-3: Segment Header

4.1.3.2.2.2 Sequence Flags
4.1.3.2.2.2.1 Bits 0-1 of the Segment Header shall contain the Sequence Flags.

NOTH - This two-bit field delimits the service data unit provided by the user by indicating
the sequential position of the User Data contained\in the Frame Data Unit relatjve
to the service data unit of which the User Data.is'a part.

4.1.3.2.2.2.2 The Sequence Flags shall be interpreted-as shown in table 4-2.

Table 4-2: Interpretation of the Sequence Flags

Bit 0 Bit 1 Interpretation
0 1 First portion of service data unit on one MAP
0 0 Continuing portion of service data unit on one MAP
1 0 Last portion of service data unit on one MAP
1 1 No segmentation (one complete service data unit or
multiple Packets)

4.1.3.2.2.3 Multiplexer Access Point Identifier

4.1.3.2.2.3.1 Bits 2-7 of the Segment Header shall contain the Multiplexer Access Point
Identifier (MAP ID).

NOTE - The MAP Identifier provides the identification of the MAP Channel within a
Virtual Channel.
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4.1.3.2.2.3.2 If multiple MAPs are not used on a particular Virtual Channel, but the

Segment Header is otherwise required to be present, the MAP Identifier shall be set to a

co

nstant value for all Frame Data Units which are placed on that Virtual Channel.

NOTE - There are no restrictions on the selection of MAP Identifiers. In particular,

MAPs are not required to be numbered consecutively.

4.1.3.3 Control Commands

4.

Tv
FA

TH

Th

4.

1.3.3.1 General

.1.3.3.2 Unlock

1333 SetV(R)

1.3.3.4 Other Bit€ombinations

o Control Commands are defined: Unlock and Set V(R); the action to be taken when the
\RM receives one of these Control Commands is defined in reference [4]:

e Unlock Control Command shall consist of a single octet-containing “all zeroes’.

e Set V(R) Control Command shall consist of.three octets with the following values:

10000010 00000000 XXXXXXXX

where XXXXXXXX is the- value to which the FARM should sgt the
Receiver_Frame_Sequence-Number, V(R). This octet should therefore be set|to the
Sequence Number that willbe put into the Header of the next Type-A Transfer [Frame
to be transmitted on thatVirtual Channel.

All other bit cembinations for Control Commands are reserved by the CCSDS for (future

ap

4.

1.4 ~FRAME ERROR CONTROL FIELD

blication.

4141 General

4.1.4.1.1 The Frame Error Control Field is optional; its presence or absence shall be
established by management.

4.1.4.1.2 If present, the Frame Error Control Field shall occupy the two octets following,
without gap, the Transfer Frame Data Field.
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transmitted within the same Physical Channel throughout a Mission Phase.

NOTES

1

If present, the Frame Error Control Field shall occur within every Transfer Frame

The purpose of this field is to provide a capability for detecting errors which may
have been introduced into the Transfer Frame during the transmission and data

handling process.

4142

4.1.4.7
ChecK
an (N

Whether this field should be used on a particular Physical Channel will be determin
based on the mission requirements for data quality and the selected options for |
underlying Channel Coding Sublayer.

Frame Error Control Field Encoding Procedure

.1 The Frame Error Control Field is computed by applying Cyclic Redundan
(CRC) techniques. The Frame Error Control Field Enceding Procedure shall acc
-16)-bit Transfer Frame, excluding the Frame Error<Control Field, and generatg

systempatic binary (n,n—-16) block code by appending a 16-bit Frame Error Control Field

the fin
NOTE

4.1.4.7

where

al 16 bits of the codeblock, where n is the length of the Transfer Frame.
— The Bit Numbering Convention as specified in 1.6.3 is applicable below.

.2 The equation for the contents of the Frame Error Control Field is:

FECF = [(X® - M(X)) + (X" (X))] modulo G(X)

Po- X +Py - XM4+P,  XP+ .. 4Py X 4Py - X°

all arithmetic is.-mjoedulo 2;

FECF is the-16-bit Frame Error Control Field with the first bit transferred being 1
most significant bit Py taken as the coefficient of the highest power of X;

n isithe number of bits in the encoded message;

ed
he

cy I
ppt

a
as

he I

with binary coefficients, with the first bit transferred being the most significant bit Mg

| M{X) is the (n-16)-hit information message to be encoded expressed as a polynomial I

taken as the coefficient of the highest power of X;

L(X) is the presetting polynomial given by

15
L(X) =2 X';
i=0
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G(X) is the generating polynomial given by
G(X) = X® + X2+ X° + 1.

NOTES

1 The X8 . | (X) term has the effect of presetting the shift register to all “1’ state prior
to encoding.

2 T T TOTT 1 i = frame,

the shift register cells are initialized to ‘1’. The ganged switch is in position-1| while
the information bits are being transferred and in position 2 for the sixteen FECH bits.

INFORMATION BITS M0 voe M“_17
(Mo transferred first) ‘

y CODED
" | pata
¢ OUTPUT

Figure 4-4: Logic Diagram of the Encoder

4.1.4.3 Frame Error Control Field Decoding Procedure
THe error detection syndrome, S(X);\is"given by

S(X) = [(X*® - C*(X)) + X" - L(X))] modulo G(X)
where

C*(X) is the received block, including the Frame Error Control Field, in polynomial
I form, withcthe first bit transferred being the most significant bit Co* taken [as the
coefficigat)of the highest power of X; and

S(X)is the syndrome polynomial which will be zero if no error is detected and non-
zero 1f an error is detected, with the most significant bit Sy taken as the coefficjent of
the highest power of X.

The received block C*(X) equals the transmitted codeblock C(X) plus (modulo two) the n-bit
error block E(X), C*(X) = C(X) + E(X), where both are expressed as polynomials of the same
form, i.e., with the most significant bit Co or E, taken as the binary coefficient of the highest
power of X.
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NOTE - A possible syndrome polynomial generator implementation is shown in figure 4-5.
For each frame, the shift register cells are initialized to *1’. The frame includes
n-bits, i.e., (n-16) information message bits plus the 16 bits of the FECF. All the
n bits of the frame are clocked into the input and then the storage stages are
examined. For an error-free block, the contents of the shift register cells will be
‘zero’. A non-zero content indicates an erroneous block.

=
A
%

FRAMEBITS Cy* e+« C_ 4"
(Co* transferred first)

Y

Figure 4-5: Logic Diagram of the Recoder

4.2 PROTOCOL DATA UNIT (CLCW)
4.2.1 | COMMUNICATIONS LINK CONTRO@L WORD
4211 General

4.2.1.1.1 The Communications Link ,€ontrol Word (CLCW), which is the protocol data
unit transmitted from the receiving end to the sending end, shall provide the mechanism [oy
which|the FARM at the receiving end reports the status of frame acceptance to the Frame
Operation Procedure (FOP) at the sending end.

NOTHS

1 The controlling specification for how the CLCW is used within the COP is contairfed
in reference [4].

2 CLCWs are usually carried in the Operational Control Field of TM or AOS Transfer
Frames (references [B5] and [B6]) using the MC_OCF or VC OCF Service.

3 The CLCW is the only reporting mechanism for this protocol. Although it is not
necessary that the CLCW reporting rate (from the receiving end to the sending end)
match the Transfer Frame transfer rate (from the sending end to the receiving end),
some minimum CLCW sampling rate is necessary for the proper operation of the
COP.
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4.2.1.1.2 The CLCW shall consist of ten fields, positioned contiguously, in the following
sequence:

a) Control Word Type (1 bit, mandatory);

b) CLCW Version Number (2 bits, mandatory);
c) Status Field (3 bits, mandatory);

d) COP in Effect (2 bits, mandatory);

e) Virtual Channel ldentification (6 bits, mandatory);
f) Reserved Spare (2 bits, mandatory);

g) Flags (5 bits, mandatory);

h) FARM-B Counter (2 bits, mandatory);

i) Reserved Spare (1 bit, mandatory);

J) Report Value (8 bits, mandatory).

NOTE - The structural components of the CLCW areshown in figure 4-6.

CONTROL CLCW STATUS COP VIRTUAL RSVD.
WORD VERSION FIELD IN CHANNEL SPARE
TYPE NUMBER EFFECT IDENTIFICATION

l0|l IIOO"

1 2 3 2 6 2

L (ALWAYS "0" FOR-CLCW)

FLAGS
FARM-B RSVD. REPORT
NO NO LOCK- | WAIT [RETRANSMIT [ COUNTER SPARE VALUE
RF BIT ouT

A\VAILY| LOCK

1 1 1 1 1 2 1 8

Figure 4-6: Communications Link Control Word

4.2.1.2 Control Word Type

4.2.1.2.1 Bit 0 of the CLCW shall contain the Control Word Type.
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NOTE - This field is used to distinguish the CLCW from another type of report that may
be alternatively contained in the field that carries the CLCW (e.g., the
Operational Control Field of TM or AOS Transfer Frames (references [B5] and

[B6]).

4.2.1.2.2 This one-bit field shall be set to ‘0’.

4213 CLCW Version Number

4.2.1.7
Numb

4.2.1.

NOTH

4.2.1.4
Bits 3
NOTH
1

2

4211

4.2.1.1

to indicate the COP’that is being used.

4211

3.2 This two-bit field shall be set to ‘00°.

3.1 Bits 1-2 of the CLCW shall contain the (Binary Encoded) CLCW Mersi
er.

— The CLCW Version Number is included to provide future growth flexibility.

‘007, is defined in this Recommendation.

| Status Field
5 of the CLCW shall contain the Status Field.
S
Application of the Status Field is mission-specified.
The Status Field may be used_by Agencies for local enhancements to operations
this protocol and is not part.of the COP.

COP in Effect

.1 Bits 6-7 ofithe CLCW shall contain the COP in Effect parameter and shall be ug

.2  ForCOP-1, this two-bit field shall be set to “‘01°.

NOTH

present a single “Version-1’ CLCW, whose binary encoded Version Number i

At

of

ed

=) At present a single COP, COP-1, is defined in this Recommendation.

4.2.1.6 Virtual Channel Identification

Bits 8-13 of the CLCW shall contain the Virtual Channel Identifier of the Virtual Channel
with which this report is associated.

NOTE - Each Virtual Channel in use shall have its own CLCW reporting activated.
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4.2.1.7 Reserved Spare
4.2.1.7.1 Bits 14-15 of the CLCW shall contain the Reserved Spare.

4.2.1.7.2 These two bits are reserved by CCSDS for future application and shall be set to “‘00’.

4.2.1.8 Flags

4. 27178 1T Generdat

Bifs 16-20 of the CLCW shall contain the Flags specified in the following subseetions.

4.2.1.8.2 NoRF Available Flag
4.2.1.8.2.1 Bit 16 of the CLCW shall contain the No RF Available“Flag.

4.2.1.8.2.2 The No RF Available Flag shall provide a logical indication of the ‘ready’| status
ofthe radio frequency (RF) elements within the space link-provided by the Physical Layer.

—h

NOTE - Precise definition of the set of physical states which must each be in the ‘ready’
condition before communication is posSible is mission-specified. For example,
the flag can represent a logical sum ‘ef the overall ready status of comppnents
such as the RF transponder and the’ demodulator.

421823 A setting of ‘0’ in the No“RF Available Flag shall indicate that the Physical
Layer is Available (i.e., any Transfer Frame will be received and processed by the Physical
Layer and passed on to this protocolif correct).

421824 A setting of ‘2%5n the No RF Available Flag shall indicate that the Physical
Layer is not available and that Transfer Frames cannot be transferred without corfective
action within the Physical ‘Layer.

(@]

4.2.1.8.2.5 Thesingle No RF Available Flag shall apply to all Virtual Channels and shall be
upgdated whenéver a change is signaled by the Physical Layer.

NOQTE _=—~This field may be used by Agencies for local enhancements to operations pf this
protocol and is not part of the COP.

4.2.1.8.3 No Bit Lock Flag
4.2.1.8.3.1 Bit 17 of the CLCW shall contain the No Bit Lock Flag.
NOTES

1 The No Bit Lock Flag is an optional, mission-specific engineering measurement that
provides a performance quality indicator that indicates specifically whether the
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Physical Layer is working normally by having enough signal energy to achieve bit
synchronization with the received data stream.

2 Failure to achieve bit lock may indicate that the Physical Layer is operating at a non-
nominal performance level and that the Transfer Frame rejection rate may be
correspondingly abnormally high.

4.2.1.8.3.2 Use of the No Bit Lock Flag is optional; if used,

a) U shall Indicate DIT I0CK has been achieved;

b)[ “1” shall indicate bit lock has not been achieved.

4.2.1.8.3.3 The single No Bit Lock Flag shall apply to all Virtual Channels:and shall |be
updatgd whenever a change is signaled by the Physical Layer.

4.2.1.8.3.4 If the No Bit Lock Flag is not used, it shall be set permanently to ‘0.
NOTH - This field may be used by Agencies for local enhancements to operations of this
protocol and is not part of the COP.

4.2.1.8.4 Lockout Flag

4.2.1.8.4.1 Bit 18 of the CLCW shall contain the:Eockout Flag.

4.2.1.1.4.2 The Lockout Flag shall be used to indicate the Lockout status of the FARM of a
particdilar Virtual Channel.

4.2.1.8.4.3 A setting of ‘1’ in the Lockout Flag shall indicate Lockout.

NOTH - Lockout occurs whenever a Type-A Transfer Frame that violates certain Frame
Acceptance Checks is received on a particular Virtual Channel. Once the FARM
is in Lockout,all subsequent Type-A Transfer Frames will be rejected by the
FARM untibthe condition is cleared.

4.2.1.8.44 A _setting of ‘0’ in the Lockout Flag shall indicate that the FARM is not|in
Lockaut.

4.2.1.8.45" Separate Lockout Flags shall be maintained for each Virtual Channel.

NOTE - The precise specifications for use of the Lockout Flag are contained in reference [4].
4.2.1.8.5 Wait Flag

4.2.1.85.1 Bit 19 of the CLCW shall contain the Wait Flag.
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4.2.1.8.5.2 The Wait Flag shall be used to indicate that the receiving end is unable to accept
data for processing on a particular Virtual Channel.

NOTE - An inability to accept data could be caused by temporary lack of storage and/or

processing resources in the receiving end of this protocol or higher layers.

4.2.1.85.3 A setting of ‘1’ (i.e., Wait) in the Wait Flag for a particular Virtual Channel
shall indicate that all further Type-A Transfer Frames on that Virtual Channel will be
rejected by the FARM until the condition is cleared.

4.]
re(

4.2

N(

4.2

4.2

N(

4.7
Tr
FA

4.2

re

4.2

N(

ou[rstanding Type-A Transfer Frame rejections in the sequence received so far, an

.1.8.5.4 A setting of ‘0’ (i.e., Don’t Wait) in the Wait Flag shall indicate"th
eiving end is able to accept and process incoming Type-A Transfer Frames.

.1.8.5.5 Separate Wait Flags shall be maintained for each Virtual Channel.

DTE — The precise specifications for use of the Wait Flag are contained in refereng

.1.8.6 Retransmit Flag
.1.8.6.1 Bit 20 of the CLCW shall contain the Retransmit Flag.

DTE — The Retransmit Flag is used to speed-the operation of the COP by pro

necessary.

.1.8.6.2 A setting of ‘1’ in the Retransmit Flag shall indicate that one or more T
ansfer Frames on a particular Virtual Channel have been rejected or found missing
\RM and therefore retransmission’is required.

.1.8.6.3 A setting of (‘0" in the Retransmit Flag shall indicate that there 4§

ransmissions are notrequired.

.1.8.6.4 Separate Retransmit Flags shall be maintained for each Virtual Channel.

reference [4].

at the

e [4].

viding

immediate indication to the FOPat the sending end that retransmisgion is

ype-A
by the

Ire no
d thus

DTE -.<The precise specifications for use of the Retransmit Flag are contaifed in

42.1.9 FARM-B Counter

4.2.1.9.1 Bits 21-22 of the CLCW shall contain the FARM-B Counter.

4.2.1.9.2 Separate FARM-B Counters shall be maintained for each Virtual Channel.
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NOTE - This 2-bit field contains the two least significant bits of a FARM-B Counter.
This counter is maintained within the FARM and increments once each time a
Type-B Transfer Frame is accepted in Bypass mode on a particular Virtual
Channel. The field supports the verification that Type-B Transfer Frames
(Control or User Data) were accepted by the receiving end.

4.2.1.10 Reserved Spare

4.2.1.10.1 Bit 23 of the CLCW shall contain the Reserved Spare.

4.2.1.10.2 This bit is reserved by CCSDS for future application and shall be set to “0.

4.2.1.11 Report Value
4.2.1.11.1 Bits 24-31 of the CLCW shall contain the Report Value.
4.2.1.11.2 Separate Report Values shall be maintained for each \irtual Channel.

NOTH - This 8-bit field contains the value of the Next Expected Frame Sequerjce
Number, N(R), which is equal t" the wvalue of FARM’s
Receiver_Frame_Sequence_Number, V(R).” The FARM V(R) counter shall
increment once each time a Type-AD Txansfer Frame is accepted on a particullar
Virtual Channel. The precise specifications for use of the Report Value are
contained in reference [4].

4.3 PROTOCOL PROCEDURES.AT THE SENDING END

NOTH - This subsection describes procedures at the sending end associated with each|of
the functions shown in figure 4-7. In the figure, data flows from top to bottgm.
The figure identifies data-handling functions performed by the protocol entity| at
the sending-end, and shows logical relationships among these functions. This
figure is\not intended to imply any hardware or software configuration in a real
systems Depending on the services actually used for a real system, not all of the
functions may be present in the protocol entity. The procedures described in this
subsection are defined in an abstract sense and are not intended to imply any
particular implementation approach of a protocol entity.

CCSDS 232.0-B-2 Page 4-18 September 2010
80 © IS0 2013 — Al rights reserved


https://standardsiso.com/api/?name=087cbce36f266dd1306f47d41e7cb612

ISO 22664:2013(E)
CCSDS RECOMMENDED STANDARD FOR TC SPACE DATA LINK PROTOCOL

MAP MAP
Packet Access COP Mgmt.
Service Service Service
3 MAP Packel VAP VC Packet VC Access
) . Service Service
Segmen-| Processing Generation
tation | | | VC Frame
Sublayer VC Packet Service
MAP Multiplexing Processing MC Frame
N i i Service
Virtual Channel Generation
I
Transfer Virtual Channel Multiplexing
Sublayer |
Master Channel Multiplexing
I
{ All Frames Generation

Figure 4-7: Internal Organization of Prétecol Entity (Sending End)

4.3.1 MAP PACKET PROCESSING FUNCTION

4.3.1.1 The MAP Packet Processing=Function shall be used to transfer variable{length
Packets in the Data Field of Transfer Frames (i.e., in Frame Data Units) of a MAP Channel.

NQTE — There is an instance.of the MAP Packet Processing Function for each| MAP
Channel that carries Packets.

4.3.1.2 If the Packet/to-be transferred exceeds a predetermined length, the MAP Packet
Prpcessing Function‘shall divide it into portions that are compatible with insertion into the
Frame Data Unit-and attach a Segment Header to each portion, forming Frame Data Units.

4.3.1.3 The\first octet of the Packet shall appear, without gap, after the Segment Header of
the first eerrésponding Frame Data Unit.

4.3.44° The Frame Data Units containing the first and continuing portions of the Packet
may each have a Tength equal to the maximum allowable Tength of the Frame Data Unit on
that particular MAP Channel.

4.3.1.5 The Frame Data Unit containing the last portion of the Packet shall contain the
Segment Header and the residue of the Packet.

4.3.1.6 The portions of a Packet shall be transferred in consecutive Transfer Frames of the
MAP Channel without being interlaced with any other Packets or portions in the same MAP
Channel.
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4.3.1.7 If the Packet to be transferred does not exceed a predetermined length, a Segment
Header is generated and attached to the Packet, forming a Frame Data Unit.

4.3.1.8 If blocking of Packets is permitted on a particular MAP Channel, then:

a) multiple complete Packets may be placed into a Frame Data Unit with a single
Segment Header preceding them;

b) the blocked Packets plus the Segment Header must fit within the maximum size

Cromnn Mota | Lot oyt o £Fopr tha NAAD Channal
ramt Datad O PCTTTtC U TOUT THCTIVIZAT —COTTarric T,

4.3.1.9 If Packets of multiple versions are to be transferred on a MAP Channel, Rackets|of
these Versions are multiplexed into a contiguous string of Packets before they are. placed|in
Frame Data Units.

NOTHS
1 An abstract model of the MAP Packet Processing Function is-Hlustrated in figure 448.

2 Figure 4-9 shows how Packets assigned to one MAPR:are segmented or blocked|to
form Frame Data Units.

Packet Service Packet Service
User with PYN m User with PVN n
Packets Packets

MAP Packet
Processing 4 \ 4
Function for Generation of Segment Header and
a MAP Construction of Frame Data Units
Channel

Frame Data Units

| MAP Multiplexing Function |

Figure 4-8: Abstract Model of MAP Packet Processing Function
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PACKET PACKET PACKET

BLOCKING SEGMENTATION

SEG SEG SEG
HDR HDR HDR
< > < > < *
FRAME DATA UNIT FRAME DATA UNIT FRAME DATA UNIT

Figure 4-9: Example of MAP Packet Processing Procedures

4.3.2 MAP GENERATION FUNCTION

4.3.2.1 The MAP Generation Function shall be used to transfer variable-lengthl user-
defined service data units (MAP_SDUSs) in the Data Field ofFransfer Frames (i.e., in [Frame
D4gta Units) of a MAP Channel.

NOTE - There is an instance of the MAP Generation’Function for each MAP Channel that
carries MAP_SDUs.

4.3.2.2 If the MAP_SDU to be transferréd exceeds a predetermined length, thel MAP
Gaeneration Function shall divide it into portions that are compatible with insertion into the
Frame Data Unit and attach a Segment Header to each portion, forming Frame Data Units.

4.3.2.3 The first octet of the MAP_SDU shall appear, without gap, after the Segment
Hgader of the first corresponding Frame Data Unit.

4.3.24 The Frame Data Units containing the first and continuing portions of the
MAP_SDU may each‘have a length equal to the maximum allowable length of the Frame
D4gta Unit on that particular MAP Channel.

4.3.2.5 TheFrame Data Unit containing the last portion of the MAP_SDU shall contgin the
Segment Header and the residue of the MAP_SDU.

4.3.2%6." The portions of a MAP_SDU shall be transferred in consecutive Transfer Frames of
i ing i j ionslin the

4.3.2.7 If the MAP_SDU to be transferred does not exceed a predetermined length, a
Segment Header shall be generated and attached to the MAP_SDU, forming a Frame Data
Unit.
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NOTES
1 An abstract model of the MAP Generation Function is illustrated in figure 4-10.

2 Figure 4-11 shows how MAP_SDUs assigned to one MAP are processed to form
Frame Data Units.

MAPA
Service User

MAP_SDUs
MAP
Generation !
: megon for Generation of Segment Header and
Channel Construction of Frame Data Units

Frame Data Units

A 4
| MAP Multiplexing Function |

Figure 4-10: Abstract Model of MAP Generation Function

MAP_SDU MAP_SDU
| SEGMENTATION |
G SEG SEG
HDR HDR HDR
> < > < »
FRAME DATAUNIT FRAME DATA UNIT FRAME DATA UNIT

Figure 4-11: Example of MAP Generation Procedures

4.3.3 LMAP MULTIPLEXING FUNCTION

4.3.3.1 The MAP Multiplexing Function shall be used to multiplex Frame Data Units (each
containing a Segment Header) of different MAP Channels of a Virtual Channel.

NOTE - There is an instance of the MAP Multiplexing Function for each Virtual Channel
that has multiple MAP Channels.
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4.3.3.2 The MAP Multiplexing Function shall multiplex Frame Data Units received from
the instances of the MAP Packet Processing and/or MAP Generation Functions and put them
into a queue of Frame Data Units in an appropriate order set by management.

4.3.3.3 The algorithm to be used to order the Frame Data Units is not specified by CCSDS,
but shall be defined by project organizations considering factors such as priority, release rate,
isochronous timing requirements, etc.

NOTE - An abstract model of the MAP Multiplexing Function is illustrated in figure 4-12.

| |
MAP Packet J MAP Generation J

Proc. Function Function
Frame Data Units Frame Data Units
MAP
Multiplexing il v ! }
Function for
a Virtual Multiplexing /
Channel

Frame Data Units
\ 4

| Virtual Channel Generation Function |

Figure 4-12: Abstract Medel of MAP Multiplexing Function

4.3.4 VCPACKET PROCESSING FUNCTION

4.3.4.1 The VC Packet Processing Function shall be used to transfer variableqlength
Packets in the Data Field of Transfer Frames (i.e., in Frame Data Units) of a Virtual Channel.

NOTE - There is\an instance of the VC Packet Processing Function for each VYirtual
Channel that carries Packets.

4.3.42 The'VC Packet Processing Function shall generate Frame Data Units| each
containinig one or multiple complete Packets (without a Segment Header).

4.3.43 If blocking of Packets is permitted on a particular Virtual Channel,

a) multiple complete Packets may be placed into a Frame Data Unit;

b) the blocked Packets must fit within the maximum size Frame Data Unit permitted for
the Virtual Channel.

4.3.4.4 If Packets of multiple versions are to be transferred on a Virtual Channel, Packets
of these versions shall be multiplexed into a contiguous string of Packets before they are
placed in Frame Data Units.
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NOTES

1 An abstract model of the VC Packet Processing Function is illustrated in figure 4-13.

2 Figure 4-14 shows how Packets assigned to one Virtual Channel are processed to
form Frame Data Units.

Packet Service Packet Service
User with PVN m User with PVN n
Packets Packets
VC Packet
Processing . |
Function for
a Virtual Construction of Frame Data Units
Channel

Frame Data Units
\4
| Virtual Channel Generation Function |

Figure 4-13: Abstract Model of VC Packet Processing Function

PACKET PACKET PACKET PACKET

[BLOCKING]

d | d |
q L q L

A} v
FRAME DATA UNIT FRAME DATA UNIT FRAME DATA UNIT

d |

Figure 4-14: Example of VC Packet Processing Procedures

435 [ VRTUAL CHANNEL GENERATION FUNCTION

NOTE - The Virtual Channel Generation Function is the “heart’ of this protocol. It builds
Transfer Frames and performs most of the operations required to move service
data units reliably from the sending end to the receiving end of the protocol.

There is an instance of the Virtual Channel Generation Function for each Virtual
Channel.
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4.3.5.1 The Virtual Channel Generation Function shall perform the following two
procedures in the following order:

a) the Frame Operation Procedure (FOP), which
Communications Operation Procedure (COP); and

is a sub-procedure of the

b) the Frame Generation Procedure in this order.

4.3.5.2 The FOP shall accept Frame Data Units (FDUs) from the MAP Multiplexing
Fupetion—the—v acketP ' Hheton o VEA-Service-Yser(one A—SDU is
treated as one FDU) and shall control transmission and retransmission of EDUs by

expmining the report contained in the CLCWs and generating Control Commands:

U U \J U V —

4.3.5.3 The FOP shall also accept Directives from a COP Management Service User.
NOTE - The detailed specification of the FOP is given in reference 4].

4.3.5.4 The Frame Generation Procedure shall generate Transfer Frames by attaching a
Transfer Frame Primary Header to each Frame Data Unit or Control Command deliveyed by
the FOP.

NQTE - An abstract model of the Virtual Channél-Generation Function is illustrgted in
figure 4-15.
Only one of these three entities exists for a Virtual Channel
MAP Mux. VC Packet Proc. VCA COP Mgmt.
Function Function Service User Service User
Frame Data Frame Dataj o
Units Units VCA_SDUs Directivep
Virtual
Channel
Generation \ 4 : Y \ 4 M
Functionfor Frame Operation Procedure (FOP) and Frame Generation
a Virtual Procedure
Channel
VC Frames
\ 4

| Virtual Channel Multiplexing Function |

Figure 4-15: Abstract Model of Virtual Channel Generation Function

43.6 VIRTUAL CHANNEL MULTIPLEXING FUNCTION

4.3.6.1 The Virtual Channel Multiplexing Function shall be used to multiplex Transfer
Frames from different Virtual Channels on a Master Channel.
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NOTE - There is an instance of the Virtual Channel Multiplexing Function for each
Master Channel that has multiple Virtual Channels.

4.3.6.2 The Virtual Channel Multiplexing Function shall multiplex Transfer Frames
received from the instances of the Virtual Channel Generation Function and, if present, the
Virtual Channel Frame Service users, and shall put them into a queue of Transfer Frames in
an appropriate order set by management.

4.3.6.3__The algorithm to be used to order the Transfer Frames is not specified by CCSDS,
but shpll be defined by project organizations considering factors such as priority, releasergte,
isochrpnous timing requirements, etc.

NOTH - An abstract model of the Virtual Channel Multiplexing Function istitustrated|in

figure 4-16.

| |

VC Generation J VC Frame J

Function Service User
VC Frames VC Frames

Virtual
Channel
Multiplexing y y v y

Function for Multiplexin /
a Master P 9
Channel

MC Frames

A 4
| Master Channel Multiplexing Function |

Figure 4-16: Abstract Model of Virtual Channel Multiplexing Function

4.3.7 | MASTER CHANNEL MULTIPLEXING FUNCTION

4.3.7.1 The Master Channel Multiplexing Function shall be used to multiplex Transfer
Frames from different Master Channels on a Physical Channel.

NOTH <\ There is an instance of the Master Channel Multiplexing Function for edch
Physical Channel that has multiple Master Channels

4.3.7.2 The Master Channel Multiplexing Function shall multiplex Transfer Frames
received from the instances of the Master Channel Generation Function and, if present, the
Master Channel Frame Service users, and shall put them into a queue of Transfer Frames in
an appropriate order set by management.
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