INTERNATIONAL ISO
STANDARD 22645

Second edition
2016-11-15

Space data and informationtransfer
systems — TM (telemetry) space data link
protocol

Systémes de transfert des données et informations spatiales — Protocole de
liaison de données spatiales TM.(telémétrie)

Reference number

— RN ISO 22645:2016(E)

ISO

N —
- ©1S0 2016


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

ISO 22645:2016(E)

© 1SO 2016

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form or by any
means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior written permission.
Permission can be requested from either ISO at the address below or ISO’s member body in the country of the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +412274901 11

Fax +41 22 749 09 47
copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2016 — All rights reserved


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

ISO 22645:2016(E)

Foreword

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 1SO
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
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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.
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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 TM Space Data Link Protocol described herein is intended for

mi

ssions that are cross-supported between Agencies of the CCSDS.

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

su
frd
di

he

q

—_

Th

m¢dification of this document may occur. This Recommended Standard is therefore s

to
Or
(C
\W

Qu
Se

gcriminatory. However, CCSDS does not have a patent law staff, and CCSDS,shall

m the patent holder agreement that all licensing pol are reasonable ,ang

icies
|d responsible for identifying any or all such patent rights.

rough the process of normal evolution, it is expected that expansion, deleti

CCSDS document management and change control procedures, which are defi
iganization and Processes for the Consultative Committee, for Space Data S
CSDS A02.1-Y-4). Current versions of CCSDS documents are maintained at the ¢
eb site:

http://www.ccsds.org/

jestions relating to the contents or status of ¢his document should be sent to the C
cretariat at the e-mail address indicated onpage i.

bn, or
ubject
ned in
stems
CSDS

CSDS

CCSDS 132.0-B-2 Page iii

September 2015
© 1SO 2016 — All rights reserved


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

ISO 22645:2016(E)
CCSDS RECOMMENDED STANDARD FOR TM SPACE DATA LINK PROTOCOL

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 (DLR)/Germany.
— [European Space Agency (ESA)/Europe.

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

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

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

— | National Aeronautics and Space Administration (NASA)/USA.
— | 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 (TsNIIMash)/Russian Federation.
— | China Satellite Launch and Tracking Control Generaly 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 Research Organization (CSIRO)/Australia.
— | Danish National Space Center (DNSC)/IDenmark.

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

— | Electronics and Telecommunications-Research Institute (ETRI)/Korea.

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

— | European Telecommunications Satellite Organization (EUTELSAT)/Europe.

— | Geo-Informatics and Spaee Technology Development Agency (GISTDA)/Thailand.
— | Hellenic National Space Committee (HNSC)/Greece.

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

— | Institute of Spac€ Research (IKI)/Russian Federation.

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

— | Korea Aérospace Research Institute (KARI)/Korea.

— | Ministry of Communications (MOC)/Israel.

— | 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.

—  South African National Space Agency (SANSA)/Republic of South Africa.

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

— Swedish Space Corporation (SSC)/Sweden.

— Swiss Space Office (SSO)/Switzerland.

— United States Geological Survey (USGS)/USA.

CCSDS 132.0-B-2 Page iv September 2015
© 1SO 2016 — All rights reserved


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

DOCUMENT CONTROL

Document  Title Date

CCSDS
132.0-B-1

TM Space Data Link Protocol,
Recommended Standard, Issue 1

September
2003

ISO 22645:2016(E)
CCSDS RECOMMENDED STANDARD FOR TM SPACE DATA LINK PROTOCOL

Status

Original issue, superseded

CCSDS
13R.0-B-2

TM Space Data Link Protocol,
Recommended Standard, Issue 2

September
2015

Current issue:

adds specificati
support: the Sps

pns to
1CC

Data Eink Seculity

Rrotocol;
updates Frame
Control Field
Encoding Procg
be consistent w|
other CCSDS S
Data Link Protq
specifications;
changes all
occurrences of
Service’ and ‘P
Transfer Servic

‘Virtual Channg¢
Packet Service’l;

corrects/clarifie
Service Specifi
‘.indication’ teX
updates/clarifie
relating to Idle
generation;
removes obsolg
informative ann
detailing chang
Historical

Recommendati

Error

dure to
ith
pace
col

Packet
hcket
e’ to

p—

>

S
cation
t;
5 text

Packet

te
ex
bs from

NOTE -

DS

CCSDS 102.0-B-5-S
(1984-2005) and
CCSDS 103.0-B-2-S

(1996-2005).

Substantive changes from the previous issue are marked by change bars in the

inside margin. For terminology changes affecting the entire document, only the first

instances are marked.

CCSDS 132.0-B-2 Page v

September 2015

©1S0 2016 -

All rights reserved


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

ISO 22645:2016(E)
CCSDS RECOMMENDED STANDARD FOR TM SPACE DATA LINK PROTOCOL

CONTENTS
Section Page
1 INTRODUCTION. ...ttt sttt ettt st sttt sbe e saeens 1-1
L1 PURPOSE ...ttt sttt st 1-1
L2 SCOPE ...ttt ettt 1-1
1. 3—ARPPHCABIHY e -1
1.4 RATIONALE ......ooiiiiiiietee ettt sttt sne e e ]1-2
1.3 DOCUMENT STRUCTURE ......coooiiiiiiiiieeeeee et 5 b 1-2
1.6 CONVENTIONS AND DEFINITIONS .......ooiiiiiiiiieeeeeeieeeireeeee e 0 e 1-2
I.T REFERENCES ...t Y e 1-6
2 OYVERVIEW ...ttt b et et 2-1
2.1 CONCEPT OF TM SPACE DATA LINK PROTOCOL,... 0/ ceeeeeieeieeieeeen 2-1
2.2 OVERVIEW OF SERVICES ......ooiiiiie e 0 5ttt 2-4
2.3 OVERVIEW OF FUNCTIONS.......ooiiiiiiiiiniee S 2412
2.4 SERVICES ASSUMED FROM LOWER LAYERS "......coooiiiiiiiieeeeeeeeee 2414
3 SHRVICE DEFINITION.....cooiiiiiieeete e S et 3-1
3.1 OVERVIEW L. 50 ettt s 3-1
3.2 SOURCE DATA ..ottt ettt 3-1
3.3 VIRTUAL CHANNEL PACKET(VCP) SERVICE ......cccoceviiiiiieeeieeeieeeen 3-4
3.4 VIRTUAL CHANNEL ACCESS (VCA) SERVICE .......cccoviiiiiiieeeeeeeen 3-8
3.5 VIRTUAL CHANNEL FRAME SECONDARY HEADER (VC FSH)
SERVICE ... ettt ettt st 3412
3.6 VIRTUAL CHANNEL OPERATIONAL CONTROL FIELD (VC_OCF) SERVICE3-15
3.7 VIRTUAL CHANNEL FRAME (VCF) SERVICE ........ccoooiiiiieeieeeeeeeiee e 3418
3.8 MASTER CHANNEL FRAME SECONDARY HEADER (MC FSH)
SERVICE S ettt sttt ettt e e 321
3.9 MASTER CHANNEL OPERATIONAL CONTROL FIELD (MC_OCF)
SERVICE ...ttt ettt ettt et e saeeeas 324
3.10 MASTER CHANNEL FRAME (MCF) SERVICE..........cccccvviiiirieeeieeee e 327
4
4.1 PROTOCOL DATA UNIT ....ooiiiiieiee ettt esveeesveeeeeeeeaeessaeesveeennaee s 4-1
4.2 PROTOCOL PROCEDURES AT THE SENDING END........ccccceeevvrriirerrrenne. 4-15
4.3 PROTOCOL PROCEDURES AT THE RECEIVING END........cccccceevvvverrrennee. 4-22
CCSDS 132.0-B-2 Page vi September 2015

© 1SO 2016 — All rights reserved


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

ISO 22645:2016(E)
CCSDS RECOMMENDED STANDARD FOR TM SPACE DATA LINK PROTOCOL

CONTENTS (continued)
Section Page
5 MANAGED PARAMETERS WITHOUT SDLS OPTION.......cccceevierieeiieieeene 5-1
5.1 MANAGED PARAMETERS FOR A PHYSICAL CHANNEL .......c.ccccceeevvennnne 5-1
5.2 MANAGED PARAMETERS FOR A MASTER CHANNEL..........cccceeviriiiennnne 5-2
S3—MANAGED PARAMETERS FOR A NVIRTUAL CHANNEL .. 5-2
54 MANAGED PARAMETERS FOR PACKET TRANSFER........cccocoierep 40 .53
6 | PROTOCOL SPECIFICATION WITH SDLS OPTION......cccoovveee Sy i ... 6-1
6.1 OVERVIEW ....oooiiiiiiiiiiieeeeeeeeeeeeeeieseeseeeeeeseen b ) .. 6-1
6.2 USE OF SDLS PROTOCOL......ccceocvevieinienieienieneeneeesm b, ... 6-1
6.3 TM TRANSFER FRAME WITH SDLS ......cooiiiiiiii e N e .. 6-1
6.4 SENDING END PROTOCOL PROCEDURES WITHSDLS..........cccccuvnueeee. ... 6-4
6.5 RECEIVING END PROTOCOL PROCEDURES WITH SDLS...................... e 6-7
6.6 MANAGED PARAMETERS WITH SDLS ... .50 o, ... 6-9
AINNEX A ACRONYMS (INFORMATIVE) ittt AL
ANNEX B INFORMATIVE REFERENCES' (INFORMATIVE) .....cccoovveveiene. ...B-1
Figure
I-]  Bit Numbering COnVeNtION..5x. . .ceeiiieeriieeieeeiieeeriteeeieeesieeesseeesneeessseeennseesnnneenns v 155
2-1 Relationship With OST @VETS .......ceeiiuiiiriiieiiiieeeiie ettt e 2-1
2-2 Relationships Between Channels............cccoevcvieeeiieeniiieeniiecie e e 2-3
2-3  Asynchronous ServiCt MOdel.........cccvviiiiiiiiiiieiieeciieee e e 2-5
2-4 Synchronous SEryice MOdel ..........cooviiiiiiiiiiieeeiiecciee e e e 2-6
2-p Internal Organization of Protocol Entity (Sending End).........cccccevvviieviiiiiniennnnn. .2-13
2-¢ Internal Qrganization of Protocol Entity (Receiving End) ........ccccoevvvvveiiennennnneen. .2-13
2-f TM Space Data Link Protocol Channel Tree..........cccceevvieeniieiniiieeiieeiee e, .2-14
4-1 TM-Transfer Frame Structural COMpPONENtS.........ceevcvveerveeerieeeriieeiieeenieeeeee e . 4-2
4-2 Aransfer Frame Primary Header..........ccooouvveiiiiiiiiiiiieeeeee e v 4-2
4-3 ““Transfer Frame Data Field Status ...........cc.oovvuveevoiieeiiiiiiiiieeieeeeeeeeeeeeeeee . 4-5
4-4  Transfer Frame Secondary Header............cooovveeiiiiiiiieiie et 4-8
4-5 Logic Diagram of the ENCOdeT.........ccooviiiiiiiiiiiicce e 4-13
4-6 Logic Diagram of the Decoder.........cc.covvuiiiiiiiiiiiiieciee e 4-14
4-7 Internal Organization of Protocol Entity (Sending End)..........cccooevviiiviiiiniiiineee. 4-15
4-8 Abstract Model of Packet Processing FUNCtion...........cccceeviieeiieeeiieeccieecie e 4-16
4-9  Abstract Model of Virtual Channel Generation Function............ccccceeveiveenciieenieeenee. 4-18
4-10 Abstract Model of Virtual Channel Multiplexing Function ...........ccccoeeveeviveenneeennee. 4-19
4-11 Abstract Model of Master Channel Generation Function............cccccvevvieeniieencneeenne. 4-20
CCSDS 132.0-B-2 Page vii September 2015

© 1SO 2016 — All rights reserved


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

ISO 22645:2016(E)
CCSDS RECOMMENDED STANDARD FOR TM SPACE DATA LINK PROTOCOL

CONTENTS (continued)

Figure Page
4-12 Abstract Model of Master Channel Multiplexing Function.............cccecceevveeciiennennnen. 4-21
4-13 Abstract Model of All Frames Generation FUnction .............ccoeeeevveeiienieenieenneennen. 4-22
4-14 Internal Organization of Protocol Entity (Receiving End) ........ccccooovvvvieniiiiiennnnnnn. 4-22
4-15 Abstract Model of Packet Extraction FUNCtion...........ccccceecvveriieiiienieeiienieeeesie e 4-24
4-16 pbstractModel of Virtyal Channel Reception Funetion ———erreeeee425
4-17 Abstract Model of Virtual Channel Demultiplexing Function ............cccoecveeeveenineig 426
4-18 Abstract Model of Master Channel Reception Function ............cccocceeeevvenieecec i, 427
4-19 Abstract Model of Master Channel Demultiplexing Function ..................... {5y i, 428
4-20 Abstract Model of All Frames Reception Function...........ccccccveevveeneeeeeen ... 4428
6-1 Frame without SDLS Compared to Frame with SDLS..........c..cccoveeen 0 0-2
Table
2-1 $ummary of Services Provided by TM Space Data Link®retocol..............ccceevrennnnn. 2-7
2-2  $ummary of TM Services Supported by the Space Data:Link Security Protocol......... 2-8
5-1 Managed Parameters for a Physical Channel.............5 0o 3-1
5-2 Managed Parameters for a Master Channel .......0 e 5-2
5-3 Managed Parameters for a Virtual Channel.... 5. ....cooooiieiiiiiiniiiiiceeecece e 5-2
5-4 Managed Parameters for Packet Transfer . ouii ..o eciiiiieiieiccieccece e 3-3
6-1 Additional Managed Parameters for a Vistual Channel when

TM Space Data Link Protocol Suppoits SDLS ......ccoveiiiioiiieeeeeeeeeee e 6-9
CCSDS 132.0-B-2 Page viii September 2015

© 1SO 2016 — All rights reserved


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

ISO 22645:2016(E)
CCSDS RECOMMENDED STANDARD FOR TM SPACE DATA LINK PROTOCOL

1 INTRODUCTION
1.1 PURPOSE

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

1.2 SCOPE

This Recommended Standard defines the TM Space Data Link Protocol in terms of:
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.

It does not specify:

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 required to configure and control the protocol.

1.3 APPLICABILITY

THis Recommended Standard applies to the creation of Agency standards and to futuge data
communications over space links between CCSDS Agencies in cross-support situations. The
Rgcommended Standard includes comprehensive specification of the services and piotocol
for inter-Agency,cross support. It is neither a specification of, nor a design for, real systems
that may be implemented for existing or future missions.

THe Recommended Standard specified in this document is to be invoked through the formal
stqgndards-programs of each CCSDS Agency and is applicable to those missions for [which
crgss_support based on capabilities described in this Recommended Standard is anticjpated.
Where mandatory capabilities are clearly indicated in sections of the Recommended
Standard, they must be implemented when this document is used as a basis for cross support.
Where options are allowed or implied, implementation of these options is subject to specific
bilateral cross support agreements between the Agencies involved.

CCSDS 132.0-B-2 Page 1-1 September 2015
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1.4 RATIONALE

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

1.5 DOCUMENT STRUCTURE

This d

ocument 1s divided into six numbered sections and two annexes:

Section 1 presents the purpose, scope, applicability and rationaleryof t
Recommended Standard and lists the conventions, definitions, and referénces us
throughout the Recommended Standard.

Section 2 provides an overview of the TM Space Data Link Protocol.
Section 3 defines the services provided by the protocol entity.

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

Section 5 specifies the managed parameters used by the protocol entity.

Section 6 specifies the protocol entity with_support for the Space Data Link Secur
Protocol.

Annex A lists all acronyms used within'this document.

Annex B provides a list of informative references.

his
ed

tol

ity

1.6 CONVENTIONS AND.DEFINITIONS
1.6.1 | DEFINITIONS
1.6.1.1 Definitions from the Open Systems Interconnection (OSI) Basic Reference
Model

This Recommended Standard makes use of a number of terms defined in reference [1]. The
use off{those terms in this Recommended Standard is to be understood in a generic sense, ile.,
in the 'sehse-thatthoseterms—are svﬁvraﬂ_y appliuablu to any ofa vafiuty of tuuhﬁulugiuo that
provide for the exchange of information between real systems. Those terms are:

a) blocking;

b) connection;

c) Data Link Layer;

d) entity;
CCSDS 132.0-B-2 Page 1-2 September 2015
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e) flow control;
f) Network Layer;
g) peer entities;
h) Physical Layer;

1) protocol control information;

j)protocol data unit,

k) real system;

1) segmenting;

m) service;

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

p) service data unit.

1.6.1.2 Definitions from OSI Service Definitien ‘Conventions

This Recommended Standard makes use of @number of terms defined in reference [2]. The
usg of those terms in this Recommended Standard is to be understood in a generic senge, i.e.,
in |the sense that those terms are generally applicable to any of a variety of technologigs that
provide for the exchange of information between real systems. Those terms are:

=

a) confirmation;
b) indication;
C) primitive;
d) request;

e) response;

f)< service provider;

g) service user.

1.6.1.3 Terms Defined in This Recommended Standard

For the purposes of this Recommended Standard, the following definitions also apply. Many
other terms that pertain to specific items are defined in the appropriate sections.

aperiodic: not periodic (see below).

CCSDS 132.0-B-2 Page 1-3 September 2015
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asynchronous: not synchronous (see below).

delimited: having a known (and finite) length; applies to data in the context of data

handli

ng.

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.

perio(
interv

Physi

space
betwe

lic: of or pertaining to a sequence of events in which each event occurs at a fixed(tij
1l (within specified tolerance) after the previous event in the sequence.

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

link: a communications link between a spacecraft and its associated ground system,
en two spacecraft. A space link consists of one or more Physical,€hannels in one

both djirections.

synch
(withi

n specified tolerance) to another sequence of events. It should be noted tl

me

or
or

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

nat

‘syncHronous’ does not necessarily imply ‘periodic’ or ‘constant rate’.
(TM) | Transfer Frame: The protocol data unit of ‘the Telemetry (TM) Space Data Link
Protoqol.
1.6.2 | NOMENCLATURE
1.6.2.]1 Normative Text
The fpllowing conventions apply for the normative specifications in this Recommended
Standqrd:
a)| the words ‘shallyand ‘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.
NOTE - These conventions do not imply constraints on diction in text that is clearly

informative in nature.

1.6.2.2 Informative Text

In the normative sections of this document, informative text is set off from the normative
specifications either in notes or under one of the following subsection headings:
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Overview;

— Background;

Rationale;

— Discussion.

1.6.3 CONVENTIONS

In [this document, the following convention is used to identify each bit in an N-bit-field. The
firpt bit in the field to be transmitted (i.e., the most left justified when drawing.a figpre) is
defined to be ‘Bit 0’; the following bit is defined to be ‘Bit 1’ and so on up'to ‘Bit| N—1".
When the field is used to express a binary value (such as a counter), the Most Significgnt 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

A

FIRST BIT TRANSMITTED = MSB

Figure 1-1: Bit Numbering Convention

Inaccordance with standard data-communications practice, data fields are often groupg¢d into
eight-bit ‘words’ which conform to the dbove convention. Throughout this Recommnjended
Standard, 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°.
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2 OVERVIEW

2.1 CONCEPT OF TM SPACE DATA LINK PROTOCOL

2.1.1 ARCHITECTURE

The TM 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

over space-to-ground or space-to-space communications links (hereafter called space(tinks).

Figure 2-1 illustrates the relationship of this protocol to the Open Systems Interconnection
(OSI) reference model (reference [1]). Two sublayers of the Data Link Layerare defined for
C(SDS space link protocols as shown in reference [B2]. The TM Space Data Link Protocol
cofresponds to the Logical Link Sublayer, and provides functions of transferring varioys data
us|ng a fixed-length protocol data unit called the Transfer Frame.“The optional Spac¢ Data
Link Security Protocol (reference [10]) is provided within the Data Link Protocol Sublayer,
as|illustrated below. The Synchronization and Channel Ceding Sublayer provides| some
additional functions necessary for transferring Transfer Brames over a space link. |These
functions are delimiting/synchronizing Transfer Framigs, error-correction coding/de¢oding
(optional), and bit transition generation/removal (optional). For the Synchronizatign and
Channel Coding Sublayer, the set of TM:(Synchronization and Channel (oding
Rdcommended Standards (references [3], [4], and [S]) must be used with the TM Spacg Data
Link Protocol. How the TM Space Data Link Protocol is used in overall space data systems
is phown in references [B2], [B3], and [B4].

OSI LAYERS CCSDS LAYERS CCSDS
e PROTOCOLS
i NETWORKAND~F* i NETWORKAND
UPPER LAYERS | UPPER LAYERS
TM SPACE DATA LINK
DATA LINK PROTOCOL
PROTOCOL &
SUBLAYER SPACE DATA LINK
DATA LINK LAYER SECURITY PROTOCOL
SYNCHRONIZATION TM SYNCHRONIZATION
AND CHANNEL AND
CODING SUBLAYER CHANNEL CODING

. PHYSICALLAYER | | PHYSICAL LAYER

Figure 2-1: Relationship with OSI Layers
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PROTOCOL FEATURES

2.1.2.1 Transfer Frames and Virtual Channels

The TM Space Data Link Protocol provides the users with several services to transfer service
data units over a space link. To facilitate simple, reliable, and robust synchronization
procedures, fixed-length protocol data units are used to transfer data through the weak-signal,
noisy space links: their length is established for a particular Physical Channel (a single stream

of bits

transferred over a space link in a single direction) during a particular Mission Phase
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ement. These protocol data units are known as TM Transfer Frames (unless othe
the terms ‘Transfer Frame’ and ‘Frame’ in this document refer to the TM-T¥rans
Each Transfer Frame contains a header which provides protocol control informati
ixed-length data field within which higher-layer service data units are carried:

feature of the TM Space Data Link Protocol is the concept of “Virtual Channels’ (V¢
firtual Channel facility allows one Physical Channel to be shaped among multij
Flayer data streams, each of which may have different servicerequirements. A sin
al Channel may therefore be divided into several separatédogical data channels, ea
) as a ‘Virtual Channel’. Each Transfer Frame transferred over a Physical Chani
s to one of the Virtual Channels of the Physical Chansel.

Optional Space Data Link Security Protocol

ata Link Protocol Sublayer includes the\Space Data Link Security (SDLS) Proto
ed in reference [10]. The SDLS protecol can provide security, such as authenticati
nfidentiality, for TM Transfer Frames. Support for the SDLS protocol is an optioj
p of the TM Space Data Link Protocol.

this Recommendéd, Standard that apply to a TM Space Data Link Protocol tl
does not supportithe SDLS protocol.

pcurity provided-by the SDLS protocol can vary between Virtual Channels. So,
le, there cafibe some Virtual Channels with security and some without. The type
y can vary, from one Virtual Channel to another.
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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
the concatenation of an MCID and a VCID is called a Global Virtual Channel Identifier
(GVCID). Therefore,

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

Each Virtual Channel in a Physical Channel is identified by a GVCID. Therefore, a Virtual
Channel consists of Transfer Frames with 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 Channel may carry Transfer
Frames with multiple MCIDs (with the same TFVN). In such a case, the Physical(€hannel
copsists of multiple Master Channels. A Physical Channel is identified withCa Plysical
Channel Name, which is set by management and not included in the header'of Tiansfer
Frames.

THe relationships between these Channels are shown in figure 2-2.

Virtual Channel:
Identified by GVCID

Master Channel:
Identified by MCID

Physical Channel:
Identified by Physical
Channel Name

Figure 2-2:_Relationships Between Channels

2.14 PROTOCOL DESCRIPTION

THe TM Space Data-Link Protocol is described in terms of:
a) the services provided to the users;
b) thejprotocol data units; and

c)“the procedures performed by the protocol.

The service definitions are given 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. The definitions of primitives are independent of specific implementation
approaches.

The procedure specifications define the procedures performed by protocol entities for the
transfer of information between peer entities. The definitions of procedures are independent
of specific implementation methods or technologies.
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This protocol specification also specifies the requirements for the underlying services
provided by the Channel Coding Sublayer and the Physical Layer.

2.2 OVERVIEW OF SERVICES

221

COMMON FEATURES OF SERVICES

The TM Space Data Link Protocol provides users with data transfer services. The point at

which
(SAP)

(see reference [1]). Each service user is identified by a SAP address.

a service 1s provided by a protocol entity to a user is called a Service Access Pojint

Servige data units submitted to a SAP are processed in the order of submiSsion. No

proces

NOTE

The f
Stand4

d)

NOTE

sing order is maintained for service data units submitted to different SAPS.

— Implementations may be required to perform flow control at-a’ SAP between {

recommendations for a scheme for flow control between the user and f{
provider.

bllowings are features common to all the serviees;'defined by this Recommend
rd:

data through the space link, while the other’end can receive, but not send;

unconfirmed services: the sending~user does not receive confirmation from f{
receiving end that data has beenreéeived;

incomplete services: the services do not guarantee completeness, but some servi
may signal gaps in the sequence of service data units delivered to the receiving user

sequence-preservingservices: the sequence of service data units supplied by {
sending user is preserved through the transfer over the space link, although there n]
be gaps and~duplications in the sequence of service data units delivered to {
receiving user.

— Fhis’Recommended Standard assumes that these services are provided at the ¢
points of a space link. However, this Recommended Standard makes

he

service user and the service provider. However, CCSDS does not make qny

he

ed

unidirectional (one way) services: one endof a connection can send, but not receiye,

he

€S

he

ay
he

nd
no

assumptions concerning how these end points are composed or configured either

on-board a spacecraft or in a ground system. In a ground system, the services
defined by this Recommended Standard may be extended or enhanced with Space

Link Extension Services (reference [B5]).
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2.2.2 SERVICE TYPES
2.2.2.1 Overview

The TM Space Data Link Protocol provides three service types (asynchronous, synchronous,
and periodic) that determine how service data units supplied by the user are transferred in
protocol data units over a space link.

The models shown below are intended only to illustrate the characteristics of services. They
ar¢ not intended to guide or restrict design of on-board or ground systems.

2.2.2.2 Asynchronous Service

In Jasynchronous service, there are no timing relationships between the ttansfer of servige data
unjfits supplied by the service user and the transmission of Transfer-Frames generated [y the
sefvice provider. The user may request data transfer at any time.it\desires, but there may be
regtrictions imposed by the service provider on the data generation rate. In this dervice
(figure 2-3), each service data unit from a sending user is_placed in a queue, the cont¢nts of
which are sent to a receiving user in the order in which they were presented. Although
transmission errors may prevent delivery of some data-units, the service provider attempts to
transfer all data units provided by the user exactly once. The timing of data trangfer is
determined by the provider in accordance with mission-specific rules, and may depend |on the
traffic at the time of transfer. The key feature' of this service is that all of the servide data
unifits from the sending user are transferred, and transferred only once.

Sending Receiving
User User
— )
— i '
= | Provider '

|
'

. Transfer from sending end to

receiving end

Figure 2=3Asyrnchronous Service viodet

2.2.2.3 Synchronous Service

In synchronous service, the transfer of service data units is synchronized with the release of
either (1) Transfer Frames of a Virtual Channel, (2) Transfer Frames of a Master Channel, or
(3) all Transfer Frames of a Physical Channel. The transfer timing may be periodic or
aperiodic.
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In this service (figure 2-4), each service data unit from a sending user is placed in a buffer
that can hold only one service data unit; the content of the buffer is sent to a receiving user at
the time when a Transfer Frame is transmitted. The transmission timing of Transfer Frames
is determined by the service provider according to mission-specific rules (usually known to
the user). The key feature of this service, which is essentially time-division multiplexing, is
that the timing of data transfer is driven by the transfer mechanism, not by individual service
requests from the user. Thus a particular service data unit from a user might be sent once,
several times (if the ‘new’ value is not placed in the buffer soon enough), or not at all (if one

1 : 1 1.1 I 1o ol 41 . A | I EBVAN
valuce s ILPIaLUU Uy d SULUIIU ULIUTU UIU SULIVILL PIUVIULL LAl SUITU 1),

Sending Receiving
User User

Y

Buffer

Provider

Buffer content is transferred
once per Transfer Frame

Transfer from buffer at sending end

to receiving end

Figure 2-4: Synchronous Service Model

2.2.2.4 Periodic Service

Periodic service is a special_ case of synchronous service in which service data units are
transfg¢rred at a constant rate.” Periodic transfer from service interface to service interfacq is
provided with a specified’ maximum delay and a specified maximum jitter at the service
interfdce. There aredhree cases in which a synchronous service is periodic:

a)| if the service is associated with a Virtual Channel (or a Master Channel), and that
Virtuals(or Master) Channel produces Transfer Frames at a constant rate, then the
sefvice is periodic;

b) Tif the service is associated with a Master Channel and there is only one Master
Channel in the Physical Channel, then the service is periodic.

For periodic services, all service data units are sent only once if the user supplies service data
units at the same rate as the rate at which the service provider transfers them.
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2.2.3 SUMMARY OF SERVICES

2.2.3.1 General

Eight services are provided by the TM Space Data Link Protocol.
Channel Packet, Virtual Channel Access, Virtual Channel Frame Secondary Header, Virtual
Channel Operational Control Field, and Virtual Channel Frame) are provided for a Virtual

Channel.

Five of them (Virtual

Three of them (Master Channel Frame Secondary Header, Master Channel

Onperational Control Field, and Master Channel Frame) are provided for a Master Channel.

Table 2-1 summarizes these services and shows their characteristics and the Servic¢ Data

Units (SDUs) that they transfer.

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

Service Service Type Service Data SAP Address
Unit
Virtual Channel Packet (VCP) Asynchronous Packet GVCID + Packet
Version Numbef
Virtual Channel Access (VCA) Asynchronous_er VCA_SDU GVCID
Periodic
Virtual Channel Frame Synchronous or FSH_SDU GVCID
Secondary Header (VC_FSH) Periodic
Virtual Channel Operational Synchronous or OCF_SDU GVCID
Control Field (VC_OCF) Periodic
Virtual Channel Frame! (VCF) Asynchronous or Transfer Frame | GVCID
Periodic
Master Channel-Frame Synchronous or FSH_SDU MCID
Secondary-Header (MC_FSH) Periodic
Master Channel Operational Synchronous or OCF_SDU MCID
Control Field (MC_OCF) Periodic
Master Channel Frame (MCF) Asynchronous or Transfer Frame | MCID
Periodic
"In this document, the term ‘Packet Service’ is used as an abbreviation for Virtual Channel Packet (VCP)
Service.
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The optional SDLS protocol can provide security features for the SDUs transferred by the

services:

The available level of security features varies between the services. Table 2-2 shows the
security features available for an SDU of each service when the two features are applied

encryption, to provide confidentiality by hiding data content;

authentication, to confirm the source and integrity of the data.

singly[ortogether.
Tabje 2-2: Summary of TM Services Supported by the Space Data Link Sécurity
Protocol
SDLS
Only SDLS Only SDLS Authenticated
™ Authentication Encryption Encryption
Service Applied Applied Applied
Virtual Channel SDU Protected SDU Protected SDU Protected
Packet (VCP)
Virtual Channel SDU Protected SDU Protected SDU Protected
Access (VCA)
Virtual Channel SDU Protected SPU Not protected | SDU Authenticated
Frame Secondary only
Header (VC_FSH)
Virtual Channel SDU Not protected | SDU Not protected | SDU Not protected
Operational Control
Field (VC_OCF)
Virtual Channel SPUNot protected | SDU Not protected | SDU Not protected
Frame (VCF)
Master Channel SDU Not protected | SDU Not protected | SDU Not protected
Frame Secondary
Header (ME “\ESH)
Master-Channel SDU Not protected | SDU Not protected | SDU Not protected
Opetrational Control
Field (MC_OCF)
Master Channel SDU Not protected | SDU Not protected | SDU Not protected
Frame (MCF)
2.2.3.2 Virtual Channel Packet (VCP) Service

The Virtual Channel Packet (VCP) Service transfers a sequence of variable-length, delimited,
octet-aligned service data units known as Packets across a space link. The Packets transferred
by this service must have a Packet Version Number (PVN) authorized by CCSDS. Packet

CCSDS 132.0-B-2
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Version Numbers presently authorized by CCSDS are defined in reference [6]. The service is
unidirectional, asynchronous and sequence-preserving. It does not guarantee completeness,
nor does it signal gaps in the sequence of service data units delivered to a receiving user.

A user of this service is a protocol entity that sends or receives Packets with a single PVN. A
user is identified with the 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 transterred onthat Virtual Channel

2.2.3.3 Virtual Channel Access (VCA) Service

The Virtual Channel Access (VCA) Service provides transfer of a sequence of prijvately
formatted service data units of fixed length, along with status fields, aeross a space link. The
sefvice is unidirectional, either asynchronous or periodic, and séquence-preserving| The
sefvice does not guarantee completeness but may signal gaps in the sequence of servige data
unjits delivered to the receiving user.

For a given service instance, only one user, identified*with the GVCID of the Virtual
Channel, can use this service on a Virtual Channel. «Sérvice data units from different users
ar¢ not multiplexed together within one Virtual Chatinel.

2.2.3.4 Virtual Channel Frame Secondary Header (VC_FSH) Service

THe Virtual Channel Frame Secondary Header (VC FSH) Service provides synchtonous
transfer of fixed-length data units dnythe Transfer Frame Secondary Header (FSH) of Transfer
Frames of a Virtual Channel. The service is unidirectional and sequence-preserving. The
transfer is synchronized with-the release of Transfer Frames of a Virtual Channel] The
sefvice does not guarantee completeness but may signal gaps in the sequence of servige data
unjits delivered to the réceiving user.

For a given serviCe 1hstance only one user, identified with the GVCID of the Virtual CHannel,
can use this setvice on a Virtual Channel. Service data units from different users gre not
multiplexed together within one Virtual Channel.

2.2.35 Virtual Channel Operational Control Field (VC OCF) Service

The Virtual Channel Operational Control Field (VC OCF) Service provides synchronous
transfer of fixed-length data units, each consisting of four octets, in the Operational Control
Field (OCF) of Transfer Frames of a Virtual Channel. The service is unidirectional and
sequence-preserving. The transfer is synchronized with the release of Transfer Frames of a
Virtual Channel. The service does not guarantee completeness, but it may signal gaps in the
sequence of service data units delivered to the receiving user.
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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.

2.2.3.6 Virtual Channel Frame (VCF) Service

The Virtual Channel Frame (VCF) Service provides transfer of a sequence of fixed-length
TM Transfer Frames of a Virtual Channel, created by an independent protocol entity, across a
space |link. The service is unidirectional, either asynchronous or periodic, and sequenge-
preserping. The service does not guarantee completeness, but it may signal gaps-in the
sequence of service data units delivered to the receiving user.

For a given service instance only one user, identified with the GVCID of the Mirtual Channel,
can uge this service on a Virtual Channel. Service data units from different users are fot
multiglexed together within one Virtual Channel.

The Vjirtual Channel Frame Service transfers the independently eteated TM Transfer Franjes
through a space link, together with TM Transfer Frames created.by the service provider itsglf.
This sprvice is made available to trusted users who are certified during the design process|to
ensurq that the independently created protocol data umits do not violate the operatiopal
integrity of the space link. Necessarily, the independent“Transfer Frames must have the same
length|as those generated by the service provider.

2.2.3.1 Master Channel Frame Secondary-Header (MC_FSH) Service

The Mlaster Channel Frame Secondary Header (MC FSH) Service provides synchrongus
transf¢r of fixed-length data units in the Transfer Frame Secondary Header (FSH) of Transfer
Framgs of a Master Channel. (Fhe service is unidirectional and sequence-preserving. The
transfgr is synchronized with _the release of Transfer Frames of a Master Channel. The
servicg does not guarantee.completeness, but may signal gaps in the sequence of service data
units delivered to a receiving user.

Only ¢ne user candise this service on a Master Channel, and the user is identified with the
MCID of the Master Channel. Service data units from different users are not multiplexed
together within one Master Channel.

2.2.3.8 Master Channel Operational Control Field (MC_OCF) Service

The Master Channel Operational Control Field (MC_OCF) Service provides synchronous
transfer of fixed-length data units, each consisting of four octets, in the Operational Control
Field (OCF) of Transfer Frames of a Master Channel. The service is unidirectional and
sequence-preserving. The transfer is synchronized with the release of Transfer Frames of a
Master Channel. The service does not guarantee completeness, but may signal gaps in the
sequence of service data units delivered to a receiving user.
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Only one user can use this service on a Master Channel, and the user is identified with the
MCID of the Master Channel. Service data units from different users are not multiplexed
together within one Master Channel.

2.2.3.9 Master Channel Frame (MCF) Service

The Master Channel Frame (MCF) Service provides transfer of a sequence of fixed-length
TM Transfer Frames of a Master Channel, created by an independent protocol entity, across a
sppce link. The service is unidirectional, either asynchronous or periodic, and seqpence-
pre¢serving. The service does not guarantee completeness, but it may signal gaps [in the
sequence of service data units delivered to a receiving user.

Only one user can use this service on a Master Channel, and the user igidentified wjth the
M(CID of the Master Channel. Service data units from different users ‘are not multiplexed
together within one Master Channel.

THe Master Channel Frame Service transfers the independently created TM Transfer Hrames
thtough the space link, together with TM Transfer Frames _created by the service provider
itsplf. This service is made available to trusted usersswho are certified during the fesign
process to ensure that the independently created protocol data units do not violdte the
opgrational integrity of the space link. Necessarilyy’the independent Transfer Frame$ must
hapye the same length as those generated by the service provider.

2.2.4 RESTRICTIONS ON SERVICES

There are some restrictions on the(services provided on a Physical Channel:

a) if the Master ChannelkErame Service exists on a Master Channel, other servicep shall
not exist simultaneously on that Master Channel;

b) on one Master-Channel, the Virtual Channel Frame Secondary Header Servic¢ shall
not exist sitltaneously with the Master Channel Frame Secondary Header Seryice;

c) on one Master Channel, the Virtual Channel Operational Control Field Servicg shall
notéexist simultaneously with the Master Channel Operational Control Field Service;

d)< if the Virtual Channel Frame Service exists on a Virtual Channel, other services shall
not exist simultaneously on that Virtual Channel,

e) on one Virtual Channel, the Virtual Channel Packet (VCP) Service shall not exist
simultaneously with the Virtual Channel Access Service.
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2.3 OVERVIEW OF FUNCTIONS

231

GENERAL FUNCTIONS

The TM Space Data Link Protocol transfers various service data units supplied by sending
users encapsulated in a sequence of protocol data units using services of lower layers. The
protocol data units, known as TM Transfer Frames, have a fixed length and must be
transferred over a Physical Channel at a constant rate.

The pi
a)

b)

c)

d)

If the

to apply the configured security features.

The p1
a)
b)
c)
d)

2.3.2
Figurg

receiv
top in

otocol entity performs the following protocol functions:

generation and processing of protocol control information (i.e., headers and) traile
to perform data identification, loss detection, and error detection;

segmenting and blocking of service data units to transfer variable-length service d
units in fixed-length protocol data units;

multiplexing/demultiplexing and commutation/decommutation in order for varig
service users to share a single Physical Channel;

generation and removal of idle data to transfer protocokdata units at a constant rate.

protocol entity supports the optional SDLS protocol, then it uses the functions of SD

otocol entity does not perform the following protocol functions:
connection establishment and release;
flow control;
retransmission of protocel‘data units;

management or configtiration of the SDLS protocol.

INTERNAL-ORGANIZATION OF PROTOCOL ENTITY

ng ends, respectively. Data flow from top to bottom in figure 2-5, and from bottom
figure 2-6. These figures identify data-handling functions performed by the proto

I's)

hta

us

s 2-5 and,2-6 show the internal organization of the protocol entity of the sending and

to
tol

entity

and shiow togicat Tetationships among these functions. 1 1¢ 11gures are not imtended

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.
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Packet VC Access VC FSH VC _OCF

Service Service Service Service

| VC Frame
Packet Service

Processing MC_FSH
| Service
Virtual Channel Generation MC—QCF
| Service
MEFrame—
Virtual Channel Multiplexing Service
I

Master Channel Generation

Master Channel Multiplexing

All Frames Generation

Figure 2-5: Internal Organization of Protacol Entity (Sending End)

Packet VC Access VC _FSH VC OCF

Service Service Service Service
| VC Frame
Packet Service
Extraction MC_FSH
| Service
Virtual Channel Reception MC—O,CF
Service
| MC Frame
Virtual Channel Demultiplexing Service
I

Master Channel Reception

Master Channel Demultiplexing
|

All Frames Reception

Figure 2-6: Internal Organization of Protocol Entity (Receiving End)

By extracting multiplexing/demultiplexing and commutation/decommutation functions from
figures 2-5 and 2-6, the relationship among various data units can be shown as figure 2-7,
which is known as the Channel Tree of the TM Space Data Link Protocol.
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In figure 2-7, multiplexing (shown with a triangle) is a function of mixing, according to an
algorithm established by the project, multiple streams of data units, each with a different
identifier, to generate a single stream of data units. Commutation (shown with a box) is a
function of concatenating, according to the formatting rule specified by the protocol
definition, multiple data units, each from a different service, in a single protocol data unit
sharing the same identifier.

Packet VC Access
Service Service VC_FSH VC_OCF

| | o€ervice o€ervice

Packet  VCA_SDU FSH_SDU OCF_SDU  VC Frame

| 1 | Service

MC FSH ME& OCF
Service Service

VC Flrame I |
|
VCID~"FSH SDU OCF_SDU . MC Frame
| T 1 | Service
MC Flrame
MCI

All Frlames

Key
Gommutator/ Multiplexer/
Decommutator Demultiplexer

Figure 2-7: TM Space Data Link Protocol Channel Tree

2.4 BERWVICES ASSUMED FROM LOWER LAYERS

241 SED\/ICES ACCIIMED EFRPONM TH
. . VTV VT UL.U 7T'\WJ | =14 | N TV LI

A AR A T v T

CODING SUBLAYER

mn
dn
K

As described in 2.1.1, the set of TM Synchronization and Channel Coding Recommended
Standards (references [3], [4], and [5]) must be used with the TM Space Data Link Protocol as
the Synchronization and Channel Coding Sublayer specification. The functions provided by
the TM Synchronization and Channel Coding Recommended Standard are as follows:

a) error control encoding and decoding functions (optional);
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b) bit transition generation and removal functions (optional);

c¢) delimiting and synchronizing functions.

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

2.47 PERFORMANCE REQUIREMENTS TO COWER CAYERS

The coding options of the TM Channel Coding and Synchronization Recommended Standard
anf the performance of the RF link provided by the Physical Layer shall be chosen accprding
to the following criteria:

a) the probability of misidentifying the MCID and VCID shall (be less than a mission-
specified value;

b) the probability of not correctly extracting Packets from” Transfer Frames usipg the
First Header Pointer and the Packet Length Field shall be less than a mission-
specified value.

In|order to assure correct decoding at the receiving’ end, the same coding options mjust be
applied to all Transfer Frames of a Physical Channel.
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3 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. The definitions of primitives are independent of specific
implementation approaches.

The parameters of the primitives are specified in an abstract sense and spécify the
information to be made available to the user of the primitives. The way in whichya specific
implementation makes this information available is not constrained by this specificatipn. In
addition to the parameters specified in this section, an implementation may providg other
parameters to the service user (e.g., parameters for controlling the~service, monjtoring
performance, facilitating diagnosis, and so on).

3.2 SOURCE DATA
3.2.1 SOURCE DATA OVERVIEW

NOQTE — This subsection describes the service ddta units that are transferred from s¢nding
users to receiving users by the TM Space Data Link Protocol.

The service data units transferred by the TM-Space Data Link Protocol are as follows:
a) Packet;

b) Virtual Channel Access Service Data Unit (VCA_SDU);

c) Frame Secondary Header Service Data Unit (FSH_SDU);

d) Operational Control Field Service Data Unit (OCF_SDU);

e) TM Transfer)Frame.

3.2.2 PACKET

3.2.2.1. " Packets shall be transferred over a space link via the Virtual Channel Packet [VCP)

S 1o
CIrvIcos

3.2.2.2 The Packets transferred by this service must have a Packet Version Number (PVN)
authorized by CCSDS. Further, each Packet transferred must conform to the corresponding
packet format specified by reference [6].

3.2.2.3 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.
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NOTES

1

3.2.3

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

protocol data unit of a Network Layer protocol.

PVNs presently authorized by CCSDS are defined in reference [6].

VIRTUAL CHANNEL ACCESS SERVICE DATA UNIT (VCA_SDU)

VCA |

NOTE

3.24

3.24.1

a spad
frame
Chann

3.24.2

Maste
sendin
Such s

NOTE

SDUs shall be transferred over a space link with the Virtual Channel Access Service

aligned data units, the format of which is unknown to the service provider. Th|
length is established by management.

FRAME SECONDARY HEADER SERVICE DATA UNIT (FSH_SDU)

Frame Secondary Header Service Data Units (FSH <SDUs) shall be transferred oy
e link with the VC_FSH or MC_FSH Service. Data units may be carried in ev{
of a Virtual Channel, using the VC FSH Service, or, in every frame of a Mas|
el, using the MC_FSH Service.

Although the transfer of FSH_SDUs_is“Synchronized with the Virtual Channel
 Channel that will provide the transfer service, the creation of FSH SDUs by f
g user may or may not be synchronized with the Virtual Channel or Master Chann
ynchronization, if required for tithing or other purposes, is a mission-design issue.

— Frame Secondary Header Service Data Units (FSH_SDUs) are fixed-length d
units carried in the-Transfer Frame Secondary Header (FSH), defined in 4.1
from a sending-end to a receiving end. Their length may be of any constant val

within theDassociated Master or Virtual Channel, and is established
management. Except for the Frame Secondary Header Identification Field defin
in 4.1.3.2, CCSDS specifies no format or semantics for the content of
ESH SDU.

— Virtual Channel Access Service Data Units (VCA_SDUSs) are fixed-leagth, octet-

c1r

rer
29%
ter

or
he

hta
3,
ue

which is an.jntegral number of octets, between 2 octets and 64 octets. It is stdtic

by
ed
an

3.2.5

OPERATIONAL CONTROL FIELD SERVICE DATA UNIT (OCF_SDU)

3.25.1 Operational Control Field Service Data Units (OCF_SDUs) shall be transferred
over a space link with the VC_OCF or MC_OCEF Service. Data units may be carried in every
frame of a Virtual Channel, using the VC OCF Service, or, in every frame of a Master
Channel, using the MC_OCF Service.

CCSDS 132.0-B-2 Page 3-2 September 2015
© 1SO 2016 — All rights reserved


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

ISO 22645:2016(E)
CCSDS RECOMMENDED STANDARD FOR TM SPACE DATA LINK PROTOCOL

3.2.5.2 Although the transfer of OCF_SDUs is synchronized with the Virtual Channel or
Master Channel that shall provide the transfer service, the creation of OCF_SDUs by the
sending user may or may not be synchronized with the Virtual Channel or Master Channel.
Such synchronization, if required for timing or other purposes, is a mission-design issue.

NOTE - Operational Control Field Service Data Units (OCF_SDUs) are fixed-length data
units, each consisting of four octets, carried in the Operational Control Field
(OCF), defined in 4.1.5, from a sending end to a receiving end. As defined in

415 CCSDS cneectfies the nee of the firat hit afthic fiald t0 indicate tho t e Of
115 CCSDS specifies the useof the first bit of this field to-indicate the typ

data carried.

3.2.6 TM TRANSFER FRAME

Transfer Frames transferred by the Virtual Channel Frame and Master Channel [Frame
Services shall be partially formatted TM Transfer Frames, and. the following restrictions

apply:

a) the Master Channel Frame Count Field of the Transfer Frames submitted [to the
Virtual Channel Frame Service shall be empty;

b) if the MC FSH Service exists on a Master,Channel, the Transfer Frame Sec¢ndary
Header and the Transfer Frame Secondary Header Flag of the Transfer Hrames
submitted to the Virtual Channel FrametService on the same Master Channel shall be
empty;

c) if the MC_OCF Service existsion a Master Channel, the Operational Contro] Field
and the Operational Control-Field Flag of the Transfer Frames submitted [to the
Virtual Channel Frame Service on the same Master Channel shall be empty;

d) the Frame Error Control Field of the Transfer Frames submitted to the Master or
Virtual Channel Erame Service shall be empty, if it is present on the Physical
Channel.

NOQTE — ThedM Transfer Frame is the fixed-length protocol data unit of the TM|Space
Data Link Protocol, but also can be used as the service data units of the Virtual
Channel Frame and Master Channel Frame Services. Its format is defined|in 4.1
and 6.3 of this Recommended Standard. The length of any Transfer [Frame
transferred on a Physical Channel must be the same, and is established by

llldlldgClllCll‘l.
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3.3 VIRTUAL CHANNEL PACKET (VCP) SERVICE

33.1

OVERVIEW OF VCP SERVICE

The Virtual Channel Packet (VCP) Service transfers a sequence of variable-length, delimited,
octet-aligned service data units known as Packets across a space link. The Packets
transferred by this service must have a Packet Version Number (PVN) authorized by CCSDS.
Packet Version Numbers presently authorized by CCSDS are defined in reference [6]. The

receiv

A usel
user i
versio
Chann
strean]

3.3.2

3.3.2.1

The p
contai

3.3.2.2

The P

NOTE

3.3.2.3

The Q

teness, nor does it signal gaps in the sequence of service data units delivered s
ng user.

of this service is a protocol entity that sends or receives Packets with a single PVN.

hs) can share a single Virtual Channel, and if there are multiple~usérs on a Virty
el, the service provider multiplexes Packets of different versions to form a sing
of Packets to be transferred on that Virtual Channel.
VCP SERVICE PARAMETERS
General
arameters used by the VCP Service primitives shall conform to the specificatid
hed in 3.3.2.2 through 3.3.2.6.
Packet
cket parameter shall containia Packet for transfer by the VCP Service.
— The Packet parameter is the service data unit transferred by the VCP Servi
Restrictions.6mthe Packets transferred by the VCP Service are stated in 3.2.2.
GVCID

VCID~parameter shall contain a GVCID that indicates the Virtual Channel throu

identified with the PVN and a GVCID. Different users (i.e., Packets with differ¢

ns

CJ
o

which

the, Packet is to be transferred.

NOTE - The GVCID parameter is part of the SAP address of the VCP Service.

3.3.2.4 Packet Version Number

NOTE - The Packet Version Number parameter is part of the SAP address of the VCP
Service and identifies the protocol entity of the upper layer that uses the VCP

Service.
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3.3.2.5 Packet Quality Indicator

3.3.2.5.1 The Packet Quality Indicator is an optional parameter that may be used to notify
the user at the receiving end of the VCP Service whether the Packet delivered by the
primitive is complete or partial.

3.3.2.5.2 This parameter shall be used when the service provider is required to deliver
incomplete Packets to the user at the receiving end.

3.3.2.6 Verification Status Code

3.3.2.6.1 The Verification Status Code is an optional parameter that may. be used|if the
sefvice provider supports the optional SDLS protocol.

3.3.2.6.2 The parameter shall be used to notify the user at the geceiving end of th¢ VCP
Sefrvice of a verification failure in a transfer frame addressed to the Virtual Channel.

3.3.2.6.3 A non-zero value shall indicate that the SDLS ptotocol has detected an errpr; the
vajues taken by this parameter are defined in reference [104.

3.3.2.6.4 Data from the failed transfer frame shall not be delivered to the service user.

3.3.3 VCP SERVICE PRIMITIVES
3.3.3.1 General

The service primitives associated with the VCP Service are:
a) VCP.request;
b) VCP.indication!
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3.3.3.2 VCP.request

3.3.3.2.1 Function

At the sending end, the VCP Service user shall pass a VCP.request primitive to the service
provider to request that a Packet be transferred to the user at the receiving end through the
specified Virtual Channel.

NOTE — The VCP.request primitive is the service request primitive for the VCP Service

3.3.3.7

The V|

3.3.3.7

The V]

Packet.

3.3.3.7

.2 Semantics
CP.request primitive shall provide parameters as follows:
VCP.request (Packet,
GVCID,

Packet Version Number)

.3 When Generated

CP.request primitive shall be passed to the service provider to request it to send f

.4 Effect On Receipt

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

3.3.3.7

The
specif]

.5 Additional Comments

(CP.request primitive shall be used to transfer Packets across the space link on f{
ed Virtual Channel.

he

he
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3.3.3.3 VCP.indication
3.3.3.3.1 Function

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

NOTE — The VCP.indication primitive is the service indication primitive for the VCP
Service.

3.3.3.3.2 Semantics
The VCP.indication primitive shall provide parameters as follows:

VCP.indication (Packet,
GVCID,
Packet Version Number,
Packet Quality Indicator (optional),
Verification Status Code (optional))

3.3.3.3.3 When Generated

The VCP.indication primitive shall be passed“from the service provider to the VCP Service
user at the receiving end to deliver a Packet.

3.3.3.3.4 Effect On Receipt

THhe effect of receipt of the VEP.indication primitive by the VCP Service user is undefined.

3.3.3.3.5 AdditionalFComments

THe VCP.indieation primitive shall be used to deliver Packets to the VCP Servicge user
id¢ntified byythe GVCID and Packet Version Number. Incomplete Packets may be delivered
(optional).
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3.4 VIRTUAL CHANNEL ACCESS (VCA) SERVICE

34.1

OVERVIEW OF VCA SERVICE

The Virtual Channel Access (VCA) Service provides transfer of a sequence of privately
formatted service data units of fixed length, along with status fields, across a space link. The
service is unidirectional, either asynchronous or periodic, and sequence-preserving. The
service does not guarantee completeness, but it may signal gaps in the sequence of service

data u

nits delivered to the receiving user

Only

Virtugl Channel. Service data units from different users are not multiplexed together wit

one V

3.4.2

34.2.1

The p
contai

3.4.2.2

NOTE

3.4.2.3

The P
inforn
field i

NOTE

rtual Channel.

VCA SERVICE PARAMETERS
General

arameters used by the VCA Service primitives shallconform to the specificatid

hed in 3.4.2.2 through 3.4.2.6.

VCA_SDU

— The VCA_SDU parameter is the service data unit transferred by the V(
Service. Restrictions on thesMCA SDUs transferred by the VCA Service
stated in 3.2.3.

VCA Status Fields

acket Order Flag(1-bit) and Segment Length ID (2 bits) may be used to cony
jation on the validity, sequence, or other status of the VCA SDUs. Provision of t
b mandatory;-semantics are user-optional.

ne user, identified with the GVCID of the Virtual Channel, can use this service OE a

n

ns

e

— The VCA Status Fields parameter consists of the Transfer Frame First Hea
Pointer Field and three other bits of the Transfer Frame Status Field: the Pac

Order Flag (1 bit), and Segment Length ID (2 bits). These are undefined

3424 GVCID

et
by

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

which

the VCA_SDU is to be transferred.

NOTE - The GVCID parameter is the SAP address of the VCA Service.
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3.4.25 VCA_SDU Loss Flag

The VCA _SDU Loss Flag is an optional parameter that may be used to notify the user at the
receiving end of the VCA Service that a sequence discontinuity has been detected and that
one or more VCA SDUs have been lost. If implemented, the flag shall be derived by
examining the Virtual Channel Frame Count in the Transfer Frames.

3.4.2.6 Verification Status Code

3.4.2.6.1 The Verification Status Code is an optional parameter that may beused|if the
sefvice provider supports the optional SDLS protocol.

3.4.2.6.2 The parameter shall be used to notify the user at the receiving-end of thg VCA
Sefrvice of a verification failure in a transfer frame addressed to the Virtual Channel.

3.4.2.6.3 A non-zero value shall indicate that the SDLS protocolhas detected an errpr; the
vajues taken by this parameter are defined in reference [10].

3.4.2.6.4 Data from the failed transfer frame shall not be'delivered to the service user.

3.4.3 VCASERVICE PRIMITIVES
3.4.3.1 General

THe service primitives associated with.the VCA Service are:
a) VCA.request;
b) VCA.indication.
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3.4.32 VCA.request

3.4.3.2.1 Function

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

NOTE_—

3.4.3.7

The V|

3.4.3.7

The V
VCA |

3.4.3.7

.2 Semantics
CA.request primitive shall provide parameters as follows:

VCA.request (VCA_SDU,
VCA Status Fields,
GVCID)

.3 When Generated

CA.request primitive shall be passed to the service provider to request it to send {
SDU.

.4 Effect On Receipt

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

VCA |

3.4.3.7

The V|
specif]

SDU.

.5 Additional Comiments

CA.request prmitive shall be used to transfer VCA_SDUSs across the space link on {
ed Virtual Channel.

The VCA .request primitive is the service request primitive for the VCA Service.

he

he

he
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3.4.3.3 VCA.indication

3.4.3.3.1 Function

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

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

Service.

Th

Th
us

4.3.3.2 Semantics
e VCA.indication primitive shall provide parameters as follows:
VCA.indication (VCA_SDU,
VCA Status Fields,
GVCID,

VCA_SDU Loss Flag (optional);
Verification Status Code (optional))

4.3.3.3 When Generated

br at the receiving end to deliver a VCASDU.

e VCA.indication primitive shall be passed“from the service provider to the VCA Service

3.4.3.3.4 Effect On Receipt

THe effect of receipt of the VEA.indication primitive by the VCA Service user is undefined.
3.4.3.3.5 AdditionatComments

THe VCA.indication primitive shall be used to deliver VCA_SDUs to the VCA Servide user
id¢ntified byythe GVCID.
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3.5 VIRTUAL CHANNEL FRAME SECONDARY HEADER (VC_FSH) SERVICE

3.5.1

OVERVIEW OF VC_FSH SERVICE

The Virtual Channel Frame Secondary Header (VC _FSH) Service provides synchronous
transfer of fixed-length data units in the Transfer Frame Secondary Header (FSH) of Transfer
Frames of a Virtual Channel. The service is unidirectional and sequence-preserving. The
transfer is synchronized with the release of Transfer Frames of a Virtual Channel. The

servicg does not guarantee completeness, but it may signal gaps in the sequence of serv

ce

data u

Only

Virtugl Channel. Service data units from different users are not multiplexed tegether wit

one V

3.5.2

3.5.2.1

The p
contai

3.5.2.2

NOTE

3.5.2.3

The Q
which

NOTE

hits delivered to the receiving user.

rtual Channel.

VC_FSH SERVICE PARAMETERS
General
irameters used by the VC_FSH Service primitives, shall conform to the specificatia
hed in 3.5.2.2 through 3.5.2.4.
FSH_SDU

— The FSH _SDU parameter is the service data unit transferred by the VC_Ff
Service in the Frame Secondary Header of Transfer Frames of a Virtual Chann
Restrictions on the FSH: SDU transferred by the VC_FSH Service are stated
3.24.

GVCID

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

—, \Fhe GVCID parameter is the SAP address of the VC_FSH Service.

ne user, identified with the GVCID of the Virtual Channel, can use this service OE a

n

ns

ch

3.5.24 FSH_SDU Loss Flag

The FSH_SDU Loss Flag is an optional parameter that may be used to notify the user at the
receiving end of the VC _FSH Service that a sequence discontinuity has been detected and
that one or more FSH _SDUs may have been lost. If implemented, the flag shall be derived
by examining the Virtual Channel Frame Count in the Transfer Frames.
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3.5.3 VC_FSH SERVICE PRIMITIVES
3.5.3.1 General

The service primitives associated with the VC_FSH Service are:
a) VC FSH.request;
b) VC_FSH.indication.

3.%5.3.2 VC_FSH.request
3.%.3.2.1 Function

At the sending end, the VC_FSH Service user shall pass a VC_FSH request primitive|to the
sefvice provider to request that an FSH_SDU be transferred to theZuser at the receivimg end
thtough the specified Virtual Channel.

NOQTE - The VC FSH.request primitive is the service request primitive for the V( FSH
Service.
3.%.3.2.2 Semantics
The VC_FSH.request primitive shall provide parameters as follows:
VC _FSH.request (FSH_SBbu,
GVCID)
3.%.3.2.3 When Generated
THe VC_FSH.request-primitive shall be passed to the service provider to request it tp send

th¢ FSH_SDU.

3.%.3.2.4 JEffect On Receipt

Rdceipt of the VC FSH.request primitive shall cause the service provider to transfer the

F H=CNIT
T oo,

3.5.3.2.5 Additional Comments

The VC_FSH.request primitive shall be used to transfer FSH _SDUs across the space link on
the specified Virtual Channel.
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3.5.3.3 VC_FSH.indication

3.5.3.3.1 Function

At the receiving end, the service provider shall pass a VC FSH.indication to the VC_FSH
Service user to deliver an FSH_SDU.

NOTE — The VC FSH.indication primitive is the service indication primitive for the

VC FSH Service.

3.5.3.3

The V|

3.5.3.3

The V|

Servio

3.5.3.3

The e

.2 Semantics
C_FSH.indication primitive shall provide parameters as follows:

VC _FSH.indication (FSH_SDU,
GVCID,
FSH_SDU Loss Flag (optional))
.3 When Generated
C_FSH.indication primitive shall be passed fromthe service provider to the VC_Fj
e user at the receiving end to deliver an FSH «SDU.

4 Effect On Receipt

ffect of receipt of the VC_FSH.indication primitive by the VC_FSH Service user

undefined.

3.5.3.3

The \
Servio

.5 Additional Comiments

C_FSH.indication primitive shall be used to deliver FSH _SDUs to the VC _Fj
e user identified by the GVCID.

1S
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3.6 VIRTUAL CHANNEL OPERATIONAL CONTROL FIELD (VC_OCF)
SERVICE

3.6.1 OVERVIEW OF VC_OCF SERVICE

The Virtual Channel Operational Control Field (VC_OCF) Service provides synchronous
transfer of fixed-length data units, each consisting of four octets, in the Operational Control
Field (OCF) of Transfer Frames of a Virtual Channel. The service is unidirectional and

sermmp_ce.mm.ug__’tlm_&amﬁeus— synchronized with the release of Transfer Frames of a
Virtual Channel. The service does not guarantee completeness, but it may signal gdps|in the

sequence of service data units delivered to the receiving user.

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

3.6.2 VC_OCF SERVICE PARAMETERS
3.6.2.1 General

The parameters used by the VC_OCF Service primitives shall conform to the specifigations
coptained in 3.6.2.2 through 3.6.2.4.
3.6.2.2 OCF_SDU

NOTE — The OCF_SDU parameter is the service data unit transferred by the V( OCF
Service in the Operational Control Field of Transfer Frames of a Virtual CHannel.
Restrictions on thesOCF _SDU transferred by the VC_OCF Service are stated in
3.2.5.

3.6.2.3 GVCID

The GVCID ‘parameter shall contain a GVCID that indicates the Virtual Channel through
which the’ OCF SDU is to be transferred.

NOQTE" - The GVCID parameter is the SAP address of the VC_OCF Service.

3.6.2.4 OCF_SDU Loss Flag

The OCF_SDU Loss Flag is an optional parameter that may be used to notify the user at the
receiving end of the VC_OCF Service that a sequence discontinuity has been detected and
that one or more OCF_SDUs may have been lost. If implemented, the flag shall be derived
by examining the Virtual Channel Frame Count in the Transfer Frames.
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3.6.3

VC_OCF SERVICE PRIMITIVES

3.6.3.1 General

The service primitives associated with the VC_OCF Service are:

a)
b)

VC OCF.request;
VC_OCF.indication.

3.6.3.2

3.6.3.

At the
servic
throug

NOTE

3.6.3.

The V|

3.6.3.

The V
the O(

3.6.3.

VC_OCF.request
.1 Function

sending end, the VC_OCF Service user shall pass a VC_OCF.request/primitive to 1
p provider to request that an OCF_SDU be transferred to the usét-at the receiving e
h the specified Virtual Channel.

— The VC_OCF.request primitive is the service requést primitive for the VC_O
Service.
.2 Semantics
C_OCF.request primitive shall provide parameters as follows:
VC_OCF.request (OCF_SDU;
GVCID)
.3 When Generated
C_OCF.request primitive shall be passed to the service provider to request it to s¢

'F SDU.

.4 Effect On Receipt

Recei

he
nd

nd

he

t-of-the VC OCF.request primitive shall cause the service provider to transfer f

OCF_5b&-

3.6.3.2.5 Additional Comments

The VC_OCF.request primitive shall be used to transfer OCF_SDUs across the space link on
the specified Virtual Channel.
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3.6.3.3 VC_OCEF.indication

3.6.3.3.1 Function

At the receiving end, the service provider shall pass a VC_OCF.indication to the VC_OCF
Service user to deliver an OCF_SDU.

NOTE — The VC OCF.indication primitive is the service indication primitive for the

VC OCF Service.

3.6

Th

.3.3.2  Semantics
e VC_OCF.indication primitive shall provide parameters as follows:

VC_OCF.indication (OCF_SDU,
GVCID,
OCF_SDU Loss Flag (optional))

3.6.3.3.3 When Generated

The VC_OCF.indication primitive shall be passed(from the service provider to the VJ OCF
Sepvice user at the receiving end to deliver an OCF_SDU.

3.6.3.3.4 Effect On Receipt

The effect of receipt of the VC OCF.indication primitive by the VC_OCF Service fiser is
undefined.

3.6.3.3.5 Additional'Comments

The VC _OCF.indieation primitive shall be used to deliver OCF_SDUs to the VJ OCF
Service user identified by the GVCID.
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3.7 VIRTUAL CHANNEL FRAME (VCF) SERVICE

3.7.1

OVERVIEW OF VCF SERVICE

The Virtual Channel Frame (VCF) Service provides transfer of a sequence of fixed-length
TM Transfer Frames of a Virtual Channel, created by an independent protocol entity, across a
space link. The service is unidirectional, either asynchronous or periodic, and sequence-
preserving. The service does not guarantee completeness, but it may signal gaps in the

sequence of service data units delivered to the receiving user

Only

Virtugl Channel. Service data units from different users are not multiplexed together wit

one V

3.7.2

3.7.2.1

The p
contai

3.7.2.2

The F
GVC(CI

NOTE

1

2

3

3.7.2.3

rtual Channel.

VCF SERVICE PARAMETERS
General

arameters used by the VCF Service primitives shall'conform to the specificatid

hed in 3.7.2.2 through 3.7.2.4.

Frame

fame parameter shall be a TM Transfer Frame of the Virtual Channel specified by {
D parameter.

S
The Frame parameter js'the service data unit transferred by the VCF Service.

The format of the GV CID parameter is defined in 4.1.

3.2.6.

GVCID

ne user, identified with the GVCID of the Virtual Channel, can use this service OE a

Restrictions.on the TM Transfer Frames transferred by the VCF Service are stated|i

n

ns

he

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

which

the Frame is to be transferred.

NOTE — The GVCID parameter is the SAP address of the VCF Service.
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3.7.2.4 Frame Loss Flag

The Frame Loss Flag is an optional parameter that may be used to notify the user at the
receiving end of the VCF Service that a sequence discontinuity has been detected, and that one
or more Transfer Frames of the specified Virtual Channel have been lost. If implemented, the
flag shall be derived by examining the Virtual Channel Frame Count in the Transfer Frames.

3.7.3 VCF SERVICE PRIMITIVES

3.7.3.1 General

THe service primitives associated with the VCF Service are:
a) VCF.request;
b) VCF.indication.

3.1.3.2 VCF.request

3.7.3.2.1 Function

Afl the sending end, the VCF Service user shall pass a VCF.request primitive to the dervice
provider to request that a Frame be transferred to.the user at the receiving end throuigh the
specified Virtual Channel.

—

NOTE — The VCF.request primitive is the service request primitive for the VCF Seryice.

3.1.3.2.2 Semantics
THe VCF.request primitive shall provide parameters as follows:

VCF.request (Frame,
GVCID)

3.1.3.2.3 When Generated

ThHe VCErequest primitive shall be passed to the service provider to request it to send the
Framé.

3.7.3.2.4 Effect On Receipt

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

3.7.3.2.5 Additional Comments

The VCF.request primitive is used to transfer Transfer Frames of a Virtual Channel across
the space link.
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3.7.3.3 VCF.indication

3.7.3.3.1 Function

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

NOTE — The VCF.indication primitive is the service indication primitive for the VCF

Service.
3.7.3.3.2 Semantics
The V|CF.indication primitive shall provide parameters as follows:
VCF.indication (Frame,
GVCID,

3.7.3.3

The V

user af

3.7.3.3

The ef

3.7.3.3

The V
to the

Frame Loss Flag (optional))

.3 When Generated

CF.indication primitive shall be passed from the service provider to the VCF Serv
the receiving end to deliver a Frame.

4 Effect On Receipt

fect of receipt of the VCF.indication primitive by the VCF Service user is undefined.

.5 Additional Comments

CF.indication primjitive shall be used to deliver Transfer Frames of a Virtual Chani
VCF Service user’identified by the GVCID.

ce

hel
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3.8  MASTER CHANNEL FRAME SECONDARY HEADER (MC_FSH) SERVICE
3.8.1 OVERVIEW OF MC_FSH SERVICE

The Master Channel Frame Secondary Header (MC FSH) Service provides synchronous
transfer of fixed-length data units in the Transfer Frame Secondary Header (FSH) of Transfer
Frames of a Master Channel. The service is unidirectional and sequence-preserving. The
transfer is synchronized with the release of Transfer Frames of a Master Channel. The
service does not guarantee completeness, but it may signal gaps in the sequence of service
data units delivered to a receiving user.

Only one user, identified with the MCID of the Master Channel, can use this servicg on a
Master Channel. Service data units from different users are not multiplexed>together within
one Master Channel.

3.8.2 MC_FSH SERVICE PARAMETERS
3.8.2.1 General

The parameters used by the MC FSH Service primitives shall conform to the specifigations
coptained in 3.8.2.2 through 3.8.2.4.
3.8.22 FSH_SDU

NOTE — The FSH SDU parameterlis the service data unit transferred by the M FSH
Service in the Frame Seécondary Header of Transfer Frames of a Master CHannel.
Restrictions on the FSH_SDU transferred by the MC FSH Service are stated in
3.24.

3.8.2.3 MCID

The MCID parameter shall contain an MCID that indicates the Master Channel through
which the FSH-"SDU is to be transferred.

NOQTE > The MCID parameter is the SAP address of the MC_FSH Service.

3.8.2.4 FSH_SDU Loss Flag

The FSH_SDU Loss Flag is an optional parameter that may be used to notify the user at the
receiving end of the MC_FSH Service that a sequence discontinuity has been detected, and
that one or more FSH_SDUs may have been lost. If implemented, the flag shall be derived
by examining the Master Channel Frame Count in the Transfer Frames.
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MC_FSH SERVICE PRIMITIVES

3.8.3.1 General

The service primitives associated with the MC_FSH Service are:

a)
b)

MC FSH.request;
MC_FSH.indication.

3.8.3.2

3.8.3.7

At thd
the se

NOTE

3.8.3.

The M

3.8.3.7

The M
the FS

3.8.3.7

MC_FSH.request
p.1  Function

sending end, the MC FSH Service user shall pass an MC_FSH request primitive

— The MC_FSH.request primitive is the service requésp primitive for the MC _F]§
Service.
.2 Semantics
C_FSH.request primitive shall provide parameters as follows:

MC_FSH.request (FSH_SDU;
MCID)

.3  When Generated

[C_FSH.request primitive shall be passed to the service provider to request it to se
H SDU.

.4 Effect On Receipt

Recei

to

'vice provider to request that an FSH_SDU be transferred to thégser at the receiving
end through the specified Master Channel.

bH

nd

he

t-of 'the MC FSH.request primitive causes the service provider to transfer f

FSH_$B&-

3.8.3.2.5 Additional Comments

The MC_FSH.request primitive shall be used to transfer FSH SDUs across the space link on
the specified Master Channel.
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3.8.3.3 MC_FSH.indication

3.8.3.3.1 Function

At the receiving end, the service provider shall pass an MC FSH.indication to the MC_FSH
Service user to deliver an FSH_SDU.

NOTE — The MC FSH.indication primitive is the service indication primitive for the

MC FSH Service.

3.8.3.3.2 Semantics

Th

e MC_FSH.indication primitive shall provide parameters as follows:

MC _ FSH.indication (FSH SDU,
MCID,
FSH_SDU Loss Flag (optional))

3.8.3.3.3 When Generated

TH
Se

rvice user at the receiving end to deliver an FSH SDU.

3.8.3.3.4 Effect On Receipt

Th
un

defined.

3.8.3.3.5 Additional{Comments

TH
Se

rvice user identified by the MCID.

e MC_FSH.indication primitive shall be passedfrom the service provider to the M FSH

e effect of receipt of the MC ‘ESH.indication primitive by the MC_FSH Service fiser is

e MC _FSH.indieation primitive shall be used to deliver FSH _SDUs to the M FSH
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3.9 MASTER CHANNEL OPERATIONAL CONTROL FIELD (MC_OCF)
SERVICE

3.9.1

OVERVIEW OF MC_OCF SERVICE

The Master Channel Operational Control Field (MC OCF) Service provides synchronous
transfer of fixed-length data units, each consisting of four octets, in the Operational Control
(OCF) of Transfer Frames of a Master Channel. The service is unidirectional and

Field

sequence-preserving. The transfer is synchronized with the release of Transfer Frames o

a

Maste

sequence of service data units delivered to a receiving user.

Only
Maste
one M

3.9.2

39.21

The p
contai

3.9.22

NOTE

3.9.2.3

The N
which

F Channel. The service does not guarantee completeness, but it may signal gaps, it

F Channel. Service data units from different users are not multiplexed together wit
aster Channel.
MC_OCF SERVICE PARAMETERS

General
irameters used by the MC OCF Service primitives shall conform to the specificatia
hed in 3.9.2.2 through 3.9.2.4.
OCF_SDhu

— The OCF_SDU parameter-1s the service data unit transferred by the MC_Of
Service in the Operational Control Field of Transfer Frames of a Master Chann
Restrictions on the OCF SDU transferred by the MC OCF Service are stated
3.2.5.

MCID

ICID parameter shall contain an MCID that indicates the Master Channel throu
the OCE\SDU is to be transferred.

pne user, identified with the MCID of the Master Channel, can use this \se€rvice O;E a

he

in

ns

ch

NOTE

= “The MCID parameter is the SAP address of the OCF_SDU Service.

3.9.24 OCF_SDU Loss Flag

The OCF_SDU Loss Flag is an optional parameter that may be used to notify the user at the
receiving end of the MC_OCF Service that a sequence discontinuity has been detected, and
that one or more OCF_SDUs may have been lost. If implemented, the flag shall be derived
by examining the Master Channel Frame Count in the Transfer Frames.
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3.9.3 MC_OCF SERVICE PRIMITIVES
3.9.3.1 General

The service primitives associated with the MC_OCF Service are:
a) MC_ OCF.request;
b) MC_OCF.indication.

3.9.3.2 MC_OCF.request
3.9.3.2.1 Function

Afl the sending end, the MC_OCF Service user shall pass an MC_OCF fequest primifive to
th¢ service provider to request that an OCF_SDU be transferred ta-the user at the regeiving
enf through the specified Master Channel.

NOQTE — The MC_ OCF.request primitive is the service request primitive for the M(_OCF
Service.
3.9.3.2.2 Semantics
THe MC_OCF.request primitive shall provide-parameters as follows:
MC_OCF.request (OCF_SBbU,
MCID)
3.9.3.2.3 When Generated
The MC_OCF .request-ptimitive shall be passed to the service provider to request it tp send

th¢ OCF_SDU.

3.9.3.2.4 JEffect On Receipt

Rdceipt of the MC_OCF.request primitive shall cause the service provider to transfer the

OCFE=SB-

3.9.3.2.5 Additional Comments

The MC_OCF.request primitive shall be used to transfer OCF_SDUs across the space link on
the specified Master Channel.
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3.9.3.3 MC_OCF.indication

3.9.3.3.1 Function

At the receiving end, the service provider shall pass an MC_OCF.indication to the MC_OCF
Service user to deliver an OCF_SDU.

NOTE — The MC_OCF.indication primitive is the service indication primitive for the

MC OCF Service.

3.9.3.3

The M

3.9.3.3

The M

Servid

3.9.3.3

The e

.2 Semantics
C_OCF.indication primitive shall provide parameters as follows:

MC _OCF.indication (OCF_SDU,
MCID,
OCF _SDU Loss Flag (optional))
.3 When Generated
C_OCF.indication primitive shall be passed from the service provider to the MC O
e user at the receiving end to deliver an OCE+SDU.

4 Effect On Receipt

fect of receipt of the MC_OCE.indication primitive by the MC OCF Service user

undefined.

3.9.3.3

The N
Servio

.5 Additional Comments

1C_OCF.indicatien primitive shall be used to deliver OCF_SDUs to the MC O
e user identified by the MCID.

1S
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3.10 MASTER CHANNEL FRAME (MCF) SERVICE
3.10.1 OVERVIEW OF MCF SERVICE

The Master Channel Frame (MCF) Service provides transfer of a sequence of fixed-length
TM Transfer Frames of a Master Channel, created by an independent protocol entity, across a
space link. The service is unidirectional, either asynchronous or periodic, and sequence-
preserving. The service does not guarantee completeness, but it may signal gaps in the
sequence of service data units delivered to a receiving user

Only one user, identified with the MCID of the Master Channel, can use this servicg on a
Master Channel. Service data units from different users are not multiplexed together within
one Master Channel.

3.10.2 MCF SERVICE PARAMETERS
3.10.2.1 General

The parameters used by the MCF Service primitives shall conform to the specifigations
coptained in 3.10.2.2 through 3.10.2.4.

3.10.2.2 Frame

The Frame parameter shall be a TM TransfetcFrame of the Master Channel specified by the
parameter MCID.

NOTES
1 The Frame parameter is.the service data unit transferred by the MCF Service.

2 The format of the MEID parameter is defined in 4.1.

3 Restrictions ofithe TM Transfer Frames transferred by the MCF Service are stated in
3.2.6.
3.10.2.3 MCID

THe MCID parameter shall contain an MCID that indicates the Master Channel through
whieh the Frame is to be transferred.

NOTE — The MCID parameter is the SAP address of the MCF Service.

3.10.2.4 Frame Loss Flag

The Frame Loss Flag is an optional parameter that may be used to notify the user at the
receiving end of the MCF Service that a sequence discontinuity has been detected, and that one
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or more Transfer Frames of the specified Master Channel have been lost. If implemented, the
flag shall be derived by examining the Master Channel Frame Count in the Transfer Frames.

3.10.3 MCF SERVICE PRIMITIVES
3.10.3.1 General

The service primitives associated with the MCF Service are:

a)| MCF.request;
b)| MCF.indication.

3.10.32 MCF.request
3.10.312.1 Function

At thel 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 atthe receiving end through the
specififed Master Channel.

NOTH - The MCF.request primitive is the service request primitive for the MCF Servicg.

3.10.312.2 Semantics
The MCF.request primitive shall provideparameters as follows:
MCF .request (Frame,
M€EID)
3.10.312.3 When Generated

The MCF.request<rimitive shall be passed to the service provider to request it to send the
Framd.

3.10.31224, "Effect On Receipt

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

3.10.3.2.5 Additional Comments

The MCF.request primitive shall be used to transfer Transfer Frames of a Master Channel
across the space link.
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3.10.3.3 MCF.indication

3.10.3.3.1 Function

At the receiving end, the service provided shall pass an MCF.indication to the MCF Service
user to deliver a Frame.

NOTE — The MCF.indication primitive is the service indication primitive for the MCF

Service.

3.10.3.3.2 Semantics

Th

3.10.3.3.3 When Generated

e MCF.indication primitive shall provide parameters as follows:
MCEF.indication (Frame,
MCID,

Frame Loss Flag (optional))

The MCF.indication primitive shall be passed from-the service provider to the MCF Service
user at the receiving end to deliver a Frame.

3.10.3.3.4 Effect On Receipt

THe effect of receipt of the MCF.indication primitive by the MCF Service user is undefined.
3.10.3.3.5 Additional Ceamments

The MCF.indication.primitive shall be used to deliver Transfer Frames of a Master Channel
to the VCF Service-user identified by the MCID.
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4 PROTOCOL SPECIFICATION WITHOUT SDLS OPTION

NOTE - This section specifies the protocol data unit and the procedures of the TM Space
Data Link Protocol without support for the SDLS protocol. Section 6 specifies

the protocol with the SDLS option.

4.1 PROTOCOL DATA UNIT
411 TM TRANSFFR FRAMFE
4111 A TM Transfer Frame shall encompass the major fields, positioned contiguou

thg

4.]

a)
b)
©)
d)
e)

 following sequence:

.1.2 The TM Transfer Frame shall be of constant length throughout a specific M
Phase for any Virtual Channel or Master Chanfiel on a Physical Channel. Its length sl

Transfer Frame Primary Header (6 octets, mandatory);

Transfer Frame Secondary Header (up to 64 octets, optional);
Transfer Frame Data Field (integral number of octets, mandatory);
Operational Control Field (4 octets, optional);

Frame Error Control Field (2 octets, optional).

sly, in

[ission
nall be

copsistent with the specifications contained™in references [3], [4], and [5]. The stryictural

components of the TM Transfer Frame ar€shown in figure 4-1.

NOTES

1 The protocol data unit.of the TM Space Data Link Protocol is the TM Transfer Frame.
In this Recommended Standard, the TM Transfer Frame is also called the Tiansfer
Frame, or Frame;, for simplicity.

2 The combination of the Operational Control Field and the Frame Error Contro| Field
is called)the Transfer Frame Trailer.

3 The\start of the Transfer Frame is signaled by the underlying Channel (Coding
Sublayer.

4 A change of 1ransfer Frame Length may Tesutt im a 1oss of Synchronization at the
receiver.
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4.1.2

41.2.1 General

The Transfer Frame Primary Header is mandatory and shall ‘eonsist of six fields, position
contiguously, in the following sequence:

TRANSFER FRAME PRIMARY HEADER

a) | Master Channel Identifier (12 bits, mandatory);

b)[ Virtual Channel Identifier (3 bits, mandatory);

c)| Operational Control Field Flag (1 bit;mandatory);

d)| Master Channel Frame Count (I octet, mandatory);

e)| Virtual Channel Frame Count'(1 octet, mandatory);

f) | Transfer Frame Data Field Status (2 octets, mandatory).

< TM TRANSFER FRAME >
TRANSFER FRAME
TRAILER (Optional)
TRANSFER TRANSFER TRANSFER FRAME
FRAME FRAME DATA FIELD OPERA- FRAME
PRIMARY SECONDARY TIONAL ERROR
HEADER HEADER CONTROL | CONTROL
(Optional) FIELD FIELD
(Optional) (Optional)
6 octets Up to 64 octets Varies 4 octets 2 octets

Figure 4-1: TM Transfer Frame Structural Components

The fqrmat of the Transfer’Frame Primary Header is shown in figure 4-2.

ed

« TRANSFER FRAME PRIMARY HEADER (6 octets) >
MASTER
CHANNEL ID
RFUAL OCFMASTER——WRTUAL FRANSFER
TRANSFER|SPACECRAFT| cLANNEL |FLAG| CHANNEL | CHANNEL FRAME DATA
FRAME ID ID FRAME FRAME FIELD STATUS
VERSION COUNT COUNT
NUMBER
2 bits 10 bits 3bits | 1 bit
2 octets 1 octet 1 octet 2 octets
Figure 4-2: Transfer Frame Primary Header
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4.1.2.2 Master Channel Identifier
41.2.21 General

Bits 0—11 of the Transfer Frame Primary Header shall contain the Master Channel Identifier
(MCID). The Master Channel Identifier shall consist of:

a) Transfer Frame Version Number (2 bits, mandatory);

| AN« £ 14 41 L L1014 dot AV
U opatturdrt TUCITUTICT TTU OIS, THAITUAatoT y

4.1.2.2.2 Transfer Frame Version Number

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

4.1.2.2.2.2 This 2-bit field shall identify the data unit as a Transfer Frame defined by this
Rdcommended Standard; it shall be set to ‘00’.

NOQTE - This Recommended Standard defines the TM Version 1 Synchronous Ttansfer
Frame whose binary encoded Version Nurhber is ‘00°.
4.1.2.2.3 Spacecraft Identifier

4.1.2.2.3.1 Bits 2-11 of the Transfer ‘Frame Primary Header shall contain the Spa¢ecraft
Id¢gntifier (SCID).

4.1.2.2.3.2 The Spacecraft Identifier shall provide the identification of the spacecraft{which
is hssociated with the data centained in the Transfer Frame.

4.1.2.2.3.3 The Spacecraft Identifier shall be static throughout all Mission Phases.
NOTE - The Space Assigned Numbers Authority (SANA) assigns Spacecraft Identifiers

acéording to the procedures in reference [7].

4.1.2.3 \?Virtual Channel Identifier

Bits T2—14of the Transfer Frame Primary Header shall contain the virtual Channel Identifier
(VCID).

NOTES
1 The Virtual Channel Identifier provides the identification of the Virtual Channel.
2 There are no restrictions on the selection of Virtual Channel Identifiers. In particular,

Virtual Channels are not required to be numbered consecutively.
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4.1.2.4 Operational Control Field Flag

4.1.2.4.1 Bit 15 of the Transfer Frame Primary Header shall contain the Operational Control
Field Flag.

4.1.2.4.2 The Operational Control Field Flag shall indicate the presence or absence of the
Operational Control Field. It shall be 1’ if the Operational Control Field is present; it shall

be ‘0’

if the Operational Control Field is not present.

4.1.2.4.3 The Operational Control Field Flag shall be static within the associated Master

Virtu

NOTE

4.1.21

4124
Chann

4.1.21

Channel throughout a Mission Phase.

— The significance of the above-mentioned association is explained in 4:15.

Master Channel Frame Count

1 Bits 1623 of the Transfer Frame Primary Header shall contain the Mas|
el Frame Count.

.2 This 8-bit field shall contain a sequential binary count (modulo-256) of edg

Transfer Frame transmitted within a specific Master Channel.

4.1.2.1
take p

NOTH

4.1.2.6

4.1.2.4
Chann

4.1.2.6

ace unless it is unavoidable.

— The purpose of this field is to_provide a running count of the Transfer Fran
which have been transmitted-through the same Master Channel. If the Mas|
Channel Frame Count is re-set because of an unavoidable re-initialization, th
the completeness of a.sequence of Transfer Frames in the related Master Chani
cannot be determined’

Virtual Channel Frame Count

1 Bits 24431 of the Transfer Frame Primary Header shall contain the Virty
el Frame Count.

2\ This 8-bit field shall contain a sequential binary count (modulo-256) of ed

or

ter

ch

.3 A re-setting of the Master Channel Frame Count before reaching 255 shall pot

1cS
ter
en
nel

hal

ch

Transfer-Frame transmitted within a specific Virtual Channel

41.2.6.3 A re-setting of the Virtual Channel Frame Count before reaching 255 shall not
take place unless it is unavoidable.
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NOTE - The purpose of this field is to provide individual accountability for each Virtual
Channel, primarily to enable systematic Packet extraction from the Transfer
Frame Data Field. If the Virtual Channel Frame Count is re-set because of an
unavoidable re-initialization, the completeness of a sequence of Transfer Frames
in the related Virtual Channel cannot be determined.

4.1.2.7 Transfer Frame Data Field Status

41.2.7.1 General

41.2.7.1.1 Bits 3247 of the Transfer Frame Primary Header shall contain the Transfer
Frame Data Field Status.

4,1.2.7.1.2 This 16-bit field shall be sub-divided into five sub-fields,-as follows:
a) Transfer Frame Secondary Header Flag (1 bit, mandatory);

b) Synchronization Flag (1 bit, mandatory);

c) Packet Order Flag (1 bit, mandatory);

d) Segment Length Identifier (2 bits, mandatoryy);

e) First Header Pointer (11 bits, mandatory):

NOTE — The format of the Transfer Frame Data Field Status is shown in figure 4-3.

TRANSFER SYNCH. PACKET SEGMENT FIRST HEADER

FRAME FLAG ORDER LENGTH ID POINTER
SECONDARY FLAG
HEADER
EFAG
1 bit 1 bit 1 bit 2 bits 11 bits

Figure 4-3: Transfer Frame Data Field Status

4.1.2.7.2 Transfer Frame Secondary Header Flag

4.1.2.7.2.1 Bit 32 of the Transfer Frame Primary Header shall contain the Transfer Frame
Secondary Header Flag.
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4.1.2.7.2.2 The Transfer Frame Secondary Header Flag shall signal the presence or absence
Transfer Frame Secondary Header. It shall be ‘1’ if a Transfer Frame Secondary

of the
Heade

r is present; it shall be ‘0’ if a Transfer Frame Secondary Header is not present.

4.1.2.7.2.3 The Transfer Frame Secondary Header Flag shall be static within the associated
Master or Virtual Channel throughout a Mission Phase.

NOTE - The significance of the above-mentioned association is explained in 4.1.3.

4.1.2.

4.1.2.1
Flag.

4.1.2.]
the Ti
Packe

4.1.2.7
throug

4.1.2.
Bit 34

NOTE

4.1.2.

.3 Synchronization Flag

.3.1 Bit 33 of the Transfer Frame Primary Header shall contain the Synchtonizati

ansfer Frame Data Field. It shall be ‘0’ if octet-synchronized and forward-ordet
s or Idle Data are inserted; it shall be ‘1’ ifa VCA _SDU is nserted.

.3.3 The Synchronization Flag shall be static within a specific Virtual Chani
hout a Mission Phase.

.4 Packet Order Flag
of the Transfer Frame Primary Header shall contain the Packet Order Flag.

— If the Synchronization Flag. is'set to ‘0’°, the Packet Order Flag is reserved
future use by the CCSDS\and is set to ‘0’. If the Synchronization Flag is set
‘1’, the use of the Packet Order Flag is undefined.

.5 Segment Length, Identifier

on

.3.2  The Synchronization Flag shall signal the type of data whieh are inserted ifto

ed

hel

for

Ent

be

4.1.2.15.1 Bits 35 and"36 of the Transfer Frame Primary Header shall contain the Segmj{
Length Identifier.

4.1.2.1.5.2 Ifthe Synchronization Flag is set to ‘0’, the Segment Length Identifier shall
setto [11%.

NOTES

1 This Identifier was required for earlier versions of this Recommended Standard

to

allow for the use of Source Packet Segments, which are no longer defined. Its value

has been set to the value used to denote non-use of Source Packet Segments
previous versions.

in

2 If the Synchronization Flag is set to ‘1°, then the Segment Length Identifier is
undefined.
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4.1.2.7.6 First Header Pointer

4.1.2.7.6.1 Bits 37-47 of the Transfer Frame Primary Header shall contain the First Header
Pointer.

4.1.2.7.6.2 If the Synchronization Flag is set to ‘0’, the First Header Pointer shall contain
the position of the first octet of the first Packet that starts in the Transfer Frame Data Field.

NOTE - If the Synchronization Flag is set to ‘1°. then the First Header Pointer is undefined.

4.1.2.7.6.3 The locations of the octets in the Transfer Frame Data Field shall be.numbered
injascending order. The first octet in this Field is assigned the number 0. The First Header
Painter shall contain the binary representation of the location of the first octet of the first
Packet that starts in the Transfer Frame Data Field.

NOTES

1 The purpose of the First Header Pointer is to facilitate delimiting of variable{length
Packets contained within the Transfer Frame Data Kjeld by pointing directly|to the
location of the first Packet from which its length may be determined.

2 The locations of any subsequent Packets withini the same Transfer Frame Datg Field
will be determined by calculating the locations using the length field of these Packets.

3 If the last Packet in the Transfer Framé/Data Field of Transfer Frame N spills ovgr into
Frame M of the same Virtual Channel (N<M), the First Header Pointer in Frgme M
ignores the residue of the splitPacket and indicates the start of the next Packet that
starts in Frame M.

4,1.2.7.6.4 1If no Packet starts.in the Transfer Frame Data Field, the First Header Rointer
shall be set to “1111111111L1C.

NOQTE - The aboye:situation may occur if a long Packet extends across more than one
Transfer,Frame.

4.1.2.7.6.5 {fa Transfer Frame contains only Idle Data in its Transfer Frame Data Figlld, the
First Headér Pointer shall be set to “11111111110°.

NOFE\.~- A Transfer Frame with its First Header Pointer set to ‘11111111110’ is called an

Onl T4l hn+n (O Tranafor Eraman sa ot o thaot 1+ oo Ol TN hn+ in its

\Jlll)’ T Data— (ot TTHaRSTer— TAarrac; 111\./“111115 tatt1as oy it oa

Data Field (see 4.1.4.6).

413 TRANSFER FRAME SECONDARY HEADER
41.3.1 General

4.1.3.1.1 If present, the Transfer Frame Secondary Header shall follow, without gap, the
Transfer Frame Primary Header.
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4.1.3.1.2 The Transfer Frame Secondary Header is optional; its presence or absence shall be
signaled by the Transfer Frame Secondary Header Flag in the Transfer Frame Primary Header
(see 4.1.2.7.2).

4.1.3.1.3 The Transfer Frame Secondary Header shall consist of an integral number of
octets as follows:

a) Transfer Frame Secondary Header Identification Field (1 octet, mandatory);

b) [ Transfer Frame Secondary tHeader Data Field (1 To 03 octets, mandatory).

4.1.3.1.4 If present, the Transfer Frame Secondary Header shall be associated with eithef a
Mastef Channel or a Virtual Channel.

NOTH - The association of a Transfer Frame Secondary Header with a)Master Channel
allows data to be transferred synchronized with this Mastér Channel. The
association of a Transfer Frame Secondary Header with a Virtual Channel allows
data to be transferred synchronized with this Virtual Channel.

4.1.3.1.5 If present, this field shall occur within every Transfer Frame transmitted through
the asgociated Master or Virtual Channel throughout a Mission Phase.

41.3.1.6 The Transfer Frame Secondary Header:(shall be of fixed length within the
associpted Master or Virtual Channel throughout‘a Mission Phase. The format of the
Transfer Frame Secondary Header is shown in figure 4-4.

I TRANSFER FRAME SECONDARY HEADER (Up t0 64 OCtets) wsemsumseeees »>
TRANSFER FRAME
SECONDARY HEABER ID
TRANSFER FRAME
TRANSFER FRAME TRANSFER SECONDARY HEADER
SECONDARY FRAME DATAFIELD
HEADER VERSION |  SECONDARY
NUMBER HEADER LENGTH
2 bits 6 bits
1 octet up to 63 octets

Figllrp 4-4- Transfer Frame Qnrnndnry Header

4.1.3.2 Transfer Frame Secondary Header Identification Field
41.3.2.1 General

41.3.2.1.1 Bits 0-7 of the Transfer Frame Secondary Header shall contain the Transfer
Frame Secondary Header Identification Field.
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4.1.3.2.1.2 The Transfer Frame Secondary Header Identification Field shall be sub-divided
into two sub-fields as follows:

a) Transfer Frame Secondary Header Version Number (2 bits, mandatory);

b) Transfer Frame Secondary Header Length (6 bits, mandatory).

4.1.3.2.2 Transfer Frame Secondary Header Version Number

4.1.3.2.2.1 Bits 0—1 of the Transfer Frame Secondary Header shall contain the((Binary
Encoded) Transfer Frame Secondary Header Version Number.

-

4.1.3.2.2.2 The Transfer Frame Secondary Header Version Number shall be’set to ‘00°.

NOQTE - This sub-field indicates which of up to four Secondary Header versions i§ used.
The present Recommended Standard recognizes onlyoone version, whHich is
Version 1, the binary encoded Version Number of which is ‘00°.

4.1.3.2.3 Transfer Frame Secondary Header Length

4.1.3.2.3.1 Bits 2-7 of the Transfer Frame Secondary Header shall contain the Ttansfer
Frame Secondary Header Length.

4.1.3.2.3.2 This sub-field shall contain thectotal length of the Transfer Frame Secondary
Hgader in octets minus one, represented as abinary number.

4.1.3.2.3.3 The Transfer Frame .Secondary Header Length shall be static withfn the
asgociated Master or Virtual Channel throughout a Mission Phase.

NOQTE — When a Secondaty Header is present, this length may be used to compuyte the
location of thé¢ start of the field following the Secondary Header.

4.1.3.3 Transfer-,Erame Secondary Header Data Field

4.1.3.3.1 Thé<Transfer Frame Secondary Header Data Field shall follow, without gap, the
Transfer Franmie Secondary Header Identification Field.

4.1.38.2 The Transfer Frame Secondary Header Data Field shall contain the Transfer
Frame Secondary Header data.

4.1.3.3.3 The Transfer Frame Secondary Header Data Field shall be of fixed length within
the associated Master or Virtual Channel throughout a Mission Phase.

414 TRANSFER FRAME DATA FIELD

41.4.1 The Transfer Frame Data Field shall follow, without gap, the Transfer Frame
Primary Header or the Transfer Frame Secondary Header if present.
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4.1.4.2 The Transfer Frame Data Field, which shall contain an integer number of octets, has
a length which varies and is equal to:

a) the fixed Transfer Frame length which has been selected for use on a particular
Physical Channel; minus

b) the length of the Transfer Frame Primary Header plus the length of the Transfer Frame
Secondary Header and/or the Transfer Frame Trailer (if any of these are present).

4.1.4.3— The Transfer Frame Darta ricld shait contain Packets, onc VCA_SDU, or Idie Dath.

4.1.44 VCA _SDUs shall not be mixed with Packets on the same Virtual Channel: Idle
Data ghall be transferred on a Virtual Channel that transfers Packets. Whether ‘@particullar
Virtugl Channel transfers Packets (and possibly Idle Data) or VCA SDUs shall |be
establ{shed by management and static throughout a Mission Phase.

4.1.4.% 1If Packets are contained in the Transfer Frame Data Field, Packets shall be inserfed
contiguously and in forward order into the Transfer Frame Data Field

NOTH - The first and last Packets of the Transfer Frame/Data Field are not necessaifily
complete, since the first Packet may be a continuation of a Packet begun in the
previous Transfer Frame, and the last Packet may continue in the subsequé¢nt
Transfer Frame of the same Virtual Channel:

4.1.4.6 In the case where sufficient data (Packets including Idle Packets or a VCA SDU) are
not avhilable to be inserted in a Transfer Framé Data Field at release time for a Transfer Frare,
a Trarjsfer Frame with a Data Field containing only Idle Data shall be transmitted. Such a
Transfler Frame is called an OID (Only Idle Data in its Data Field) Transfer Frame. The First
Header Pointer of an OID Transfer Frame shall be set to ‘11111111110° (see 4.1.2.7.6) and a
project-specified ‘idle’ pattern shall*be inserted into the Transfer Frame Data Field. The VOID
of an QID Transfer Frame shall be one of the VCIDs used for transferring Packets.

NOTHS

1 The data field of an OID Frame contains only idle data, but the Transfer Frame
Secondary Header or Operational Control Field can contain valid data depending
upon<the”Virtual Channel.

2 OID Transfer Frames may be sent on Virtual Channels that also carry valid Packats,
but it is preferred that a separate Virtual Channel be dedicated to carry OID Transfer
Frames unless there is a need to send OID Transfer Frames on a specific Virtual
Channel (e.g., to transmit data in the Transfer Frame Secondary Header and/or the
Operational Control Field on a specific Virtual Channel).

3 An OID Transfer Frame can be generated whenever it is necessary (even in the middle
of transmission of a Packet that is split into multiple Transfer Frames).
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4 OID Data in the Transfer Frame Data Field of an OID Transfer Frame should not be
confused with the Idle Packet specified in reference [8].

5 The idle pattern used in the OID Transfer Frame is project specific, but a random
pattern is preferred. Problems with the reception of frames have been encountered
because of insufficient randomization.

415 OPERATIONAL CONTROL FIELD

4.15.1 If present, the Operational Control Field shall occupy the four octets~follpwing,
without gap, the Transfer Frame Data Field.

NOQTE - The Operational Control Field is optional; its presence or absencé-is signaled|by the
Operational Control Field Flag in the Transfer Frame Primary Header (see 4.1.2.4).

4.15.2 If present, the Operational Control Field shall be associated with either a Master
Channel or a Virtual Channel.

NQTE - The association of an Operational Control Fi¢ld with a Master Channel pllows
data to be transferred synchronized with this"Master Channel. The association of
an Operational Control Field with a Virtaal Channel allows data to be trangferred
synchronized with this Virtual Channél:

4.1.5.3 If present, this field shall occur within every Transfer Frame transmitted through the
asgociated Master or Virtual Channel threughout a Mission Phase.

4.1.5.4 Bit 0 of the Operational (Control Field shall contain a Type Flag with the following
mg¢anings:

a) the Type Flag shall\be ‘0’ if the Operational Control Field holds a Type-1-Report
which shall contain a Communications Link Control Word, the content of which is
defined in reference [B6];

b) the Type Elag shall be ‘1’ if the Operational Control Field holds a Type-2-Report.

NOQTE - The Type Flag may vary between Transfer Frames on the same Master or Virtual
Channel that carries this field.

4’55 T T
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this report as follows:
a) if'this bit is ‘0°, the contents of the report are project-specific;

b) ifthis bitis ‘1°, the contents of the report are reserved by CCSDS for future application.

NOTES
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In Type-2 Reports, the value of bit 1 of the Operational Control Field can vary

between Transfer Frames on the same Virtual Channel that carries this field.

The purpose of this field is to provide a standardized mechanism for reporting a small
number of real-time functions (such as retransmission control or spacecraft clock
calibration); currently the use for retransmission control (Type-1 Reports) has been
defined by CCSDS in reference [B6]. This issue of the Recommended Standard does

not define the use of Type-2 Reports; however, it reserves the possibility to do so

future issues-by restricting the utilization of bit 1 of the Operational Control Field

in

4.1.6

416.1

4.1.6.]

withoyit gap, the Operational Control Field if this is present, or the Transter Frame Data Fig

if an

4.1.6.]
establ]

4.1.6.]
transn

NOTE

1

41.6.2

FRAME ERROR CONTROL FIELD
General

.1 If present, the Frame Error Control Field shall occupy theawo octets followit

pperational Control Field is not present.

.2 The Frame Error Control Field is optional; its ‘presence or absence shall
shed by management.

.3 If present, the Frame Error Control Field shall occur within every Transfer Fraj
itted within the same Physical Channel throughout a Mission Phase.

S

The purpose of this field is to provide a capability for detecting errors which m
have been introduced into ‘the Transfer Frame during the transmission and d
handling process.

Whether this field(should be used on a particular Physical Channel is determir
based on the mission requirements for data quality and the selected options for {
underlying Chanhel Coding Sublayer. This field may be mandatory depending on {
selected qptions for the Channel Coding Sublayer.

Frame Error Control Field Encoding Procedure

g,
Id,

be

me

ay

hta

led
he
he

4.1.6.2.1 The Frame Error Control Field 1s computed by applying Cyclic Redundancy

Check (CRC) techniques.

The Encoding Procedure shall accept an (n—16)-bit Transfer

Frame, excluding the Frame Error Control Field, and generate a systematic binary (n,n—16)
block code by appending a 16-bit Frame Error Control Field as the final 16 bits of the
codeblock, where 7 is the length of the Transfer Frame.

NOTE - The Bit Numbering Convention as specified in 1.6.2 is applicable below.
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4.1.6.2.2 The equation for the contents of the Frame Error Control Field is:
FECF = [(X'® - M(X)) + (X""'9 - L(X))] modulo G(X)
= Po- X +P X P X+ L 4P X 4P X |
where

— all arithmetic is modulo 2;

— FECEF is the 16-bit Frame Error Control Field with the first bit transferred, beilng the
most significant bit Py taken as the coefficient of the highest power of X;

— nis the number of bits in the encoded message;

—  M(X) is the (n-16)-bit information message to be encoded expressed as a polypomial
with binary coefficients, with the first bit transferred being the-most significant it My
taken as the coefficient of the highest power of X;

— L(X) is the presetting polynomial given by
15
L) =2 X;
i=0
G(X) is the generating polynomial given by,
G =X°+Xx%*+X +1.
NOTES

1 The X' - L(X) term has.the effect of presetting the shift register to all ‘1’ stat prior
to encoding.

2 A possible FECP generator implementation is shown in figure 4-5. For each [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 FECF|bits.

\

INFORMATION BITS MO oo Mn-l7
(M0 transferred first) ‘
CODED
) DATA
OuUTPUT

3% -

T(Z) @)

ZERO

Pis Pia Piz Pip Py Po Pg Pg Pr Pg  P5 Py Ps. P Py Py
Y Y
33 o x4 }» X5 el B e 7 e 5B [im] 59 [l 101 el 5 11 E}» 120 {5 13 e T4 el 151 L e

Figure 4-5: Logic Diagram of the Encoder
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4.1.6.3 Frame Error Control Field Decoding Procedure

The error detection syndrome, S(X), is given by

where

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

C*(X) is the received block, including the Frame Error Control Field, in polynomial

The re
error |

form, j.e., with the most significant bit Cy or E, taken as the binary coefficient of the high

power

NOTE

c LR TA | o 1 ol 11 - 1 e i —Te e
TOI1L,  WIUL UIC TIISU DIV U dlISICITCU DUl g UIT TIOSU SIZEHITICAIIl DI T LAKCIT ad

coefficient of the highest power of X; and

S(X) is the syndrome polynomial which will be zero if no error is detected ahd nc
zero if an error is detected, with the most significant bit S taken as the;coefficient
the highest power of X.

of X.

— A possible syndrome polynomial generator implementation is shown in figure 4
For each frame, the shift register cells are.nitialized to ‘1°. The frame includes
bits, i.e., (n-16) information message bits plus the 16 bits of the FECF. All th¢
bits of the frame are clocked into:the input and then the storage stages
examined. For an error-free block; the contents of the shift register cells will
‘zero’. A non-zero content indicates an erroneous block.

he

n_
of

ceived block C*(X) equals the transmitted codeblock C(X) plus.(modulo two) the n-pit
lock E(X), C*(X) = C(X) + E(X), where both are expressed as-polynomials of the same

est

6.

n_

hre
be

FRAME BITS Co* cee Cn-l*
(CO* transferred first)

\

T\

Figure 4-6: Logic Diagram of the Decoder
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4.2 PROTOCOL PROCEDURES AT THE SENDING END
421 OVERVIEW

This subsection describes procedures at the sending end associated with each of the functions
shown in figure 4-7. Data flow from the top to the bottom of the figure. This 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 system. 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 10t infended
to imply any particular implementation approach of a protocol entity.

Packet VC Access VC FSH VC _OCF

Service Service Service Service
| VC Frame
Packet Service
Processing MC_FSH
| Service
Virtual Channel Generation MC—QCF
Service
| MC Frame
Virtual Channel Multiplexing Service
I

Master Channel Generation

Master Channel Multiplexing

All Frames Generation

Figure4=7: Internal Organization of Protocol Entity (Sending End)

422 PACKET PROCESSING FUNCTION

4.2.2.1~ The Packet Processing Function shall be used to transfer variable-length Packets in
thefxed=tength Data Fretdof Transfer Frames:

NOTE — There is an instance of the Packet Processing Function for each Virtual Channel
that carries Packets.

4.2.2.2 The Data Field of Transfer Frames shall be constructed by concatenating Packets
together until the maximum Data Field length is exceeded. Any Packet that exceeds the
maximum Data Field length shall be split, filling the Data Field completely, and starting a
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new Data Field on the same Virtual Channel with the remainder.

Construction of the next

Frame Data Field shall continue with the concatenation of Packets until it overflows.

4223

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 constructing
Data Fields.

4.2.2.4 The First Header Pointer field shall be set to indicate the location of the first octet of

the first Packet that starts within the Data Field of the Transfer Frame

If no Packet starts

within| the Data Field, the First Header Pointer shall be setto “11111111111°.

4.2.2.
more

NOTE

4.2.2.4
by sett

NOTE

In the absence of sufficient Packets supplied from the users at release time; one|or

le Packets of appropriate lengths may be created, where an Idle Packet is githér

an Encapsulation Idle Packet defined by reference [9].

an Idle Packet defined by reference [8], or

Packet«Service
User with PVN M

Packet Service
User with PVN N

— An abstract model of the Pagket Processing Function is illustrated in figure 4-8

— The shortest Idle Packet defined by reference [8] is-s€ven octets in length (i.e}, a
six-octet header plus one octet of idle data). If the area to be filled in a Data Fi¢ld
is less than seven octets, then the Idle Packet,will spill over into the beginning|of
the next Frame Data Field. The shortest Idle*Packet defined by reference [9] is
one octet in length (i.e., a one-octet header).

If it is necessary, the Packet Processing Function may generate an ‘idle’ Data Fi¢ld
ing the First Header Pointer to ‘11111141110°.

and Generation of First Header Pointer

Packets Packets
Packet{
Processing [ 1die Packet |
Fungtion for il i i
aVirtual Construction of Transfer Frame Data Field
Channel

Transfer Frame

Data Fields

v

| Virtual Channel Generation Function

Figure 4-8: Abstract Model of Packet Processing Function

CCSDS 132.0-B-2
© 1SO 2016 — All rights reserved

Page 4-16

September 2015


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

ISO 22645:2016(E)
CCSDS RECOMMENDED STANDARD FOR TM SPACE DATA LINK PROTOCOL

4.2.3 VIRTUAL CHANNEL GENERATION FUNCTION

NOTE - The Virtual Channel Generation Function is used to build the basic structure of

Transfer Frames. It is also used to build the structure and the Primary Header of
the Transfer Frames for transmission on each Virtual Channel. There is an
instance of the Virtual Channel Generation Function for each Virtual Channel.

4.2.3.1 Transfer Frames shall be assembled by:

4.2
CH

4.
FS
thd
su

Th
CH

pa
Gg

N(

a) placing a Transfer Frame Data Field (received from the Packet Processing Function)
or a VCA SDU (received from the VCA Service user) into the Transfer Eramg Data
Field; and

b) generating the Transfer Frame Primary Header fields.

.3.2 A Virtual Channel Frame Count shall be generated indepefidently for each Virtual
lannel and placed into the Primary Header.

.3.3 If there is a user of the VC_FSH Service for a-particular Virtual Channgel, an
H SDU supplied by the user shall be placed in the Transfer Frame Secondary Headler. If
tre is a user of the VC_OCF Service for a particular Virtual Channel, an OCH SDU
pplied by the user shall be placed in the Operational Control Field.

e Master Channel Frame Count field of Transfer Frames shall be kept empty by the Virtual
lannel Generation Function. The following fields of Transfer Frames, if present for the
rticular Physical or Master Channel,, Ghall also be kept empty by the Virtual Channel
neration Function:

a) MC FSH;
b) MC _OCF; and
¢) Frame Error Cofitrol Field.

DTE — An abstract model of the Virtual Channel Generation Function is illustrdted in
figare4-9.

CCSDS 132.0-B-2 Page 4-17 September 2015

© 1SO 2016 — All rights reserved


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

ISO 22645:2016(E)

CCSDS RECOMMENDED STANDARD FOR TM SPACE DATA LINK PROTOCOL

Only one of these two entities
exists for a Virtual Channel

4.2.4

4241

Framsg

NOTE

42472

receiv

Virtugl Channel Frame Servicedsers, in an appropriate order that is set by management.

NOTE

424

Packet Proc. VCA VC_FSH VC_OCF
Function Service User Service User Service User
Transfer Frame VCA_SDUs FSH_SDUs OCF_SDUs
Data Fields
Virtual
Channel
Generatiofn A y A A
Function for .
a Virtual Transfer Frame Generation
Channel

VC Frames

A 4
| Virtual Channel Multiplexing Function |

Figure 4-9: Abstract Model of Virtual Channel Generation Function

VIRTUAL CHANNEL MULTIPLEXING FUNCTION

The Virtual Channel Multiplexing Function.shall be used to multiplex Trans
s of different Virtual Channels of a Master Channel.

— There is an instance of the Virtual Channel Multiplexing Function for eg
Master Channel that has multiplé-Virtual Channels.

The Virtual Channel Multiplexing Function shall multiplex Transfer Franj

ed from the instances of the.Virtual Channel Generation Function and, if present, {

— The Virtual Channel Multiplexing Function may put the multiplexed Trans
Frames inte a-queue.

The algorithm used to order the Transfer Frames is not specified by CCSDS, }

shall
isochr

4.2.4.

e definéd)by project organizations, considering factors such as priority, release ra
nous.timing requirements, etc.

fer

ch

1eS
he

fer

put
te,

hel

Multiplexing Function shall create an OID Transfer Frame to preserve the continuity of the
transmitted stream in the event that there are no valid Transfer Frames available for
transmission at a release time. The OID Transfer Frame shall have its First Header Pointer
setto ‘11111111110° and its VCID set to that of a Virtual Channel that carries Packets.
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NOTES

1 If the Virtual Channel Multiplexing Function cannot access the FSH SDU and
OCF _SDU for the VC FSH and VC OCF services (see 2.2.2.3) then the Virtual
Channel selected for the OID Transfer Frame is further restricted to a Virtual Channel
that does not support these services.

2 An abstract model of the Virtual Channel Multiplexing Function is illustrated in
figure 4-10.
I I
VC Generation VC Frame
Function — Service User |—
VC Frames VC Frames
Virtual

Channel
Multiplexing

Function for - Y Y v

a Master \ Multiplexing /

Channel

MC Frames

v
| Master Channel Generation Function |

Figure 4-10: Abstract Model of Virtual Channel Multiplexing Function

425 MASTER CHANNEL GENERATION FUNCTION

4.25.1 The Master Channel, Generation Function shall be used to insert Transfer [Frame
Secondary Header and/or Operational Control Field service data units into Transfer Hrames
of|a Master Channel.

NQTE - There is.an instance of the Master Channel Generation Function for each Master
Channel!

4.25.2 If there is a user of the MC FSH Service for a particular Master Chanrel, an
FSH_SDU- supplied by the user shall be placed in the Transfer Frame Secondary Headef.

4.2.53" If there is a user of the MC OCF Service for a particular Master Chanrel, an
OCF_SDYsupptied by the userstatt-be ptaced i the-Operatiomat-Comntrot Fretldof @ Transfer
Frame.

NOTES

1 A Master Channel Frame Count is generated independently for each Master Channel
and placed into the Primary Header.
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2 An abstract model of the Master Channel Generation Function is illustrated in
figure 4-11.
VC Mux. MC_FSH MC_OCF
Function Service User Service User
MC Frames FSH_SDUs OCF_SDUs
Master
Channel v v v
Generation Commutation and Generation of Master Channel
Function for Frame Count
a Master
Channel
MC Frames
A 4

| Master Channel Multiplexing Function |

Figure 4-11: Abstract Model of Master Channel Generation Function

4.2.6 | MASTER CHANNEL MULTIPLEXING FUNCTION

4.2.6.1 The Master Channel Multiplexing Function @hall be used to multiplex Transfer
Frames of different Master Channels of a Physical Channel.

NOTH — There is an instance of the Master Channel Multiplexing Function for egch
Physical Channel that has multiple’Master Channels.

4.2.6.2 The Master Channel Multiplexing Function shall multiplex Transfer Frames
received from the instances of the Master Channel Generation Function and, if present, the
Mastef Channel Frame Service users, in an appropriate order that is set by management.

NOTH — The Master Channel Multiplexing Function may put the multiplexed Transfer
Frames into\a‘queue.

4.2.6.3 The algouthm 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, release rate,
isochrpnous tirhing requirements, etc.

4.2.6.4 “_The Master Channel Multiplexing Function shall create an OID Transfer Frame|to
preserve the continuity of the transmitted stream in the event that there are no valid Transfer
Frames available for transmission at a release time.

NOTES

1 The OID Transfer Frame has its First Header Pointer set to “11111111110°, and its
MCID and VCID set to those of a Virtual Channel that carries Packets. If the Master
Channel Multiplexing Function cannot access the FSH SDU and OCF_SDU for the
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Frame Secondary Header and Operational Control Field services (see 2.2.2.3) then the
Virtual Channel selected for the OID Transfer Frame is further restricted to a Virtual
Channel that does not carry these fields.

2 An abstract model of the Master Channel Multiplexing Function is illustrated in
figure 4-12.

[ [
MC Generation MC Frame

[ 40 o
=HReHeR it

Ll
Sef

MC Frames MC Frames

Master

Channel
Multiplexing

Function for < Y Y v

a Physical \ Multiplexing /

Channel

All Frames

y
I All Frames Generation Flnction I

Figure 4-12: Abstract Model of Master Channel Multiplexing Function

427 ALL FRAMES GENERATION FUNCTION

4271 The All Frames Generation .Function shall be used to perform error g¢ontrol
enpoding defined by this Recommendéed-Standard.

NOTE — There is an instance of the All Frames Generation Function for each Physical
Channel.

4.2.7.2 If the Frame Exrot Control Field is present, check bits shall be generated using the
enpoding procedure described in 4.1.6.2 and inserted into the Transfer Frame Trailer.

NOTES

1 If this field is present, it must be present in all the Transfer Frames transmitt¢d in a
particular Physical Channel.

A It 4 LTS A | A= pa o = n 11 PRI L.
2 AIl dDSUACT HIOUTT 01 UHIC ALl FIdIITS UCICTAUOII 'UIICUOIL IS HIUSU AU HI ITZUIC 4-13

CCSDS 132.0-B-2 Page 4-21 September 2015
© 1SO 2016 — All rights reserved


https://standardsiso.com/api/?name=fc8603deda2ac9c7e6010925e089cd2d

ISO 22645:2016(E)
CCSDS RECOMMENDED STANDARD FOR TM SPACE DATA LINK PROTOCOL

MC Multiplexing
Function

All Frames
All Frames
Generation v
Function for
a Physical Error Control Encoding
Channel

All Frames

Y
: Codimg-Subtayer :

Figure 4-13: Abstract Model of All Frames Generation Function

4.3 PROTOCOL PROCEDURES AT THE RECEIVING END
4.3.1 | OVERVIEW

This $ubsection describes procedures at the receiving end assoetated with each of the
functipns shown in figure 4-14. Data flow from the bottom totop of the figure. This figyre
identifies data-handling functions performed by the protocel entity at the receiving end, and
shows| logical relationships among these functions. This«figure is not intended to imply any
hardwpre or software configuration in a real system. Dé¢pending on the services actually uged
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.

Packet VC Access VC-FSH VC_OCF

Service Service Service Service
| VC Frame
Packet Service
Extraction MC_FSH
| Service
Virtual Channel Reception MC—O.CF
Service
I MC Frame
Virtual Channel Demultiplexing Service

I

Master Channel Reception

I
1

Master Channel Demultiplexing

I

All Frames Reception

Figure 4-14: Internal Organization of Protocol Entity (Receiving End)
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4.3.2 PACKET EXTRACTION FUNCTION

4.3.2.1 The Packet Extraction Function shall be used to extract variable-length Packets
from the fixed-length Data Field of Transfer Frames.

NOTE - There is an instance of the Packet Extraction Function for each Virtual Channel
that carries Packets.

4.3.2.2 The Packet Extractlon Functlon shall be used to extract Packets from the Data Field
Header
inter, received from the Virtual Channel Reception Function together w1th the Data| Field,
shall be used in conjunction with the length field of each Packet contained within thg Data
Fi¢ld to provide the delimiting information needed to extract Packets.

4.3.2.3 If the last Packet removed from the Data Field is incomplgte; then the Packet
Extraction Function shall retrieve the remainder from the beginning of the next Datgd Field
re¢eived on the same Virtual Channel.

NOTE — The First Header Pointer for the next Data Field iSaised to determine the lepgth of
the remainder, and hence the beginning of the4iext Packet to be extracted.

4.3.2.4 If the calculated location of the beginning &f\the first Packet is not consisterjt with
th¢ location indicated by the First Header Pointer,then the Packet Extraction Function shall
assume that the First Header Pointer is correct, and shall continue the extraction based ¢n that
asgumption.

4.3.2.5 Extracted Packets shall be delivered to the users on the basis of the PVN in their
hepder. Incomplete Packets are not.réquired to be delivered in cross support situations.

NOTES
1 Idle Packets are discarded. Data Fields that contain only Idle Data are also discgrded.

2 An abstract model of the Packet Extraction Function is illustrated in figure 4-15
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Packet Service Packet Service
User with PVN M User with PVN N

A A

Packets Packets
EatcrI;ectt_o i Discard Idle Packets |
X |
Function for — c
a Virtual Demultiplexing and Extraction /
Channel of Packets

Transfer Frame
Data Fields

| Virtual Channel Reception Function |

Figure 4-15: Abstract Model of Packet Extraction Function

4.3.3 | VIRTUAL CHANNEL RECEPTION FUNCTION

4.3.3.1 The Virtual Channel Reception Function shall be used to decommutate fields|of
Transfer Frames of a Virtual Channel.

NOTH - There is an instance of the Virtual ChannelcReception Function for each Virtyal
Channel.

4.3.3.2 The Virtual Channel Reception Function shall extract data units contained in the
Data Field of the Transfer Frames, and deliver them to its user (i.e., the Packet Extraction
Function or the VCA Service user).

4.3.3.3 If there is a user of _the: VC FSH Service for a particular Virtual Chanrlel,
FSH_$DUs contained in the Transfer Frame Secondary Header of the Transfer Frames shall
be exfracted and delivered fe/the user. If there is a user of the VC OCF Service fof a
particylar Virtual Channel;-OCF SDUs contained in the Operational Control Field of the
Transfer Frames shall be€xtracted and delivered to the user.

NOTHS

1 If acgap in the Virtual Channel Frame Count is detected, a Loss Flag is optionally
delivered to the users.

2 An abstract model of the Virtual Channel Reception Function is illustrated in
figure 4-16.
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