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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
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irements are the technical recommendations made in-the following publication (reprod
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DS 132.0-B-1, September 2003, TM space data link protocol.
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Add the following information‘to the references indicated:

(3]
(4]

(6]

Document CCSDS 131.0-B-1, September 2003, is equivalent to ISO 22641:2005.
Document'CCSDS 135.0-B-1, January 2002, is equivalent to 1ISO 22647:—1).

Document CCSDS 133.0-B-1, September 2003, is equivalent to ISO 22646:2005.

r protocol as
ions links by
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uced on the

he purposes of international standardization, the modifications outlined below shall apply t¢ the specific

Page
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Add the following information to the references indicated:

(B2]
(B3]

(BS]

Document CCSDS 102.0-B-5, November 2000, is equivalent to ISO 13419:2003.
Document CCSDS 103.0-B-2, June 2001, is equivalent to ISO 17433:2003.

Document CCSDS 910.4-B-1, May 1996, is equivalent to ISO 15396:1998.

1) To be published.
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[B6] Document CCSDS 232.0-B-1, September 2003, is equivalent to ISO 22664:2005.

It has been agreed with the Consultative Committee for Space Data Systems that Subcommittee
ISO/TC 20/SC 13 will be consulted in the event of any revision or amendment of publication CCSDS 132.0-B-1.
To this end, NASA will act as a liaison body between CCSDS and ISO.
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AUTHORITY
Issue: Blue Book, Issue 1
Date: September 2003
Location: Not Applicable

This document has been approved for publication by the Management Coyncil of the
Consultative Committee for Space Data Systems (CCSDS)-and represents th¢ consensus
technical agreement of the participating CCSDS Member Agencies. The procedure for
review and authorization of CCSDS Recommendationsis detailed in reference [B1], and the
record of Agency participation in the authorization apthis document can be obtaiged from the
CCSDS Secretariat at the address below.

This Recommendation is published and maintained by:

CCSDS Secretariat

Office of Space Communication (Code M-3)
National Aeronautics and Space Administration
Washington, DC 20546, USA

CCSDS 132.0-B-1 Page i September 2003

© ISO 2005 — All rights reserved 5


https://standardsiso.com/api/?name=936dae30c767dbab71200c6763bba297

ISO 22645:2005(E)
CCSDS RECOMMENDATION FOR TM SPACE DATA LINK PROTOCOL

STATEMENT OF INTENT

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially
established by the management of member space Agencies. 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 s Atary—th stitts—o ommittee i are—termmed
Recommendations and are not considered binding on any Agency.

OTmpTreteTy VOTU V e cSU O O

This Recommendation is issued by, and represents the consensus of, the CCSDS Plenary
body. Agenhcy endorsement of this Recommendation is entirely voluntary. Endorsement,
however, indicates the following understandings:

— Wheneyer an Agency establishes a CCSDS-related standard, this standard will be in
accord Wwith the relevant Recommendation. Establishing such a standard does not
precludg¢ other provisions which an Agency may develop.

— Wheneyer an Agency establishes a CCSDS-related standard,the Agency will provide
other CCSDS member Agencies with the following informatien:

» Thelstandard itself.
» Thelanticipated date of initial operational capability.
» Thelanticipated duration of operational service.

— Specifid service arrangements are made:via memoranda of agreement. Neither this
Recommendation nor any ensuing -standard is a substitute for a memorandum of
agreemeént.

No later than five years from its.date of issuance, this Recommendation will be reviewed by
the CCSDY to determine whether it should: (1) remain in effect without change; (2) be
changed to [reflect the impdeb of new technologies, new requirements, or new directions; or,
(3) be retired or canceled:

In thgse instances when a new version of a Recommendation is issued, existing
CCSOS-related Agency standards and implementations are not negated or deemed to be
non-GCSDS compatible. It is the responsibility of each Agency to determine when
such standards or implementations are to be modified. Each Agency is, however,
strongly encouraged to direct planning for its new standards and implementations
towards the later version of the Recommendation.

CCSDS 132.0-B-1 Page ii September 2003
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FOREWORD

This document is a technical Recommendation for use in developing flight

L

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

intended for

This Recommendation specifies a communications protocol to be used by space
transfer space application data over space-to-ground or space-to-space communiq
This Recommendation is developed from the specifications of the Data Link Lay
older CCSDS Recommendations (references [B2] and [B3]), which-define es
same protocol and services but in a slightly different context.

This Recommendation does not change the major technicalContents defined i
[B2] and [B3], but the presentation of the specification hasheen changed so that:

a) this protocol can be used to transfer any data,gver any space link in either
b) all CCSDS space link protocols are specifiéd in a unified manner;

c) the specification matches the OSI Basic’'Reference Model (references [1]

Together with the change in presentatian, a few technical specifications in refg
and [B3] have been changed in order to define all Space Data Link Protocols
way. Also, some technical terms.in reference [B3] have been changed in order
terminology used in all the CESDS Recommendations that define space link. Th
are listed in annex C of this Recommendation.

Through the process_of normal evolution, it is expected that expansion,
modification to this-document may occur. This Recommendation is therefor
CCSDS document‘management and change control procedures, as defined in ref
Current versions of CCSDS documents are maintained at the CCSDS Web site:

http://www.ccsds.org/

Questions relating to the contents or status of this document should be addrs

missions to
ations links.
br portion of
bentially the

N references

direction;

nd [2]).

rences [B2]
in a unified
to unify the
ese changes

deletion or
e subject to
brence [B1].

bssed to the

CCSDS Secretariat at the address indicated on page i.

CCSDS 132.0-B-1 Page iii
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— Nationa) Aeronautics and Space Administration (NASA)/USA.

— Nationa) Space Development Agency of Japan (NASDA)/Japan.

— Russian[Space Agency (RSA)/Russian Federation.
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— Austria Space Agency (ASA)/Austria.

— Central Research Institute of Machine Building (TsNIlMash)/Russian Federation.

— Centro Tecnico Aeroespacial (CTA)/Brazil.

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

— Commopnwealth Scientific and Industrial Research Organization (CSIRO)/Australia.
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— Federal [Service of Scientific,Technical & Cultural Affairs (FSST&CA)/Belgium.

— Hellenig¢ National Space Committee (HNSC)/Greece.

— Indian §pace Research-Organization (ISRO)/India.
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— Institutd of Space-Research (IKI)/Russian Federation.

— KFKI Researchnstitute for Particle & Nuclear Physics (KFKI)/Hungary.

- MIKOMTEK;CSIR (CSIR)/Republic of South Africa.

— Korea Aerospace Research Institute (KARI)/Korea.

— Ministry of Communications (MOC)/lsrael.

— National Oceanic & Atmospheric Administration (NOAA)/USA.

— National Space Program Office (NSPO)/Taipei.

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

— Swedish Space Corporation (SSC)/Sweden.

— United States Geological Survey (USGS)/USA.

CCSDS 132.0-B-1 Page iv September 2003
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1 INTRODUCTION
1.1 PURPOSE
The purpose of this Recommendation 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

snaca.ta-araund or snace-to-snace communications links hv snace missians
SPace~t0=-grotRG-0-Spa6e~to=-Space-coHURHGaHORS HRKSBY-SPace I HSSIORS:

1.2 SCOPE

This Recommendation defines the TM Space Data Link Protocol inderms 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 intérfaces within real systems;
c) the methods or technologies.yequired to perform the procedures; or

d) the management actiyvities required to configure and control the protocol.

1.3 APPLICABILITLY

This Recommendation applies to the creation of Agency standards and to |future data
communications over space links between CCSDS Agencies in cross-support sitdations. The
Recommendation includes comprehensive specification of the services and protogol for inter-
Agency:.eross support. It is neither a specification of, nor a design for, real systems that may
be implemented for existing or future missions.

The Recommendation specified in this document is to be invoked through|the normal
otai’idai’ds BEAAHESRS £ h CACINC A ooy o= annlicahkl A +h nat = for WhiCh
MIUyndinio Ul Tatll Lo oo AYTITILy diiu 1o dpyiitaulit tU U1UST TTIoo1VI b
cross support based on capabilities described in this Recommendation is anticipated. Where
mandatory capabilities are clearly indicated in sections of the Recommendation, 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-1 Page 1-1 September 2003
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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 DOCUMENTSTRUCTURE

This documegnt is divided into five numbered sections and three annexes:

— section 1 presents the purpose, scope, applicability and rationale of this
Recommendation and lists the conventions, definitions, and referencés used
throlighout the Recommendation.

— 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 protocol
entityy.

— section 5 specifies the managed parameters used by:the protocol entity.
— anngx A lists all acronyms used within this document.
— anngx B provides a list of informative referénces.

— anngx C lists the changes from the olderCCSDS Recommendation (reference [B3]).

1.6 CONYENTIONS AND DEFINFFIONS
1.6.1 DERINITIONS

1.6.1.1 Dsdfinitions from-the Open Systems Interconnection (OSI) Basic Reference
Mopdel

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

a) blocking;

b) connection;

c) Data Link Layer;
d) entity;

e) flow control;
CCSDS 132.0-B-1 Page 1-2 September 2003
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f) Network Layer;
g) peer entities;
h) Physical Layer;

i) protocol control information;

]J)__protocol dafa unit;

k) real system;

I) segmenting;

m) service;

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

p) service data unit.

1.6.1.2 Definitions from OSI Service Definition Conventions

This Recommendation makes use of a fmumber of terms defined in reference [2].| The use of
those terms in this Recommendation shall be understood in a generic sense; i.e., [in the sense
that those terms are generally appli¢able to any of a variety of technologies that| provide for
the exchange of information between real systems. Those terms are:

a) confirmation;
b) indication;
C) primitive;
d) request,
e)-.kesponse;

f) service provider;

g) service user.

1.6.1.3 Terms Defined in This Recommendation

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

aperiodic: not periodic (see below).

asynchronous: not synchronous (see below).

CCSDS 132.0-B-1 Page 1-3 September 2003
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delimited: having a known (and finite) length; applies to data in the context of data
handling.

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

periodic: qf or pertaining to a sequence of events in which each event occurs at a fixed time
interval (within specified tolerance) after the previous event in the sequence.

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

space link:| a communications link between a spacecraft and its associated ground system or
between twp spacecraft. A space link consists of one or more Physical Chiannels in one or
both directipns.

synchronoys: of or pertaining to a sequence of events occurring insafixed time relationship
(within spegified tolerance) to another sequence of events. Note.that ‘synchronous’ does not
necessarily ymply “periodic’ or ‘constant rate’.

1.6.2 NOMENCLATURE

The followipg conventions apply throughout this Recommendation:
a) the words ‘shall’ and “must’ imply a-binding and verifiable specification;
b) the yord ‘should’ implies an optignal, but desirable, specification;
c) theword ‘may’ implies an gptional specification;

d) the words ‘is’, ‘are’, aneh*will” imply statements of fact.

1.6.3 CONVENTIONS

In this document;the following convention is used to identify each bit in an N-bit field. The
first bit in the f|eId to be transmltted (| e, the most Ieft jUStIerd when drawmg a flgure) |s
defined to be—BitH- S S 3 5

When the field is used to express a binary value (such asa counter) the Most Significant Blt
(MSB) shall be the first transmitted bit of the field, i.e., ‘Bit 0" (see figure 1-1).
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BIT 0 BIT N-1

A4

N-BIT DATA FIELD

FIRST BIT TRANSFERRED = MSB

Figure 1-1: Bit Numbering Convention

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

rouped into
ghout this

The numbering for octets within a data structure starts with zero. By'\CCSDS convention, all

‘spare’ bits shall be permanently set to “0’.

1.7 REFERENCES

The following documents contain provisions which, through reference in this tex

t, constitute

provisions of this Recommendation. At the time of<publication, the editions indicated were

valid. All documents are subject to revision,>and users of this Recommendation are

encouraged to investigate the possibility of, applying the most recent editjons of the
documents indicated below. The CCSDS, Secretariat maintains a register of cufrently valid

CCSDS Recommendations.

[1] Information Technology—Ogpen Systems Interconnection—Basic Referepce Model:
The Basic Model. International Standard, ISO/IEC 7498-1. 2nd ed. Geneva: 1SO,
1994,

[2] Information Technology—Open Systems Interconnection—Basic Referenge Model—
Conventions forthe Definition of OSI Services. International Standand, 1SO/IEC
10731:1994. 'Geneva: 1SO, 1994.

[3] TM Synehronization and Channel Coding. Recommendation for Space [Data System
Stahdards, CCSDS 131.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS,
September 2003.

{4} = Space Link Identifiers. Recommendation for Space Data System Standafds, CCSDS
135.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS, January 2002

[5] CCSDS Global Spacecraft Identification Field Code Assignment Control Procedures.
Recommendation for Space Data System Standards, CCSDS 320.0-B-3. Blue Book.
Issue 3. Washington, D.C.: CCSDS, April 2003.

[6] Space Packet Protocol. Recommendation for Space Data System Standards, CCSDS
133.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS, September 2003.

NOTE - Informative references are listed in annex B.
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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 hy 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.chiaracteristics
over space-to-ground or space-to-space communications links (hereafter called-space links).

Figure 2-1 illustrates the relationship of this protocol to the Open Systems Intgrconnection
(OSI) reference model (reference [1]). Two sublayers of the DataAlink Layer arg defined for
CCSDS space link protocols as shown in reference [B4]. The TM Space Data L|nk Protocol
corresponds to the Logical Link Sublayer, and provides functiens of transferring various data
using a fixed-length protocol data unit called the Transfer-Frame. The Synchropization and
Channel Coding Sublayer provides some additional functions necessary for |transferring
Transfer Frames over a space link. These functions are delimiting/synchroniZJng Transfer
Frames, error-correction coding/decoding (optional), and bit transition generafion/removal
(optional). For the Synchronization and Channel*Coding Sublayer, the TM Syng¢hronization
and Channel Coding Recommendation (reference [3]) must be used with the TM| Space Data
Link Protocol. How the TM Space Data L.ink Protocol is used in overall space data systems
is shown in reference [B4].

OSI LAYERS CCSDS LAYERS CCSDS
PROTOCOLS
NETWORK AND NETWORK AND
UPPER LAYERS UPPER LAYERS
DATA LINK
PROTOCOL TM SPACE DATA LINK
SUBLAYER PROTOCOL

DATA LINK LAYER

SYNCHRONIZATION TM SYNCHRONIZATION

AND CHANNEL AND
CODING SUBLAYER CHANNEL CODING
PHYSICAL LAYER PHYSICAL LAYER

Figure 2-1: Relationship with OSI Layers

2.1.2 PROTOCOL FEATURES

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,
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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 by management. These protocol data units are known as TM Transfer Frames (unless
otherwise stated, the terms *Transfer Frame’ and ‘Frame’ in this document refer to the TM
Transfer Frame). Each Transfer Frame contains a header which provides protocol control
information, and a fixed-length data field within which higher-layer service data units are
carried.

A key featufe of the TM Space Data Link Protocol is the concept of ‘Virtual Channels’ (\VC).
The Virtual Channel facility allows one Physical Channel to be shared among multiple
higher-layer data streams, each of which may have different service requirements. (A’single
Physical Channel may therefore be divided into several separate logical data channels, each
known as g ‘Virtual Channel’. Each Transfer Frame transferred over a Physical Channel
belongs to gne of the Virtual Channels of the Physical Channel.

2.1.3 ADIDRESSING

There are three identifier fields in the header of Transfer Frames: Transfer Frame Version
Number (TFVN), Spacecraft Identifier (SCID), and Virtual-Channel Identifier (VCID). The
concatenatipn of a TFVN and a SCID is known as a Master Channel Identifier (MCID), and
the concatepation of an MCID and a VCID is called”a Global Virtual Channel Identifier
(GVCID). Therefore,

MCID = TFVN + SCID;
GV(CID = MCID + VCID = TFVN +SCID + VCID.

Each Virtugl 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
Channel copsists of multiple Master Channels. A Physical Channel is identified with a
Physical Channel Name, which is set by management and not included in the header of
Transfer Frames.

The relationships between these Channels are shown in figure 2-2.
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Virtual C hannel:
Identified by GVCID

Master C hannel:
Identified by MCID

Phy sical Channel:
Identified by Phy sical
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) the protocol data units; and

c) the procedures performed by theprotocol.

The service definitions are given ia-the form of primitives, which present an abgtract 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 imglementation
approaches.

The procedure specifications define the procedures performed by protocol entities for the
transfer of information between peer entities. The definitions of procedures are jndependent
of specific implementation methods or technologies.

This protecol specification also specifies the requirements for the underlying services
provided by the Channel Coding Sublayer and the Physical Layer.

2.2 OVERVIEW OF SERVICES

2.21 COMMON FEATURES OF SERVICES

The TM Space Data Link Protocol provides users with data transfer services. The point at
which a service is provided by a protocol entity to a user is called a Service Access Point
(SAP) (see reference [1]). Each service user is identified by a SAP address.

Service data units submitted to a SAP are processed in the order of submission. No
processing order is maintained for service data units submitted to different SAPs.
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NOTE - Implementations may be required to perform flow control at a SAP between the
service user and the service provider. However, CCSDS does not make any
recommendations for a scheme for flow control between the user and the
provider.

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

a) unidirectional (One way) Services. one end of a connection can send, DUt NOT TECEIVE,
datalthrough the space link, while the other end can receive, but not send;

b) unconfirmed services: the sending user does not receive confirmation from -the
recejving end that data has been received,;

c) incomplete services: the services do not guarantee completeness, but,some services
may] signal gaps in the sequence of service data units delivered to the #eceiving user;

d) segyence-preserving services: the sequence of service data units supplied by the
sending user is preserved through the transfer over the spacedink, although there may
be gaps and duplications in the sequence of service data units delivered to the
recejving user.

NOTE - [This Recommendation assumes that these services are provided at the end points
of a space link. However, this Recommendation makes 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
Recommendation may be extended-or enhanced with Space Link Extension
Services (reference [B5]).

2.2.2 SERVICE TYPES
2.2.2.1 Overview

The TM Sppce Data LinkProtocol provides three service types (asynchronous, synchronous,
and periodig) that deterriine how service data units supplied by the user are transferred in
protocol data units gver a space link.

The modeld shown below are intended only to illustrate the characteristics of services. They

are not intended to guide or restrict design of on-hoard or ground systems. |

2.2.2.2 Asynchronous Service

In asynchronous service, there are no timing relationships between the transfer of service
data units supplied by the service user and the transmission of Transfer Frames generated by
the service provider. The user may request data transfer at any time it desires, but there may
be restrictions imposed by the service provider on the data generation rate. In this service
(figure 2-3), each service data unit from a sending user is placed in a queue, the contents of
which are sent to a receiving user in the order in which they were presented. Although
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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 transfer 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 service data
units from the sending user are transferred, and transferred only once.

Sending Receiving
User User
— '
pr— . '
= Provider !
:
)

. Transfer from sending end to

Figure 2-3: Asynchrenous Service Model

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 ‘&’ Physical Channel. The transfer timing may be|periodic or
aperiodic.

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 recejving user at
the time when-a Transfer Frame is transmitted. The transmission timing of Trarsfer 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 gt all (if one
value 1S replaced by a second before the service provider can send It).
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2.2.3 SUN

Sending Receiving
User User
Buffer Provider

)
' Buffer content is transferred
1+ once per Transfer Frame

Transfer frombufferat sending end
to receiving end

Figure 2-4: Synchronous Service Model

riodic Service

vice is a special case of synchronous service:in which service data units are
ht a constant rate. Periodic transfer from sefvice interface to service interface is
th a specified maximum delay and a specified maximum jitter at the service
here are three cases in which a synchrgnous service is periodic:

e service is associated with a Mirtual Channel (or a Master Channel), and that
hal (or Master) Channel produces Transfer Frames at a constant rate, then the
ce is periodic;

e service is associated-with a Master Channel and there is only one Master
nnel in the Physical-Channel, then the service is periodic.

services, all_service data units are sent only once if the user supplies service data
bame rate as the rate at which the service provider transfers them.

IMARY OF SERVICES

2.2.3.1 General

Eight services are provided by the TM Space Data Link Protocol. Five of them (Packet,
Virtual Channel Access, Virtual Channel Frame Secondary Header, Virtual Channel

Operational

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

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

Control Fie
summarizes

CCSDS 132.

24

Id, and Master Channel Frame) are provided for a Master Channel. Table 2-1
these services.
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Table 2-1: Summary of Services Provided by TM Space Data Link Protocol

Service Service Type Service Data SAP Address
Unit
Packet Asynchronous Packet GVCID + Packet
Version-Number
Virtual Channel Access (VCA) Asynchronous or VCA_SDU Gvelib
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 Synchroreus or FSH_SDU MCID
Secondary Header (MC_FSH) Periodic
Master Channel Operational Synchronous or OCF_SDhuU MCID
Control Field (MC_OCF) Periodic
Master Channel Frame (MCF) Asynchronous or Transfer Frame MCID
Periodic
2.2.3.2 Packet'Service
The Packet Service transfers a sequence of variable-length, delimited, octet-aligned service
data.tnits known as Packets across a space link. The Packets transferred by this $ervice must
have a Packet Version Number (PVN) authorized by CCSDS. For the Packet Version
Numbers presently authorlzed by CCSDS see reference [4]. The service is unjidirectional,

nor does it

S|gnal 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 transferred on that Virtual Channel.
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2.2.3.3 Virtual Channel Access (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 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 Virtual
Channel, cgn use this service on a Virtual Channel. Service data units from different users
are not muliiplexed together within one Virtual Channel.

2.2.3.4 Virtual Channel Frame Secondary Header (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 Hedder (FSH) of Transfer
Frames of 4 Virtual Channel. The service is unidirectional and sequence-preserving. The
transfer is gynchronized with the release of Transfer Frames of a Virtual Channel. The
service doe$ not guarantee completeness but may signal gaps inthe sequence of service data
units delivefed to the receiving user.

For a given service instance only one user, identified with the GVCID of the Virtual
Channel, cgn use this service on a Virtual Channel, “Service data units from different users
are not muliiplexed together within one Virtual.Channel.

2.2.3.5 Virtual Channel Operational Control Field (VC_OCF) Service

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

For a given service instance only one user, identified with the GVCID of the Virtual
Channel, cgncuse 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 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.
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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.

The Virtual Channel Frame Service transfers the independently created TM Transfer Frames
through a space link, together with TM Transfer Frames created by the service provider
itself. This service is made available to trusted users who are certified during the design

process to ensure that the independently created protocol data units do not
operational integrity of the space link. Necessarily, the independent Transfer H
have the same length as those generated by the service provider.

2.2.3.7 Master Channel Frame Secondary Header (MC_FSH)|Service

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

Only one user can use this service on a-Master Channel, and the user is identif
MCID of the Master Channel. Service data units from different users are not
together within one Master Channek

2.2.3.8 Master Channel.Operational Control Field (MC_OCF) Service

violate the
rames must

ynchronous
of Transfer
rving. The
annel. The
service data

ed with the
multiplexed

The Master Channel(Operational Control Field (MC_OCF) Service provides §
transfer of fixed-Jength data units, each consisting of four octets, in the Operati

ynchronous
nal Control

Field (OCF) of-Fransfer Frames of a Master Channel. The service is unidirgctional 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 signalf gaps in the
sequenge-of service data units delivered to a receiving user.

Only one user can use this service on a Master Channel, and the user is identifjed with the
MCID of the Master Channel. Service data units from different users are not multiplexed
together withim one Master Channet.

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
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.
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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.

The Master Channel Frame Service transfers the independently created TM Transfer Frames
through the space link, together with TM Transfer Frames created by the service provider
itself. This-service-is—made-available-to-trustedusers-who-are certified-during-the design
process to [ensure that the independently created protocol data units do not violate the
operational [integrity of the space link. Necessarily, the independent Transfer Frames must
have the same length as those generated by the service provider.

2.24 RESTRICTIONS ON SERVICES

There are sqme restrictions on the services provided on a Physical Channek:

a) if the Master Channel Frame Service exists on a Master Channgl, other services shall
not gxist simultaneously on that Master Channel;

b) on gne Master Channel, the Virtual Channel Frame Seeondary Header Service shall
not gxist simultaneously with the Master Channel Framme Secondary Header Service;

c) on gne Master Channel, the Virtual Channel Operational Control Field Service shall
not gxist 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 gxist simultaneously on that Virtual Channel;

e) on dgne Virtual Channel, the Packet Service shall not exist simultaneously with the
Virtyal Channel Access Seryvice.

2.3 OVERVIEW OF FUNETIONS
2.3.1 GENERAL FUNCTIONS
The TM Space Data Link Protocol transfers various service data units supplied by sending

users encappulated in a sequence of protocol data units using services of lower layers. The
protoc0| data=tunits known as TM Transfer Frames have a fixed Inngfh and _must he

transferred over a Physical Channel at a constant rate.

The protocol entity performs the following protocol functions:

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

b) segmenting and blocking of service data units to transfer variable-length service data
units in fixed-length protocol data units;
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¢) multiplexing/demultiplexing and commutation/decommutation in order for various
service users to share a single Physical Channel;

d) generation and removal of idle data to transfer protocol data units at a constant rate.

The protocol entity does not perform the following protocol functions:

ay—connectionestablishmentandretease;
b) flow control;

c) retransmission of protocol data units.

2.3.2

INTERNAL ORGANIZATION OF PROTOCOL ENTITY

Figures 2-5 and 2-6 show the internal organization of therotocol entity of the
receiving ends, respectively. Data flow from top to bettom in figure 2-5, and fro
top in figure 2-6. These figures identify data-handling functions performed by
entity and show logical relationships among these functions. The figures are nof
imply any hardware or software configuration,in a real system. Depending on
actually used for a real system, not all of the-functions may be present in the protg

Packet VC Access
Service Service Service
Packet

Processing

VE’FSH VC_OCF

Service
VC Frame
Service

MC_FSH
Service

Virttial C hannel Generation

MC_OCF
Service

Virtual C hannel Multiplexing

MC Fran
Servicq

Master C hannel Generation

sending and
m bottom to
the protocol
intended to
the services
col entity.

e

All Frames Generation

Figure 2-5: Internal Organization of Protocol Entity (Sending End)
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Packet VC Access VC_FSH VC_OCF

Service Service Service Service

| VC Frame
Packet Service

Extraction MC_FSH
| Service
Virtual Channel Reception M"—U.L’F
| Service
MC Frame
Virtual C hannel Demultiplexing Service

Master C hannel Reception

Master C hannel Demultiplexing

All Frames Reception

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

By extracting multiplexing/demultiplexing and commutation/decommutation functions from
figures 2-5 jand 2-6, the relationship among variods data units can be shown as figure 2-7,
which is knpwn as the Channel Tree of the TMSpace Data Link Protocol.

In figure 2-j/, multiplexing (shown with a triangle) is a function of mixing, according to an
algorithm eptablished by the project, smultiple streams of data units, each with a different
identifier, t¢ 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;gach from a different service, in a single protocol data unit
sharing the fame identifier-
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Figure 2-7: “"TM Space Data Link Protocol Channel Tree
2.4 SERVICES ASSUMED FROM LOWER LAYERS

241 SERVICES ASSUMED FROM THE SYNCHRONIZATION AND C

As described in 2.1.1, the TM Synchronization and Channel Coding Reco
(reference [3]) must be used with the TM Space Data Link Protocol as the Syn

The functions provided 1

Synchronization and Channel Coding Recommendation are as follows:

HANNEL

mmendation
chronization
y the T™M

a) error control encoding and decoding functions (optional);
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.
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2.4.2 PERFORMANCE REQUIREMENTS TO LOWER LAYERS

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

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

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

In order to |assure correct decoding at the receiving end, the same coding options must be
applied to aJl 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 tha carmziicea 1icar The dofinitinn of _nrimitivine ara tndanandant Of S eciflc
“urtu e Julh vive UJLerT . LELILAY ACTITITLUIVTTO JT I\JIlIIIItIV\/\J “urev IIIU\/H\/II\A\:III. p

implementation approaches.

The parameters of the primitives are specified in an abstract semse.”and [specify the
information to be made available to the user of the primitives. The way in whigh a specific
implementation makes this information available is not constrained by this specification. In
addition to the parameters specified in this section, an implementation may pfovide other
parameters to the service user (e.g., parameters for contralling the service,| monitoring
performance, facilitating diagnosis, and so on).

3.2 SOURCE DATA
3.21 SOURCE DATA OVERVIEW

NOTE - This subsection describes the;service data units that are transferred from sending
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 follpws:
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) &M Transfer Frame.

3.2.2 PACKET

3.2.2.1 Packets shall be transferred over a space link via the Packet Service.

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 [4].

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 Packets are variable-length, delimited, octet-aligned data units, and are usually the
protocol data unit of a Network Layer protocol.

2 For the PVNs presently authorized by CCSDS, see reference [4].

3.2.3 VIRTUAL CHANNEL ACCESS SERVICE DATA UNIT (VCA_SDU)
VCA_SDUs shall be transferred over a space link with the Virtual Channel Access Service,

NOTE - WMirtual Channel Access Service Data Units (VCA_SDUs) are fixed-length, octet-
pligned data units, the format of which is unknown to the service provider. Their
ength is established by management.

3.24 FRAME SECONDARY HEADER SERVICE DATA UNIT{FSH_SDU)

3.2.4.1 Frame Secondary Header Service Data Units (FSH_SDWs) shall be transferred over
a space link with the VC_FSH or MC_FSH Service. Data units may be carried in every
frame of a|Virtual Channel, using the VC_FSH Service, .ob, in every frame of a Master
Channel, usjng the MC_FSH Service.

3.2.4.2 Although the transfer of FSH_SDUs is syachronized with the Virtual Channel or
Master Chgnnel that will provide the transfer service, the creation of FSH_SDUs by the
sending user may or may not be synchronized-with the Virtual Channel or Master Channel.
Such synchfonization, if required for timing or other purposes, is a mission-design issue.

NOTE - [rame Secondary Header-Service Data Units (FSH_SDUSs) are fixed-length data
nits carried in the Transfer Frame Secondary Header (FSH), defined in 4.1.3,
rom a sending end to a'receiving end. Their length may be of any constant value
hich is an integral-humber of octets, between 2 octets and 64 octets. It shall be
tatic within the-associated Master or Virtual Channel, and is established by
anagement{— Except for the Frame Secondary Header Identification Field
efined.in'4.1.3.2, CCSDS specifies no format or semantics for the content of an
SH.SDU.

3.2.5.1 Operational Control Field Service Data Units (OCF_SDUs) shall be transferred
over a space link with the VC_OCF or MC_OCF 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.

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
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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_SDUSs) 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
4.1.5, CCSDS specifies the use of the first bit of this field to indicate the type of
data carried.

3.2.6 TM TRANSFER FRAME

nnel Frame
restrictions

Transfer Frames transferred by the Virtual Channel Frame and)Master Cha
Services shall be partially formatted TM Transfer Frames, and the following

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 Framg
Header and the Transfer Frame Secondary Header Flag of the Tran
submitted to the Virtual Channel Frame Service on the same Master Char

empty;

if the MC_OCF Service exists'on a Master Channel, the Operational C
and the Operational Contrel Field Flag of the Transfer Frames subm

Virtual Channel Frame Service on the same Master Channel shall be empty;

d) the Frame Error Control Field of the Transfer Frames submitted to th
Virtual Channel=Frame Service shall be empty, if it is present on {

Channel.

NOTE - TheZIM Transfer Frame is the fixed-length protocol data unit of thy
Data Link Protocol, but also can be used as the service data units of
Channel Frame and Master Channel Frame Services. Its format is dg
of this Recommendation. The length of any Transfer Frame trans
Physical Channel must be the same, and is established by managemen

p Secondary
sfer Frames
nel shall be

ontrol Field
itted to the

e Master or
he Physical

e TM Space
the Virtual
fined in 4.1
ferred on a
t.

3.3.1 OVERVIEW OF PACKET SERVICE

The Packet 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. For the Packet Version
Numbers presently authorized by CCSDS, see reference [4]. 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.
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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 transferred on that Virtual Channel.

3.3.2 PA(Q
3321 G
The paramg
contained ir
3322 Pg
The Packet

NOTE -

3.3.23 G

The GVCII
which the P

NOTE -

3.3.24 Pg

NOTE -

LKET SERVICE PARAMETERS

eneral

ters used by the Packet Service primitives shall conform to the specifications
subsections 3.3.2.2 through 3.3.2.5.

cket

parameter shall contain a Packet for transfer by the Packet Service.

The Packet parameter is the service data unit transferred by the Packet Service.

For restrictions on the Packets transferred by thé.Packet Service, see 3.2.2.

VCID

D parameter shall contain a GVCID' that indicates the Virtual Channel through
acket is to be transferred.

The GVCID parameter ig'part of the SAP address of the Packet Service.

cket Version Number

The Packet d/efsion Number parameter is part of the SAP address of the Packet
Service and identifies the protocol entity of the upper layer that uses the Packet
Service,

3.3.2.5 Packet Quality Indicator

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

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.
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3.3.3 PACKET SERVICE PRIMITIVES
3.3.3.1 General

The service primitives associated with the Packet Service are:
a) PACKET.request;
b) PACKET.indication.

3.3.3.2 PACKET.request
3.3.3.2.1 Function

At the sending end, the Packet Service user shall pass a PACKET.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 PACKET.request primitive shall'be the service request primitive for the
Packet Service.

3.3.3.2.2 Semantics

The PACKET.request primitive shall provide parameters as follows:

PACKET.request (Packet,
GVCID,
Packet Version Number)

3.3.3.2.3 When Generated

The PAEKET.request primitive shall be passed to the service provider to request it to send
the Packet.

3.3.3.2.4 Effect On Receipt

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

3.3.3.2.5 Additional Comments

The PACKET.request primitive shall be used to transfer Packets across the space link on the
specified Virtual Channel.
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3.3.3.3 PACKET.indication

3.3.3.3.1 Function

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

NOTE -

q

3.3.3.3.2
The PACKE

PA(Q

3.3.3.3.3

The PACK
Service use

33334 |

The effect
undefined.

3.3.335 |

The PACKIF
identified b
(optional).

The PACKET.indication primitive shall be the service indication primitive for
the Packet Service.

$emantics

ET.indication primitive shall provide parameters as follows:

KET.indication (Packet,
GVCID,
Packet Version Number,
Packet Quality Indicator (optional))

When Generated

ET.indication primitive shall be passed from the service provider to the Packet
at the receiving end to deliver a Packet:

Fffect On Receipt

of receipt of the PACKET: indication primitive by the Packet Service user is

\dditional Comments

ET.indication primitive shall be used to deliver Packets to the Packet Service user
/ the GVCID.and Packet Version Number. Incomplete Packets may be delivered

3.4 VIRT

UAL 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 units delivered to the receiving user.

CCSDS 132.0-B-1
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Only one user, identified with the GVCID of the Virtual Channel, can use this service on a
Virtual Channel. Service data units from different users are not multiplexed together within
one Virtual Channel.

3.4.2 VCA SERVICE PARAMETERS

3.4.21 General
The parameters used by the VCA Service primitives shall conform to' the specifications
contained in subsections 3.4.2.2 through 3.4.2.5.
34.22 VCA _SDU

NOTE - The VCA_SDU parameter is the service data unit transferred by the VCA
Service. For restrictions on the VCA_SDUs transferred by the VCA [Service, see
3.2.3.

3.4.2.3 VCA Status Fields

The Packet Order Flag (1 bit) and Ségment Length ID (2 bits) may be used to convey
information on the validity, sequenee, or other status of the VCA_SDUs. Provjsion of this
field is mandatory; semantics are user-optional.

NOTE - The VCA Status-Fields parameter consists of the Transfer Frame First Header
Pointer Field‘and three other bits of the Transfer Frame Status Field] the Packet
Order Flag (1 bit), and Segment Length ID (2 bits). These are updefined by
CCSDS when a Virtual Channel is used to transfer VCA_SDUSs.

3424 GVCID

The GV CID parameter shall contain a GVCID that indicates the Virtual Charlnel through
which the VCA_SDU is to be transferred.

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

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.
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3.4.3 VCASERVICE PRIMITIVES

3.4.3.1 General

The service

primitives associated with the VCA Service are:

a) VCA request;

b) VC/L.indication.

3432 V(
34321 |

At the send
provider to
the specifie

NOTE -
34322 §

The VCA\.r¢

VCA .request

3.43.23

The VCA.r
VCA _SDU

CA.request
Function

ng end, the VCA Service user shall pass a VCA.request primitive to the service
request that a VCA_SDU be transferred to the user at the«eceiving end through
I Virtual Channel.

The VCA.request primitive shall be the service request primitive for the VCA
Service.

$emantics

quest primitive shall provide parameters as follows:

(VCA_SDU,
VCA Status Fields,
GVCID)

When Generated

pquest primitive shall be passed to the service provider to request it to send the

34324 1

Effdct On Receipt

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

3.4.3.2.5 Additional Comments

The VCA.request primitive shall be used to transfer VCA_SDUs across the space link on the
specified Virtual Channel.
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3.4.3.3 VCA.indication
3.4.3.3.1 Function

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

NOTE - The VCA.indication primitive shall be the service indication primitive for the
VCA Service.

3.4.3.3.2 Semantics

The VCA.indication primitive shall provide parameters as follows:

VCA.indication (VCA_SDU,
VCA Status Fields,
GVCID,
VCA_SDU Loss Flag(optional))
3.4.3.3.3 When Generated
The VCA.indication primitive shallbe passed from the service provider to the JCA Service
user at the receiving end to deliver a VCA_SDU.

3.4.3.3.4 Effect On Regeipt

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

3.4.3.3.5 Additional Comments

The VVCA.indication primitive shall be used to deliver VCA_SDUSs to the VCA Bervice user
identified by the GVCID.

35 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
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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Only one user, identified with the GVCID of the Virtual Channel, can use this service on a
Virtual Channel. Service data units from different users are not multiplexed together within

one Virtual Channel.

3.5.2 VC_FSH SERVICE PARAMETERS

3.5.2.1 Gg¢neral

The paramgters used by the VC_FSH Service primitives shall conform to the specifications

contained ir) subsections 3.5.2.2 through 3.5.2.4.

3522 FY§H_SDU

NOTE - [The FSH_SDU parameter is the service data unit transferred by the VC_FSH
Service in the Frame Secondary Header of Transfer Frames‘of a Virtual Channel.
For restrictions on the FSH_SDU transferred by the VCFSH Service, see 3.2.4.

3.5.2.3 GYCID

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

which the FSH_SDU is to be transferred.

NOTE - [The GVCID parameter is the SAP-address of the VC_FSH Service.

3.5.24 FJH_SDU Loss Flag

The FSH_SPDU Loss Flag is an ©ptional 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_SDPRUs may have been lost. If implemented, the flag shall be derived

by examining the VirtuakChannel Frame Count in the Transfer Frames.

3.5.3 VC]|FSH'SERVICE PRIMITIVES

3.5.3.1 General

The service

a) VC_
b) VC_

CCSDS 132.

42

primitives associated with the VC_FSH Service are:
FSH.request;
FSH.indication.
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3.5.3.2 VC_FSH.request
3.5.3.2.1 Function

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

NOTE - The VC_FSH.request primitive shall be the service request primitive for the
VC_FSH Service.
3.5.3.2.2 Semantics
The VC_FSH.request primitive shall provide parameters ascfoltows:
VC_FSH.request (FSH_SDU,
GVCID)
3.5.3.2.3 When Generated
The VC_FSH.request primitive shall be“passed to the service provider to request it to send
the FSH_SDU.
3.5.3.2.4 Effect On Receipt
Receipt of the VC_RSH.request primitive shall cause the service provider to [transfer the
FSH_SDU.
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.

3.0.3.0 VC_FSH.Indication
3.5.3.3.1 Function

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

NOTE - The VC_FSH.indication primitive shall be the service indication primitive for the
VC_FSH Service.
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3.5.3.3.2 Semantics
The VC_FSH.indication primitive shall provide parameters as follows:

VC_FSH.indication (FSH_SDU,
GVCID,
ESH_SDU | oss Flag (optional))

3.5.3.3.3 When Generated

The VC_FSH.indication primitive shall be passed from the service provider to thezWC_FSH
Service usef at the receiving end to deliver an FSH_SDU.

3.5.3.3.4 [Effect On Receipt

The effect pf receipt of the VC_FSH.indication primitive by theQ¥€C_FSH Service user is
undefined.

3.5.3.3.,5 Additional Comments

The VC_F$H.indication primitive shall be used-to' deliver FSH_SDUs to the VC_FSH
Service usef identified by the GVCID.

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 (OCH) of Transfer Frames of a Virtual Channel. The service is unidirectional and
sequence-prieserving:  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 0 I I I IVi

Only one user, identified with the GVCID of the Virtual Channel, can use this service on a
Virtual Channel. Service data units from different users are not multiplexed together within
one Virtual Channel.
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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 specifications
contained 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 VC_OCF
Service in the Operational Control Field of Transfer Frames of a Virtgial Channel.
For restrictions on the OCF_SDU transferred by the VC-OCF Servicg, see 3.2.5.

3.6.2.3 GVCID

The GVCID parameter shall contain a GVCID thab indicates the Virtual Charlnel through
which the OCF_SDU is to be transferred.

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

3.6.24 OCF_SDU Loss Flag

The OCF_SDU Loss Flag is ancoptional 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_SBUs may have been lost. If implemented, the flag shall be derived
by examining the Virtual'Channel Frame Count in the Transfer Frames.

3.6.3 VC_OCF SERVICE PRIMITIVES

3.6.3.1 <General

The:Service primitives associated with the VC_OCF Service are:
a) VC_OCF.request;
b) VC_OCF.indication.

3.6.3.2 VC_OCF.request
3.6.3.2.1 Function

At the sending end, the VC_OCF Service user shall pass a VC_OCF.request primitive to the
service provider to request that an OCF_SDU be transferred to the user at the receiving end
through the specified Virtual Channel.
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NOTE -

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

3.6.3.2.2 Semantics

The VC_OCEF.request primitive shall provide parameters as follows:

VC |
3.6.3.23 )
The VC_O
the OCF_SI
3.6.3.24
Receipt of
OCF_SDuU.

3.6.3.2.5

A

The VC_O(
the specifie
3633 V
3.6.3.3.1

At the seng
Service use

NOTE -

|OCF.request (OCF_SDuU,

GVCID)
/Vhen Generated
CF.request primitive shall be passed to the service provider to request it to send
DU.
Fffect On Receipt

the VC_OCF.request primitive shall cause the~Sérvice provider to transfer the

Additional Comments

CF.request primitive shall be used to transfer OCF_SDUs across the space link on
l Virtual Channel.

C OCF.indication

Function

ing end,-the service provider shall pass a VC_OCF.indication to the VC_OCF
 at the-reeeiving end to deliver an OCF_SDU.

The "VC_OCF.indication primitive is the service indication primitive for the

C_OCF Service.

3.6.3.3.2 Semantics

The VC_OCF.indication primitive shall provide parameters as follows:

VC_

CCSDS 132.

46

OCF.indication (OCF_SDU,
GVCID,
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3.6.3.3.3 When Generated

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

B

Q2017217 4 —ffopnt M D P
J.V.0.0. 9% LTICULLU UTT TATLTTUL

The effect of receipt of the VC_OCF.indication primitive by the VC_OEE>Selvice user is
undefined.

3.6.3.3.,5 Additional Comments

The VC_OCF.indication primitive shall be used to deliver.-OCF_SDUs to the VC_OCF
Service user identified by the GVCID.

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 eptity, across
a space link. The service is unidirectional, either asynchronous or periodic, and sequence-
preserving. The service does ot guarantee completeness, but it may signal |gaps in the
sequence of service data units delivered to the receiving user.

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

3.7.2 VEE'SERVICE PARAMETERS

3.7.2°1)" General

The parameters used by the VCF Service primitives shall conform to the specifications

containedn-subsections-3-7.2.2 through-3.-7-2.4-

3.7.2.2 Frame

The Frame parameter shall be a TM Transfer Frame of the Virtual Channel specified by the
GVCID parameter.

NOTES
1 The Frame parameter is the service data unit transferred by the VCF Service.
CCSDS 132.0-B-1 Page 3-15 September 2003
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2 The

3 For

format of the GVCID parameter is defined in 4.1.

restrictions on the TM Transfer Frames transferred by the VCF Service, see 3.2.6.

3.7.23 GVCID

The GVCI
which the F

NOTE -

3.7.24 Fr

The Frame

D parameter shatttontaim a GvCiDthat indicates the Virtuat Chanmnetthrough
Fame is to be transferred.

The GVCID parameter is the SAP address of the VCF Service.

ame Loss Flag

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 beefbdetected, and that

one or mg
implemente
Transfer Fra

re Transfer Frames of the specified Virtual Channetihave been lost. If
d, the flag shall be derived by examining the Virtual Channel Frame Count in the
imes.

3.7.3 VCK SERVICE PRIMITIVES
3.7.3.1 Gg¢neral
The service|primitives associated with the VCFE-Service are:
a) VCH.request;
b) VCH.indication.
3.7.3.2 VCF.request
3.7.3.2.1 Function
At the sendjng end,<the VCF Service user shall pass a VCF.request primitive to the service
provider to [request.that a Frame be transferred to the user at the receiving end through the
specified Virtual Channel.
NOTE - The VCF.request primitive is the service request primitive for the VCF Service.

3.7.3.2.2 Semantics

The VCF.request primitive shall provide parameters as follows:

VCF.request

CCSDS 132.
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(Frame,
GVCID)
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3.7.3.2.3 When Generated

The VCF.request primitive shall be passed to the service provider to request it to send the
Frame.

3.7.3.2.4 Effect On Receipt

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

3.7.3.3 VCF.indication
3.7.3.3.1 Function

At the sending end, the service provider shalf pass a VCF.indication to the VCF pervice user
at the receiving end to deliver a Frame;

NOTE - The VCF.indication_primitive is the service indication primitive fpr the VCF
Service.

3.7.3.3.2 Semantics

The VCF.indication primitive shall provide parameters as follows:

VCF.indication (Frame,
GVCID,
Frame Loss Flag (optional))

3.7.3.3.3 When Generated

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

3.7.3.3.4 Effect On Receipt

The effect of receipt of the VCF.indication primitive by the VCF Service user is undefined.
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3.7.3.3.5 Additional Comments

The VCF.indication primitive shall be used to deliver Transfer Frames of a Virtual Channel
to the VCF Service user identified by the GVCID.

3.8 MASTER CHANNEL FRAME SECONDARY HEADER (MC_FSH) SERVICE

3.8.1 OVI

The Master
transfer of fi

FRVIEW OF MC_FSH SERVICE

Channel Frame Secondary Header (MC_FSH) Service provides synchronous
xed-length data units in the Transfer Frame Secondary Header (FSH) of Fransfer

Frames of 3 Master Channel. The service is unidirectional and sequence-preserving. The
transfer is gynchronized with the release of Transfer Frames of a Master_Channel. The
service doe$ not guarantee completeness, but it may signal gaps in the seqlence of service
data units dglivered to a receiving user.

Only one usger, identified with the MCID of the Master Channel,(gan use this service on a
Master Chahnel. 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 Ge¢neral

The parameters used by the MC_FSH Service-primitives shall conform to the specifications

contained in subsections 3.8.2.2 through 3.8.2.4.
3.8.22 FS§H_SDU
NOTE - [The FSH_SDU parameter is the service data unit transferred by the MC_FSH

3823 M

The MCID

Service in the Frame Secondary Header of Transfer Frames of a Master Channel.
For restrictions on the FSH_SDU transferred by the MC_FSH Service, see 3.2.4.

CID

parameter shall contain an MCID that indicates the Master Channel through

which the F

S
ClLd” CN) ictn ho trancfarrad
JT LA =4 L] LY

]
A4

O U DT artorecTToas

NOTE - 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
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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.

3.8.3 MC_FSH SERVICE PRIMITIVES

3.8.3.1 General

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

3.8.3.2 MC_FSH.request
3.8.3.2.1 Function

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

NOTE - The MC_FSH.request primitive is the service request primitive for the MC_FSH
Service.
3.8.3.2.2 Semantics
The MC_FSH.request.primitive shall provide parameters as follows:
MC_FSH;request (FSH_SDU,
MCID)
3.8.3:23 When Generated

The MC_FSH.request primitive shall be passed to the service provider to request it to send
the ESH_SDU

3.8.3.2.4 Effect On Receipt

Receipt of the MC_FSH.request primitive causes the service provider to transfer the
FSH_SDU.
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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.

3.8.3.3 MC FSH.indication

3.8.33.1

unction

At the sendjing end, the service provider shall pass an MC_FSH.indication to the ME'-FSH

Service use
NOTE -

3.8.3.3.2 §
The MC_F{

MC]|

3.8.3.3.3
The MC_F§
Service use

3.8.3.34 |

The effect
undefined.

at the receiving end to deliver an FSH_SDU.

The MC_FSH.indication primitive is the service indication primitive for the
MC_FSH Service.

$emantics

H.indication primitive shall provide parameters as follows:

| FSH.indication (FSH_SDU,
MCID,
FSH_SDU Loss Flag-optional))

When Generated

bH.indication primitive shall be passed from the service provider to the MC_FSH
at the receiving end to.deliver an FSH_SDU.

Fffect On Receipt

pf receipt-of the MC_FSH.indication primitive by the MC_FSH Service user is

3.8.3.35

dditional Comments

The MC_FSH.indication primitive shall be used to deliver FSH_SDUs to the MC_FSH
Service user identified by the MCID.

CCSDS 132.0-B-1
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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
Field (OCF) of Transfer Frames of a Master Channel. The service is unidisgctional 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 Chanpel, ‘Can use this $ervice on a
Master Channel. Service data units from different users are Aot multiplexed together within
one Master Channel.

3.9.2 MC_OCF SERVICE PARAMETERS
3.9.21 General

The parameters used by the MC_OCF Setvice primitives shall conform to the specifications
contained in subsections 3.9.2.2 through 3.9.2.4.

3.9.22 OCF_SDU

NOTE - The OCF_SDU parameter is the service data unit transferred by the MC_OCF
Service in.the Operational Control Field of Transfer Frames of a Master Channel.
For restrictions on the OCF_SDU transferred by the MC_OCF Servicg, see 3.2.5.

3.9.23 MCID

The MCID parameter shall contain an MCID that indicates the Master Channel through
which the OCF_SDU is to be transferred.

NOTE —  The MCID parameter is the SAP address of the QCF_SDU Service,

3.9.2.4 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 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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393 MC_

OCF SERVICE PRIMITIVES

3.9.3.1 General

The service

a) MC_

primitives associated with the MC_OCF Service are:

OCF.request;

b) MC|[OCF.indication.

3.9.3.2 ML _OCF.request

39321

At the send
the service
end through

NOTE -
3.9.3.2.2
The MC_O

MC,
3.9.3.23
The MC_O
the OCF_SI,

39324 |

unction

ng end, the MC_OCF Service user shall pass an MC_OCF.request primitive to
provider to request that an OCF_SDU be transferred to the user at the receiving
the specified Master Channel.

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

$emantics

CF.request primitive shall provide parameters as follows:

| OCF.request (OCF_SDUj;

MCID)

When Generated

CF.request primitive shall be passed to the service provider to request it to send
DU.

Fffeet' On Receipt

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

OCF_SDU.

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.

CCSDS 132.
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3.9.3.3 MC_OCF.indication
3.9.3.3.1 Function

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

NOTE - The MC_OCF.indication primitive is the service indication primitive for the
MC_OCF Service.
3.9.3.3.2 Semantics
The MC_OCF.indication primitive shall provide parameters as-follows:
MC_OCF.indication (OCF_SDU,

MCID,

OCF_SDU Loss Flag {optional))
3.9.3.3.3 When Generated
The MC_OCF.indication primitive shallsbe passed from the service provider to tfe MC_OCF
Service user at the receiving end to deliver an OCF_SDU.
3.9.3.3.4 Effect On Receipt
The effect of receipt of,the MC_OCF.indication primitive by the MC_OCF Selvice user is
undefined.

3.9.3.3.5 Additional Comments

The MC OCF.indication primitive shall be used to deliver OCF_SDUs to theg MC_OCF
Serviceé user identified by the MCID.

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.
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Only one user, identified with the MCID of the Master Channel, can use this service on a

Master Channel. Service data units from different users are not multiplexed together within

one Master Channel.

3.10.2 MCF SERVICE PARAMETERS

3.10.2.1 Gegneral

The paramgters used by the MCF Service primitives shall conform to the specifications

contained i) subsections 3.10.2.2 through 3.10.2.4.

3.10.2.2 Frlame

The Frame parameter shall be a TM Transfer Frame of the Master Channel‘specified by the

parameter MICID.

NOTES

1 The|Frame parameter is the service data unit transferredby the MCF Service.

2 The|format of the MCID parameter is defined in 4,1

3 For [restrictions on the TM Transfer Frames\ transferred by the MCF Service, see
3.2.6.

3.10.2.3 MCID

The MCID|parameter shall contain-an* MCID that indicates the Master Channel through

which the Frame is to be transferred.

NOTE - [The MCID paraméter 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 or mdre~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 MC

F SERVICE PRIMITIVES

3.10.3.1 General

The service
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a) MCF.request;
b) MCF.indication.

3.10.3.2 MCF.request

TTUTOT AT T O TotroTT

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

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

3.10.3.2.2 Semantics
The MCF.request primitive shall provide parameters-asfollows:

MCEF.request (Frame,
MCID)

3.10.3.2.3 When Generated

The MCF.request primitive shall be-passed to the service provider to request it to send the
Frame.

3.10.3.2.4 Effect On Receipt
Receipt of the MCRrequest primitive shall cause the service provider to transfer the Frame.
3.10.3.2.5 Additional Comments

The MCEreéquest primitive shall be used to transfer Transfer Frames of a Magter Channel
across-the space link.

3.10.3.3 MCF.indication

3.10.3.3.1 Function

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

NOTE - The MCF.indication primitive is the service indication primitive for the MCF
Service.
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3.10.3.3.2 Semantics
The MCF.indication primitive shall provide parameters as follows:

MCF.indication (Frame,
MCID,

Erame | oss Flaa (optional))
~ AT 77

3.10.3.3.3 When Generated

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

3.10.3.3.4 Effect On Receipt

The effect df receipt of the MCF.indication primitive by the MCF Service user is undefined.

3.10.3.3.5 Additional Comments

The MCF.indication primitive shall be used to deliver@ransfer Frames of a Master Channel
to the VCF Bervice user identified by the MCID.

CCSDS 132.0-B-1 Page 3-26 September 2003

58 © 1SO 2005 — Al rights reserved


https://standardsiso.com/api/?name=936dae30c767dbab71200c6763bba297

ISO 22645:2005(E)

CCSDS RECOMMENDATION FOR TM SPACE DATA LINK PROTOCO

4 PROTOCOL SPECIFICATION
41 PROTOCOL DATAUNIT
411 TM TRANSFER FRAME

4111 A TM Transfer Frame shall encompass the major fields, positioned con

L

iguously, in

the following sequence:
a) Transfer Frame Primary Header (6 octets, mandatory);
b) Transfer Frame Secondary Header (up to 64 octets, optional);
c) Transfer Frame Data Field (integral number of octets, mandatory);
d) Operational Control Field (4 octets, optional);

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

4.1.1.2 The TM Transfer Frame shall be of constant length throughout a spec
Phase for any Virtual Channel or Master Channel on a Physical Channel. Its len

the TM Transfer Frame are shown in figure 4-1.
NOTES

1 The protocol data upitief the TM Space Data Link Protocol is the T
Frame. In this Recommendation, the TM Transfer Frame is also called
Frame, or Frame, for simplicity.

2 The combination of the Operational Control Field and the Frame Error C
is called-the Transfer Frame Trailer.

fic Mission
gth shall be

consistent with the specifications contained<in reference [3]. The structural components of

M Transfer
the Transfer

ontrol Field

3 The. start of the Transfer Frame is signaled by the underlying Charjnel Coding
Sublayer.

4 A change of Transfer Frame Length may result in a loss of synchronization at the
receiver.

CCSDS 132.0-B-1 Page 4-1 September 2003

© ISO 2005 — All rights reserved 59


https://standardsiso.com/api/?name=936dae30c767dbab71200c6763bba297

ISO 22645:2005(E)

CCSDS RECOMMENDATION FOR TM SPACE DATA LINK PROTOCOL

TM TRANSFER FRAME

A
A\ 4

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

4.1.2 TRANSFER FRAME PRIMARY HEADER
41.2.1 General

The Transfe¢r Frame Primary Header is mandatory and shafl>consist of six fields, positioned
contiguously, in the following sequence:

a) Magter Channel Identifier (12 bits, mandatoryy);

b) Virtpal Channel Identifier (3 bits, mandatory);

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

d) Magter Channel Frame Count (1 octet, mandatory);
e) Virtpal Channel Frame Count (1 octet, mandatory);

f) Transfer Frame DataField Status (2 octets, mandatory).

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

Figure 4-2: Transfer Frame PrimaryFeader

4.1.2.2 Master Channel Identifier
4.1.2.2.1 General

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

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

b) Spacecraft Identifier (10 bits; mandatory).

4.1.2.2.2 Transfer Frame Version Number

4.1.2.2.2.1 Bits 051 of the Transfer Frame Primary Header shall contain
encoded) Transfer Frame Version Number.

4.1.2.2.2.2~Fhis 2-bit field shall identify the data unit as a Transfer Frame def
Recommendation; it shall be set to ‘00°.

NOFE" — This Recommendation defines the Version 1 Synchronous Transfer F
binary encoded Version Number is ‘00°.

< TRANSFER FRAME PRIMARY HEADER (6 octets) >
MASTER
CHANNEL ID
VIRTUAL| OCF | MASTER | VIRTUAL TRANSFER

TRANSFERI SPACECRAFT o | 4 pNEH FEAG T CHANNEL | CHANNEE—FRAMEBATA

FRAME ID ID FRAME FRAME FIELD STATUS
VERSION COUNT COUNT

NUMBER
2 bits 10 bits 3 bits 1 bit
2 octets 1 octet 1 octet 2 octets|

el Identifier

the (binary

ined by this

rame whose

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 Spacecraft

Identifier (SCID).

4.1.2.2.3.2 The Spacecraft Identifier shall provide the identification of the spacecraft which

is associated with the data contained in the Transfer Frame.

4.1.2.2.3.3 The Spacecraft Identifier shall be static throughout all Mission Phases.
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NOTE -

The Secretariat of the CCSDS assigns Spacecraft Identifiers according to the
procedures in reference [5].

4.1.2.3 Virtual Channel Identifier

Bits 12-14
(VCID).

NOTES
1 The

2 The

Virt
4124 O

4124.1
Control Fie

4.1.2.4.2
Operational
be 0’ if the

41.2.4.3
Virtual Cha

NOTE -

of the Transfer Frame Primary Header shall contain the Virtual Channel Identifier

Virtual Channel Identifier provides the identification of the Virtual Channel:

e are no restrictions on the selection of Virtual Channel Identifiers;™In particular,
hal Channels are not required to be numbered consecutively.

perational Control Field Flag

Bit 15 of the Transfer Frame Primary Header shall ‘contain the Operational
d Flag.

The Operational Control Field Flag shall indicate the presence or absence of the

Control Field. It shall be ‘1’ if the Operational Control Field is present; it shall
Operational Control Field is not present,

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

nnel throughout a Mission Phase.

For the significance of the-above-mentioned association, see 4.1.5.

4125 M

41251

ster Channel Frame Count

its 16-23 of the Transfer Frame Primary Header shall contain the Master

Channel Frame Count:

41.25.2

his 8=hit field shall contain a sequential binary count (modulo-256) of each

Transfer Frameétransmitted within a specific Master Channel.

4.1.25.3 A re-setting of the Master Channel Frame Count before reaching 255 shall not
take place unless it is unavoidable.

NOTE -

CCSDS 132.

62

The purpose of this field is to provide a running count of the Transfer Frames
which have been transmitted through the same Master Channel. If the Master
Channel Frame Count is re-set because of an unavoidable re-initialization, then
the completeness of a sequence of Transfer Frames in the related Master Channel
cannot be determined.
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4.1.2.6 Virtual Channel Frame Count

4.1.2.6.1 Bits 24-31 of the Transfer Frame Primary Header shall contain the Virtual
Channel Frame Count.

4.1.2.6.2 This 8-bit field shall contain a sequential binary count (modulo-256) of each
Transfer Frame transmitted within a specific Virtual Channel

4.1.2.6.3 A re-setting of the Virtual Channel Frame Count before reaching’2b5 shall not
take place unless it is unavoidable.

NOTE - The purpose of this field is to provide individual accountability for pach Virtual
Channel, primarily to enable systematic Packet extraction from the Transfer
Frame Data Field. If the Virtual Channel Frame-Count is re-set bgcause of an
unavoidable re-initialization, the completeness ‘of a sequence of Trar|sfer Frames
in the related Virtual Channel cannot be determined.

4.1.2.7 Transfer Frame Data Field Status
41.2.7.1 General

4.1.2.7.1.1 Bits 32-47 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, mandatory);
e) \First Header Pointer (11 bits, mandatory).

NOTE - The format of the Transfer Frame Data Field Status is shown in figurg 4-3.
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D TRANSFER FRAME DATA FIELD STATUS (2 OCtets) wemseeessssseeesssee >
TRANSFER SYNCH. PACKET SEGMENT FIRST HEADER
FRAME FLAG ORDER LENGTH ID POINTER

SECONDARY ELAG
HEADER
FLAG
1 bit 1 bit 1 bit 2 bits 11 bits

41.2.7.2

412721

Secondary |

412722

of the Tran

Header is p

41.2.7.2.3

Figure 4-3: Transfer Frame Data Field Status

Transfer Frame Secondary Header Flag

Bit 32 of the Transfer Frame Primary Header shall coptain the Transfer Frame
Header Flag.

The Transfer Frame Secondary Header Flag shall’signal the presence or absence
sfer Frame Secondary Header. It shall be ¢1*if a Transfer Frame Secondary
esent; it shall be ‘0’ if a Transfer Frame Secondary Header is not present.

The Transfer Frame Secondary Header Flag shall be static within the associated

Master or Mirtual Channel throughout a Mission;Phase.

NOTE -

41.2.7.3

412731
Flag.

412732
the Transfe
Packets or |

4.1.2.7.3.3
throughout

For the significance of the above-mentioned association, see 4.1.3.

bynchronization Flag
Bit 33 of the Transfer Frame Primary Header shall contain the Synchronization
The Synchronization Flag shall signal the type of data which are inserted into

I Frame Data Field. It shall be ‘0" if octet-synchronized and forward-ordered
dle)Data are inserted; it shall be “1” if a VCA_SDU is inserted.

The Synchronization Flag shall be static within a specific Virtual Channel
a Mission Phase.

4.1.2.7.4 Packet Order Flag

Bit 34 of the Transfer Frame Primary Header shall contain the Packet Order Flag.

CCSDS 132.
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NOTE - If the Synchronization Flag is set to “‘0’, the Packet Order Flag is

L

reserved for

future use by the CCSDS and shall be set to ‘0°. If the Synchronization Flag is

set to ‘1, the use of the Packet Order Flag is undefined.

4.1.2.7.5 Segment Length Identifier

412751 Bits 35 and 36 of the Transfer Frame Primary Header shall contain

he Segment

Length Identifier.

4.1.2.7.5.2 If the Synchronization Flag is set to ‘0°, the Segment Length ldenti
setto *11°.

NOTES

1 This Identifier was required for earlier versions of this Recommendation

the use of Source Packet Segments, which are no lenger defined. Its val
set to the value used to denote non-use of<Source Packet Segments
versions.

If the Synchronization Flag is set_t@»‘1’, then the Segment Length
undefined.

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
Pointer.

4.1.2.7.6.2 If the Synchronization Flag is set to ‘0’, the First Header Pointer s
the position of the first-octet of the first Packet that starts in the Transfer Frame D

NOTE - If .the Synchronization Flag is set to ‘1’, then the First Heade

undefined.

4.1.2.1,6:3 The locations of the octets in the Transfer Frame Data Field shall b
in aseending order. The first octet in this Field is assigned the number 0. The |
Pointer shall contain the binary representation of the location of the first octet
Packet that starts in the Transfer Frame Data Field.

[fier shall be

to allow for
lue has been
in previous

dentifier is

First Header
hall contain
hta Field.
Pointer is
e numbered

First Header
of the first

NOTES

1

The purpose of the First Header Pointer is to facilitate delimiting of variable-length

Packets contained within the Transfer Frame Data Field by pointing directly to the

location of the first Packet from which its length may be determined.

The locations of any subsequent Packets within the same Transfer Frame Data Field

will be determined by calculating the locations using the length field of these Packets.
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into

If the last Packet in the Transfer Frame Data Field of Transfer Frame N spills over

Frame M of the same Virtual Channel (N<M), the First Header Pointer in Frame

M ignores the residue of the split Packet and indicates the start of the next Packet that
starts in Frame M.

41.2.76.4
shall be set

If no Packet starts in the Transfer Frame Data Field, the First Header Pointer
fa) ‘11111111111’.

NOTE -

412765
First Heade

NOTE -

413 TRA
4131 G

41311

The above situation may occur if a long Packet extends across more than one
Transfer Frame.

If a Transfer Frame contains only Idle Data in its Transfer Frame Data|Field, the
[ Pointer shall be set to “11111111110°.

A Transfer Frame with its First Header Pointer set to ‘11111141110’ is called an
OID Transfer Frame, meaning that it has Only Idle Data/in-its Data Field (see
4.1.4.6).

ANSFER FRAME SECONDARY HEADER

bneral

f present, the Transfer Frame Secondary Header shall follow, without gap, the

Transfer Frame Primary Header.

41312
be signaled
Header (see

41.3.1.3
octets as fo

a) Tran

b) Trar

The Transfer Frame Secondary Header is optional; its presence or absence shall

by the Transfer Frame Seeondary Header Flag in the Transfer Frame Primary
4.1.2.7.2).

The Transfer Frame) Secondary Header shall consist of an integral number of

lows:
sfer Frame-Secondary Header Identification Field (1 octet, mandatory);

sfer Frame Secondary Header Data Field (1 to 63 octets, mandatory).

41314

fpresent, the Transfer Frame Secondary Header shall be associated with either a

Master Cha

NOTE -

413.1.5

nnel or a Virtual Channel.

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

If present, this field shall occur within every Transfer Frame transmitted through

the associated Master or Virtual Channel throughout a Mission Phase.

CCSDS 132.

66

0-B-1 Page 4-8 September 2003

© 1SO 2005 — Al rights reserved



https://standardsiso.com/api/?name=936dae30c767dbab71200c6763bba297

ISO 22645:2005(E)

CCSDS RECOMMENDATION FOR TM SPACE DATA LINK PROTOCOL

4.1.3.1.6 The Transfer Frame Secondary Header shall be of fixed length within the

associated Master or Virtual Channel throughout a Mission Phase.

Transfer Frame Secondary Header is shown in figure 4-4.

The format of the

TRANSFER FRAME
SECONDARY HEADER ID

TRANSFER FRAME
SECONDARY
HEADER VERSION
NUMBER

2 bits

TRANSFER
FRAME

SECONDARY
HEADER LENGTH

6 bits

TRANSFER FRAME
SECONDARY HEARER
DATA FIELD,

4.1.3.2.1 General

1 octet

up to 63 octets

Figure 4-4: Transfer Frame‘Secondary Header

4.1.3.2 Transfer Frame Secondary Headér Identification Field

4.1.3.2.1.1 Bits 0-7 of the Transfer Frame Secondary Header shall contain |
Frame Secondary Header Identification Field.

4.1.3.2.1.2 The Transfer.Frame Secondary Header Identification Field shall be
into two sub-fields as follows:

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

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

4.1,3.22 Transfer Frame Secondary Header Version Number

41.3.2.2.1 Bits 0-1 of the Transfer Frame Secondary Header shall contain

he Transfer

sub-divided

the (Binary

= Ao\ T £ c Q | 1 | \/ : A I
LITCOUUcCU) TTdristel ridific otLuriudly ricauct veTsTuUTT INUTTTUTT.

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

NOTE - This sub-field indicates which of up to four Secondary Header versions is used.
The present Recommendation recognizes only one version, which is Version 1,
the binary encoded Version Number of which is ‘00’.
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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 Transfer
Frame Secondary Header Length.

4.1.3.2.3.2 This sub-field shall contain the total length of the Transfer Frame Secondary
Header in ogctets minus one represented as a binary number

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

NOTE - hen a Secondary Header is present, this length may be used to comipute the

location of the start of the Transfer Frame Data Field.

4.1.3.3 Transfer Frame Secondary Header Data Field

4.1.3.3.1 The Transfer Frame Secondary Header Data Field shallyfallow, without gap, the
Transfer Frame Secondary Header Identification Field.

4.1.3.3.2 The Transfer Frame Secondary Header Data.Fi€ld shall contain the Transfer
Frame Secgndary 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 FIEED

4.1.4.1 The Transfer Frame Data\ Field shall follow, without gap, the Transfer Frame
Primary Hepder or the Transfer Frame Secondary Header if present.

4.1.4.2 The Transfer Frame-Data Field, which shall contain an integer number of octets, has
a length whjch 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 Jéngth 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 Data Field shall contain Packets, one VCA_SDU, or Idle Data.

4.1.44 VCA_SDUs shall not be mixed with Packets on the same Virtual Channel. Idle
Data shall be transferred on a Virtual Channel that transfers Packets. Whether a particular
Virtual Channel transfers Packets (and possibly Idle Data) or VCA SDUs shall be
established by management and static throughout a Mission Phase.
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4.1.45 If Packets are contained in the Transfer Frame Data Field, Packets shall be inserted
contiguously and in forward order into the Transfer Frame Data Field.

NOTE - The first and last Packets of the Transfer Frame Data Field are not necessarily
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 subsequent

Transfer Frame of the same Virtual Channel.

4.1.4.6 In the case where sufficient data (Packets including Idle Packets or.a
are not available to be inserted in a Transfer Frame Data Field at release tine fa
Frame, a Transfer Frame with a Data Field containing only Idle Data<hall be
Such a Transfer Frame is called an OID (Only Idle Data in its Data;Field) Tran
The First Header Pointer of an OID Transfer Frame shall be set'to 111111
4.1.2.7.6) and a project-specified “idle’ pattern shall be inserted(into the Transfer
Field. The VCID of an OID Transfer Frame shall be one of\the VVCIDs used for
Packets.

NOTES

1 OID Transfer Frames are sent to maintain synchronous transmission
Frames and also to transmit data in.the"Transfer Frame Secondary Headsg
Operational Control Field on a specific Virtual or Master Channel when

Packet to send.

OID Transfer Frames may be sent on Virtual Channels that also carry ve
but it is preferred that-a:separate Virtual Channel be dedicated to carry |
Frames unless there“is a need to send Idle Transfer Frames on a spe
Channel (e.g., to_transmit data in the Transfer Frame Secondary Heade
Operational Cantrol Field on a specific Virtual Channel).

An OIDFransfer Frame can be generated whenever it is necessary
middle-of transmission of a Packet that is split into multiple Transfer Fram

©ID Data in the Transfer Frame Data Field of an OID Transfer Frame sH
confused with the Idle Packet specified in reference [6].

VCA_SDU)
r a Transfer
transmitted.
sfer Frame.
11110° (see
Frame Data
transferring

of Transfer
r and/or the
there is no

lid Packets,
dle Transfer
cific Virtual
I and/or the

even in the
es).

ould not be

415 OPERATIONAL CONTROL FIELD

415.1
without gap, the Transfer Frame Data Field.

NOTE - The Operational Control Field is optional; its presence or absence is

If present, the Operational Control Field shall occupy the four octets following,

signaled by

the Operational Control Field Flag in the Transfer Frame Primary Header (see

4.1.2.4).

4.1.5.2 If present, the Operational Control Field shall be associated with either a Master

Channel or a Virtual Channel.
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NOTE -

4153 If

associated

4154 Th
meanings:

a) the
whi

The association of an Operational Control Field with a Master Channel allows
data to be transferred synchronized with this Master Channel. The association of
an Operational Control Field with a Virtual Channel allows data to be transferred
synchronized with this Virtual Channel.

present, this field shall occur within every Transfer Frame transmitted through the

Aaster or Virtual Channel throughout a- Mission-Phase.

e leading bit of the field, i.e., bit 0, shall contain a Type Flag with the following

Type Flag shall be ‘0’ if the Operational Control Field holds a Type-1:*Report
th shall contain a Communications Link Control Word, the content of which is

defiped in reference [B6];
b) the Type Flag shall be “1” if the Operational Control Field holds a Type-2-Report.
NOTE - [The Type Flag may vary between Transfer Frames on the'Same Master or Virtual
Channel that carries this field.
4.15.5 The first bit of a Type-2-Report (i.e., bit 1 of the:Operational Control Field) shall
indicate the[use of this report as follows:
a) ifthjs bitis ‘0’, the contents of the report are project-specific;
b) if this bit is “1’, the contents of thereport are reserved by CCSDS for future
appliication.
NOTES
1 The|value of the first bit-of a Type-2-Report may vary between Transfer Frames on
the game Master or Virtual Channel that carries this field.
2 The|purpose of this-field is to provide a standardized mechanism for reporting a small

num

ber of realstime functions (such as retransmission control or spacecraft clock

calipration);~currently the use for retransmission control (Type-1-Reports) has been

defi

ned<by CCSDS in reference [B6]. This issue of the Recommendation does not

defi

né-the use of Type-2-Reports; however, it reserves the possibility to do so in

future issues by restricting the utilization of the first bit.

416 FRAME ERROR CONTROL FIELD

4.1.6.1 General

416.1.1 |

f present, the Frame Error Control Field shall occupy the two octets following,

without gap, the Operational Control Field if this is present, or the Transfer Frame Data
Field, if an Operational Control Field is not present.
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4.1.6.1.2 The Frame Error Control Field is optional; its presence or absence shall be
established by management.

4.1.6.1.3 |If present, the Frame Error Control Field shall occur within every Transfer Frame
transmitted within the same Physical Channel throughout a Mission Phase.

NOTES

1 The purpose of this field is to provide a capability for detecting erxors| which may
have been introduced into the Transfer Frame during the transpiissign and data
handling process.

2 Whether this field should be used on a particular Physical Channel shall be
determined based on the mission requirements for data quality and the selected
options for the underlying Channel Coding Sublayer~~This field may b¢ mandatory
depending on the selected options for the Channel €oding Sublayer.

4.1.6.2 Frame Error Control Field Encoding Procedure

4.1.6.2.1 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) blogk code by
appending a 16-bit Frame Error Controlckield as the final 16 bits of the codeblocl, where n is
the length of the Transfer Frame.

4.1.6.2.2 The equation for theccontents of the Frame Error Control Field is:
FECF = [(X* - M(X)) + (X" . L(X))] modulo G(X)
where
— all arithmetic is modulo 2;

— n is.the number of bits in the encoded message;

- M(X) is the (n—16)-bit message to be encoded expressed as a polynomial|with binary
coefficients;

— L(X) is the presetting polynomial given by

15
LX) =2 X'
i=0
G(X) is the generating polynomial given by

G(X) = X®+ X2+ X+ 1.

NOTE — The X9 . L(X) term has the effect of presetting the shift register to all ‘1’ state
prior to encoding.
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4.1.6.3 Frame Error Control Field Decoding Procedure
The error detection syndrome, S(X), is given by
S(X) = [(X*® - C'(X)) + (X" - L(X))] modulo G(X)

where

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

— S(X] is the syndrome polynomial which will be zero if no error is detected and non-
zerg if an error is detected.

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 fjgure 4-5. Data flow from the top to the bottom of the figure. This figure
identifies dpta-handling functions performed by the protocol entity at the sending end and
shows logiqal relationships among these functions. This figure is not intended to imply any
hardware off software configuration in a real system.-~Depending on the services actually used
for a real $ystem, not all of the functions may.-be present in the protocol entity. The
procedures described in this subsection are defifed in an abstract sense and are not intended
to imply any particular implementation approach of a 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 it _ULE
| Service
MC Frame
Virtual C hannel Multiplexing Servicg

Master C hannel Generation

Master C hannel Multiplexing

All Frames Generation

Figure 4-5: Internal Orgatization of Protocol Entity (Sending Eng

N—r

4.2.2 PACKET PROCESSING FUNCTION

4.2.2.1 The Packet Protessing Function shall be used to transfer variable-length Packets in
the fixed-length Data Field of Transfer Frames.

NOTE - There|s 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
new Data Field on the same Virtual Channel with the remainder. Construction of the next

Cramng MNata Feald ol ol Anntiny o v aitlh thh o A fonatian ~Ff Dol ate ot b Ay o fl Ay
F1raimric alta ricryg srian CUTILImimioIT vwillh Ui CUTTUALTCTIAtIvIT UT T"AUAUT Lo Ul It UVeTT1i1v \/S

4.2.2.3 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 set to “11111111111°.
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4.2.25 The Packet Processing Function may generate ‘idle’ data in the absence of
sufficient Packets supplied from the users at release time. The mechanism for generating idle
data shall be to create an Idle Packet of appropriate length defined by reference [6].

NOTE - The shortest Idle Packet is seven octets in length (i.e., a six-octet header plus one
If the area to be filled in a Data Field is less than seven octets,

ield. If it is necessary, the Packet Processing Function may generate an ‘idle’
Data Field by setting the First Header Pointer to “11111111110°.

4.2.2.6 An abstract model of the Packet Processing Function is illustrated in figure4-6.
Packet Service Packet Service
User with PVYN M User with PVN N
Packets Packets
Packet
Processing [ Jdle Packet |
Function for I i I
a Virtual Construction of Transfer FrameéData Field
Channel and Generation of First Header Pointer

Transfer Frame
Data Fields

‘7
| Virtual Channel Generation Function |

Figure 4-6: Abstract Medel of Packet Processing Function

4.2.3 VIRTUAL CHANNEL'\GENERATION FUNCTION

NOTE - [The Virtual Channel Generation Function is used to build the basic structure of
Transfer Framies. 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
nstance of the Virtual Channel Generation Function for each Virtual Channel.

4.2.3.1 Transfer Frames shall be assembled hy:

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 Frame Data

Field; and

b) generating the Transfer Frame Primary Header fields.

4.2.3.2 A Virtual Channel Frame Count shall be generated independently for each Virtual
Channel and placed into the Primary Header.

CCSDS 132.0-B-1 Page 4-16 September 2003

74 © 1SO 2005 — Al rights reserved


https://standardsiso.com/api/?name=936dae30c767dbab71200c6763bba297

ISO 22645:2005(E)

CCSDS RECOMMENDATION FOR TM SPACE DATA LINK PROTOCOL

4.2.3.3 If there is a user of the VC_FSH Service for a particular Virtual Channel, an
FSH_SDU supplied by the user shall be placed in the Transfer Frame Secondary Header. If
there is a user of the VC_OCF Service for a particular Virtual Channel, an OCF_SDU
supplied by the user shall be placed in the Operational Control Field.

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

a) MC_FSH;
b) MC_OCF; and

c) Frame Error Control Field.

4.2.3.4 An abstract model of the Virtual Channel Generation Function is illustrated in

figure 4-7.
Only one of these two entities
exists for a Virtual Channel
Packet Proc. VCA VC_FSH VC_OCF
Function Sérvice User Service User Service User
Transfer Frame VEA’ SDUs FSH_SDUs OCF_SpuUs
Data Fields
Virtual
Channel
Generation v v v v
Function for _
a Virtual Transfer Frame Generation
Channel
VC Frames
A\ 4

| Virtual Channel Multiplexing Function |

Figure 4-7: Abstract Model of Virtual Channel Generation Functign

424 VIRTUAL CHANNEL MULTIPLEXING FUNCTION

4.2.4.1 The Virtual Channel Multiplexing Function shall be used to multiplex Transfer
Frames of different Virtual Channels of a Master Channel.

NOTE - There is an instance of the Virtual Channel Multiplexing Function for each
Master Channel that has multiple Virtual Channels.

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

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

4.2.4.4 |If there is only one Master Channel on the Physical Channel, the Virtual 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. The OID Transfer Frame shall have its First Header.Pointer
set to “111111111110’ and its VCID set to that of a Virtual Channel that carries Packets but
does not support the VC_FSH or VC_OCF Service.

4.2.45 An abstract model of the Virtual Channel Multiplexing Function is illustrated in
figure 4-8.

| |
VC Generation J VC Frame J
Function Service User

VC Frames VC Frames
Virtual
Char'mel i Idle Frame
Multiplexing
Function for v v v
a Master -
Channel Multiplexing
MC Frames
\4

| Master Channel Generation Function |

Figure 4-8: Abstract Model of Virtual Channel Multiplexing Function

425 MAPTER CHANNEL GENERATION FUNCTION

4.2.5.1 The Master Channel Generation Function snall e Used 10 INSert Transter Frame
Secondary Header and/or Operational Control Field service data units into Transfer Frames
of a Master Channel.

NOTE - 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 Channel, an
FSH_SDU supplied by the user shall be placed in the Transfer Frame Secondary Header.
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4.2.5.3 |If there is a user of the MC_OCF Service for a particular Master Channel, an
OCF_SDU supplied by the user shall be placed in the Operational Control Field of a Transfer
Frame.

NOTE - A Master Channel Frame Count is generated independently for each Master
Channel and placed into the Primary Header.

4.25.4 An abstract model of the Master Channel Generation Function is-illustrated in
figure 4-9.

VC Mux. MC_FSH MC_OCF

Function Service User Service User

MC Frames FSH-/SDUs OCF_SDUs
Master
Channel
Generation Yy \ A y
Function for Commutation and‘Generation of Master Channel
a Master Frame Count
Channel
MC Frames
\ 4

| Master Channel Multiplexing Function |

Figure 4-9: Abstract Model of Master Channel Generation Functign

426 MASTER CHANNEL MULTIPLEXING FUNCTION

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

NOTE\~ There is an instance of the Master Channel Multiplexing Functipn for each
Physical Channel that has multiple Master Channels.

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

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