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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out
technical committees. Each member body interested in a subject for which a technical committ

through ISO
ee has been

established has the right to be represented on that committee. International organizations, governmental and

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

Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, K

The ain task of technical committees is to prepare International Standards. Draftyinternation
adopfed by the technical committees are circulated to the member bodies for (voting. Publi
Interpational Standard requires approval by at least 75 % of the member bodies-casting a vote.
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. ISO shall not be held responsible for identifying any or all such patent rights.

ational Standard) by Technical Committee ISO/TC 20, Aircraft and space vehicles, S
SC 1B, Space data and information transfer systems.
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This [International Standard specifies the advanced orbiting systems (AOS) space data ‘link prag
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yer protocol as defined in ISO/IEC 7498-1, that is to be used over space-to-ground) ground
b-t0-space communications links by space missions.

cope and field of application are furthermore detailed in subclauses 1.2 and"1.3 of the encl
Cation.
Requirements

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

DS 732.0-B-2, July 2006, AOS space data link protocol

es and paragraphs of the publication CCSDS 732.0-B-2.
sitov
bart is information which is relevant to the CCSDS publication only.

1-5

Add the following information to the references indicated:

(3]
6]

Pag¢

Document GESDS 131.0-B-1, September 2003, is equivalent to ISO 22641:2005.
Document CCSDS 133.0-B-1, September 2003, is equivalent to ISO 22646:2005.

B-1

tocol, a data
-to-space, or

psed CCSDS

uced on the

e purposes of international standardization;-the modifications outlined below shall apply t¢ the specific

Add
(B4]

(BS]

€ following Information to the references indicated:
Document CCSDS 910.4-B-1, May 1996, is equivalent to ISO 15396:1998.

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 732.0-B-2. To this end, NASA will act as a liaison body between CCSDS and ISO.
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his document has been approved for publication by the Management Council of the
onsultative Committee for Space Data Systems (CCSDS) and represents.thé cons¢nsus
¢chnical agreement of the participating CCSDS Member Agencies. JThe procedurg for
r¢view and authorization of CCSDS Recommendations is detailed in the' Procedures Mgnual
for the Consultative Committee for Space Data Systems, and.the record of Agency
articipation in the authorization of this document can be qbtathed from the C(SDS
ecretariat at the address below.
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Tlhis document is published and maintained by:

CCSDS Secretariat

Office of Space Communication (Code-M-3)
National Aeronautics and Space Admiinistration
Washington, DC 20546, USA
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STATEMENT OF INTENT

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

This [Recommended Standard is issued by, and represents the consensus of, the CCS!iS
mempers. Endorsement of this Recommendation is entirely voluntary. Endofseme
howgver, indicates the following understandings:

b

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

o] Whenever a member establishes a CCSDS-related standard, that member willl
provide other CCSDS members with the following inforation:

-- The standard itself.
-- The anticipated date of initial operational<«capability.

-- The anticipated duration of operational service.

-

o| Specific service arrangements shall be made via memoranda of agreement. Neith¢
this Recommended Standard nor~any ensuing standard is a substitute for |a
memorandum of agreement.

No later than five years from itsidate of issuance, this Recommended Standard will be
reviewed by the CCSDS to detetmine whether it should: (1) remain in effect without changg;
(2) Be changed to reflect the impact of new technologies, new requirements, or new
direcfions; or (3) be retired or canceled.

In thjpse instances &vien a new version of a Recommended Standard is issued, existing
CCSDS-related member standards and implementations are not negated or deemed to be no
CCSDS compatible. It is the responsibility of each member to determine when sudh
standards .Of. implementations are to be modified. Each member is, however, strongly
encopiraged to direct planning for its new standards and implementations towards the lat¢r
versibn-of the Recommended Standard

CCSDS 732.0-B-2 Page ii July 2006
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FOREWORD

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

Tjis Recommendation speciiies a communications protocol to be used by space missigns to
tijansfer space application data over ground-to-space or space-to-space communications |inks.
Tlhis Recommendation is developed from the specifications of the Data Link Layer portion of
ah older CCSDS Recommendation (reference [B2]), which defines essentially the [same
protocol and services but in a slightly different context.
T
b

his Recommendation does not change the major technical contents defined in reference |[[B2],
ut the presentation of the specification has been changed so that:

a) this protocol can be used to transfer any data over any §pace link in either directipn;
b) all CCSDS space link protocols are specified in a unified manner;

c) the specification matches the OSI Basic Referénce Model (references [1] and [2]).

Tlogether with the change in presentation, a few ‘technical specifications in reference|[B2]
hpve been changed in order to define all Spac¢e Data Link Protocols in a unified way. |Also,
spme technical terms in reference [B2] hayve been changed in order to unify the termingplogy
uped in all the CCSDS Recommendations that define space link. These changes are lisfed in
apnex C of this Recommendation.

Tlhrough the process of normal evolution, it is expected that expansion, deletiqn or
modification to this document may occur. This Recommendation is therefore subjdct to
(JCSDS document management and change control procedures, as defined in reference [B1].
(Jurrent versions of CCSDS documents are maintained at the CCSDS Web site:

http://www.ccsds.org/

uestions-relating to the contents or status of this document should be addressed tp the
CSDS<Secretariat at the address indicated on page i.

aVe)

CCSDS 732.0-B-2 Page iii July 2006
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At time of publication, the active Member and Observer Agencies of the CCSDS were:

Member Agencies

— Agenzia Spaziale Italiana (ASI)/Italy.

— British National Space Centre (BNSC)/United Kingdom.

— Canadian Space Agency (CSA)/Canada.

——Cemtre Natiomat d* Etudes Spatiates (CINE S )7Framnce:

- Deutsches Zentrum fiir Luft- und Raumfahrt e.V. (DLR)/Germany.
- European Space Agency (ESA)/Europe.

- Federal Space Agency (Roskosmos)/Russian Federation.

- Instituto Nacional de Pesquisas Espaciais (INPE)/Brazil.

- Japan Aerospace Exploration Agency (JAXA)/Japan.

- National Aeronautics and Space Administration (NASA)/USA.

Observer Agencies

- Austrian Space Agency (ASA)/Austria.

- Belgian Federal Science Policy Office (BFSPO)/Belgium.

- Central Research Institute of Machine Building (TsNIIMash)/Russian Federation.
< Centro Tecnico Aeroespacial (CTA)/Brazil.

< Chinese Academy of Space Technology (CAST)/China.

-+ Commonwealth Scientific and Industrial-Research Organization (CSIRO)/Australia.
- Danish Space Research Institute (DSRI)/Denmark.

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

- European Telecommunications-Satellite Organization (EUTELSAT)/Europe.

- Hellenic National Space Committee (HNSC)/Greece.

- Indian Space Research(Organization (ISRO)/India.

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

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

- Korea Aerospace Research Institute (KARI)/Korea.

-4 MIKOMTEK) CSIR (CSIR)/Republic of South Africa.

< Ministry-0f Communications (MOC)/Israel.

< Natiofial Institute of Information and Communications Technology (NICT)/Japan.
- National Oceanic & Atmospheric Administration (NOAA)/USA.

- ~National Space Organization (NSPO)/Taipei.

| Qpar\p and TTpppr Afmncphprp Research Commission (QT TDAD(Y))/Dalzicmn

— Swedish Space Corporation (SSC)/Sweden.

— United States Geological Survey (USGS)/USA.

CCSDS 732.0-B-2 Page iv July 2006
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DOCUMENT CONTROL

Document Title and Issue Date Status

CCSDS AOS Space Data Link Protocol, September Original issue, superseded
732.0-B-1  Issue 1 2003

CCSDS AOS Space Data Link Protocol, July 2006 Current issue:
/B2.0-B-2 Recommended Standard, 1ssue 2

The Transfer Frame Primary
Header Signaling Field is
modified as follows;
- number of réserved sparg bits
reduced from 7 to 2;
- two new)subfields defingd: a
Virtual Channel (VC) Frpme
Count Cycle Use Flag, ahd a
Virtual Channel Frame (ount
Cycle subfield.

CCSDS 732.0-B-2 Page v July 2006
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INTRODUCTION

1 PURPOSE

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

(=

[

o~

~

o B O

T

2 SCOPE

his Recommendation defines the AOS Space Data Link Protocol in terms of;
a) the services provided to the users of this protocol;
b) the protocol data units employed by the protocol; and

c¢) the procedures performed by the protocol.

does not specify:
a) individual implementations or products;
b) the implementation of service interfaces within real systems;
¢) the methods or technologies required\to perform the procedures; or

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

3 APPLICABILITY

his Recommendation applies to the creation of Agency standards and to future
bmmunications over(spdce links between Consultative Committee for Space Data Sy
CCSDS) Agencies— in  cross-support —situations. The Recommendation inc
pbmprehensive gpecification of the services and protocol for inter-Agency cross support
pither a specification of, nor a design for, real systems that may be implemented for ex
- future miissions.

data
tems
Jludes
Itis
sting

heRécommendation specified in this document is to be invoked through the n

S

andards programs of each CCSDS Agency and is applicable to those missions for

rmal
hich

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 732.0-B-2 Page 1-1 July 2006
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1.4 RATIONALE

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

1.5 DOCUMENT STRUCTURE

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

a) section 1 presents the purpose, scope, applicability and rationale of thjs
Recommendation and lists the conventions, definitions, and references usdd
throughout the Recommendation;

b) section 2 provides an overview of the AOS Space Data Link Protocol;

c) section 3 defines the services provided by the protocol entity;

d) section 4 specifies the protocol data units and procedures‘employed by the protoc¢l
entity;

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

f] annex A lists all acronyms used within this doeument;
annex B provides a list of informative reférences;

h) annex C lists the changes from the older CCSDS Recommendation (reference [B2]).

1.6 | CONVENTIONS AND DEFINITIONS

1.6.1f DEFINITIONS

1.6.1}1 Definitions from the Open Systems Interconnection (OSI) Basic Reference
Model

This [Recommengdation makes use of a number of terms defined in reference [1]. The use ¢f

thosq terms inthis Recommendation shall be understood in a generic sense; i.e., in the senge

that those terms are generally applicable to any of a variety of technologies that provide f¢r
the ekehange of information between real systems. Those terms are:

a)
b)
¢)
d)
¢)

blocking;
connection,;

Data Link Layer;
entity;

flow control;

CCSDS 732.0-B-2 Page 1-2 July 2006

14

© ISO 2007 — All rights reserved


https://standardsiso.com/api/?name=c150a261777fad8badf249e7bc98f18a

ISO 22666:2007(E)

CCSDS RECOMMENDED STANDARD FOR AOS SPACE DATA LINK PROTOCOL

f) Network Layer;

g) peer entities;

h) Physical Layer;

1) protocol control information;

j) protocol data unit;

k) real system,;

1) segmenting;

m) service;

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

p) service data unit.

116.1.2 Definitions from OSI Service Definition Conyentions

—

= = =

e exchange of information between real;systems. Those terms are:
a) confirmation;
b) indication;
c) primitive;
d) request;
€) response;
f) servieeprovider;

g) .Service user.

his Recommendation makes use of a number of ferms defined in reference [2]. The yse of
ose terms in this Recommendation shall be understood in a generic sense; i.e., in the pense
at those terms are generally applicable to any of a variety of technologies that provide for

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 732.0-B-2 Page 1-3
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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: of 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.

PhyJical 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 ¢r
betwgen two spacecraft. A space link consists of one or more Physical Channels in one ¢r
both directions.

synchronous: of or pertaining to a sequence of events occurring in a fixed time relationship
(witHin specified tolerance) to another sequence of events. Note that“synchronous’ does nt
necegsarily imply ‘periodic’ or ‘constant rate’.

1.6.2] NOMENCLATURE

The following conventions apply throughout this Recgmmendation:

a) the words ‘shall’ and ‘must’ imply a bindiiig and verifiable specification;
b) the word ‘should’ implies an optional{-but desirable, specification;

c) the word ‘may’ implies an optional specification;

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

1.6.3] CONVENTIONS

o

In thls document, the following convention is used to identify each bit in an N-bit field. Th
first pit in the field to be transmitted (i.e., the most left justified when drawing a figure)
defined to be “Bit 0’; the following bit is defined to be ‘Bit 1’ and so on up to ‘Bit N-1f.
When the field“is used to express a binary value (such as a counter), the Most Significant Bjit
(MSB) shaltbe the first transmitted bit of the field, i.e., ‘Bit 0’ (see figure 1-1).

|72]

BIT O BIT N-1

N-BIT DATA FIELD

A

FIRST BIT TRANSFERRED = MSB

Figure 1-1: Bit Numbering Convention
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In accordance with standard data-communications practice, data fields are often grouped into
eight-bit ‘words’ which conform to the above convention. Throughout this
Recommendation, such an eight-bit word is called an ‘octet’. The numbering for octets
within a data structure starts with zero. By CCSDS convention, all ‘spare’ bits shall be
permanently set to ‘0’.

1.7 REFERENCES

he following documents contain provisions which, through reference in this text, eonstitute
rovisions of this Recommendation. At the time of publication, the editions indicated [were
alid.  All documents are subject to revision, and users of this Recommerdation are
hcouraged to investigate the possibility of applying the most recent;-editions of the
pcuments indicated below. The CCSDS Secretariat maintains a register lof currently [valid
CSDS Recommendations.

N o <5 —

—

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

[2] Information Technology—Open Systems Interepnnection—Basic Reference Molel—
Conventions for the Definition of OSI Services. International Standard, ISQ/IEC
10731:1994. Geneva: ISO, 1994.

[8] TM Synchronization and Channel Coding. Recommendation for Space Data System
Standards, CCSDS 131.0-B-1. Bldue Book. Issue 1. Washington, D.C.: CCSDS,
September 2003.

[4] Space Link Identifiers. Recommendation for Space Data System Standards, CESDS
135.0-B-2. Blue Book:ilssue 2. Washington, D.C.: CCSDS, November 2005.

[3] 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, CESDS
133.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS, September 2003.

Z

OQTE — Informative references are listed in annex B.
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2 OVERVIEW
2.1 CONCEPT OF AOS SPACE DATA LINK PROTOCOL

2.1.1 ARCHITECTURE

The AOS Space Data Link Protocol is a Data Link Layer protocol (see reference [1]) to be

oer space-to-ground, ground-to-space, or space-to-space communications links (her¢after
cplled space links).

igure 2-1 illustrates the relationship of this protocol to the reference model-of Open Systems
Interconnection (reference [1]). Two sublayers of the Data Link Layer are defined for
(JCSDS space link protocols as shown in reference [B3]. The AQS Space Data [Link
rotocol corresponds to the Data Link Protocol Sublayer, and”provides functionps of
tjansferring various data using a fixed-length protocol data unit-galled the Transfer Frame.
he Synchronization and Channel Coding Sublayer provides some additional fungtions
ecessary for transferring Transfer Frames over a spaee link. These function$ are
delimiting/synchronizing Transfer Frames, error-correction coding/decoding (optional), and
bjt transition generation/removal (optional). For the“Synchronization and Channel Cpding
blayer, the TM Synchronization and Channel €oding Recommendation (referencq [3])
ust be used with the AOS Space Data Link\Protocol. How the AOS Space Data|Link
Prrotocol is used in overall space data systemsds shown in reference [B3].

OSI LAYERS CESDS LAYERS

CCsDS
PROTOCOLS

NETWORK AND NETWORK AND

UPPER LAYERS UPPER LAYERS
DATALINK TM SPACE DATA LINK
PROTOCOL PROTOCOL
SUBLAYER

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 AOS Space Data Link Protocol provides the users with several services to transfer service
data units over a space link. To facilitate simple, reliable, and robust synchronization
procedures, fixed-length protocol data units are used to transfer data through the weak-signal,
noisy space links: their length is established for a particular Physical Channel (a single stream
of bits transferred over a space link in a single direction) during a particular Mission Phase by
management. These protocol data units are known as AOS Transfer Frames (unless otherwise
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stated, the terms ‘Transfer Frame’ and ‘Frame’ in this document refer to the AOS 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 feature of the AOS 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
chanfiels, cach Known as a virtual Channel . Eacn lransier rrame transierred over |a
Physjcal Channel belongs to one of the Virtual Channels of the Physical Channel.

2.1.3] ADDRESSING

Ther¢ are three identifier fields in the header of Transfer Frames: Transfer Frame Versidn
Number (TFVN), Spacecraft Identifier (SCID), and Virtual Channel Identitier (VCID). THe
conctenation of a TFVN and a SCID is known as a Master Channelddentifier (MCID), and
the goncatenation of an MCID and a VCID is called a GlobakVirtual Channel Identifi¢r
(GVCID). Therefore,

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

Each| Virtual Channel in a Physical Channel is idéntified by a GVCID. Therefore, a Virtugl
Channel consists of Transfer Frames with the-sate GVCID.

All Transfer Frames with the same MCIID on a Physical Channel constitute a Master Channgl
(MC). A Master Channel consists of ‘on¢ or more Virtual Channels. In most cases, a Physical
Channel carries only Transfer Frames of a single MCID, and the Master Channel will e
identjcal with the Physical Channel. However, a Physical Channel may carry Transfer Framgs
with multiple MCIDs (with the'same TFVN). In such a case, the Physical Channel consists ¢f
multiple Master Channels:_A Physical Channel is identified with a Physical Channel Namg,
which is set by management and not included in the header of Transfer Frames.

The gelationships‘between these Channels are shown in figure 2-2.

Virtual Channel: ‘ ‘ ‘ ‘ ‘ ‘
Identified by GVCID

A et :
viaster-Chanmer:

Identified by MCID

Physical Channel:
Identified by Physical
Channel Name

Figure 2-2: Relationships between Channels
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2.1.4 PROTOCOL DESCRIPTION

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

c¢) the procedures performed by the protocol.

e service definitions are given in the form of primitives, which present an abstract model pf the
lggical exchange of data and control information between the protocol entity and the service user.
e definitions of primitives are independent of specific implementation approaches.

he procedure specifications define the procedures performed by protecol entities fdr the
tlansfer of information between peer entities. The definitions of procedures are indepepdent
of specific implementation methods or technologies.

—

his protocol specification also specifies the requirements, for the underlying services
rovided by the Channel Coding Sublayer and the Physical-Layer.

=)

212  OVERVIEW OF SERVICES

212.1 COMMON FEATURES OF SERVICES

—

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

A =

Service data units submittedto a SAP are processed in the order of submission.| No
processing order is maintaifed for service data units submitted to different SAPs.
N

OTE — Implementations may be required to perform flow control at an SAP betwedn the
service usér and the service provider. However, CCSDS does not recommgnd a
schémg for flow control between the user and the provider.

—

he followings are features common to all the services defined by this Recommendation|;

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

b) unconfirmed services: the sending user does not receive confirmation from the
receiving end that data has been received.

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

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

NOTE - This Recommendation assumes that these services are provided at the end points of a
space link. However, this Recommendation makes no 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 [B4]).

2.2.2| SERVICE TYPES
2.2.211 Overview

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

The models shown below are intended only to illustrate the chardeteristics of services. Thdy
are npt intended to guide or restrict design of on-board or groutid-systems.

2.2.212  Asynchronous Service

In agynchronous service, there are no timing relationships between the transfer of servige
data pnits supplied by the service user and the transmission of Transfer Frames generated Yy
the sgrvice provider. The user may request.data transfer at any time it desires, but there mqy
be restrictions imposed by the provider en the data generation rate. In this service (figufe
2-3),|each service data unit from a sending user is placed in a queue, the contents of whigh
are s¢nt to a receiving user in the order’in which they were presented. Although transmissigqn
errorp may prevent delivery of seme data units, the service provider attempts to transfer all
data pnits 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 tinje
of transfer. The key feafure 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

Provider

i Transfer from sending end to

receiving end

Figure 2-3: Asynchronous Service Model
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2.2.2.3 Synchronous Service

In synchronous service, the transfer of service data units is synchronized with the release of either
(1) Transfer Frames of a Virtual Channel, (2) Transfer Frames of a Master Channel, or (3) all
Transfer Frames of a Physical Channel. The transfer timing may be periodic or aperiodic.

In this service (figure 2-4), each service data unit from a sending user is placed in a buffer
that can hold only one service data unit; the content of the buffer is sent to a receiving user at
thcﬂmcﬂwhmﬁrmsﬁrﬂmmﬁwﬁhcﬁmmmﬁmsﬁrﬁames
iy determined by the service provider according to mission-specific rules (usually knoyn to
me user). The key feature of this service, which is essentially time-division multiplexipg, is

at the timing of data transfer is driven by the transfer mechanism, not by individual sqrvice
r¢quests from the user. Thus a particular service data unit from a user might be sent pnce,
pveral times (if the ‘new’ value is not placed in the buffer soon enough); or not at all (if one
alue is replaced by a second before the service provider can send it).

- =

< ©n

Sending Receiving
User User

@M Provider

.
1
. "
1 Buffer content is transférred ,
; once per Transfer Frame '
‘
‘
‘

fo(receiving end

Figure 2-4: Synchronous Service Model

2{2.2.4 Periodic Service

Periodic service~is’a special case of synchronous service in which service data unifs are
tjansferred at@-constant rate. Periodic transfer from service interface to service interface is
provided with a specified maximum delay and a specified maximum jitter at the sdrvice
mterface~There are three cases in which a synchronous service is periodic:

—

a)" If the service is associated with a Virtual Channel (or a Master Channel) and that
Virtuat (or Master) Channet produces 1 ransfer Frames at a constant rate, then the
service is periodic.

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

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

Seven services are provided by the AOS Space Data Link Protocol. Five of them (Packet,
Bitstream, Virtual Channel Access, Virtual Channel Operational Control Field, and Virtual
Channel Frame) are provided for a Virtual Channel. One of them (Master Channel Frame) is

provided for a Master Channel. One of them (Insert) is provided for all Transfer Frames in a
lala 2D 1 M M

24
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Table 2-1: Summary of Services Provided by AOS Space Data Link Protocel

Service Service Type Service Data SAP Address
Unit
Packet Asynchronous Packet GVCID + Packet
Version Number
Bitstiream Asynchronous or Bitstream Data | GVCID
Periodic
Virtual Channel Access Asynchronous or VCA_SDU GVCID
(VCAH) Periodic
Virtual Channel Synchronous or OCF_SDu GVCID
Opernational Control Field Periodic
(VC_|OCF)
Virtual Channel Frame Asynchronous or Transfer GVCID
(VCR) Periodic Frame
Master Channel Frame Asynchronous or Transfer MCID
(MCH) Periodic Frame
Insert Periodic IN_SDU Physical Channel
Name

2.2.3:2—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.

2.2.3.3 Bitstream Service

he Bitstream service provides transfer of a serial string of bits, whose internal strueturg and
bpundaries are unknown to the service provider, across a space link. Thesefvice is
idirectional, either asynchronous or periodic, and sequence-preserving. The-se€rvice|does
t guarantee completeness, but it may signal gaps in the sequence of setvice data |units
livered to the receiving user.

r a given service instance, only one user, identified with the~GVCID of the Vjirtual
hannel, can use this service on a Virtual Channel. Bitstreams from different users arfe not
ultiplexed together within one Virtual Channel.

o]

2.3.4 Virtual Channel Access (VCA) Service

he Virtual Channel Access (VCA) Service provides transfer of a sequence of privately
rmatted service data units of fixed length acréss a space link. The service is unidirect{onal,
ther asynchronous or periodic, and sequence-preserving. The service does not guarpntee
bmpleteness, but it may signal gaps in the sequence of service data units delivered to the
r¢ceiving user.

Q O =hH

or a given service instance, only one user, identified with the GVCID of the Vjirtual
hannel, can use this service-on a Virtual Channel. Service data units from different [users
re not multiplexed together-within one Virtual Channel.

O M

212.3.5 Virtual €Channel Operational Control Field (VC_OCF) Service

The Virtual.Channel Operational Control Field (VC_OCF) Service provides synchrgnous
tiansfer of fixed-length data units, each consisting of four octets, in the Operational Cantrol
Hield (OCF) of Transfer Frames of a Virtual Channel. The service is unidirectiona] and
sequence-preserving. The transfer is synchronized with the release of Transfer Frameg of a

\/ uahbz hanne e Se c_doesnot oug ntec completeness. b ma sional gans nthe

For a given service instance, only one user, identified with the GVCID of the Virtual
Channel, can use this service on a Virtual Channel. Service data units from different users
are not multiplexed together within one Virtual Channel.
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2.2.3.6 Virtual Channel Frame (VCF) Service

The Virtual Channel Frame (VCF) Service provides transfer of a sequence of fixed-length
AOS 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.

For ‘_" Service ‘i CC, © V—O11C u“i‘ 1 CC W C—COV [0 C v'l
Channel, can use this service on a Virtual Channel. Service data units from differentcusers
are npt multiplexed together within one Virtual Channel.

The [Virtual Channel Frame Service transfers the independently created AQS Transfer
Frames through a space link, together with AOS Transfer Frames created, by the servige
provider itself. This service is made available to trusted users who are certified during the
design process to ensure that the independently created protocol data units do not violate the
opergtional integrity of the space link. Necessarily, the independent Transfer Frames mupt
have|the same length as those generated by the service provider.

2.2.317 Master Channel Frame (MCF) Service

The Master Channel Frame (MCF) Service provides.transfer of a sequence of fixed-length
AOS|Transfer Frames of a Master Channel, created by an independent protocol entity, across
a spdce link. The service is unidirectional, either asynchronous or periodic, and sequencg-
presdrving. The service does not guaranteg’ completeness, but it may signal gaps in the
seque¢nce of service data units delivered to;a receiving user.

For g given service instance, only one user, identified with the MCID of the Master Channd]l,
can yse this service on a Mastér-Channel. Service data units from different users are n¢t
multjplexed together within gne-Master Channel.

The [Master Channel Frame Service transfers the independently created AOS Transf¢r
Frames through the $pace link, together with AOS Transfer Frames created by the servige
provider itself. This/service is made available to trusted users who are certified during the
design process.torensure that the independently created protocol data units do not violate the
opergtional integrity of the space link. Necessarily, the independent Transfer Frames muft
have|thesame length as those generated by the service provider.

2.2.3.8 Insert Service

The Insert Service provides transfer of private, fixed-length, octet-aligned service data units
across a space link in a mode which efficiently utilizes the space link transmission resources
at relatively low data rates. The service is unidirectional, periodic, and sequence-preserving.
The service does not guarantee completeness, but may signal gaps in the sequence of service
data units delivered to a receiving user.
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For a given service instance, only one user, identified with the Physical Channel Name of the
Physical Channel, can use this service on a Physical Channel. Service data units from
different users are not multiplexed together within one Physical Channel.

2.2.4 RESTRICTIONS ON SERVICES

There are some restrictions on the services provided on a Physical Channel, as follows:

- Phrvsical-€1 thret S - t i the

Virtual Channel Frame or Master Channel Frame service.

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

c) If the Virtual Channel Frame Service exists on a Virtual Channel, jother services|shall
not exist simultaneously on that Virtual Channel.

d) On a Virtual Channel on which the Virtual Channel Frame Service does not pxist,
only one of the Packet Service, the Bitstream Serviceior the Virtual Channel Agcess
Service shall exist simultaneously.

213  OVERVIEW OF FUNCTIONS

2{13.1 GENERAL FUNCTIONS

—

he AOS Space Data Link Protocol transfets various service data units supplied by sending
sers encapsulated in a sequence of protocol data units using services of lower layers.| The
pfotocol data units, known as AQS Transfer Frames, have a fixed length and mupt be
fansferred over a Physical Channelat a constant rate.

c

=+

—

he protocol entity perfornisithe following protocol functions:

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

b) segmenfing and blocking of service data units to transfer variable-length servicq data
unitsiin fixed-length protocol data units;

c) .multiplexing/demultiplexing and commutation/decommutation in order for vgrious
service users to share a single Physical Channel;

d) generation and removal of 1dle data to transter protocol data units at a constant rate.

The protocol entity does not perform the following protocol functions:
a) connection establishment and release;
b) flow control;

¢) retransmission of protocol data units.
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2.3.2 INTERNAL ORGANIZATION OF PROTOCOL ENTITY

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

Packet Bitstream VC Access VC_OCF

Service Service Service Service
Packet Bitstream Ve Frgme
; . Service
Processing| |Processing
| | MC Frame
Virtual Channel Generation Service
| | Insert
Virtual Channel Multiplexing Service

Master Channel Multiplexing

All Frames. Generation

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

Packet Bitstream VC Access VC_OCF

Service Service Service Service
Packet Bitstream Vget\fcrge
Extraction | | Extraction
| | MC Frame
Virtual Channel Reception Service
| Insert

Sarvice
SPACE

Vvirtual Channel Demultiplexing

Master Channel Demultiplexing

All Frames Reception

Figure 2-6: Internal Organization of Protocol Entity (Receiving End)
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By extracting multiplexing/demultiplexing and commutation/decommutation functions from
figures 2-5 and 2-6, the relationship among various data units can be shown as figure 2-7,
which is known as the Channel Tree of the AOS Space Data Link Protocol.

In figure 2-7, multiplexing (shown with a triangle) is a function of mixing, according to an
algorithm established by the project, multiple streams of data units, each with a different
identifier, to generate a single stream of data units. Commutation (shown with a box) is a
function of concatenating, according to the formatting rule specified by the protocol
definition, mulitipic data units, each from a ditfferent service, in a singic protocol datg unit
sharing the same identifier.

Packet Bitstream VC Access

Service Service Service VC—O.CF
| Service

Pack Bi VCA SD |
acI et |tst1eam C I_S ] VC_lOCF VC Frame

| ' | Setvice
‘ MC_OCF
Service
VC Frame |
| [
VCID MC_OCF MC Frame
| | | Service
‘ Insert
Service
MC Flrame |
[
\MCP/ Insert SDU
|
[
All Frames
[
Key

Commutator/ Multiplexer/
Decommutator Demultiplexer

Figure 2-7: AOS Space Data Link Protocol Channel Tree
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2.4 SERVICES ASSUMED FROM LOWER LAYERS

24.1 SERVICES ASSUMED FROM THE SYNCHRONIZATION AND CHANNEL
CODING SUBLAYER

As described in 2.1.1, the TM Channel Coding and Synchronization Recommendation (reference
[3]) must be used with the AOS Space Data Link Protocol as the TM Synchronization and
Channel Coding Sublayer specification. The functions provided by the Synchronizaton and

Changnet CUdius Recommendatton-are:
a) error control encoding and decoding functions (optional);

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

(¢}

delimiting and synchronizing functions.

The TM Synchronization and Channel Coding Sublayer, then, transférs) contiguous, fixed-
length, delimited protocol data units as a contiguous stream of bits oyer a space link using the
servifes of the underlying Physical Layer.

2.4.2l PERFORMANCE REQUIREMENTS TO LOWER LAYERS

The poding options of the Channel Coding and Synchronization Recommendation and th
perfgrmance of the RF link provided by the Physical Layer shall be chosen according to the
follopving criteria:

(¢]

a) The probability of misidentifying.the"MCID and VCID shall be less than a missiof-
specified value.

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

In order to assure correch decoding at the receiving end, the same coding options must He
applied to all Transfer”Frames of a Physical Channel.

CCSDS 732.0-B-2 Page 2-12 July 2006

30 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=c150a261777fad8badf249e7bc98f18a

ISO 22666:2007(E)

CCSDS RECOMMENDED STANDARD FOR AOS SPACE DATA LINK PROTOCOL

3 SERVICE DEFINITION
3.1 OVERVIEW

This section provides service definition in the form of primitives, which present an abstract
model of the logical exchange of data and control information between the protocol entity
and the service user. The definitions of primitives are independent of specific
implementation approaches.

The parameters of the primitives are specified in an abstract sense and speeify the
ipformation to be made available to the user of the primitives. The way in whieh-a spgcific
ilnplementation makes this information available is not constrained by this sp&eificatiopn. In
afldition to the parameters specified in this section, an implementation may-provide [other
pprameters to the service user (e.g., parameters for controlling the (Service, monitpring
performance, facilitating diagnosis, and so on).

[7>)

2 SOURCE DATA

312.1 SOURCE DATA OVERVIEW

Z

OTE - This subsection describes the service data units that are transferred from sepding
users to receiving users by the AOS Space Data Link Protocol.

The service data units transferred by the AOS-Space Data Link Protocol shall be:
a) Packet;

b) Bitstream Data;

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

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

e) AOS Transfetr Frame;

f) Insert Sexvice Data Unit (IN_SDU).

312.2 PACKET

312.2.1 Packets shall be transferred over a space link with the Packet Service

3.2.2.2 The Packets transferred by this service must have a Packet Version Number (PVN)
authorized by CCSDS.

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 Packet Version Numbers presently authorized by CCSDS, see reference [4].
Further, each Packet transferred shall conform to the corresponding packet format
specified by reference [4].

3.2.3] BITSTREAM DATA

Bitstfeam Data shall be transferred over a space link with the Bitstream Service.. The length
of the Bitstream Data supplied in each Bitstream service request may naot,‘be preservdd
throygh transfer, since the Bitstream Data supplied in a service request may be segmentdd
into multiple Transfer Frames or blocked in a Transfer Frame with the data’supplied in oth¢r
servife requests.

NOTE — Bitstream Data are variable-length, undelimited strings of bits, the format ¢f
which is unknown to the service provider.

3.2.4 VIRTUAL CHANNEL ACCESS SERVICE DATA UNIT (VCA_SDU)
VCA| SDUs shall be transferred over a space link-with the Virtual Channel Access Service.

NOTE - Virtual Channel Access Service.Data Units (VCA_SDUs) are fixed-length, octeft
aligned data units, the format'of which is unknown to the service provider. Thejr
length is established by management.

3.2.5 OPERATIONAL CONTROL FIELD SERVICE DATA UNIT (OCF_SDU)

3.2.51 Operational Control Field Service Data Units (OCF_SDUs) shall be transferrdd
over |a space link with’\the VC OCF Service. Data units shall be carried in every Transfgr
Framle of a Virtual Channel.

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

NOTES

1 OCF _SDUs are fixed-length data units, each consisting of four octets, carried in the
Operational Control Field (OCF), defined in 4.1.5, from a sending end to a receiving end.

2 As defined in 4.1.5, CCSDS specifies the use of the first bit of this field to indicate
the type of data carried.
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3.2.6 AOS TRANSFER FRAME

NOTE — The AOS Transfer Frame is the fixed-length protocol data unit of the AOS Space
Data Link Protocol, but also can be used as the service data units of the Virtual
Channel Frame and Master Channel Frame Services. Its format is defined in 4.1

of this Recommendation. The length of any Transfer Frame transferred
Physical Channel must be the same, and is established by management.

on a

[9>)

)

2N~y A= =N

. A< O

@»

3

2.7 INSERT SERVICE DATA UNIT (IN_SDU)

OTE - Insert Service Data Units (IN_SDUs) are periodic, octet-aligned data units of
length. Their length may be of any constant value which is an integral numt

Transfer Frames, and is established by management. The length of IN_SD
the sending interface is always equal to the length at the receiving interface.

3 PACKET SERVICE
3.1 OVERVIEW OF PACKET SERVICE

he Packet Service transfers a sequence of variablé=length, delimited, octet-aligned sq
pta units known as Packets across a space link., The Packets transferred by this service
ave a Packet Version Number (PVN) authorized by CCSDS. For the Packet Ve
umbers presently authorized by CCSDS,-s¢e reference [4]. The service is unidirect
synchronous and sequence-preservings.-It does not guarantee completeness, nor dg
gnal gaps in the sequence of service data units delivered to a receiving user.

user of this service is a protocol entity that sends or receives Packets with a single
hd identified with the PVINvand a GVCID. Different users (i.e., Packets with dif}
ersions) can share a single’ Virtual Channel, and if there are multiple users on a V|
hannel, the service (provider multiplexes Packets of different versions to form a s
ream of Packets to be transferred on that Virtual Channel.

3.2 PACKET SERVICE PARAMETERS

3.2.1. ~General

octets, between 1 octet and the maximum length of the data-cartying space (ﬁthe

fixed
er of

s at

rvice
must
rsion
onal,
es it

PVN,
erent
irtual
ingle

i

he_parameters used by the Packet Service primitives shall conform to the specifica

tions

contained in subsections 3.3.2.2 through 3.3.2.5.

3

3.2.2 Packet

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

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

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

The GVCID parameter shall contain a GVCID that indicates the Virtual Channel through
which the Packet is to be transferred.

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

3.3.2.4 Packet Version Number

The PVN shall identify the protocol entity of the upper layer that uses the Packet Service:

NOTE — The PVN is part of the SAP address of the Packet Service.

3.3.2l5 Packet Quality Indicator

The Packet Quality Indicator is an optional parameter that may be uséd-to notify the user at
the rpceiving end of the Packet Service whether the Packet delivered by the primitive |s
complete or partial.

3.3.3] PACKET SERVICE PRIMITIVES
3.3.3l1 General

The gervice primitives associated with this service are:
a) PACKET.request;
b) PACKET.indication.

3.3.312 PACKET.request
3.3.312.1 Function

At the sending end;the Packet Service user shall pass a PACKET.request primitive to the
servipe provider to-request that a Packet be transferred to the user at the receiving end
through the specitied Virtual Channel.

v

NOTE 4 \The PACKET.request primitive is 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)

CCSDS 732.0-B-2 Page 3-4 July 2006

© ISO 2007 — All rights reserved


https://standardsiso.com/api/?name=c150a261777fad8badf249e7bc98f18a

ISO 22666:2007(E)

CCSDS RECOMMENDED STANDARD FOR AOS SPACE DATA LINK PROTOCOL

3.3.3.2.3 'When Generated

The PACKET.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

[

he PACKET.request primitive shall be used to transfer Packets across the space link dn the
pecified Virtual Channel.

721

3{13.3.3 PACKET.indication

@»

3.3.3.1 Function

t the sending end, the service provider shall pass a £ACKET.indication to the Ppcket
ervice user at the receiving end to deliver a Packet.

2 >

Z

OTE - The PACKET.indication primitive is(the service indication primitive fof the
Packet Service.

3{3.3.3.2 Semantics

The PACKET.indication primitive shall provide parameters as follows:
PACKET.indication (Packet,
GVCID,

Packet Version Number,
Packet Quality Indicator (optional))

3{3.3.3.3 When/Generated

—

he PACKET.indication primitive shall be passed from the service provider to the Ppcket
ervice.user at the receiving end to deliver a Packet.

5]

3.3.3.3.4 Effect On Receipt

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

3.3.3.3.5 Additional Comments

The PACKET.indication primitive shall be used to deliver Packets to the Packet Service user identi-
fied by the GVCID and Packet Version Number. Incomplete Packets may be delivered (optional).
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3.4 BITSTREAM SERVICE
3.4.1 OVERVIEW OF BITSTREAM SERVICE

The Bitstream Service provides transfer of a serial string of bits, whose internal structure and
boundaries are unknown to the service provider, 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

deli 1. 41 .
CLIVETCaTotC TCCCTvITZ USCet:

Only| one user can use this service on a Virtual Channel, and the user is identified wath the
GV(ID of the Virtual Channel. Bitstreams from different users are not multiplexed togeth¢r
within one Virtual Channel.

3.4.2] BITSTREAM SERVICE PARAMETERS
3.4.211 General

The parameters used by the Bitstream Service primitives shall conform to the specifications
contgined in subsections 3.4.2.2 through 3.4.2.4.

3.4.2]2 Bitstream Data
The parameter Bitstream Data shall be the service-data unit transferred by the Bitstream Service

NOTIE — For restrictions on the Bitstream‘Data transferred by the Bitstream Service, see 3.2.3.

3.4.213 GVCID

The GVCID parameter shall-contain a GVCID that indicates the Virtual Channel through
which the Bitstream Data-is’to be transferred.

NOTE — The GVCID is the SAP address of the Bitstream Service.

3.4.214 Bitstream Data Loss Flag

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

NOTE - As the contents (valid Bitstream Data or idle data) of lost Transfer Frames cannot
be established, the user should be aware that the Bitstream Data Loss Flag signals
a disruption in the Transfer Frames of the specified Virtual Channel, and not
necessarily a disruption of the Bitstream Data itself.
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3.4.3 BITSTREAM SERVICE PRIMITIVES
3.4.3.1 General

The service primitives associated with this service are:
a) BITSTREAM.request;
b) BITSTREAM.indication.

314.3.2 BITSTREAM.request

[)

4.3.2.1 Function

>

t the sending end, the Bitstream Service user shall pass a BITSTREAM.tequest primitjve to
e service provider to request that Bitstream Data be transferred to-the' user at the recdiving
hd through the specified Virtual Channel.

o

Z

OTE — The BITSTREAM.request primitive is the service request primitive fof the
Bitstream Service.

[7>)

4.3.2.2 Semantics
Tlhe BITSTREAM.request primitive shall provide parameters as follows:

BITSTREAM.request (Bitstream Data,
GVCID)

3{4.3.2.3 When Generated

—

he BITSTREAM.request ptimitive shall be passed to the service provider to request it to
end the Bitstream Data:

2]

314.3.2.4 Effect\On Receipt

=

eceipt of the BITSTREAM.request primitive shall cause the service provider to transfgr the
itstream-Data.

wol

314.3.2.5 _Additional Comments

The BITSTREAM.request primitive shall be used to transfer Bitstream Data across the space
link on the specified Virtual Channel.

NOTE - Since the service interface specification is an abstract specification, the
implementation of the Bitstream Data parameter is not constrained; i.e., it may be
continuous Bitstream, delimited Bitstream, or individual bits.
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.3 BITSTREAM.indication

3.1 Function

At the sending end, the service provider shall pass a BITSTREAM.indication to the
BITSTREAM Service user at the receiving end to deliver Bitstream Data.

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

343

The |

3.4.3

The
Bitst

3.4.3

p1fefrpam QP‘I"‘ 1ce
D rtotroa oo vV TooT

3.2 Semantics
BITSTREAM.indication primitive shall provide parameters as follows:

BITSTREAM.indication (Bitstream Data,
GVCID,
Bitstream Data Loss Flag (optiénal))

3.3 When Generated

BITSTREAM.indication primitive shall be passed from the service provider to th
ream Service user at the receiving end to deliver Bitstream Data.

3.4 Effect On Receipt

The ¢ffect of receipt of the BITSTREAM.indication primitive by the Bitstream Service us¢r

is unglefined.

3.4.313.5 Additional Comments

The |[BITSTREAM.indication primitive shall be used to deliver Bitstream Data to the

Bitstrfeam Serviceaiser identified by the GVCID.

NOTE — The quantity of Bitstream Data delivered by an implementation of this servige
primitive is not defined. Therefore, it is not necessarily related to the quantity ¢f
Bitstream Data submitted to the service provider by the sending user with the
RITSTREAM reauest nrimitivze
BITSTREAM requestprimitive-
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3.5 VIRTUAL CHANNEL ACCESS (VCA) SERVICE
3.5.1 OVERVIEW OF VCA SERVICE

The Virtual Channel Access (VCA) Service provides transfer of a sequence of privately
formatted service data units of fixed length 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

I¢CTTV 1Ig Usvl.

nly one user can use this service on a Virtual Channel and the user is identified)with the
VCID of the Virtual Channel. Service data units from different users are nof multiplexed
gether within one Virtual Channel.

=S 00

315.2 VCA SERVICE PARAMETERS

3{5.2.1 General

—

he parameters used by the VCA Service primitives shall conform to the specificgtions
pntained in subsections 3.5.2.2 through 3.5.2.4.

O

3{5.2.2 VCA_SDU
Tlhe parameter VCA_SDU shall be the seryice data unit transferred by the VCA Service.

NOTE - For restrictions on the VCCA_SDUs transferred by the VCA Service, see 3.2.4.

3{5.2.3 GVCID

—

he GVCID parameter\shall contain a GVCID that indicates the Virtual Channel thjough
hich the VCA_SDUiss to be transferred.

=

Z

OTE — The'GVCID is the SAP address of the VCA Service.

315.2,4.-VCA_SDU Loss Flag

TheVCA_SDIU T oss Flag is an optional parameter that may he used to notify the nser 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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3.5.3 VCA SERVICE PRIMITIVES
3.5.3.1 General

The service primitives associated with this service are:
a) VCA.request;
b) VCA.indication.

3.5.312 VCA.request
3.5.312.1 Function

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

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

3.5.3}12.2 Semantics
The YCA.request primitive shall provide parametersias follows:
VCA . request (VCA_SDU,
GVCID)
3.5.312.3 When Generated
The MCA.request primitive §hall be passed to the service provider to request it to send the
VCA| SDU.
3.5.312.4 Effect’On Receipt

Recejpt of _the’ VCA.request primitive shall cause the service provider to transfer the
VCA SDU:

3.5.3.2.5 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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3.5.3.3 VCA.indication
3.5.3.3.1 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 is the service indication primitive for the VCA Service.

[9>)

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

VCA.indication (VCA_SDU,
GVCID,
VCA _SDU Loss Flag (optional))

3{5.3.3.3 When Generated

—

he VCA.indication primitive shall be passed from the service provider to the VCA Sdrvice
ser at the receiving end to deliver a VCA _SDU.

c

315.3.3.4 Effect On Receipt

Tlhe effect of receipt of the VCA.indication primitive by the VCA Service user is undefiped.

3{5.3.3.5 Additional Comments

The VCA.indication primitive-shall be used to deliver VCA_SDUs to the VCA Servicg user
dentified by the GVCID;

—
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3.6 VIRTUAL CHANNEL OPERATIONAL CONTROL FIELD (VC_OCF)
SERVICE

3.6.1 OVERVIEW OF VC_OCF SERVICE

The Virtual Channel Operational Control Field (VC_OCF) Service provides synchronous
transfer of fixed-length data units, each consisting of four octets, in the Operational Control
Field (OCF) of Transfer Frames of a Virtual Channel. The service is unidirectional and
Sequ 11\4\-‘1}1\.«3\/1 Vills. Th\a tlallbfbl iD D)’llbhlUlliLbd With thb lblbabb Uf Tlallbfbl rlalllbb Uf a
Virtgal Channel. The service does not guarantee completeness, but it may signal gaps in the
seque¢nce of service data units delivered to the receiving user.

Only| one user can use this service on a Virtual Channel, and the user is identified with the
GVJID of the Virtual Channel. Service data units from different users are-hot multiplexdd
together within one Virtual Channel.

3.6.2] VC_OCF SERVICE PARAMETERS
3.6.2l1 General

The parameters used by the VC_OCF Service primitives shall conform to the specifications
contgined in subsections 3.6.2.2 through 3.6.2.4.

3.6.22 OCF_SDU

The parameter OCF_SDU shall be the setvice data unit transferred by the VC_OCF Servide
in th¢ Operational Control Field of Transfer Frames of a Virtual Channel.

NOTE — For restrictions on the-OCF_SDU transferred by the VC_OCF Service, see 3.2.5

3.6.213 GVCID

The GVCID parametér shall contain a GVCID that indicates the Virtual Channel through
which the OCF_SDU is to be transferred.

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

3.6.214° OCF SDU Loss Flag

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

3.6.3.1 General

The service primitives associated with this service are:

a) VC_OCF.request;
b) VC_OCF.indication.

@»

)

=R I

6.3.2 VC_OCF.request

6.3.2.1 Function

prvice provider to request that an OCF_SDU be transferred to the uSer at the receivin

Irough the specified Virtual Channel.

NOTE — The VC OCEF .request primitive is the service request primnitive for the VC OCF Sery
316.3.2.2 Semantics
Tlhe VC_OCEF.request primitive shall provide parameters as follows:

VC_OCF.request (OCF~SDU,

GVEID)

316.3.2.3 When Generated
The VC_OCF.request primitive shall be passed to the service provider to request it to
the OCF_SDU.

Q=

6.3.2.4 Effect)On Receipt

eceipt of the VC_OCF.request primitive shall cause the service provider to transfe
CF_SDU.

t the sending end, the VC_OCF Service user shall pass a VC_OCF.request primitive fo the

b end

ice.

send

r the

3

.60.3.2.5 Additional Comments

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

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

NOTE - The VC _OCF.indication primitive is the service indication primitive for the

3.6.3{13.2 Semantics
The YC_OCF.indication primitive shall provide parameters as follows:
VC_OCF.indication (OCF_SDU,

GVCID,

OCF_SDU Loss Flag (optional))
3.6.3;13.3 'When Generated
The VC_OCF.indication primitive shall be passed from‘the service provider to the VC_O(F
Service user at the receiving end to deliver an OCF _SDU.
3.6.313.4 Effect On Receipt
The pffect of receipt of the VC_OCF.indication primitive by the VC_OCF Service user |s
undefined.
3.6.3{13.5 Additional Comments

The [VC_OCF.indicatien primitive shall be used to deliver OCF_SDUs to the VC_O(F
Service user identified by the GVCID.
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.7 VIRTUAL CHANNEL FRAME (VCF) SERVICE

7.1 OVERVIEW OF VCF SERVICE

The Virtual Channel Frame (VCF) Service provides transfer of a sequence of fixed-length
AOS 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

S
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VCID of the Virtual Channel. Service data units from different users are not multip
gether within one Virtual Channel.

7.2 VCF SERVICE PARAMETERS
7.2.1 General

he parameters used by the VCF Service primitives shall conform to the specifica
pntained in subsections 3.7.2.2 through 3.7.2.4.

7.2.2 Frame

OTES
The parameter Frame,is the service data unit transferred by the VCF Service.
The format of the GVCID parameter is defined in 4.1.

For restrictions on the AOS Transfer Frames transferred by the VCF Service, see 3

7.2.3 GVCID

he Frame parameter shall be an AOS Transfer Frame of the Virtual Channel specifi¢
Ihe GVCID parameter.

he” GVCID parameter shall contain a GVCID that indicates the Virtual Channel thiy

hich the Eramo 16t ho trancfaread

TITCIT I T a1 toO o T TtIrarro Tt oas

NOTE — The GVCID is the SAP address of the VCF Service.

nly one user can use this service on a Virtual Channel, and the user is identified) with the

exed

tions

d by

.2.6.

ough
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3.7.2.4 Frame Loss Flag

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

3.7.3] VCF SERVICE PRIMITIVES
3.7.311 General

The gervice primitives associated with this service are:
a) VCF.request;
b) VCF.indication.

3.7.312 VCF.request
3.7.312.1 Function

At the sending end, the VCF Service user shall pass a VCF.request primitive to the servig
provider to request that a Frame be transferred\to the user at the receiving end through the
speciffied Virtual Channel.

(¢}

NOTE - The VCF.request primitive'is.the service request primitive for the VCF Service.

3.7.3}12.2 Semantics
The VCF.request primitive shall provide parameters as follows:

VCF.request (Frame,
GVCID)

3.7.312.3: \When Generated

The VCFTequest primitive shatt be passed 1o the service provider to request it 1o send the
Frame.

3.7.3.2.4 Effect On Receipt

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

o

)

3

T

[7>)

—

)

< —

the receiving end to deliver a Frame.

t the sending end, the service provider shall pass a VCF.indication to the VCF Setvicg
the receiving end to deliver a frame.

OTE - The VCF.indication primitive is the service indication primitive for the
Service.

7.3.3.2 Semantics
he VCF.indication primitive shall provide parameters as follows:
VCF.indication (Frame,

GVCID,
Frame Loss Flag (optional))

7.3.3.3 When Generated

he VCF.indication primitive is passed from the service provider to the VCF Service u

7.3.3.4 Effect On Receipt

he effect of receipt of the VCF.indication primitive by the VCF Service user is undefin

7.3.3.5 < Additional Comments

user

VCF

ser at

CP Service user identified by the GVCID.

he A/ CF.indication primitive is used to deliver Transfer Frames of a Virtual Channel llo the
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MASTER CHANNEL FRAME (MCF) SERVICE

OVERVIEW OF MCF SERVICE

The Master Channel Frame (MCF) Service provides transfer of a sequence of fixed-length
AOS 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

sequ
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one user can use this service on a Master Channel, and the user is identified sath th
D of the Master Channel. Service data units from different users are not nmiltiplexe
her within one Master Channel.

MCF SERVICE PARAMETERS

1 General

parameters used by the MCF Service primitives shall‘conform to the specificatior
ined in subsections 3.8.2.2 through 3.8.2.4.

2 Frame

Frame parameter shall be an AOS Transfer'Frame of the Master Channel specified b
(CID parameter.

ES
The parameter Frame is the service data unit transferred by the VCF Service.

The format of the MCID parameter is defined in 4.1.

For restrictions or’the AOS Transfer Frames transferred by the MCF Service, see 3.2.4.

3 MCID

MCID>parameter shall contain the MCID of the Master Channel on which the Frame
transferred.

d

1S

NOT

E — The MCID is the SAP address of the MCF Service.
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3.8.2.4 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 more Transfer Frames of the specified Master Channel may have been lost. If
implemented, the flag shall be derived by a signal given by the underlying Channel Coding
Sublayer.

3{8.3 MCF SERVICE PRIMITIVES
3{8.3.1 General

Tlhe service primitives associated with this service are:
a) MCF.request;
b) MCF.indication.

318.3.2 MCF.request

[9>)

8.3.2.1 Function

>

t the sending end, the MCF Service user shallipass an MCF.request primitive to the sqrvice
rovider to request that a Frame be transferred to the user at the receiving end through the
becified Master Channel.

© o

Z

OTE — The MCF.request primitive is the service request primitive for the MCF Servyice.

)

8.3.2.2 Semantics
Tlhe MCF.request primitive shall provide parameters as follows:

MCEF .request (Frame,
MCID)

3{8.3:23° When Generated

The MCFrequest primitive shattbe passed 1o the service provider to request it to send the
Frame.

3.8.3.2.4 Effect On Receipt

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

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

3.8.3.3 MCF.indication

3.8.3.3.1 Function

At tHe sending end, the service provider shall pass an MCF.indication to the MCF Servige
user fit the receiving end to deliver a Frame.

NOTE - The MCF.indication primitive is the service indication primitive,for the MOF
Service.

3.8.313.2 Semantics

The MCF.indication primitive shall provide parameters as follows:

MCF.indication (Frame,
MCID,
Frame Loss Flag (optional))

3.8.313.3 When Generated

The MCF.indication primitive shall be passed from the service provider to the MCF Servige
user fit the receiving end to deliver a Frame.

3.8.313.4 Effect On Receipt

The ¢ffect of receipt af-the MCF.indication primitive by the MCF Service user is undefined.

3.8.313.5 Additional Comments

[y

The MCE.indication primitive shall be used to deliver Transfer Frames of a Master Channg
to th¢ VCF Service user identified by the MCID.
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3.9 INSERT SERVICE
3.9.1 OVERVIEW OF INSERT SERVICE

The Insert Service provides transfer of private, fixed-length, octet-aligned service data units
across a space link in a mode which efficiently utilizes the space link transmission resources
at relatively low data rates. The service is unidirectional, periodic, and sequence-preserving.
The service does not guarantee completeness, but may signal gaps in the sequence of service

d 4 e Jdals J 4 b,
flld ULIILS UlIIVUITU iU a4 TCLUIVIILES USTL.

(Only one user can use this service on a Physical Channel and the user is identified with the
Physical Channel Name of the Physical Channel. Service data units from differefit usefs are
pt multiplexed together within one Physical Channel.

=

3{19.2 INSERT SERVICE PARAMETERS

3{9.2.1 General

—

he parameters used by the Insert Service primitives shall conform to the specificdtions
pntained in subsections 3.9.2.2 through 3.9.2.4.

O

3{9.2.2 IN_SDU
Tlhe parameter IN_SDU shall be the service data unit transferred by the Insert Service.

NOTE - For restrictions on the INCSDUs transferred by the Insert Service, see 3.2.7.

@»

9.2.3 Physical Channel-Name

—

he Physical ChannelName shall indicate the Physical Channel through which the IN |SDU
4 to be transferred.

[

NOTE — The Physical Channel Name is the SAP address of the Insert Service.

319.2.4IN_SDU Loss Flag

TheAN SDIT oss Flag is an optional parameter that may he used to notify the user at the
receiving end of the Insert Service that a sequence discontinuity has been detected and that
one or more IN_SDUs have been lost. If implemented, the flag shall be derived by a signal
given by the underlying Channel Coding Sublayer.
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3.9.3 INSERT SERVICE PRIMITIVES
3.9.3.1 General

The service primitives associated with this service are:
a) INSERT.request;
b) INSERT.indication.

3.9.312 INSERT.request
3.9.312.1 Function

At tHe sending end, the Insert Service user shall pass an INSERT.request primitive to the
servige provider to request that an IN_SDU be transferred to the userCat the receiving end
through the specified Physical Channel.

NOTE - The INSERT.request primitive is the service request primitive for the Inseft
Service.
3.9.312.2 Semantics
The INSERT.request primitive shall provide paramieters as follows:
INSERT.request (IN.SDU,

Physical Channel Name)
3.9.312.3 When Generated
The [NSERT.request primitive is passed to the service provider to request it to send the
IN_SDU.
3.9.312.4 EffectOn Receipt

Recejpt ofithe INSERT.request primitive causes the service provider to transfer the IN_SDU.

3.9.3.2.5 Additional Comments

The INSERT.request primitive is used to transfer IN_SDUs across the space link on the
specified Physical Channel.
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3.9.3.3 INSERT.indication

3.9.3.3.1 Function

At the sending end, the service provider shall pass an INSERT.indication to the Insert
Service user at the receiving end to deliver an IN_SDU.

NOTE - The INSERT.indication primitive is the service indication primitive for the Insert

QPT‘I‘(‘P
DoV Troos

[9>)

9.3.3.2 Semantics
he INSERT.indication primitive shall provide parameters as follows:
INSERT.indication (IN_SDU,
Physical Channel Name,

IN_SDU Loss Flag (optional))

319.3.3.3 'When Generated

The INSERT.indication primitive shall be passed.from the service provider to the Insert
Service user at the receiving end to deliver an IN, SDU.

319.3.3.4 Effect On Receipt

The effect of receipt of the INSERT.indication primitive by the Insert Service uger is
updefined.

319.3.3.5 Additional Comments

The INSERT.indiCation primitive shall be used to deliver IN_SDU s to the Insert Servicg user
identified by the.Physical Channel Name.
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4 PROTOCOL SPECIFICATION
4.1 PROTOCOL DATA UNIT

4.1.1 AOS TRANSFER FRAME

4.1.1.1 An AOS Transfer Frame shall encompass the major fields, positioned contiguously,

in the following sequence:

a) Transfer Frame Primary Header (6 or 8 octets; mandatory);

b) Transfer Frame Insert Zone (integral number of octets; optional);
¢) Transfer Frame Data Field (integral number of octets; mandatory);
d) Operational Control Field (4 octets; optional);

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

41.1.2 The AOS Transfer Frame shall be of constant length{throughout a specific Mission
ase for any Virtual Channel or Master Channel on a Physical Channel. Its length shall be

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

the AOS Transfer Frame are shown in figure 4-1.

NOTES

1 The protocol data unit of the AOS Space Data Link Protocol is the AOS Trgnsfer
Frame. In this Recommendation;the AOS Transfer Frame is also called the Transfer
Frame or Frame for simplicity.

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

3 The start of the ‘Transfer Frame is signaled by the underlying Channel Cpding
Sublayer.

4 A change”of Transfer Frame Length may result in a loss of synchronization gt the
receiver.
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< AOS TRANSFER FRAME >
TRANSFER FRAME
TRAILER (Optional)
TRANSFER | TRANSFER TRANSFER FRAME
FRAME FRAME DATA FIELD OPERA- | FRAME
PRIMARY INSERT TIONAL ERROR
HEADER ZONE CONTROL | CONTROL
(Optional) FIELD FIELD
(Optional) (Optional)
6 or 8 octets Varies Varies 4 octets 2 octets
Figure 4-1: AOS Transfer Frame Structural Components
4.1.2l TRANSFER FRAME PRIMARY HEADER
4.1.21 General
The [ransfer Frame Primary Header is mandatory and shall:consist of five fields, positiondd
contiguously, in the following sequence:
a) Master Channel Identifier (10 bits; mandatory);
b) Virtual Channel Identifier (6 bits; mandatory);
c) Virtual Channel Frame Count (3 octets; mandatory);
d) Signaling Field (1 octet; mandatory);
e) Frame Header Error Control (2 octets, optional).
The format of the Transfer Frame Primary Header is shown in figure 4-2.
T TRANSFER FRAME PR'MARY HEADER .................................................. S
MASTER SIGNALING
CHANNEL ID FIELD
VIRTUAL | VIRTUAL repLaY| ve RSVD - FRAME
TRANSEER |spacecrarT | CHANNEL | CHANNEL FRAME el FRAME—|HEADER
ID FRAME | T-7% SPARE ERROR
FRAME ID COUNT COUNT
VERSION COUNT USAGE CYCLE | CONTROL
NUMBER FLAG (Optional)
2 bits 8 bits 6 bits 1 bit 1 bit 2 bits | 4 bits
2 octets 3 octets 1 octet 2 octets
Figure 4-2: Transfer Frame Primary Header
CCSDS 732.0-B-2 Page 4-2 July 2006
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4.1.2.2 Master Channel Identifier
4.1.2.2.1 General
4.1.2.2.1.1 Bits 0-9 of the Transfer Frame Primary Header shall contain the Master
Channel Identifier (MCID).
4.1.2.2.1.2 The Master Channel Identifier shall consist of:

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

b) Spacecraft Identifier (8 bits, mandatory).
411.2.2.2 Transfer Frame Version Number
41.2.2.2.1 Bits 0-1 of the Transfer Frame Primary Header shall contain the (Bjinary
Hncoded) Transfer Frame Version Number.
41.2.2.2.2 This 2-bit field shall identify the data unit as@ Transfer Frame defined by this
Recommendation; it shall be set to ‘01°.
NOTE — This Recommendation defines the Version 2 Synchronous Transfer Frame, whose

binary encoded Version Number is ‘01

41.2.2.3 Spacecraft Identifier
41.2.2.3.1 Bits 2-9 of the Transfer Frame Primary Header shall contain the Spacg¢craft
Identifier (SCID).
41.2.2.3.2 The Spacecraft*Identifier is assigned by CCSDS and shall provid¢ the
identification of the spaceéraft which is associated with the data contained in the Transfer
Frame.
41.2.2.3.3 The Spacecraft Identifier shall be static throughout all Mission Phases.
NOTE —<The Secretariat of the CCSDS assigns Spacecraft Identifiers according tp the

procedures in reference [5].

4.1.2.3 Virtual Channel Identifier

4.1.2.3.1 Bits 10-15 of the Transfer Frame Primary Header shall contain the Virtual
Channel Identifier (VCID).
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4.1.2.3.2 The Virtual Channel Identifier shall be used to identify the Virtual Channel.
NOTES

1 If only one Virtual Channel is used, these bits are set permanently to value ‘all zeros’.
A Virtual Channel used for transmission of Idle Transfer Frames (see 4.1.4) is
indicated by setting these bits to the reserved value of ‘all ones’.

2 There are norestrictions—on—the celection-of \Vartual Channel Tdentifiere excent f]r*e
T ot o O T OOt ot O — O T o Ot oo O O r— VI toa o ST O ot ooy — S TP

rules described above. In particular, Virtual Channels are not required to \he
numbered consecutively.

3 A Transfer Frame on the ‘Idle’ Virtual Channel may not contain any valid user data
within its Transfer Frame Data Field, but it must contain the Insert Zone if the Inseft
Service is supported.

4.1.214 Virtual Channel Frame Count

4.1.214.1 Bits 16-39 of the Transfer Frame Primary Header shall contain the Virtual
Channel Frame Count.

4.1.214.2 This 24-bit field shall contain a sequential.binary count (modulo-16,777,216) ¢f
each [Transfer Frame transmitted within a specific Virtual Channel.

4.1.214.3 A resetting of the Virtual ChannelFrame Count before reaching 16,777,215 shalll
not take place unless it is unavoidable.

—

NOTE — The purpose of this field\is' to provide individual accountability for each Virtug
Channel, primarily tonehable systematic Packet extraction from the Transfg¢r
Frame Data Field.( If the Virtual Channel Frame Count is reset because of gn
unavoidable re-initialization, the completeness of a sequence of Transfer Framgs
in the related Virtual Channel cannot be determined.
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4.1.2.5 Signaling Field

4.1.2.5.1 General

4.1.2.5.1.1 Bits 40-47 of the Transfer Frame Primary Header shall contain the Signaling
Field.
4.1.2.5.1.2 The Signaling Field shall be used to alert the receiver of the Transfer Frames

Roe—1Rere apid han sha be—hanaied by

for fault detection and isolation purposes.

41.2.5.1.3 This 8-bit field shall be subdivided into four sub-fields as follows:
a) Replay Flag (1 bit, mandatory);

b) Virtual Channel (VC) Frame Count Cycle Use Flag (1 bit, mandatory);
¢) Reserved Spares (2 bits, mandatory);

d) Virtual Channel Frame Count Cycle (4 bits, mandatory).

41.2.5.2 Replay Flag
41.2.5.2.1 Bit 40 of the Transfer Frame Primiary Header shall contain the Replay Flag

411.2.5.2.2 Recognizing the need to stere Transfer Frames during periods when the $pace
link is unavailable, and to retrieve thém for subsequent replay when the link is restored, this
flag shall alert the receiver of the Transfer Frames with respect to its ‘realtime’ or ‘rgplay’
sfatus. Its main purpose is to discriminate between realtime and replay Transfer Fiames
when they both may use the'same Virtual Channel.

411.2.5.2.3 The Replay Flag is interpreted as follows:
a) ‘0’ =Realtime Transfer Frame;

b) ‘I’ =Replay Transfer Frame.

NOTES

1 Owing to the wide spectrum of onboard storage and retrieval technology optionp, the
exact interpretation of this Flag is necessarily the subject of negotiation between
projects and cross-support organizations. For instance, it may be interpreted to
indicate that the value of the Virtual Channel Frame Count field on the replayed VC
decreases, rather than increases, as a function of reverse playback.

2 If Transfer Frames are stored after encoding by the Channel Coding Sublayer, they
must be re-encoded if the status of the Replay Flag is altered after retrieval.
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4.1.2.5.3 Virtual Channel (VC) Frame Count Cycle Use Flag

4.1.2.5.3.1 Bit 41 of the Transfer Frame Primary Header shall contain the VC Frame Count
Cycle Use Flag.

4.1.2.5.3.2 This one-bit field shall indicate whether the VC Frame Count Cycle field is
used; its value shall be interpreted as follows:

a) ‘0’ = VC Frame Count Cycle field is not used and shall be ignored by the receiver;

b) ‘1’ =VC Frame Count Cycle field is used and shall be interpreted by the receivet.

4.1.215.4 Reserved Spare
4.1.2{5.4.1 Bits 42-43 of the Transfer Frame Primary Header shall contain'the reserved sparg.

4.1.2|5.4.2 This 2-bit field is reserved for future definition by CCSDS ‘and shall be set to ‘00°.

4.1.215.5 Virtual Channel (VC) Frame Count Cycle

4.1.2]5.5.1 Ifused, bits 44-47 of the Transfer Frame Primary Header shall contain the
Virtual Channel Frame Count Cycle field:

4.1.215.5.2 Each time the Virtual Channel Frame&“Count returns to zero, the VC Frame
Count Cycle shall be incremented.

NOTE - The VC Frame Count Cycle-effectively extends the Virtual Channel Frame Cout
from 24 to 28 bits.

4.1.215.5.3 If not used, bits 44 through 47 of the Transfer Frame Primary Header shall be
set to ‘all zeros™.
4.1.2l6 Frame Header Error Control

4.1.216.1 If implemented, Bits 48-63 of the Transfer Frame Primary Header shall contain
the Frame Header Error Control.

NOT[EC~" The 10-bit Master Channel Identifier, the 6-bit Virtual Channel Identifier, and tHe
8-bit Signaling Field may all be protected by an optional error detecting and
correcting code, whose check symbols are contained within this 16-bit field.

4.1.2.6.2 The presence or absence of the optional Frame Header Error Control shall be
established by management.

4.1.2.6.3 If present, the Frame Header Error Control shall exist in every Transfer Frame
transmitted within the same Physical Channel.
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4.1.2.6.4 Once set by management, the presence or absence of the Frame Header Error
Control shall be static throughout a Mission Phase.

4.1.2.6.5 The mechanism for generating the Frame Header Error Control shall be a
shortened Reed-Solomon (10,6) code. The parameters of the selected code are as follows:

a) ‘J=4’ bits per Reed-Solomon (R-S) symbol.

b) ‘E=2’ symbol error correction capability within an R-S code word.

c) The field generator polynomial shall be:
FX)=x%+x+1
over GF(2)
d) The code generator polynomial shall be:
g0) =+ D)+ o+ B+ o)
over GF(24)
where F(&) =0,

a®=1100, o/ = 1011
a®=0101, & =1010

also:
g(x)=x4+ Bx3+ o2 + Ex + 1
over GF(24)

and:

A0 = 0001, &3 = 1000
a ~0010

e) Within an R-S symbol, the transmission shall start from the bit on the left side; elg.,

a3 = 1000

shall be transmitted as a 1 followed by three Os.
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f) The bit to R-S symbol mapping shall be:

bits in the header symbol

0,1,2,3
4,5,6,7
8,9,10,11
12,13,14,15

40-41-42 42

LAV I S oPay pod

44,45,46,47
48,49,50,51
52,53,54,55
56,57,58,59
60,61,62,63

O 01N N b W —O

NOTES

1 The purpose of this field is to provide a capability for prdtecting some key elements
in the Transfer Frame Primary Header.

2 Whether this field should be used on a particilar Physical Channel shall Qe
determined based on the mission requirements; for data quality and the selectdd
options for the Channel Coding Sublayer.

3 The header error correction code can correct up to and including two symbol errorp.
This is sufficient to meet the performance of <Ix10E-07 Data Fields missing at|a
1x10E-05 channel bit error rate, for random bit errors. In the case of convolutiongl
coded channels, in particular ‘when the convolutional coding is interleaved, the Data
Field loss rate will drop tot2x10E-05 at an operating point equivalent to a channel bfit
error rate of 1X10E-05, )This is due to the burst errors typical of the convolutiongl
decoders.

4.1.3] TRANSFER FRAME INSERT ZONE

4.1.3}11 If implemented, the Transfer Frame Insert Zone shall follow, without gap, th
Trangfer Frame Primary Header.

(¢

4.1.312-0 The presence or absence of the optional Transfer Frame Insert Zone shall He
established by management.

4.1.3.3 If the Physical Channel supports the Insert Service for transfer of periodic data, then
the Insert Zone shall exist in every Transfer Frame transmitted within the same Physical
Channel, including Idle Transfer Frames.

4.1.3.4 Once set by management, the presence or absence of the Insert Zone shall be static
throughout a Mission Phase.
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4.1.3.4.1 The length of the Insert Zone shall be set by management to be equal to the
constant length of the Insert Service Data Unit (IN_SDU) for that Physical Channel. The
Insert Zone shall contain precisely one octet-aligned IN_SDU.

4.1.3.4.2 Once set by management, the length of the Insert Zone shall be static throughout a
Mission Phase.

NOTE - If the Insert Zone is present, management reduces the length of the Transfer

C1ata avarmraorc 1o 0 STTV (ST Oy d a OU CO1

the constant length of the Insert Zone.

414 TRANSFER FRAME DATA FIELD

41.4.1 Overview

oS

1.4.1.1 The Transfer Frame Data Field shall follow, without gap, the Transfer Hrame
rimary Header or the Transfer Frame Insert Zone, if present.

~

oS

1.4.1.2 The Transfer Frame Data Field, which shall contain an integer number of ofctets,
hall have a length which varies and is equal to:

|22]

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

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

41.4.1.3 The Transfer Frame Data-Field shall contain one Multiplexing Protocol Datg Unit
(M_PDU), one Bitstream Protocol Data Unit (B_PDU), one Virtual Channel Access Sdrvice
Data Unit (VCA_SDU), or Adle Data.

41.4.1.4 M PDUs, By\PDUs, VCA SDUs, and Idle Data shall not be mixed in a Vjrtual
(Jhannel (i.e., if a Vargual Channel transfers M_PDUs, every Transfer Frame of that Vjrtual
(Jhannel shall contain an M_PDU). Management shall decide whether M_PDUs, B PDUs or
VCA _SDUs aperansferred on a particular Virtual Channel, and this decision shall rgmain
sfatic throughout a Mission Phase.

S

1.4.1.5" In the case where no valid Transfer Frame Data Field is available for transmission
release time for a Transfer Frame, a Transfer Frame with a Data Field containing only Idle
ata shall be transmitted. Such a Iransier Frame is called an Idie Iransier Frame. The
Virtual Channel ID of an Idle Transfer Frame shall be set to the value of ‘all ones’ and a
project-specified ‘idle’ pattern shall be inserted into the Transfer Frame Data Field.

o
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NOTES

1 Transfer Frames containing Idle Data in their Data Fields are sent to maintain
synchronization at the receiver and also to transmit data in the Transfer Frame Insert
Zone when there is no Data Field to send.

2 Idle Data in the Transfer Frame Data Field of an Idle Transfer Frame must not be
confused with the Idle Packet specified in reference [6].

4.1.4}2 Multiplexing Protocol Data Unit
4.1.4{2.1 Overview

4.1.4{2.1.1 The Multiplexing Protocol Data Unit (M_PDU) shall follow, without gap, th
Transfer Frame Primary Header or the Transfer Frame Insert Zone if present.

(¢]

4.1.4/2.1.2 The length of the M_PDU shall be fixed by managément for any particulgr
Virtgal Channel, since it is required to fit exactly within the/fixed-length Transfer Framje
Data|Field.

NOTEE - The length of M_PDUs carried by a Physical Channel which supports the Inseyt
Service must take into account the fixed lehgth of the optional Insert Zone.

4.1.4/2.1.3 The M_PDU shall be divided as folows:
a) M_PDU Header (2 octets, mandatoryy);

o

M_PDU Packet Zone (integralmumber of octets, mandatory).

4.1.4/2.1.4 The M_PDU Header shall be sub-divided as follows:
a) Reserved Spare (5 bits,)mandatory);

b) First Header Pointer (11 bits, mandatory).

4.1.42.1.5 Thedormat of the M PDU is shown in figure 4-3.

M.PDU HEADER M_PDU PACKET ZONE
RSVD: FIRST ENDOF CCSDS CCSDS START OF
SPARE HEADER [PREVIOUS PACKET PACKET CCSDS
POINTER CCSDS #k+1 | ot rrtt #m PACKET
PACKET #k #m+1
5 bits 11 bits

Figure 4-3: Multiplexing Protocol Data Unit (M_PDU)
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4.14.2.2 Reserved Spare

4.1.4.2.2.1 Bits 04 of the M_PDU Header shall contain the Reserved Spare.

4.1.4.2.2.2 This five-bit Reserved Spare field is currently undefined by CCSDS; by

convention, it shall therefore be set to the reserved value of ‘00000°.

4.1.4.2.3 First Header Pointer

41.4.2.3.1 Bits 5-15 of the M_PDU Header shall contain the First Header Pointer:

41.4.2.3.2 The First Header Pointer shall contain the position of the first getet of thd
Placket that starts in the M_PDU Packet Zone.

41.4.2.3.3 The locations of the octets in the M_PDU Packet Zone.shall be number]
apcending order. The first octet in this zone is assigned the number 0. The First H
Ppinter shall contain the binary representation of the location of the first octet of the
Placket that starts in the M_PDU Packet Zone.

NOTES

1 The purpose of the First Header Pointer isto facilitate delimiting of variable-1
Packets contained within the M _PDU\Packet Zone, by pointing directly t
location of the first Packet from whichdts length may be determined.

2 The locations of any subsequent ‘Packets within the same M_PDU Packet Zong
be determined by calculating.the locations using the length field of these Packets

3 If the last Packet in the M_PDU Packet Zone of Transfer Frame N spills ovel
Frame M of the same)Virtual Channel (N<M), then the First Header Pointer in H
M ignores the residiie of the split Packet and indicates the start of the next Packg
starts in Frame\M.

'S

1.4.2.3.4 If nio,Packet starts in the M_PDU Packet Zone, the First Header Pointer sh
et to ‘all ones?:

2]

Transfer Frame.

first

ed in
cader
first

ength

the

will

nto
rame
t that

1l be

OTE ="The above situation may occur if a long Packet extends across more thafp one

4.1.4.2.3.5 If the M_PDU Packet Zone contains only Idle Data, the First Header Pointer

shall be set to ‘all ones minus one’.

4.1.4.2.4 M _PDU Packet Zone

4.1.4.2.4.1 The M_PDU Packet Zone shall follow, without gap, the M_PDU Header.
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4.1.4.2.42 The M PDU Packet Zone shall contain either Packets or Idle Data (a fixed-
length project-specified ‘idle’ pattern).

4.1.4.2.4.3 Packets shall be inserted contiguously and in forward order into the M_PDU
Packet Zone.

NOTE - The first and last Packets of the M_PDU are not necessarily complete, since the
first Packet may be a continuation of a Packet begun in the previous M_PDU,

J <1 1 + D 1 4 S - A | 1 4+ NI _DINTT £ 41 A WSS 1
AU UIT 15T T'dCRUL 1Idy  CUOLIUITUC 11T UIT SUUSCUUCIIL VI T'IJU U1 UIC 34I1IT vV I1Itug

Channel.

4.1.412.4.4 When insufficient Packets (including Idle Packets) are available at release tinje
of a [Fransfer Frame of a Virtual Channel carrying M_PDUs, an M_PDU that contains only
Idle PData in its Packet Zone shall be generated.

NOTEES

1 M_PDUs that contain only Idle Data in their Packet Zones are sent to maintajn
synchronous transmission of Transfer Frames and .dlso to transmit data in the
Operational Control Field on a specific Virtual Channel when there is no Packet {o
send.

2 An M _PDU that contains only Idle Data in its Packet Zone can be generatdd
whenever it is necessary (even in the middle of transmission of a Packet that is split
into multiple M_PDUs).

3 An M_PDU that contains only Idle'Pata in its Packet Zone must not be confused with
the Idle Transfer Frame defined in 4.1.4.

v

4 Idle Data in the M_PDU:Packet Zone should not be confused with the Idle Packet
specified in reference{4J-

4.1.4[3 Bitstream Protocol Data Unit
4.1.43.1 Overview

4.1.4{3.1.1 < The Bitstream Protocol Data Unit (B_PDU) shall follow, without gap, th
Trangfer'Frame Primary Header or the Transfer Frame Insert Zone if present.

(¢]

4.1.4.3.1.2 The length of the B PDU shall be fixed by management for any particular
Virtual Channel, since it is required to fit exactly within the fixed-length Transfer Frame
Data Field.

NOTE - The length of B_ PDUs carried by a Physical Channel which supports the Insert
Service must take into account the fixed length of the optional Insert Zone.
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4.1.4.3.1.3 The B _PDU shall be divided as follows:

a) B _PDU Header (2 octets, mandatory);

b) B PDU Bitstream Data Zone (integral number of octets, mandatory).

4.1.4.3.1.4 The B PDU Header shall be sub

a) Reserved Spare (2 bits, mandatory);

divided as follows:

b) Bitstream Data Pointer (14 bits, mandatory).

41.4.3.1.5 The format of the B_ PDU is shown in figure 4-4.

B_PDU HEADER

RSVD. BITSTREAM
SPARE DATA
POINTER
2 bits 14 bits

B_PDU BITSTREAM DATAZONE

41.4.3.2 Reserved Spare

(SR °N

41.4.3.3 Bitstream Data Pointer

Figure 4-4: Bitstream Protocel’Data Unit (B_PDU)

41.4.3.2.1 Bits 0-1 of the B PDU Header shall contain the Reserved Spare.

41.4.3.3.1 Bits 2~]5 of the B PDU Header shall contain the Bitstream Data Pointer.

1.4.3.2.2 This two-bit Reseryed Spare field is currently undefined by CCSDS; by
bnvention, it shall therefore be set to the reserved value of ‘00°.

NOTE - Beecalse it may be necessary to insert idle data if an insufficient number of
Bitstream Data bits have been received before a B PDU is released for
transmission, the Bitstream Data Pointer indicates the location of the last [valid
user data bit within the B PDU Bitstream Data Zone (i.e., the boundary between
user data and any inserted idle data).

4.1.4.3.3.2 The locations of the bits in the B PDU Bitstream Data Zone shall be numbered
in ascending order. The first bet in this zone is assigned the number 0. The Bitstream Data
Pointer shall contain the binary representation of the location of the last valid user data bit

within B_PDU Bitstream Data Zone.

4.1.4.3.3.3 If there are no idle data in the Bitstream Data Zone (i.e., the B_ PDU contains
only valid user data), the Bitstream Data Pointer shall be set to the value ‘all ones’.
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4.1.4.3.3.4 If there are no valid user data in the Bitstream Data Zone (i.e., the B_ PDU contains
only idle data), the Bitstream Data Pointer shall be set to the value ‘all ones minus one’.

4.1.4.3.4 B _PDU Bitstream Data Zone

4.1.4.3.4.1 The B PDU Bitstream Data Zone shall follow, without gap, the B PDU Header.

4.1.4.3.4.2 The Bitstream Data Zone shall contain either a fixed-length block of the user
Bitstfeam Data (possibly terminated with idle data at a location delimited by the Bitstréam
Data|Pointer), or Idle Data (a fixed-length project-specified ‘idle’ pattern).

4.1.4.3.4.3 When no Bitstream Data are available at release time of a Transfer Frame ofla
Virtyal Channel carrying B PDUs, a B PDU that contains only Idle Data imits Data Zor
shall[be generated.

(¢}

NOTEES

1 B PDUs that contain only Idle Data in its Data Zone are-s¢nt to maintain synchronoys
transmission of Transfer Frames, and also to transmit<data in the Operational Contr¢l
Field on a specific Virtual Channel when there are no-Bitstream Data to send.

2 A B_PDU that contains only Idle Data in its Data’Zone must not be confused with the
Idle Transfer Frame defined in 4.1.4.

4.1.5 OPERATIONAL CONTROL FIELD

4.1.5{1 If present, the Operational (Control Field shall occupy the four octets following
with@ut gap, the Transfer Frame Data Field.

>

4.1.5}2 The Operational Control Field is optional; its presence or absence is established Hy
manggement for each Virtual -Channel.

4.1.53 If the Operational Control Field is present on a Virtual Channel, it shall occur within
every Transfer Frametransmitted through the Virtual Channel throughout a Mission Phase.

4.1.5}4 Theleading bit of the field, i.e., bit 0, shall contain a Type Flag with the following
mear}ings:

[3 2 .

a . . 1
which shall contain a Communications Link Control Word, the content of which is
defined in reference [B5];

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 Virtual Channel
that carries this field.
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4.1.5.5 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) if'this bitis ‘0’, the contents of the report are project-specific;

b) if this bit is ‘1°, the contents of the report are reserved by CCSDS for future

application.

NOTES

1

b=l Y

1

—

(O °N

= &

1

The value of the first bit of a Type-2-Report may vary between Transfer Fram
the same Virtual Channel that carries this field.

The purpose of this field is to provide a standardized mechanism for'reporting a
number of real-time functions (such as retransmission controlor” spacecraft

calibration); currently the use for retransmission control (Types1-Reports) has
defined by CCSDS in reference [B5]. This issue of the, Réeommendation dog
define the use of Type-2-Reports; however, it reserves(the possibility to do

future issues by restricting the utilization of the first bits

1.6 FRAME ERROR CONTROL FIELD

1.6.1 General

1.6.1.1 If present, the Frame Error Control Field shall occupy the two octets follo
ithout gap, the Operational Control Field'if this is present, or the Transfer Frame Data
an Operational Control Field is notpresent.

1.6.1.2 The Frame Error Control Field is optional; its presence or absence sha
stablished by managements.

1.6.1.3 If present, the -Frame Error Control Field shall occur within every Transfer H
ansmitted within the’same Physical Channel throughout a Mission Phase.

OTES

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

CS On

small
clock
been
S not
KO 1n

ving,
Field

11 be

rame

may
data

handling process.

Whether this field should be used on a particular Physical Channel shall be

determined based on the mission requirements for data quality and the sel

ected

options for the underlying Channel Coding Sublayer. This field may be mandatory

depending on the selected options for the Channel Coding Sublayer.
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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 generates a systematic binary (n,n—16) block code by
appending a 16-bit Frame Error Control Field as the final 16 bits of the codeblock, where 7 is
the length of the Transfer Frame.

4.1.6.2.2 The equation for the contents of the Frame Error Control Field is:
FECF = [(X'® - M(X)) + (X*'® - L(X))] modulo G(X)

wherg
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 binaty
coefficients;

L(X) is the presetting polynomial given by
L(X) = Error!;
G(X) is the generating polynomial given by
GX)=X°+X2+X +1.

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

4.1.6{3 Frame Error Control Field Decoding Procedure
The ¢rror detection syndrome, S(X), is given by
S(X0) = [(X'%-E(X) + (X" - L(X))] modulo G(X)

where

- C*X) is the received block, including the Frame Error Control Field, in polynomigl
form; and

— S(X) is the syndrome polynomial which will be zero if no error is detected and non-
zero if an error is detected.
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4.2 PROTOCOL PROCEDURES AT THE SENDING END
4.2.1 OVERVIEW

This subsection describes procedures at the sending end associated with each of the functions
shown in figure 4-5. In this figure, data flow from top to bottom of the figure. This figure
identifies data-handling functions performed by the protocol entity at the sending end, and
shows logical relationships among these functions. This figure is not intended to imply any
haldWalC Ul DUftW alrv bU11ﬁ5u1atiuu ill a 1ca} D)’ Dtclll. DCPUlldills Ull thc hNlwzd VibUD a\/tuau_y used
for a real system, not all of the functions may be present in the protocol entity’ | The
procedures described in this subsection are defined in an abstract sense and are not'intgnded
t¢ imply any particular implementation approach of a protocol entity.

Packet Bitstream VC Access VC_OCF

Service Service Service Service
Packet Bitstream V(S:ef\:iacrze
Processing| |Processing
| | MC Frame
Virtual Channel Generation Service
| Insert
Virtual Channel Multiplexing Service

Master Channel Multiplexing

All Frames Generation

Figure 4-5: Internal Organization of Protocol Entity (Sending End)

42.2 PACKETPROCESSING FUNCTION

42.2.1 The,Packet Processing Function shall be used to transfer variable-length Packgts in
e fixed-lenigth M_PDU of Transfer Frames.

=

NOTE ' — There is an instance of the Packet Processing Function for each Virtual Chpnnel

that carriesPackets.

4.2.2.2 The M _PDUs shall be constructed by concatenating Packets together until the
maximum M_PDU length is exceeded. Any Packet which exceeds the maximum M_PDU
length shall be split, filling the M_PDU completely, and starting a new M_PDU on the same
Virtual Channel with the remainder. Construction of the next M_PDU shall continue with
the concatenation of Packets until it overflows.
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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
M_PDUs.

4.2.2.4 The ‘First Header Pointer’ field shall be set to indicate the location of the first octet
of the first Packet occurring within the M_PDU Packet Zone.

4.2.2.5 The Packet Processing Function may generate ‘idle’ data in the absence of
Sufﬁ iCllt Pab}\ctb bupphcd flUlll t‘llC uscIy Clt 1\:1\:45\: tilllC. T}lC lllcbllalliblll fUl gcuClaﬁug ld (¢

data ghall be to create an Idle Packet of appropriate length defined by reference [3].

NOTEE - The shortest Idle Packet is 7-octets long (i.e., a 6-octet header plus 1 octet’of idle
data). If the area to be filled in an M_PDU is less than 7 octets,theén the Id]e
Packet will spill over into the beginning of the next M_PDU.

4.2.216 If it is necessary, the Packet Processing Function may generaté-an ‘idle’ M_PDU Hy
settirlg the First Header Pointer to ‘all ones minus one’. An abstract model of the Packgt
Proc¢ssing Function is illustrated in figure 4-6.

Packet Service Packet Service
User with PVN m User with PVN n
Packets Rackets
Packet
Processing Idle Packet
Function for L 4 L 4
a Virtual Construction of M_PDU and /
Channel Generation of First Header Pointer
M_PDUs
A 4

| Virtual Channel Generation Function |

Figurée4-6: Abstract Model of Packet Processing Function

4.2.3] BITSTREAM PROCESSING FUNCTION

4.2.3l1~ The Bitstream Processing Function shall be used to transfer variable-length streams

fb‘ b 41 L . | 4l DINTT Wadla al L A
(0] 1tsrtne IIACU=ICIIZUT D T'DJU UL T1TAIISICL T'TdllICsS.

NOTE - There is an instance of the Bitstream Processing Function for each Virtual
Channel that carries Bitstream Data.

4.2.3.2 The Bitstream Processing Function shall be used to fill the Bitstream Data Zone of
the B PDU with the Bitstream Data supplied by the user. Each bit shall be placed
sequentially, and unchanged, into the B_ PDU Bitstream Data Zone. When the Bitstream
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Data have filled one particular B PDU, the continuation of the Bitstream Data shall be
placed in a new B_PDU on the same Virtual Channel.

NOTE - If, because of the constraints of the Transfer Frame release algorithm, a B PDU
is not completely filled by Bitstream Data at release time, the Bitstream
Processing Function will fill the remainder of the B PDU with a locally specified
idle pattern. The boundary between the end of the valid Bitstream Data and the
beginning of the idle data is indicated by setting a Bitstream Data Pointer in the
B PDU THeader. If it is necessary, the Bitstream Processing Fumnction] may
generate an ‘idle’ B PDU by setting the Bitstream Data Pointer to (all|ones
minus one’.

oy

2.3.3 The length of the B PDU must be equal to the length of the Trafisfer Frame|Data
icld for the Virtual Channel identified by the GVCID. An abstract model of the Bitsfream
rocessing Function is illustrated in figure 4-7.

g

Bitstream
Service User

Bitstream Data

Bitstream
Processing Idle Data
Function for v

a Virtual Construction of B_PDU and
Generation of Bitstream Data Pointer

Channel

B_PDUs
A\ 4

| Virtual Channel Generation Function |

Figure 4-7:_Abstract Model of Bitstream Processing Function

42.4 VIRTUAE.CHANNEL GENERATION FUNCTION

NOTE - _-The Virtual Channel Generation Function is used to build the basic structyre of
Transfer Frames. It is also used to build the structure and the Primary Header of
the Transfer Frames for transmission on each Virtual Channel. There [is an
instance of the Virtual Channel Generation Function for each Virtual Channgl.

4.2.4.1 Transfer Frames shall be assembled by placing a single M _PDU, B PDU or
VCA _SDU, unchanged, into the Transfer Frame Data Field and generating the Transfer
Frame Primary Header fields. A Virtual Channel Frame Count shall be generated
independently for each Virtual Channel and placed into the Primary Header.

4.2.4.2 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.
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4.2.4.3 The Insert Zone and the Frame Error Control Field of Transfer Frames, if present
for a particular Physical Channel, shall be kept empty by the Virtual Channel Generation
Function. An abstract model of the Virtual Channel Generation Function is illustrated in

figure 4-8.
Only one of these three entities exists
for a Virtual Channel
Packet Proc. Bitstrm. Proc. VCA VC_OCF
Function Function Service User Service User
M_PDUs B_PDUs VCA_SDUs OCF_SDUs
Virtual
Channel
Generation v v v A/
Fur_1ct|on for Transfer Frame Generation
a Virtual
Channel
VC Frames
A

| Virtual Channel Multiplexing ‘Function |

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

4.2.5{ VIRTUAL CHANNEL MULTIPLEXING FUNCTION

4.2.5{1 The Virtual Channel Multiplexing Function shall be used to multiplex Transfgr
Framles of different Virtual Channels of;a Master Channel.

NOTE - There is an instance-of the Virtual Channel Multiplexing Function for eadh
Master Channel thathas multiple Virtual Channels.

4.2.512 The Virtual Channel Multiplexing Function shall multiplex Transfer Framg
receiped from the instances of the Virtual Channel Generation Function and, if present, th
Virtyal Channel Frame Service users, and shall put them into a queue of Transfer Frames in
an apjpropriate order that is set by management.

o w»n

4.2.5l3 _The algorithm used to order the Transfer Frames is not specified by CCSDS, byt
shall|be-defined by project organizations considering factors such as priority, release ratg,
isochromous timmig TequiTeTTeTts; etc:

4.2.5.4 If there is only one Master Channel on the Physical Channel, then the Virtual
Channel Multiplexing Function shall create an Idle 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.
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4.2.5.5 The Idle Transfer Frame shall have its VCID set to the reserved value of ‘all ones’.
It is not required to maintain a Virtual Channel Frame Count for Idle Transfer Frames.

4.2.5.6 An abstract model of the Virtual Channel Multiplexing Function is illustrated in
figure 4-9.

| |
VC Generation J VC Frame J
Function Service User

VC Frames VC Frames

Virtual

Channel
Multiplexing 1 | il !

Function for —

a Master \ Multiplexing /

Channel

<

MC Frames

A 4
| Master Channel Multiplexing Function |

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

42.6 MASTER CHANNEL MULTIPLEXING FUNCTION

42.6.1 The Master Channel Multiplexing Function shall be used to multiplex Trgnsfer
Hrames of different Master Channels 'of a Physical Channel.
NOTE - There is an instance of the Master Channel Multiplexing Function for|each

Physical Channelythat has multiple Master Channels.

42.6.2 The Master( Channel Multiplexing Function shall multiplex Transfer Frames
¢ceived from the inStances of the Virtual Channel Multiplexing Function and, if present, the
faster Channel Krame Service users, and shall put them into a queue of Transfer Franjes in
h appropriatéorder that is set by management.

o ZF =

[y

2.6.3 <-The algorithm to be used to order the Transfer Frames is not specified by CCSDS,
ut shall be defined by project organizations considering factors such as priority, releasd rate,
ijochironous timing requirements, etc.

o

4.2.6.4 The Master Channel Multiplexing Function shall create an Idle 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 Idle Transfer Frame shall have its
VCID set to the reserved value of ‘all ones’ and its MCID set to one of the allowable values.
It is not required to maintain a Virtual Channel Frame Count for Idle Transfer Frames.
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4.2.6.5 An abstract model of the Master Channel Multiplexing Function is illustrated in
figure 4-10.

[ [
VC Mux. J MC Frame J
Function Service User

MC Frames MC Frames

Mastet

Channel Idle Frame
Multiplexing
A v v v

Function for
a Physical Multiplexing
Channel

<

All Frames

A 4
| All Frames Generation Function |

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

4.2.7) ALL FRAMES GENERATION FUNCTION

4.2.711 The All Frames Generation Function shall'be used to insert Insert service data units

into [[ransfer Frames of a Physical Channel. .JJt shall also used to perform error contrgl
encofling defined by this Recommendation.
NOTE — There is an instance of the.All Frames Generation Function for each Physical

Channel.

4.2.712 If the optional Insert/Service is activated, a fixed-length Insert Zone shall exist in
every Transfer Frame that is_transmitted in a particular Physical Channel. The IN_SDUs
shall|be timed to arrive.at)a constant interval that corresponds to the release time of the
Trangfer Frames ontothe-Physical Channel. The All Frames Generation Function shall plage
the IN_SDUs, received from the Insert Service user, into the Insert Zone of the Transfer
Frames, preserving octet alignment.

4.2.7}3 If'the Frame Header Error Control is present, check bits shall be generated using th
encodling procedure described in 4.1.2.5.3 and added to the Transfer Frame Primary Headg
If thip field is present, it must be present in all the Transfer Frames transmitted in a particulgr
Physical Channel.

IS

4.2.7.4 If the Frame Error Control Field is present, check bits shall be generated using the
encoding procedure described in 4.1.6.2 and inserted into the Transfer Frame Trailer. If this
field is present, it must be present in all the Transfer Frames transmitted in a particular
Physical Channel.
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