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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 through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
in_liai i i ely with the

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Fart 2.

The ain task of technical committees is to prepare International Standards. Draftyinternationpl Standards
adopted by the technical committees are circulated to the member bodies fer-voting. Publication as an
Interpational Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this doéument may be the sublect of patent
right4. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10537 was prepared by the Consultative Committee {for” Space Data Systems (CCSDS) (as
CCSDS 661.0-B-1, September 2008) and was adopted (without:modifications except those statefl in Clause 2
of thig International Standard) by Technical Committee ISO/TC-20, Aircraft and space vehicles, Subcommittee
SC 1B, Space data and information transfer systems.
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Add the following information to the reference indicated:

(1]
(2]
(3]

Scope
Linits that are not directly transferred by the space data link protocols over a ground-to-space
b communications link.
scope and field of application are further detailed in subclauses 1.2 and, 1.3 of the enclq
Cation.

Requirements

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

DS 133.1-B-1, June 2006, Encapsulation service
es and paragraphs of publication CCSDS:133.1-B-1.

s itov

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

1-56

Document GESDS 132.0-B-1, September 2003, is equivalent to ISO 22645:2005.
Document CCSDS 232.0-B-1, September 2003, is equivalent to ISO 22664:2005.

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

nternational Standard specifies the encapsulation service, which is used by space‘missions to transfer

or space-to-

sed CCSDS

uced on the

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

(4]
(3]
(7]

©I1SO

Document CCSDS 211.0-B-4, July 20006, Is equivalent to 15O 22663:2007.
Document CCSDS 133.0-B-1, September 2003, is equivalent to ISO 22646:2005.

Document CCSDS 135.0-B-1, January 2002, is equivalent to ISO 22647:2006.
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Page B-1

Add the following information to the reference indicated:
[B3] Document CCSDS 102.0-B-5, November 2000, is equivalent to ISO 13419:2003.

[B4] Document CCSDS 203.0-B-2, June 2001, is equivalent to ISO 12174:2003.

3 Revision of publication CCSDS 133.1-B-1

It has been—agreed—with—the—Consulative—Committee—for—Space—Data—Systems—that—Subecemmittee
ISO/TC 20/SIC 13 will be consulted in the event of any revision or amendment of publigation
CCSDS 133/1-B-1. To this end, NASA will act as a liaison body between CCSDS and 1SO.
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AUTHORITY
Issue: Recommended Standard, Issue 1
Date: June 2006
Tocatiom: Wastmmgtom, DC;USA

This document has been approved for publication by the Management Coungil of the
Consultative Committee for Space Data Systems (CCSDS) and represents the ¢onsensus
technical agreement of the participating CCSDS Member Agengies. The procgdure for
review and authorization of CCSDS Recommendations is detail€d in the Procedurds Manual
for the Consultative Committee for Space Data Systemsy and the record of Agency
participation in the authorization of this document can be obtained from thd CCSDS
Secretariat at the address below.

This document is published and maintained by

CCSDS Secretariat

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

CCSDS 133.1-B-1 Cor. 1 Page i October 2006
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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 rest ]fcv A'P anmiffao aotiong are tormad Dnnnmmnnr‘nﬂ annﬂnvﬂc and aqra )t

111111111 TaTTIOTLS OO ISCCUTITIIICITOr o arc— 1t

cons]dered binding on any Agency.

This|Recommended Standard is issued by, and represents the consensus of, the €CSDOS
mempers. Endorsement of this Recommendation is entirely voluntary. Endorsemerjt
howgver, indicates the following understandings:

-

o Whenever a member establishes a CCSDS-related standard, this-standard will be |n
accord with the relevant Recommended Standard. Establishing such a standand
does not preclude other provisions which a member may devetop.

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

-- The standard itself.
-- The anticipated date of initial operational capability.
-- The anticipated duration of op€rational service.

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

No lpter than five years fromy its date of issuance, this Recommended Standard will e
revigwed by the CCSDS-te-determine whether it should: (1) remain in effect without changg;
(2) Be changed to reflect the impact of new technologies, new requirements, or neWw
directions; or (3) bé.retired or canceled.

In those instances when a new version of a Recommended Standard is issued, existing
CCSPDS-related member standards and implementations are not negated or deemed to be nop-
CCSpS compatlble It 1s the resp0n51b1hty of each member to determlne when su¢h

encouraged to dlrect plann1ng for its new standards and 1mplementat10ns towards the later
version of the Recommended Standard.

CCSDS 133.1-B-1 Cor. 1 Page ii October 2006
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FOREWORD

This document is a Recommended Standard 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 Encapsulation Service described herein is intended for
missions that are cross-supported between Agencies of the CCSDS.

This Recommended Standard specifies a communications service to be uséd|by space
missions to transfer protocol data units that are not directly transferred by-the Space Data
Link Protocols (references [1]-[3]) over a ground-to-space or space-to-spaee commuynications
link. The data units transferred with this service are encapsulated ingither Spacg¢ Packets,
defined in reference [5], or Encapsulation Packets, defined in this dogument.

This Recommended Standard is developed from the Encapsulation Service that wgs defined
in the Advanced Orbiting Systems (AOS) Recommended Standard (reference [B2[]). In this
Recommended Standard, that service is re-defined so ¢hat it can be used with gny of the
Space Data Link Protocols (references [1]-[3]). Alsos.the Encapsulation Packet| that was
defined in references [B2]-[B4] is included in this Recommended Standard as an glternative
packet structure for encapsulation.

In order to define all Space Data Link, Protocols in a unified way, a few |technical
specifications of the Encapsulation Service in reference [B2] have been changed. Aflso, some
technical terms in references [B2]-[B4]have been changed in order to unify the teyminology
used in all the CCSDS Recommended Standards that define space link protocols. These
changes are listed in annex C of.this Recommended Standard .

Through the process ofinermal evolution, it is expected that expansion, ddletion or
modification to this document may occur. This Recommended Standard is therefofe subject
to CCSDS document_management and change control procedures, as defined in [reference
[B1]. Current versions of CCSDS documents are maintained at the CCSDS Web site:

http://www.ccsds.org/

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

CCSDS 133.1-B-1 Cor. 1 Page iii October 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.

- jauadiau SPQ\.«C ABUIIU)’ (CSA)/’Cauada.

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

— 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.

— entral Research Institute of Machine Building (FsNIIMash)/Russian Federation.
— Centro Tecnico Aeroespacial (CTA)/Brazil.

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

— Commonwealth Scientific and Industrial(Research Organization (CSIRO)/Australia.
— Panish Space Research Institute (DSRD/Denmark.

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

— European Telecommunications Satellite Organization (EUTELSAT)/Europe.

— Hellenic National SpacesCoemmittee (HNSC)/Greece.

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

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

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

— Korea Aerospace Research Institute (KARI)/Korea.

— MIKOMZFEK: CSIR (CSIR)/Republic of South Africa.

— Ministry-of Communications (MOC)/Israel.

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

National Space Organization (NSPO)/Taipei.

Space and Upper Atmosphere Research Commission (SUPARCO)/Pakistan.
Swedish Space Corporation (SSC)/Sweden.

— United States Geological Survey (USGS)/USA.

CCSDS 133.1-B-1 Cor. 1 Page iv October 2006
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1 INTRODUCTION
1.1 PURPOSE

The purpose of this Recommended Standard is to specify the Encapsulation Service. This
service is to be used by space missions to transfer data units that are not directly transferred
by the Space Data [ink Protocols (references [1]-[4]) aover a ground-to-space or space-to-

space communications link.

1.2 SCOPE

This Recommended Standard defines the Encapsulation Service in terms of:
a) the service primitives provided to the users of this servieg;
b) the protocol data units employed by the service previder; and

c) the procedures performed by the service provider.

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

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

1.3 APPLICABILITY

This Recommended Standard applies to the creation of Agency standards and to the future
data communications over space links between CCSDS Agencies in cross-support gituations.
The Recominended Standard includes comprehensive specification of the service|for inter-
Ageney, €ross support. It is neither a specification of, nor a design for, real systemg that may
be implemented for existing or future missions.

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

CCSDS 133.1-B-1 Cor. 1 Page 1-1 October 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. Concept and rationale behind the decisions that
formed the basis for this Recommended Standard is documented in reference [B5].

1.5 DOCUMENT STRUCTURE

This do¢ument is divided into five numbered sections and three annexes:

a) Jection 1 presents the purpose, scope, applicability and rationale~-of this
Recommended Standard and lists the conventions, definitions, and references used
throughout the document;

b) $ection 2 provides an overview of the Encapsulation Service;

c) Section 3 defines the service primitives provided for this service;

o
~
i oY

bection 4 specifies the protocol data units and procedures employed by the service
provider;

e) $ection 5 lists the managed parameters associated with this service;
f) Annex A lists all acronyms used within this\document;
g) Annex B provides a list of informative references;

h) Annex C lists the changes from older CCSDS Recommendations [B2]-[B4].

1.6 CONVENTIONS AND DEFINITIONS
1.6.1 DEFINITIONS

1.6.1.1 | Definitions frem the Open Systems Interconnection (OSI) Basic Reference
Model

This Refommended Standard makes use of a number of terms defined in reference [6]. The
use of thoSe terms in this Recommended Standard shall be understood in a generic sense; i.e.,
in the semse that those terms are generally appiicabie 1o any of a variely of technotogices that
provide for the exchange of information between real systems. Those terms are:

a) blocking;
b) connection;
c) entity;

d) flow control;

CCSDS 133.1-B-1 Cor. 1 Page 1-2 October 2006
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e) protocol data unit;
f) real system;
g) segmenting;

h) service;

1) Service Access Point (SAP);
j)  SAP address;

k) service data unit.

1.6.1.2 Definitions from OSI Service Definition Conventions

This Recommended Standard makes use of a number of terms defined in referencel[7]. The
use of those terms in this Recommended Standard shallkbesunderstood in a generic dense; i.e.,
in the sense that those terms are generally applicable*to any of a variety of technolpgies that
provide for the exchange of information between real systems. Those terms are:

a) indication;

b) primitive;

c) request;

d) service provider;

€) service user.

1.6.1.3 Terms Défined in This Recommended Standard

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

asynehronous: not synchronous (see below).

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

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

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

CCSDS 133.1-B-1 Cor. 1 Page 1-3 October 2006
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1.6.2 NOMENCLATURE
The following conventions apply throughout this Recommended Standard:
a) the words ‘shall’ and ‘must’ imply a binding and verifiable specification;

b) the word ‘should’ implies an optional, but desirable, specification;

+la q ¢ 5 o 1. 43 1 - L
C uIiv wuid 1ua_y lllltlllbb all UPLIUllal ayubuu.«auuu,

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

1.6.3 [CONVENTIONS

In this|document, the following convention is used to identify each bit in an N-bit field. The
first bit in the field to be transmitted (i.e., the most left-justified when drawing a figure) is
defined to be ‘Bit 0’; the following bit is defined to be ‘Bit 1’ andso on up to ‘Bit N-1".
When the field is used to express a binary value (such as a counter), the Most Significant Bit
(MSB) shall be the first transmitted bit of the field, i.e., ‘Bit 0°_(see figure 1-1).

BIT 0 BIT N-1

Y

N-BIT DATAFIELD

FIRST BIT TRANSMITTED = MSB
Figure.1-1: Bit Numbering Convention
In accqrdance with stanmdard data-communications practice, data fields are often grouped into

8-bit ‘words’ which“.conform to the above convention. Throughout this Recommended
Standalrd, such ant8-bit word is called an ‘octet’.

The nymbering for octets within a data structure starts with 0.

By CCSDS convention, all ‘spare’ bits shall be permanently set to value ‘zera’

CCSDS 133.1-B-1 Cor. 1 Page 1-4 October 2006
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1.7 REFERENCES

The following documents contain provisions which, through reference in this text, constitute
provisions of this Recommended Standard. At the time of publication, the editions indicated
were valid. All documents are subject to revision, and users of this Recommended Standard
are encouraged to investigate the possibility of applying the most recent editions of the
documents indicated below. The CCSDS Secretariat maintains a register of currently valid
CCSDS Recommended Standards.

[11 TM Space Data Link Protocol. Recommendation for Space Data System §tandards,
CCSDS 132.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS; Septemper 2003.

[2] TC Space Data Link Protocol. Recommendation for Space Data System $tandards,
CCSDS 232.0-B-1. Blue Book. Issue 1. Washington, D.€.+-€CSDS, Septemper 2003.

[3] AOS Space Data Link Protocol. Recommendation, for’Space Data System §tandards,
CCSDS 732.0-B-2. Blue Book. Issue 2. Washington, D.C.: CCSDS, July 2006.

[4] Proximity-1 Space Link Protocol—Data Link-Euayer. Recommendation for Space Data
System Standards, CCSDS 211.0-B-4. Blue Book. Issue 4. Washingtpn, D.C.:
CCSDS, July 2006.

[5] Space Packet Protocol. Recommendation for Space Data System Standardg, CCSDS
133.0-B-1. Blue Book. Issue.l()yWashington, D.C.: CCSDS, September 2003

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

[7] Information Technology—Open Systems Interconnection—Basic Reference| Model—
Conventions,_for' the definition of OSI services. International Standard,|ISO/IEC
10731:1994.-Geneva: ISO, 1994.

[8] Spacé Dink Identifiers. Recommendation for Space Data System Standardg, CCSDS
135.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS, January 2002.

NOTE — Informative references are listed in annex B.

CCSDS 133.1-B-1 Cor. 1 Page 1-5 October 2006
© 1SO 2010 — Al rights reserved 17


https://standardsiso.com/api/?name=06909b5ab55442556c2212f656125f5f

ISO 10537:2010(E)

(blank page)

18

© 1S0O 2010 — All rights reserved


https://standardsiso.com/api/?name=06909b5ab55442556c2212f656125f5f

Cor. 1

Cor. 1

Cor. 1

ISO 10537:2010(E)

CCSDS RECOMMENDED STANDARD FOR ENCAPSULATION SERVICE

2 OVERVIEW

2.1 CONCEPT OF ENCAPSULATION SERVICE

The Encapsulation Service is a data transfer service to be used by space missions to transfer
data units that are not directly transferred by the Space Data Link Protocols (references [1]-[4])

I over a ground-to-space or space-to-space communications link (hereafter called a spac

link)."

Data units that are directly transferred by the Space Data Link Protocols chave
Version Number (PVN) authorized by CCSDS. (A list of the Packet,Version
presently authorized by CCSDS is contained in reference [8].) The main purpos

PVN over a space link.

The Encapsulation Service is a service provided by the Data Link Layer of the (
Reference Model [6] (see figure 2-1). It is an extra servige of the Space Data Link

defined in references [1]-[4], and therefore shall be )used together with one
references.
OSI LAYERS
NETWORK AND PROTOCOL X PROTOCOL Y
UPPER LAYERS
7
ENCAPSULATION
SERVICE
ENCAPSULATION

DATAINK LAYER £ PACKET SERVICE

SPACE DATA LINK
PROTOCOL

SYNCHRONIZATION AND
CHANNEL CODING

PHYSICAL LAYER

a Packet
Numbers
e of the

Encapsulation Service is to provide a mechanism to transfer data units without an authorized

DSI Basic
[Protocols
of these

Figure 2-1: Concept of Encapsulation Service

Figure 2-1 illustrates the concept of this service. Protocol data units of Protocols X and Y,

which do not have an authorized PVN, are transferred with the Encapsulation Servi
the Data Link Layer. Protocol data units of Protocols X and Y are encapsulated

' An IPv4 datagram can be optionally transferred by the Space Data Link Protocols within

ce within
in either

a CCSDS

Encapsulation Packet. This alternative provides a migration path from IPv4 to IPv6, since an IPv6 datagram is

required to be transferred within an Encapsulation Packet.
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Space Packets defined in reference [5] or Encapsulation Packets defined in subsection 4.2 of
this document, and are transferred using the Packet Service of a Space Data Link Protocol.
When Space Packets are used for encapsulation, some rules on their format (described in
subsection 4.1) shall be applied. Management shall establish which Space Data Link
Protocol is to be used to transfer encapsulated data units.

2.2 FEATURES OF ENCAPSULATION SERVICE

The Endapsulation Service transfers a sequence of variable-length, delimited, octet-alignéd
data unifs with a Space Data Link Protocol over a space link. A user of this servicé|is’a
protocol[entity that sends or receives protocol data units that do not have an authorized\PVN.
The format and content of data units transferred with this service are unknown to-the service
provider

A data upnit supplied by the service user is encapsulated unchanged into a Space Packet or an
Encapsulation Packet and no more than one data unit is encapsulated into a single packet. An
implementation is conformant if it implements either the Space Packet or the Encapsulation
Packet; ile., both are not required.

The serviice permits a data unit to be of any length which is an integral number of octets, and
which is|subject to the maximum and minimum sizes established by the project organization.
Although the maximum length of a data unit that can.be accommodated by an encapsulating
packet i 65,536 octets (if the Space Packet is~used) or 4,294,967,291 octets (if the
Encapsulation Packet is used), individual projectyorganizations may establish the maximum
and minimum sizes for the encapsulated dataunit.

The poirlt at which an instance of this setvice is provided to a user is called a Service Access
Point (SAP) [6]. Data units submittedto a SAP are processed in the order of submission. No
processifg order is maintained for'data units submitted to different SAPs.

NOTE { Implementations.may be required to perform flow control at an SAP between the
service user and the service provider. However, CCSDS does not recommend a
scheme forflow control between the user and the provider.

Features|of the Encapsulation Service are as follows:

a) Unidiréctional (one way) service: one end of a connection can send, but not receive,
data’through the space link, while the other end can receive, but not send, data
through the space link.

b) Asynchronous service: There are no timing relationships between the transfer of data
units supplied by the user and any data transmission mechanism within the Data Link
Layer. The user may request data transfer at any time, but there may be restrictions
imposed by the service provider on the data generation rate.

¢) Unconfirmed service: the sending user does not receive confirmation from the
receiving end indicating that data has been received.

CCSDS 133.1-B-1 Cor. 1 Page 2-2 October 2006
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d) Incomplete service: the service does not guarantee completeness, but the service
provider may signal gaps in the sequence of data units delivered to the receiving user.

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

2.3 ADDRESSING

S

A user of the Encapsulation Service is identified by the combination of the following

X

a) a Packet Version Number (PVN) that indicates whether Space) Packets (PVN=1) or
Encapsulation Packets (PVN=8) are used for encapsulation;-and

b) an Encapsulated Protocol Identifier (EPI).

An Encapsulated Protocol Identifier is either:

a) an Application Process Identifier (APID) defined in reference [5] (if Space Packets
are used); or

b) a Protocol ID defined in section 4,0f this document (if Encapsulation P4ckets are
used).

The APIDs used by the Encapsulation Service must be registered as ‘reserved APIDs’ in
reference [8]. The Protocol IDs used by the Encapsulation Service must be regjstered as
‘defined Protocol IDs’ in refefence [8].

An SAP is identified byithe combination of a PVN, an EPI, and a Global Virtua] Channel
Identifier (GVCID). (The GVCID identifies the Virtual Channel of the underlying Space Data
Link Protocol thraugh which the data units supplied by the user are to be transferred

NOTE - Befinitions of the Virtual Channel and the Global Virtual Channel Ideptifier are
contained in references [1]-[4].

2.4~ SERVICE DESCRIPTION

Tha o lats Q 3 v Jaad s 4 £,

T IIv J_JllbaPDulalJUII DUIVIUULU IS5 ULSUTTULU IIT tUI1IIS UL,
a) the service primitives provided to the users of this service;
b) the protocol data units employed by the service provider for encapsulation; and

c¢) the procedures performed by the service provider.

The service primitives present an abstract model of the logical exchange of data and control
information between the service provider and the service user. The definitions of primitives
are independent of specific implementation approaches.
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The protocol data units (i.e., the Space Packet and the Encapsulation Packet) define the data
structure in which data units supplied by the service user are encapsulated.

The procedure specifications define the procedures performed by the service provider for the
transfer of data units. The definitions of procedures are independent of specific
implementation methods or technologies.
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3 SERVICE DEFINITION
3.1 OVERVIEW

This section provides service definition in the form of primitives, which present an abstract
model of the logical exchange of data and control information between the service provider
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 specify the
information to be made available to the user of the primitive. The way ’in' which p specific
implementation makes this information available is not constrained by\this specifigation. In
addition to the parameters specified in this section, an implementation may proyide other
parameters to the service user (e.g., parameters for controlling the service, njonitoring
performance, facilitating diagnosis, and so on).

3.2 SERVICE PARAMETERS
NOTE - The parameters used by the Encapsulation Service primitives are deqcribed in
subsections 3.2.1 through 3.2.5.

3.2.1 DATA UNIT

The parameter Data Unit is the-sérvice data unit transferred by the Encapsulation Sefvice, and
it shall be a delimited, octet-aligned data unit.

Although the maximum‘length of a data unit that can be accommodated in an encgpsulating
packet is 65,536 oectéts (if the Space Packet is used) or 4,294,967,291 octefs (if the
Encapsulation Packet is used), individual project organizations may establish the maximum
and minimunysizes for the encapsulated data unit.

3.22.GVCID

The Global Virtual Channel Identifier (GVCID) is part of the SAP addre§s of the
Encapsulation Service, and it shall indicate the Virtual Channel of the underlying Space Data
Link Protocol through which the Data Unit is to be transferred.

3.23 PVN

The Packet Version Number (PVN) is part of the SAP address of the Encapsulation Service,
and it shall indicate whether the Space Packet or the Encapsulation Packet is to be used for
encapsulating the Data Unit. The value of the PVN shall be either 1 (if the Space Packet is
used) or 8 (if the Encapsulation Packet is used).

CCSDS 133.1-B-1 Cor. 1 Page 3-1 October 2006
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3.24 EPI

The Encapsulated Protocol Identifier (EPI) is part of the SAP address of the Encapsulation

Service.

It shall be either an Application Process Identifier (APID) as defined in reference

[5] (if the Space Packet is used), or a Protocol ID as defined in section 4 of this document (if
the Encapsulation Packet is used).

3.25

AT A _JTINTTT
j Wa N I

The Datgq Unit Loss Flag is an optional parameter that may be used to notify the user at.the
receiving end of the Encapsulation Service that a sequence discontinuity has been détected

and that
Packet is

one or more Data Units have been lost. This flag may be used only if the’Space
used for encapsulation. If implemented, the flag shall be derived by examining the

Packet Sequence Count in the Packet Primary Header of the Space Packet (defined in
reference [5]).

33 SE

RVICE PRIMITIVES

3.3.1 GENERAL

The service primitives associated with this service are:

a) E
p

P
b) E

NCAPSULATION.request. The ENCAPSULATION.request primitive shall be
issed from the Encapsulation Service user at the sending end to the service provider

td request that a Data Unit be transferred, through the underlying Space Data Link

Fotocol, to the user at the receiving.end.

NCAPSULATION.indication., The ENCAPSULATION.indication shall be passed

fiom the service provider toythe Encapsulation Service user at the receiving end in

order to deliver a Data Unit)

332 E

3.3.2.1

The EN(

NCAPSULATION.REQUEST

Function

CAPSULATION.request primitive shall be the service request primitive for the

Encapsulation Service.
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3.3.2.2 Semantics
The ENCAPSULATION.request primitive shall provide parameters as follows:

ENCAPSULATION.request (Data Unit,
GVCID,
PVN,
EPI)

NOTE - Information on the management of the GVCID, PVN, and EPI"paramgters, and
where applicable values are defined, is contained in reference{S8].

3.3.2.3 When Generated

The ENCAPSULATION.request primitive shall be passed to the service provider to|request it
to send the Data Unit.

3.3.2.4 Effect On Receipt

Receipt of the ENCAPSULATION.request .pfimitive shall cause the service provider to
transfer the Data Unit.

3.3.2.5 Additional Comments

The ENCAPSULATION.request-primitive shall be used to transfer Data Units gcross the
space link through the underlying Space Data Link Protocol.

3.3.3 ENCAPSULAHON.INDICATION
3.3.3.1 Functioen

The ENCARSULATION.indication primitive shall be the service indication primitiye for the
Encapsulation Service.

3.3.3.2 Semantics

The ENCAPSULATION.ndication primitive shall provide parameters as follows:

ENCAPSULATION.indication  (Data Unit,
GVCID,
PVN,
EPI,
Data Unit Loss Flag (optional))

NOTE - Information on the management of the GVCID, PVN, and EPI parameters, and
where applicable values are defined, is contained in reference [8].
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When Generated

The ENCAPSULATION.indication primitive shall be passed from the service provider to the
Encapsulation Service user at the receiving end in order to deliver a Data Unit.

3.3.3.4

Effect On Receipt

The effect on receipt of the ENCAPSULATION.indication primitive by the Encapsulation

Service

3.3.3.5

The E)
Encaps

user is undefined.

Additional Comments

NCAPSULATION.indication primitive shall be used to deliver Data“\Units to the
hlation Service user identified by the GVCID, PVN and EPI.

CCSDS
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4 DATA UNITS AND PROCEDURES
4.1 SPACE PACKET
The format of the Space Packet is defined in reference [5].

The following rules on the format of the Space Packet shall be applied when the Space
Packet is used for encapsulating data units supplied by the service user:

a) the Packet Secondary Header shall be absent, and the value of the Sécondafy Header
Flag shall be ‘0’;

b) the Application Process Identifier (APID) shall be chosen from one of thg reserved
APIDs in the 2040 to 2044 range documented in reference(8];

c) the value of the Sequence Flags shall be ‘11’;
d) the Packet Sequence Count shall always be used/mstead of a Packet Name;

e) one data unit supplied by the service user shall be placed in the User Data Field of a
Space Packet.
4.2 ENCAPSULATION PACKET
4.2.1 GENERAL

An Encapsulation Packet shall;éncompass the major fields, positioned contiguougly, in the
following sequence:

a) Packet Header (L'to 8 octets, mandatory);
b) Encapsulated Data Unit (from 0 to 4,294,967,291 octets, optional).

An Encapsulation Packet shall consist of at least 1 and at most 4,294,967,296 octety.

NOTE~% The maximum Encapsulation Packet length allowed by a particular spacecraft or
ground implementation may be less than the maximum specified here.

The structural components of the Encapsulation Packet are shown in figure 4-1.

NOTE - The definition of the Encapsulation Packet Header, below, differs from and is
incompatible with the initial definition contained in references [B2]-[B4]. The
definition below replaces the initial definition and renders it obsolete.
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P T P ENCAPSULATION PACKEF---====nnnnnnnnnnn--- »
PACKET HEADER ENCAPSULATED DATA FIELD
<----[ Tfo 8octels ----- P& Variable------------------- >

Figure 4-1: Encapsulation Packet Structural Components

4.2.2 [ENCAPSULATION PACKET HEADER
4.2.2.1| General

The Pa¢ket Header is mandatory and shall consist of three, four, five, or'six fields, positioned
contigupusly, in the following sequence:

a) [Packet Version Number (3 bits, mandatory);
b) [Protocol ID (3 bits, mandatory);
c) [Length of Length (2 bits, mandatory);

d) |[User Defined Field (4 bits; mandatory in'4- and 8-octet headers; not used in 1- and 2-
pctet headers—see figure 4-2);

e) [Protocol ID Extension Field (4 bits; mandatory in 4- and 8-octet headers; not used in
1- and 2-octet headers—see. figure 4-2);

f) |ICCSDS Defined Field (2 octets; mandatory in 8-octet headers; not used in 1-, 2-, and
A4-octet headers—see(figure 4-2);

g) [Packet Length (001, 2, or 4 octets; mandatory in 2-, 4-, and 8-octet headers; not used
in 1-octet headers—see figure 4-2).

The format of thePacket Header is shown in figure 4-2.
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<
<«

ENCAPSULATION PACKET HEADER

»
|

PACKET LENGTH USER PROTOCOL CCSDSs PACKET
VERSION | PROTOCOL OF DEFINED ID DEFINED LENGTH
NUMBER ID LENGTH FIELD EXTENSION FIELD 0 to 4 octets
3 bits 3 bits 2 bits 0 or 4 bits 0 or 4 bits 0 or 2 octets
444 XK =aTal O-bits O-bits O-octets octets
“111 XXX ‘01’ 0 bits 0 bits 0 octets 1 octet
“111 XXX “10° 4 bits 4 bits 0 octets P octets
“111° XXX “11’ 4 bits 4 bits 2 octets L octets

Figure 4-2: Packet Header

4.2.2.2 Packet Version Number
Bits 0-2 of the Packet Header shall contain the (Bitiary Encoded) Packet Version Number.

This 3-bit field shall identify the data unit-as an Encapsulation Packet definefl by this
subsection; it shall be set to “111°.

NOTE — The Version Number is‘uised to reserve the possibility of introducing other packet
structures. This subsection defines ‘Encapsulation Packet (Version § CCSDS
Packet)’ whose Binary Encoded Version Number is ‘111°.

4.2.2.3 Protocol ID

Bits 3-5 of the Packet Header shall contain the Protocol ID.

The Protecol ID shall be used to identify the protocol whose data units gre being
encapsulated.

The-Protocol IDs allowed by CCSDS for the Encapsulation Packet shall be regjstered in
reference [8].

The value ‘110’ in the Protocol ID field shall signal that the 4-bit Protocol ID Extension field
is used for protocol identification.

NOTE - The protocol ID 111 is used for sending mission-specific, privately defined data
(i.e., not data units of a protocol to which a Protocol ID is assigned in reference
[8]) with the Encapsulation Packet).

CCSDS 133.1-B-1 Cor. 1 Page 4-3 October 2006
© 1SO 2010 — Al rights reserved 29


https://standardsiso.com/api/?name=06909b5ab55442556c2212f656125f5f

ISO 10537:2010(E)

30

CCSDS RECOMMENDED STANDARD FOR ENCAPSULATION SERVICE

4.2.2.4 Length of Length
Bits 6-7 of the Packet Header shall contain the Length of Length.
The Length of Length shall be used to specify the length of the Packet Length field.

The values of this field shall be interpreted as shown in table 4-1.

Table 4-1: Interpretation of Length of Length Field

Value of ‘Length of Length of ‘Packet
Length’ Field (binary) Length’ Field
00 0
01 1 octet
10 2 octets
11 4 octets

The vilue ‘00” of the Length of Length field shall only be-used for Encapsulation Packets
with Protocol ID ‘000’ (i.e., Fill Packets).

NOTH - When the value of the Length of Length field is ‘00’, there is no Packet Length
field in the Packet Header, and there¢ is no Encapsulated Data Unit field in thg
Encapsulated Packet. Therefore ‘the length of the Encapsulated Packet is ong
octet. This one-octet Encapsulation Packet can thus also be used as a single
self-identified octet of fill which may be cascaded to provide any number of octets
to fill a fixed-length Transfer Frame used in references [1] and [2].

4.2.2.3 User Defined Field

If predent, the User Défined field shall be four bits in length and shall follow, without gap
the Lepgth of Length field.

The User Defined'tield shall be used for sending mission-specific, privately defined header data.

4.2.2.(, Protocol ID Extension

If present, the Protocol ID Extension field shall be four bits in length and shall follow,
without gap, the User Defined Field.

The Protocol ID Extension field shall be used to identify the protocol whose data units are
being encapsulated.

The extended protocol IDs allowed by CCSDS for the Encapsulation Packet shall be
registered in reference [8].
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4.2.277 CCSDS Defined Field

If present, the CCSDS Defined field shall be two octets in length and shall follow, without
gap, the User Defined field.

The CCSDS Defined field is reserved for future use by CCSDS and is by convention set to
‘all zeros’.

4.2.2.8 Packet Length

If present, the Packet Length field shall be the final field in the Encapsulation PacKet header
(see figure 4-2).

If the value of the Length of Length field is ‘00°, the Packet.Leéngth field shall be absent.
Otherwise, the Packet Length field shall contain a binary number corresponding tq the total
length of the Encapsulation Packet (in octets), includingth€ Packet Header.

NOTES

1 Although unlikely to be used in_.space, a 4-octet Packet Length field permits
accommodating IPv6 (reference {B6]) ‘Jumbograms’ up to 4,294,967,29] (=2*2-5)
octets in length.

2 If the Packet Length field;is absent (i.e., the value of the Length of Length field is
‘00’), then the length 6f the Encapsulation Packet is one octet.

4.2.3 ENCAPSULATED DATA FIELD

If present, the Encapsulated Data Field shall follow, without gap, the Packet Length ffield.

If the value of the Length of Length field is ‘00’, the Encapsulated Data Field shall be absent.
OtherwiSe; it shall contain a data unit, supplied by the service user, consisting of apn integral
number'of octets.

43 PROCEDIRES ATTHE - SENDINC-END
4D IO CE DU 1I—T DTN

T T posay g

NOTE - This subsection describes procedures for providing the Encapsulation Service at
the sending end (see figure 4-3). The procedures described here are defined in an
abstract sense and are not intended to imply any particular implementation
approach of the service.
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Figure 4-3: Internal Organization of Encapsulation Service (Sending End)

capsulation Function (see figure 4-1) shall be used to encapsulateddata units supplied
service users. There is an instance of the Encapsulation Funetion for each packet
e used for encapsulation (i.e., one instance for Spac¢ Packets and one for
nlation Packets).

capsulation Function receives data units from the service users. Any data unit that

the limits of the size shall be rejected. Each yalid data unit shall be encapsulated,
h a Space Packet or in an Encapsulation Packet,-and passed to the Packet Service of
erlying Space Data Link Protocol.

ROTOCOL PROCEDURES AT THE RECEIVING END

— This subsection describes -procedures for providing the Encapsulation Service at
the receiving end (see figure 4-4). The procedures described here are defined in
an abstract sense and-are not intended to imply any particular implementation
approach of the service.

Encapsulation
Service

[

De-encapsulation Function

\
Packet Service

e e e e e e e e — e ——— —

Figure 4-4: Internal Organization of Encapsulation Service (Receiving End)
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The De-encapsulation Function (see figure 4-2) shall be used to extract data units supplied by
the service users. There is an instance of the Encapsulation Function for each packet
structure used for encapsulation (i.e., one instance for Space Packets and one for
Encapsulation Packets).

The De-Encapsulation Function shall receive Space Packets or Encapsulation Packets, from
the Packet Service of the underlying Space Data [ink Protocol, and extract original data units
by stripping the headers of the encapsulating packets. If Space Packets are used, the De-
Encapsulation Function optionally checks the continuity of the Packet Sequence|Count to
determine if one or more data units have been lost during transmission; the De-encgpsulation
Function then generates the optional Data Unit Loss Indicator parameter ac¢ordingly.
Extracted data units shall be delivered to the service user identified ‘by the APID|(if Space
Packets are used) or Protocol ID (if Encapsulation Packets are used),
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