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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

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. Draft.Internation
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.

ion is drawn to the possibility that some of the elements of this document may be the sub
. 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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INTERNATIONAL STANDARD 1ISO 21459:2006(E)

Space data and information transfer systems — Proximity-1
space link protocol — Coding and synchronization sublayer

1 $cope
Proximity space links are defined to be short-range, bi-directional, fixed or mobile radio links, gengrally used to
communicate among probes, landers, rovers, orbiting constellations, and orbiting selays. Thegse links are
characterized by short time delays, moderate (not weak) signals, and short, independent sessions.
This [International Standard defines the coding and synchronization sublayer~of'the Proximity{1 space link
protocol. It defines the data unit of this sublayer, i.e. the PLTU. It defines-the coding and synchronization
mechanisms required for cross support. It also specifies the send and“receive side functiopality of this
sublgyer. This International Standard does not specify

— individual implementations or products,

— implementation of service interfaces within real systems,

— methods or technologies required to perform the procedures, or

— Inanagement activities required to configure and control the protocol.

The $cope and field of application are furthemmore detailed in subclauses 1.2 and 1.3 of the enclpsed CCSDS
publi¢ation.

2 Requirements

Reqguirements are the techni¢al recommendations made in the following publication (reproduced on the
following pages), which is@dopted as an International Standard:

CCSDS 211.2-B-1,-April 2003, Proximity-1 space link protocol — Coding and synchronization sujlayer.

For the purpeses’of international standardization, the modifications outlined below shall apply t¢ the specific
clauses and paragraphs of publication CCSDS 211.2-B-1.

Pages'ito v

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

Page 1-5

Add the following information to the reference indicated:

[2] Document CCSDS 101.0-B-6, October 2002, is equivalent to ISO 22641:2005.

[4] Document CCSDS 211.1-B-1, April 2003, is equivalent to ISO 21460:2006.

© I1SO 2006 — All rights reserved 1
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3 Revision of publication CCSDS 211.2-B-1

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 211.2-B-1. To this end, NASA will act as a liaison body between CCSDS and ISO.
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AUTHORITY
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=

his document has been approved for publication by the Management (€ouncil gf the
onsultative Committee for Space Data Systems (CCSDS) and representS the conspnsus
¢chnical agreement of the participating CCSDS Member Agencies. The proceduse for
r¢view and authorization of CCSDS Recommendations is detailed inProcedures Manupl for
the Consultative Committee for Space Data Systems, and the record of Agency participation
i the authorization of this document can be obtained from/the’ CCSDS Secretariat gt the
afdress below.

a 0O

—

his Recommendation is published and maintained by:

CCSDS Secretariat

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

CCSDS 211.2-B-1 Page i April 2003
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STATEMENT OF INTENT

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

This |[Recommendation is issued by, and represents the consensus of, the CCSDS Plenaty
bodyl Agency endorsement of this Recommendation is entirely voluntary. Endofsement,
howgver, indicates the following understandings:

- Whenever an Agency establishes a CCSDS-related standard, this standard will {
in accord with the relevant Recommendation. Establishing suchya“standard do¢s
not preclude other provisions which an Agency may develop.

(¢}

-{ Whenever an Agency establishes a CCSDS-related standard, the Agency will provide
other CCSDS member Agencies with the following infofmation:

* The standard itself.
* The anticipated date of initial operational capability.
* The anticipated duration of operational;service.

- Specific service arrangements are made via memoranda of agreement. Neither thiis
Recommendation nor any ensuing_standard is a substitute for a memorandum ¢f
agreement.

No Igter than five years from its date’of issuance, this Recommendation will be reviewed by
the CCSDS to determine whéther it should: (1) remain in effect without change; (2) e
chanped to reflect the impact-of new technologies, new requirements, or new directions; qr
(3) b retired or canceled,

In thpse instances wwhen a new version of a Recommendation is issued, existing CCSD$-
relat¢d Agency standards and implementations are not negated or deemed to be non-CCSDIS
compatible. . dt)is the responsibility of each Agency to determine when such standards ¢r
impl¢mentations are to be modified. Each Agency is, however, strongly encouraged to direft

planging-for its new standards and implementations towards the later version of the
Recommendation

CCSDS 211.2-B-1 Page ii April 2003
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FOREWORD

Through the process of normal evolution, it is expected that expansion, deletion, or
modification of this document may occur. This Recommendation is therefore subject to
CCSDS document management and change control procedures which are defined in the
Procedures Manual for the Consultative Committee for Space Data Systems. Current
versions of CCSDS documents are maintained at the CCSDS Web site:

http://www.ccsds.org/

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

eV

CCSDS 211.2-B-1 Page iii April 2003
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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.

——Centre National ¢ Etudes Spatiates (CNES)/France.

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

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

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

- National Space Development Agency of Japan (NASDA)/Japan.

-{ Russian Space Agency (RSA)/Russian Federation.

Obsdrver Agencies

- Austrian Space Agency (ASA)/Austria.

- 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.
-{ Communications Research Laboratory (CRL)/Japan.

- Danish Space Research Institute (DSRI)/Denmark.

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

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

— Federal Service of Scientific, Technical & Cultural Affairs (FSST&CA)/Belgium.
- Hellenic National Space Committee (HNSC)/Greece.

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

- Institute of Space and Astronautical Science (ISAS)/Japan.

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

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

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

- Korea‘Aerospace Research Institute (KARI)/Korea.

- Ministry of Communications (MOC)/Israel.

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

National Space Program Office (NSPO)/Taipei.

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

— Swedish Space Corporation (SSC)/Sweden.

— United States Geological Survey (USGS)/USA.

CCSDS 211.2-B-1 Page iv April 2003
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DOCUMENT CONTROL

Document  Title and Issue Date Status
CCSDS Proximity-1 Space Link Protocol October Superseded
211.0-B-1 2002
(¢CSDS Proximity-1 Space Link Protocol—  April Current issue (seg npte)
2(11.2-B-1 Coding and Synchronization 2003

Sublayer
Note
Tlhis document contains the Coding and Synchronization)Sublayer specification origjnally

ublished as part of CCSDS 211.0-B-1, Proximity-1 Space Link Protocol.

so]

CCSDS 211.2-B-1 Page v April 2003
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1 INTRODUCTION
1.1 PURPOSE

The purpose of this document is to provide a Recommendation for Space Data System
Standards in the area of Proximity space links. Proximity space links are defined to be short-
range, bi-directional, fixed or mobile radio links, generally used to communicate among
probes, landers, rovers, orbiting constellations, and orbiting relays. These links are
characterized by short time delays, moderate (not weak) signals, and short, indepepdent
sessions.

112 SCOPE

This Recommendation defines the coding and synchronization sublayer‘of the Proxinpity-1
Space Link Protocol. It defines the data unit of this sublayer, i.e., the PLTU. It defings the
cpding and synchronization mechanisms required for cross suppott, It also specifies thd send
apd receive side functionality of this sublayer. This Recommendation does not spec]fy a)
individual implementations or products, b) implementation of service interfaces withif real
systems, c) the methods or technologies required to-perform the procedures, or d) the
npanagement activities required to configure and control the protocol. The Data Link lajyer is
defined in the separate CCSDS recommendation entitled, Proximity-1 Space Link Protdcol—
Data Link Layer; see reference [3]. The Physical layer is defined in the separate CCSDS
recommendation entitled, Proximity-1 SpaceClLink Protocol—Physical Layer; see refefence

[4].

113 APPLICABILITY

This Recommendation applies to the creation of Agency standards and to future| data
cpmmunications over space-links between CCSDS Agencies in cross-support situations. It
applies also to intermal - Agency links where no cross-support is required. It indludes
specification of the'services and protocols for inter-Agency cross support. It is neither a
specification of,~nior a design for, systems that may be implemented for existing or future
npissions.

The Recommendation specified in this document is to be invoked through the n¢rmal
standards programs of each CCSDS Agency and is applicable to those missions for which
crass 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 211.2-B-1 Page 1-1 April 2003
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1.4 RATIONALE

The CCSDS believes it is important to document the rationale underlying the
recommendations chosen, so that future evaluations of proposed changes or improvements
will not lose sight of previous decisions. Concept and rationale behind the decisions that
formed the basis for Proximity-1 will be documented in the CCSDS Proximity-1 Space Link
Green Book, which is under development.

1.5 | CONVENTIONS AND DEFINITIONS
1.5.1 DEFINITIONS

1.5.1{1 Definitions from the Open Systems Interconnection (OSI) Basic Reference
Model

This [Recommendation makes use of a number of terms defined in reference [1]. The use ¢f
thosq terms in this Recommendation shall be understood in a generie’sense, i.e., in the senge
that those terms are generally applicable to any of a variety of{technologies that provide for
the ekchange of information between real systems. Those terms are as follows:

a) connection;

b)) Data Link layer;

c) entity;

d) physical layer;

e) protocol control information;
f) Protocol Data Unit (PDU);

g) real system;

h) segmenting;

1] service;

j] Service Access Point (SAP);
k) SAP address;

-

I)—Service Data it (SBH):

1.5.1.2 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.

CCSDS 211.2-B-1 Page 1-2 April 2003
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asynchronous channel: a data channel where the symbol data are modulated onto the
channel only for the period of the message. The message must be preceded by an
acquisition sequence to achieve symbol synchronization. Bit synchronization must be
reacquired on every message. A hailing channel is an example of an asynchronous
channel.

asynchronous data link: a data link consisting of a sequence of variable-length Proximity
Link Transmission Units (PLTUs), which are not necessarily concatenated. Two
types of asynchronous data links are:

1) Asynchronous Data Link over an Asynchronous Channel

Hailing provides an example of an asynchronous data link over an;asynchr¢nous
channel. An important issue is resynchronization between suceessive hails.| Idle
is provided for the reacquisition process.

2) Asynchronous Data Link over a Synchronous Channel

Data service provides an example of an asynchronous data link oyer a
synchronous channel. Once the link is established via hailing, communigation
transitions to a synchronous channel and maintains the link in this configufation
until the session is interrupted or ends. If'the physical layer does not receiv¢ data
from the data link layer, it provides idle-t¢’maintain a synchronous channel.

)

prward link: that portion of a Proximity.space link in which the caller transmits anld the
responder receives (typically a command link).

physical channel: The RF channel upon which the stream of bits is transferred over a ppace
link in a single direction.

BLTU: The Proximity LinkiTransmission Unit is the data unit composed of the Attached
Synchronization Marker, the Version-3 Transfer Frame, and the attached (yclic
Redundancy Check (CRC)-32.

Broximity link:-short-range, bi-directional, fixed or mobile radio links, generally used to
commynicate among probes, landers, rovers, orbiting constellations, and orbiting
relays: These links are characterized by short time delays, moderate (not yeak)
sighals, and short, independent sessions.

retirn link: that portion of a Proximity space link in which the responder transmits ar]d the
catter receives (typically a telemetry HnKk).

space link: a communications link between transmitting and receiving entities, at least one of
which is in space.

synchronous channel: a continuous stream of bits at a fixed data rate. If the data link fails
to provide frames (data or fill), it is the responsibility of the physical layer to provide
the continuous bit stream.

CCSDS 211.2-B-1 Page 1-3 April 2003
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1.5.2 NOMENCLATURE

The following conventions apply throughout this Recommendation:
a) the words ‘shall’ and ‘must’ imply a binding and verifiable specification;
b) the word ‘should’ implies an optional, but desirable, specification;

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

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

1.5.3] CONVENTIONS

In th]s document, the following convention is used to identify each bit in an N-bit field. The
first pit in the field to be transmitted (i.e., the most left justified when-drawing a figure) fis
defined to be ‘Bit 0’; the following bit is defined to be ‘Bit 1’ and $o”“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°, as;shown in figure 1-1.

BIT 0 BIT N-1

N-BIT DATA FIELD,

FIRST BIT TRANSMITTED = MSB

Figure 1-1: Bit Numbering Convention

In accordance with standard data-gommunications practice, data fields are often grouped info
8-bit|‘words’ that conform to theabove convention. Throughout this Recommendation, sugh

an 8-bit word is called an ‘octet’.

(4}

The pumbering for octets-within a data structure begins with zero. Octet zero is the first octpt

to be|transmitted.
By (JCSDS cenyention, all ‘spare’ bits shall be permanently set to value ‘zero’.

Thropghout “this Recommendation, directive, parameter, variable, and signal names afe
presgnted with all upper-case characters; data-field and MIB-parameter names are presentgd
with initial capitalization; values and state names are presented with predominantly lower-
case characters, and are italicized.

1.6 REFERENCES

The following documents contain provisions which, through reference in this text, constitute
provisions of this Recommendation. At the time of publication, the editions indicated were

CCSDS 211.2-B-1 Page 1-4 April 2003
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valid. All documents are subject to revision, and users of this Recommendation 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 Recommendations.

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

[2] Telemetry Channel Coding. Recommendation for Space Data System Standards,
CCSDS 101.0-B-6. Blue Book. Issue 6. Washington, D.C.: CCSDS, October'20()2.

[B] Proximity-1 Space Link Protocol—Data Link Layer. Recommendation for Space| Data
System Standards, CCSDS 211.0-B-2. Blue Book. Issue 2. nWashington, D.C.:
CCSDS, April 2003.

[#] Proximity-1 Space Link Protocol—Physical Layer. Recomimendation for Space|Data
System Standards, CCSDS 211.1-B-1. Blue Book. <{Assue 1. Washington, |D.C.:
CCSDS, April 2003.

CCSDS 211.2-B-1 Page 1-5 April 2003
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2 OVERVIEW

Proximity-1 is a bi-directional Space Link layer protocol to be used by space missions. It
consists of a Physical Layer (reference [4]) a Coding and Synchronization (C&S) sublayer
(of the data link layer) and a Data Link Layer (reference [3]). This protocol has
designed to meet the requirements of space missions for efficient transfer of space data over
various types and characteristics of Proximity space links. On the send side, the Data Link
layer is responsible for providing data to be transmitted by the Coding and Synchronization

been

S

5 o oS w

©

iblayer and Physical layer. The operation of the transmitter 1s state-driven. On there
de, the Data Link layer accepts the serial data output from the receiver and proéessq
rotocol data units received. It accepts directives both from the local vehicle controllg
cross the Proximity link to control its operations. Once the receiver is-turned o
peration is modeless. It accepts and processes all valid local and remoteé directive
pceived service data units.

he layered model consists of two layers (Physical and Data Link).and has five comp
iblayers within the Data Link layer:

a) Physical Layer
1) On the send side:

1) provides an Output Bit Clock to‘th¢ Coding & Synchronization sublay
order to receive the Output Bitstream.

Media Access Control sublayer.

2) On the receive side: “Provides the Received Bit Clock/Data to the Codi
Synchronization sublayer.

b) Coding and Synchronization Sublayer. The C&S sublayer includes PLTU delin
and verificatiof procedures. In addition this sublayer performs as follows:

1) On thé-send side:

i)>~includes pre-pending Version-3 frames with the required Att
Synchronization Marker (ASM);

ceive
s the
r and
n, its
5 and

bnent

rer in

1) provides status i.e., Carri€ty Acquired and Bit In Lock Status signals fo the

hg &

niting

iched

i1) includes addition of CRC-32 to PLTUs.

2) On both the send and receive sides: Captures the value of the clock used for time

correlation process.

c) Frame Sublayer. The Frame sublayer includes frame validation procedures, such as
transfer frame header checks, and supervisory data processing for supervisory frames.

In addition, this sublayer performs as follows:

1) On the send side:
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1) encapsulates the Input/Output (I/O) sublayer—provided User Data (SDUs) into
Version-3 frames;

i1) prioritizes and multiplexes the frames for output via the C&S sublayer to the
Physical layer for transmission across the link.

2) On the receive side:

1) accepts delimited and verified frames from the C&S sublayer;

i1) delivers supervisory protocol data units (reports, directives) to the MAIC
sublayer;

ii1) passes the user data to the Data Services sublayer;

iv) performs a subset of validation checks to ensure that the recéiyed data shoul|d
be further processed.

d) Medium Access Control Sublayer. The Medium Access Control (MAC) sublaygr
defines how a session is established, maintained (arid how characteristics afe
modified, e.g., data rate changes), and terminated forpoint-to-point communicatiofs
between Proximity entities. This sublayer builds upon the Physical and Data Lirtk
layer functionality. The MAC controls the opetrdtional state of the Data Link and
Physical layers. It accepts and processes Supetvisory Protocol Data Units (SPDUEF)
and provides the various control signals that dictate the operational state. In additign
this sublayer:

TV

1) decodes the directives from the 16cal vehicle’s controller (e.g., spacecraft contrpl
computer);

2) decodes the directives.received via the remote transceiver (extracting and
processing SPDUs fremithe Frame Data Field);

3) stores and distributes the Management Information Base (MIB) parametefs
(implementationspecific) and status variables;

4) maintains.Zand distributes the state control variables (MODE, TRANSMIT,
DUPLEX) see figure 2-1);

5) provides status information to the local vehicle controller.

e) Data Serv1ces Sublayer The Data SerV1ces sublayer deﬁnes the Frame Acceptange

Frame Operatrons Procedures for Proximity hnks (FOP-P) (send srde) assocrated with
the Expedited and Sequence Controlled data services including how the FOP-P and
FARM-P (COP-P) operate in the Sequence Controlled service.

f) Input/Output Sublayer. The Input/Output (I/O) interface sublayer provides the
interface between the transceiver and the on-board data system and their applications.
In addition, this sublayer performs as follows:
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1) On the receive side:
1) accepts received U-frames;
i1) extracts the SDUs from U-frames;
ii1) provides required packet aggregation services;

v) routes SDUs to data service users via the specified Port ID.

2) On the send side: accepts local user-provided SDUs and associated routing and

control information (SCID, PCID, Source-or-Destination ID, QOS, Port1D):

1) aggregates these SDUs as required to form U-frame data fields;

ii) provides required packet segmentation services;

1i1) delivers these U-frame data fields to the Data Services-sublayer;

iv) delivers acknowledgements to spacecraft vyehicle controller for $DUs

delivered via Sequence Controlled service.

The interactions of the Proximity-1 layers and associated:data and control flows are shovn in
flgure 2-1.
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3 CODING AND SYNCHRONIZATION (C&S) SUBLAYER
3.1 FUNCTIONS

3.1.1 At the sending end, the C&S sublayer shall perform the following functions:
a) pre-pend an Attached Synchronization Marker (ASM) for each frame provided;

b) calculate and append the CRC-32 to the end of the transfer frame forming the
Proximity Link Transmission Unit (PLTU);

c) pass the PLTUs to the Physical layer for transfer across the communications-chafpnel;

d) capture the time and frame sequence number associated with the egress of the trailing
edge of the last bit of the ASM;

e) provide the MAC sublayer access to the captured time and frame' sequence number.

3{1.2 At the receiving end, the C&S sublayer shall perform the following functions:
a) delimit the PLTU from the bitstream received fromyvthe’ Physical layer;

b) perform the error detection (CRC-32) procedute;

c) verify that the decoded PLTU is error free;

d) pass the error free transfer frame contained within the PLTU to the Frame sublayer;

e) capture the time and frame sequence number associated with the ingress df the
trailing edge of the last symboliof the ASM;

f) provide the MAC sublayer-access to the captured time and frame sequence number.

32 PROXIMITY LINK TRANSMISSION UNIT (PLTU)
32.1 PLTU OVERVIEW

312.1.1 The®PLTU shall be composed of the following three fields:
a) the24-bit ASM (mandatory—see 3.4);

b). ‘the variable-length Version-3 Transfer Frame (mandatory—see reference [3]);

c) the Cyclic Redundancy Code (mandatory—see 3.3.2).

NOTE - The size of the asynchronous PLTU shall be no greater than 2,055 octets (3 octets
ASM + 2048 octets maximum transfer frame + 4 octets CRC), and shall be
constrained by the size of the SDU contained within it. See figure 3-1.
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