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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.

Thi§ RECOMMENDATION is issued by, and represents the consensus of, the’ CSDS
Plenary body. Agency endorsement of this RECOMMENDATION is entirely voluntary.
EnJorscmcnt, however, indicates the following understandings:

o | Whenever an Agency establishes a CCSDS-related STANDARD, this STANDARD
will be in accord with the relevant RECOMMENDATION:. Establishing sych a
STANDARD does not preclude other provisions which an Agency may develop.

o | Whenever an Agency establishes a CCSDS-related‘STANDARD, the Agency| will
provide other CCSDS member Agencies with theifollowing information:

--  The STANDARD itself.
--  The anticipated date of initial operational capability.
--  The anticipated duration of ©perational service.

0 Specific service arrangements shall be made via memoranda of agreement. Neithefr this
RECOMMENDATION) nor any ensuing STANDARD is a substitute for a
memorandum of agreement.

No Jater than five years from its date of issuance, this Recommendation will be reviewgd by
the |[CCSDS to détermine whether it should: (1) remain in effect without change; (R) be
chapged to reflect the impact of new technologies, new requirements, or new directions; or,
(3) pe retired.or cancelled.

In ﬂhose instances when a new version of a RECOMMENDATION is issued, existing
CC - gency standards and implementations are not negated or deemed to be non-
CCSDS compatible. It is the responsibility of each Agency to determine when such
standards or implementations are to be modified. Each Agency is, however, strongly

encouraged to direct planning for its new standards and implementations towards the later
version of the Recommendation.

CCSDS 701.0-B-2 Page ii November 1992
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FOREWORD

This document, which is a technical Recommendation prepared by the Consultative
Committee for Space Data Systems (CCSDS), is intended for use by participating space
Agencies in their development of “Advanced Orbiting Systems”.

The CCSDS has previously developed a set of layered Telemetry and Telecommand
Rccc;chndatxons which meet the common requirements of conventional missions| as

charafcterized by the bidirectional (but asymmetric) transfer of data between modérately
compllex space and ground systems, serving a moderate number of users, at low-to-medjum
data rjates.

This document extends the previous set of CCSDS Recommendations for conventignal
missipns, to accommodate extra services needed by Advanced Orbiting Systems. Target
Advapced Orbiting Systems include manned and man-tended space stations, unmanned space
platfqrms, free-flying spacecraft, and new space transportatign systems, many of which
requife a richer repertoire of data handling services than are‘provided by the conventignal
Recommendations.

This [Recommendation allows the implementing .ofganizations within each Agency to
procegd coherently with the development of compatible Standards for the flight and ground
elemgnts associated with Advanced Orbiting Systems that are within their cognizance.
Agenpy Standards derived from this Recommendation may implement only a subset of|the
optiopal features allowed herein, or .may incorporate features not addressed by |[the
Recommendation.

Throygh the process of normalievolution, it is expected that expansion, deletion] or
modification of this document)may occur. This Recommendation is therefore subject to
CCSIDS document management and change control procedures which are defined in
Reference [1].

CCSDS 701.0-B-2 Page iii November 1992
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DOCUMENT CONTROL

Document/Title Date Status and Substantive Changes

CCSDS 701.0-B-1, October 1989  Original Issue
Recommendation for Space

Data Systems Standards:

Advanced ﬂrhifing

Systems, Networks and

Datp Links: Architectural

Spetification, Issue 1

\ B November 1992 1. Supersedes Issue-1
CCHDS 701.0-B-2, 2. No substantive technical changes t

Recommendation for Space O
primarily incorporates numerous small

Rgt‘iaﬁzgéegrsb?mdards: clarifications resulting from formal

Systems, Networks and protocol yalidation and early

Dath Links: Architectural 1mple;_nentz}tlon exper}cnci:j: resside b
; : a. refines Insert service addressing by

Spetification, Issue 2 introducing a “LinkID”;

b.’adds the APID as a mandatoryj
parameter for Path service;

c. adds the PCID as a mandatory
parameter for Multiplexing
service;

d. adds the VCDU Loss Flag as 3
mandatory parameter for the YCA
service;

e. describes operation of the
Bitstream Data Loss Flag;

f. corrects editorial errors in Figgyres
5-9 and 5-15;

g. provides clearer discussion of [the
Bit Transition Generator;

h. defines SCID naming domain
conventions.

3. Adds a more complete specificatipn of
the VCDU Header Error Control.
4. Adds a new Annex on Packet

Timetagging.

S. Deletes references to undeveloped
documentation (SLAP, Management
and Signalling).

NOTE: All text changes from the previous issue are flagged with change bars in the
margin. Deleted text is indicated by a single short dash (“~) in the margin.

CCSDS 701.0-B-2 Page iv November 1992
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Interconnection”, ISO §348 (Geneva: ISO, 1992).

“Infermation Processing Systems—Data Communications—Network Serpice
Definition—Addendum 1: Connectionless Mode Transmission”, ISO 8348 ADI
(Geneva: ISO, 1987).

“Information Processing Systems—Data Communications—Protocol for Providing
the Connectionless-Mode Network Service—Addendum 3: Provision of the
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CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

1 INTRODUCTION

la This document is a Recommendation of the Consultative Committee for Space Data
uystems (CCSDS) The CCSDS is an international standardization b Uuuy which is
chartered with developing standard solutions to data handling problems that are
common to many types of space missions; its oper

are defined in Reference [1].

nrincinles and nrnnpdnrpc

ating
alllly pAaiacipics alll procciulics

1.1 (PURPOSE OF THIS DOCUMENT

l.1.a|  The purpose of this document is to establish a CCSDS Recommengdation for the
architecture of the space/ground and space/space data handling syStems which are
embedded within a category of complex, networked space' missions cplled
“Advanced Orbiting Systems”.

1.1.b[  This document specifies an architectural framework, within which the Agencies
participating in the CCSDS may implement compatible space mission data han
systems, so that opportunities for inter-Agency..cross support and cooperatio
maximized. It defines the top-level characteristics of the systems architectur
not necessarily all of the detailed specificatidns that would be required to impl}
a concrete system. Where appropriate, the CCSDS may extend or supplement this
document with more detailed specifications as the need is identified.

l.1.c|  This Recommendation primarily addresses those data handling operations which are
unique to space missions. It.therefore focuses on data transmission through special-
purpose space data links, and’their associated interface networks. Wherever possible
and technically appropriate, interfaces with the commercial networking environment
are provided so that the emerging infrastructure of commercial Open Systems
Interconnection (OST) may be exploited.

1.2 |SCOPE OFTHIS DOCUMENT

1.2.a| Between 1982 and 1986, in response to the mission requirements of that era, CQSDS
developed a series of technical Recommendations (References [2] through [6]) for
the standardization of common data-system functions across a spectrum of
“Conventional” missions.

1.2.b To meet the needs of the “Advanced Orbiting Systems” of the 1990s and beyond,
CCSDS is extending its previous Recommendations to provide a more diverse and
flexible set of data handling services. Advanced Orbiting Systems include manned
and man-tended space stations, unmanned space platforms, free-flying spacecraft
and new space transportation systems, many of which need services to concurrently
transmit multiple digital data types (including audio and video) through
space/ground and ground/space data channels.

CCSDS 701.0-B-2 Page 1-1 November 1992

15


https://standardsiso.com/api/?name=652785e4810dd4481c6823800650fe74

ISO 13420:1997(E)

16

1.2.c

CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

This Recommendation specifies the architecture, services and protocols to be used
within a “CCSDS Principal Network™ (CPN) that supports CCSDS Advanced

Orbiting Systems. The scope of the CPN is addressed in section 2.

1.3 APPLICABILITY OF THIS DOCUMENT

1.3.a

1.3/b

1.3c

1.4

1.4]a

S o dation-serves-as—a—guideline for the development of comyp
internal Agency standards for advanced orbiting data systems. Systems embrag
this Recommendation are foreseen to enter development during the “199(
include: manned and man-tended space stations; unmanned space platforms;

flying spacecraft; and new space transportation systems.

This Recommendation is not retroactive, nor does it cogmmit any Ager
implement the recommended concepts at any future time. Nevertheless, all C
Agencies accept the principle that all future implementations of advanced o1
data systems which are used in inter-Agency cross-support situations will be
on this Recommendation.

atible
bed by
s and

free-

cy to
CSDS
biting
based

The recommendations in this document are to be invoked through the normal

standards programs of each member Agency, and are applicable to those mi
for which cross support based on capabilities described in this Recommenda
anticipated. Where mandatory capabilities are clearly indicated in sections
Recommendation, they must be.implemented when this document is used as 2
for cross support. Where options are allowed or implied, implementation of
options is subject to specific bilateral cross support agreements betweq
Agencies involved.

INTERFACES WITH CONVENTIONAL SYSTEMS

This Recommeéndation draws heavily upon previous CCSDS Recommendatig
the asymmmetric flow of Telemetry and Telecommand data within Conven
space systems, as defined in References [2] through [6]. Where feasible, appr¢
elemeénts of the previous Recommendations are_used directly. In other

ssions
lion is
of the
basis
these
n the

ns for
tional
priate
cases,

upward-compatible extensions of the previous Recommendations are defiped to

satisfy new requirements, such as the integration of digitized audio and

video

1.4.b

1.4.c

(Reference [7]D) into space data streams

By virtue of this upward compatibility, it should be noted that this Recommendation

does not preclude “mixed” mission configurations whereby Conventional

space

systems are operated in conjunction with Advanced Orbiting Systems. For example:

the space-located elements of CCSDS Advanced Orbiting Systems may interface
with independent free-flying spacecraft whose data-communications systems
conform to Conventional CCSDS Recommendations. These interfaces are
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technically supported via the various Service Access Points identified in Section
2, but may not be specifically addressed within this Recommendation;

l.4d some missions may wish to operate hybrid configurations; e.g., a Conventional
CCSDS Telecommand uplink as described in References [4], [5], and [6] may be
paired with an Advanced Orbiting Systems downlink. (Note that this
configuration would not satisfy the integration of digitized audio and video into
the uplink data stream.) Such hybrid configurations are technically supported by

I i i on, but they arg the
subject of detailed negotiations between Projects and CCSDS cross Support
organizations. A discussion of hybrid Telecommand operations is containdd in
Reference [8].

1.5 PRGANIZATION AND STATUS OF THIS DOCUMENT

1.5.a This document, which is the main Recommendation for CCSDS Advanced Orbiting
Systems, contains a definition of the CCSDS Principal Network and specifications of
its associated services and protocols. It is supplemented by CCSDS Reflorts
(References [8] and [9]), which are not part.of the Recommendation, anc by
implementation-oriented service and protocoldefinitions (References [10] thrqugh
[13]), which are written in a formal specification language.

1.5.b | The main Recommendation contains this introduction (Section 1) plus six techrical
sections and two Annexes as follows: |

1.5.c Section 2 contains a description of the CCSDS Principal Network (CEPN),
including a broad definition of the services it provides. In case of conflict) the
specifications contained in Sections 3 through 7 shall take precedence over the
descriptive material in Section 2.

1.5.d Section 3-¢ontains the controlling technical specification for a CCSDS “Path
service®,)and its associated protocol, which supports one method for transferfing
user data through the CPN. A formal definition of the Path protocol is contajned
inReference [11]. _ |

1.5.e Section 4 contains the controlling technical specification for a CCSDS “Intefmnet
Service”, and its associated protocol, which supports another method for
transferring user data through the CPN.

1.5.f Section 5 contains the controlling technical specification for a CCSDS “Space
Link Subnetwork”, and its associated services and protocols, which supports a
variety of methods for transferring data through space/space and space/ground
channels. A formal definition of the Space Link Subnet protocol is contained in
References [12] and [13]. |

CCSDS 701.0-B-2 Page 1-3 November 1992
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1.5.h
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Section 6 contains an architectural overview of a space link retransm

ission

protocol, which supports the reliable transfer of data through space channels.
(The CCSDS Secretariat should be consulted for information concerning the

detailed service and protocol specifications for this “Space Link
Procedure”.)

ARQ

Section 7 contains a summary of the requirements which a Project must satisfy in
order to be compatible with this Recommendation for the purpose of obtaining

cross support from other organizations.

1.5.

1.5,

1.5k

1.6

1.6.h

1.6

1.6

BIT NUMBERING CONVENTION AND NOMENCLATURE

Annex A contains a definition of the mechanisms to be used for CCSDS ‘packet

timetagging.

Annex B contains a list of the acronyms and terminology used throughoput the
main Recommendation. First-time readers are strongly urged.to become familiar

with the contents of this Annex, which is augmented by the index.

A supporting CCSDS Report, Reference [8], summarizes key operational concepts
of the CCSDS Principal Network. It provides g¢neral rationale and tytorial
information, and presents supporting analysis of $pace data channel perforfnance

implications. First-time readers are strongly:urged to become familiar wi
contents of this Report.

In this document, the following:convention is used to identify each bit in an
field. The first bit in the fieldto be transmitted (i.e., the most left justified
drawing a figure) is definédto be “Bit 0”; the following bit is defined to be
and so on up to “Bit N-1". When the field is used to express a binary value (s
a counter), the Most Significant Bit (MSB) shall be the first transmitted bit
field, i.e., “Bit 0

In accordan¢e)with standard data-communications practice, data fields are
grouped ifto" 8-bit “words” which conform to the above convention. Throy
this Recommendation, such an 8-bit word is called an “octet”.

By.OCSDS convention, all “spare” bits shall be permanently set to value “zerof”.

th the

N-bit
when
Bit 17
ich as
of the

often
ghout

Py

Bi

T N-1

@
&
[«)]

N-BIT DATA FIELD

FIRST BIT TRANSMITTED = MSB
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SYSTEM OVERVIEW

SCOPE OF THE CCSDS PRINCIPAL NETWORK

This Recommendation defines a conceptual model for a CCSDS Principal Network
(CPN). A CPN serves as, or is embedded within, the Project data handling networks
which provide end-to-end data flow in support of space mission users. A CPN
consists of an “Onboard Network™ in an orbiting segment connected via a CCSDS

“Space timk-Subretwork ™ either 1o a “Ground Network ™, or to an Onboard Network
in another orbiting segment. The conceptual context of a CPN is shown ifVFi pure
2-1 in both a space/ground and a space/space configuration.

CCSDs CCSDs
END POINT END POINT

EXTENDED CCsDs CCsDs CCsDs ¥ | EXTENDED
ONBOARD ONBOARD = SPACELINK "}~ GROUND GROUND
NETWORK NETWORK SUBNETWORK NETWORK NETWORH

7N

“CPN"
(A) SPACE/GROUND CONFIGURATION

CCsbs CcsDbSs
END POINT END POINT

EXTENDED CCsDs CCsDs CCSDS EXTENDED
ONBOARD ONBOARD =< SPACELINK t={ ONBOARD ONBOARD
NETWORK NETWORK SUBNETWORK NETWORK NETWORK

- —
MCPN"

(B) SPACE/SPACE CONFIGURATION

Figure 2-1: CCSDS Principal Network Elements
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Recognizing the uniqueness of data transfer through special-purpose space data
channels, this Recommendation specifies the full suite of services and protocols
operating within the Space Link Subnetwork (SLS). It also specifies the end-to-end
services and protocols required for the transfer of user data across the entire CPN. It
does not make recommendations regarding the internal protocols operating within
the Onboard and Ground Networks, nor does it define or make recommendations
concerning extended services beyond the conceptual bounds of the CPN.

Within the SIS this Recommendation assumes the use of cpar‘e/grmmr data

2.1}

2.1

2.1

2.1

2.1

2.1

2.2

2.2

CROSS SUPPORT

channels as defined in Reference [14]. Although it is possible that jmany
space/space data channels may also be embraced by this Recommeadatign, its
applicability to general space/space communications has not been determined.

Two end-to-end service options are offered to users for the packetized trangfer of
data across the CPN: “Path” service and “Internet” service. The CPN extends|to the
points at which the Path or Internet data-transfer protocolSare terminated, aphd, as
such, locations of the end points of the CPN are not explicitly defined by C¢SDS.
Note that this does not preclude the use of CCSBS data transfer protocpls as
extended end-to-end protocols outside the bounds of'the CPN, in which case Hroject
organizations may use them within “extended”~Onboard or Ground Networks.

As far as the scope of the CCSDS Onboaid or Ground Networks is concerned, they
may consist of:

multiple interconnected subretworks traversed by Internet and/or Path prptocol
data units; or

a single subnetwork traversed by Internet and/or Path protocol data units; jor
a data link traversed by Internet and/or Path protocol data units; or

an interfial communication within a data system using Internet and/of Path
protocol data units.

CCSDS seeks to pravide a communication systems architecture that facilitates

opportunities for inter-Agency “cross support”, which is defined as the capability
for one space Agency to bidirectionally transfer another Agency’s data between
ground and space systems, using its own transmission resources. Cross support
takes place at the level of data structures that are created by one Agency and handed
over to another Agency for transmission. This is achieved by exposing standard
service interfaces to the (otherwise private) communications infrastructure which is
provided by the cooperating Agencies. The addresses of such service interfaces on
the CPN are called “Service Access Points” (SAPs).
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2.2b  The cross support concept for CCSDS Advanced Orbiting Systems is based upon
the following precepts:

2.2.c each Agency has its own private network implementation;

2.2d the cross support services that are provided must be independent of the physical
implementation of an Agency’s network;

2.2 the cross support services should be arranged so as to support the transfdgr of
data structures created at different layers of the CPN protocol architecture; |i.e.,
flexible service interfaces should be offered;

22f incomplete data structures, or data structures containing detected|but
uncorrectable errors, are not required to be delivered in cross support situations
(though in case of nondelivery, error reports may bé provided using optipnal
service parameters).

2.2.g| To realize this concept, CCSDS specifies the exposed service interfaces at which
the various services can be obtained, the corfésponding interface primitives tp be
implemented to access them, and their assogiated data structures.

2.2.h|  The requirements which a Project (organization must satisfy in order tq be
compatible with this Recommendation, and their cross support implications] are
defined in Section 7.

221 The service interfaces defined in this Recommendation are abstract serpice
interfaces: a specific_implementation is not intended, and therefore such an
implementation is the subject of local Agency or Project agreements.

2.3 |OVERVIEW OF'SERVICES WITHIN THE CCSDS PRINCIPAL NETWORK

23.a A conceptual model of a typical space mission CPN data-flow configuratidn is
shown in Figure 2-2. Here, examples of the various user services offered by the
Onboard and Ground Networks, and the Space Link Subnetwork, are indicgted.
Note that data may flow in either direction (from space to ground, or from grournd to
space) 1n association with any of the services. Also note that, although Figure 2-2
does not depict the space-to-space configuration, the concept is identical.

2.3b  The CPN model is layered, showing its general correspondence to the Open
Systems Interconnection (OSI) model which is maintained by the International
Organization for Standardization (ISO), Reference [15]. The CPN model, in
addition to clearly indicating the nature and number of services provided by the
CPN, also allows the systems implementers to better understand the complexities
involved in providing the services.
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Since the whole CPN is conceptually composed of two achitecturally symmetric
halves, the services associated with the model may be made simpler to understand
by concentrating on only one of the halves, as shown in Figure 2-3. It should be
noted that in a physical implementation the two halves are not necessarily identical

owing to operational factors which are discussed in more detail in Reference [8];

however, in this conceptual discussion the differences are put aside.

2.3.4d

2.3 CCSDS PRINCIPAL NETWORK END-TO-END DATA TRANSFER
SERVICES

23l.a

23[1.b

2.3]1.1

23]l.1.a

Eight separate services are provided within a CPN. Two of these serjices
(“Internet” and “Path”) operate in an asynchronous mode across the entire CPN.

nnnnnnnnnnnn Sltnlexine” “Bitstreamy™ “Virt
The remaining six services (“Encapsulation”, “Multiplexing”, “Bitstream?’, “Vjrtual

Channel Access”, “Insert”, and “Virtual Channel Data Unit”) are provided in ¢ither
an asynchronous or isochronous mode by the Space Link Subnetwork.

Two services, the Internet service and the Path serfice, operate end-to-end actoss a
CPN. Project-defined “application services” smay exist above these serviges to
provide higher layer functions such as data-base access and file transfer, but
CCSDS does not define their characteristies! For instance, while a Project-defined
“stack” (OSI Layers 4-7) of protocols may exist above the CCSDS Internet sdrvice
to support application services, these’protocols are not specified by CCSDS: the
shaded areas in Figure 2-2 and 2-3 specifically indicate the services which [ARE
NOT discussed within this Recommendation.

Since both the Internet.and Path services rely on underlying subnetworks which
may not preserve sequence, end-to-end data transfer using these services is dgfined
to be non—sequenee-preserving; the SLS, however, does preserve sequence.

INTERNET-SERVICE

The dnternet service routes variable-length network service data units end-tp-end
aerass the CPN, from a sending Network layer SAP to a receiving Network|layer
SAP. Each network service data unit contains a delimited string of ¢ctets
representing higher-layer user data. The transfer is asynchronous, non—-seqpence
preserving, and with lifetime control.

2.3.1.1.b

This service is expected to be used primarily for intermittently transferring, at
relatively low data rates, low to moderate volumes of structured, delimited data
from a single source end point to a single destination end point. Such uses may
require access to upper-layer ISO protocol services, or may require
communication through space links with applications that are accessible through
ISO ground networks. This service could be used to support, for example,
realtime interactive command and control operations, file transfer, and interactive
operations such as electronic mail and remote terminal access.
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The CCSDS Internet service conforms with the ISO 8473 Connectionless
Network Protocol Specification, Reference [16]. To provide flexibility, the ISO
8473 packet features full addressing of the source and destination network SAPs,
and the possibility of partial or full source routing, at the expense of a larger and
more complex communications header than is provided within the Path service.

2.3.1.2 PATH SERVICE

2.3.1.2.2

2.3.1.2b

23.1.2.c

2.3.1.2d

23.1.2.e

23.1.3f

23.1.2.¢

ile dll) I - 1) - ZimB2RaRioy H d s > * d = s oottt
to-end across the CPN, from an application-accessible source SAP to one of
application-accessible destination SAPs. Each service data unit containk a
delimited string of octets of user application data. The PathCservice| is
asynchronous and non—sequence preserving.

The Path service is expected to be used primarily for transfefring, at moderat¢ to
very-high data rates, large volumes of structured, delimitéd data units betwgen
fairly static source and destination associations. It is the service most likely tq be
used, for example, for the transfer of measurement{data (i.e., telemetry) friom
payload instruments.

The transfer is designed to use a lean and efficient protocol, by exploiting the fact
that in many space mission operations the association between the source and
destination of user messages is known a priori. These pre-established
associations, known as CCSDS “Logical Data Paths” (LDPs), are configured|by
management. Instead of providing full endpoint addressing, the protocol data ynit
of the Path service contains a “Path Identifier” which identifies the LDP.

The protocol data unit, of .the Path service is the Version-1 CCSDS Packet. The
Path service offers twarservice options:

a “Packet” Service transfers CCSDS Packets, preformatted by the user, intact
across the CPN;

an “Octet String” service transfers delimited strings of user octets across the
CPN, by building them into Version-1 CCSDS Packets on the user’s behalf

The Path service does not have an underlying segmentation function and does pot
include a protocol mechanism for end-to-end flow control

CCSDS 701.0-B-2
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2.3.2 SPACE LINK SUBNETWORK DATA TRANSFER SERVICES

232.a

The SLS, which forms the core of the CCSDS Principal Network, supports the
bidirectional transmission of Path and Internet service data units through the
space/ground and space/space channels that interconnect the distributed elements of
the CCSDS Advanced Orbiting Systems. It also provides SLS data-transfer services
which do not extend further through the CPN. Within the SLS, CCSDS defines the
full protocol suite required to achieve cross support.

2.3.2b

2.3.2.c

2.3pd

2.3L2.1

23pP.1.a

A key feature of the CCSDS protocol provided for the SLS is the conCept of
“Virtual Channels”. The Virtual Channel facility allows one physical space,chgnnel
to be shared among multiple higher-layer traffic streams, each of which may have
different service requirements. A single physical space channel may therefofe be
divided into several separate logical data channels, each known as a “Virtual
Channel” (VC). Each VC is individually identified and supports a single “Gragle of
Service”.

To facilitate simple, reliable, and robust synchronization procedures, fixed-lgngth
protocol data units are used to transmit data throOgh' the weak-signal, noisy gpace
channels: their length is established for a particular link during a particular migsion
phase by management, and they are delimited by placing Synchronization Markers
between their boundaries. These protoceldata units are each associated with one
particular Virtual Channel, and are known as “Virtual Channel Data Units” or
VCDUs. A service option internal t0‘the VCDU can also produce a protocol| data
unit known as a “Coded Virtual.Channel Data Unit”, or CVCDU. Each VCDU and
CVCDU contains a header and- trailer which provide space link protocol cgntrol
information, and a fixed-length data field within which higher-layer service| data
units are carried.

The SLS supports jsix different types of services: Encapsulation; Multiplexing;
Bitstream: Virtual' Channel Access; Virtual Channel Data Unit; and Insert.

ENCAPSULATION SERVICE

The' Encapsulation service provides a facility whereby variable-length, ¢ctet-
aligned service data units that are not formatted as CCSDS Packets may be
transferred across the SLS. The transfer is asynchronous and sequence preserving.

2.3.2.1b

The service is accomplished by locally encapsulating the “foreign” data structure
within a CCSDS controlled data structure that is part of the suite of cross
supported protocols defined for the SLS. The Encapsulation service is provided
using the Version-1 CCSDS Packet as its protocol data unit.
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2.3.2.2 MULTIPLEXING SERVICE

2.3.2.2.a The Multiplexing service provides a facility whereby variable-length, delimited,
octet-aligned service data units, which conform to the Version-1 CCSDS Packet
format, may be multiplexed together for transfer across the SLS on the same
Virtual Channel. The transfer is asynchronous and sequence preserving.

2.3.2.2.b The Multiplexing service concatenates different CCSDS Packets together and
formats them into blocks which are sized to exactly load the fixed-length data
field of one Virtual Channel Data Unit. The Multiplexing service is provided
using the Version-1 CCSDS Packet as its service data unit. The Multiplexing |
service can therefore accept both Encapsulation service and Pathcservice |data
units, and concatenate them within one Virtual Channel.

2.3.23 BITSTREAM SERVICE

2.3.213.a The Bitstream service provides a facility whereby serial strings of bits, whose
internal structure and boundaries are unknown to-the CPN, may be transferred
across the SLS. The transfer is sequence preserving and may be efther
“asynchronous” or “isochronous”. Isochronous:transfer from service interfage to
service interface is provided with a specified maximum delay and a specified
maximum jitter at the service interface. High-rate video data (Reference [7]) may |
use the isochronous Bitstream service.

2.3.213.b  The Bitstream service breaks the) stream of bits from each SLS user into blpcks
which are sized to exactly load-the fixed-length data field of one dedicated Viftual
Channel Data Unit. Fill data may be transparently added and removed as
necessary to match the-bitstream to the fixed-length data field. Bitstreams from
different SLS users-may not be multiplexed together within one Virtual Chahnel
by the Bitstream(Service.

2.3.24 VIRTUAL CHANNEL ACCESS SERVICE

23.214.a The_Virtual Channel Access service provides a facility whereby a Prqgject
organization may transfer private service data units (which are sized to exgctly
load the fixed-length data field of one dedicated Virtual Channel Data Unit|and
whose internal structure is unknown to the CPN) across the SLS. The transfes can
be either asynchronous or isochronous, and is sequence preserving

2.3.2.5 VIRTUAL CHANNEL DATA UNIT SERVICE

2.3.2.5.a The Virtual Channel Data Unit service provides a facility whereby a fixed-length,
octet-aligned VCDU or CVCDU, created by an independent SLS entity, may be
transferred across the SLS. The transfer is sequence preserving and is performed
either asynchronously or isochronously and in accordance with a prespecified
priority.
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Internal to the SLS, the Virtual Channel Data Unit service transfers the
mr{pnpnripntlv created VCDUs/CVCDUs through the space channel together with

Hiuvpuiiyviiu vivAies N A NS N ASO VRS AV SPAVL LaIQILINL, Wl Y

VCDUS/CVCDUs created by the SLS 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 operational integrity
of the SLS. Necessarily, the independent VCDUs/CVCDUs must have the same
length as those generated by the SLS.

2.3.2.6 INSERT SERVICE

2326.a

2.32.6b

232.6.c

The Insert service provides a facility whereby private, octet-aligned service|data
units may be transferred isochronously across the SLS in a mode which efficigntly
utilizes the space channel transmission resources at relatively low data fates
(Reference [8]). When activated, the Insert service is implemented by establighing
an “Insert Zone” in every Virtual Channel Data Unit that)is transmitted on a

Ao RS D Tmonrt carinae datn e ¢hs

pd.l‘[l(,umr rny:sluu Channel, and Uy piacing the Insert service data units intg this
Zone. The Insert Zone shares the fixed-length data field of the VCDUs and/or
CVCDUs with other types of service.

As noted in Reference [8], when the aggregate transmitted data rate acrosp the
Physical Channel is less than 10Mb/s, the Insert Zone should be use for
isochronous data transfer; however, at rates greater than 10Mb/s the isochrgnous
data should be transmitted using the Bitstream service on a dedicated Virtual
Channel. To avoid operational cemplexity, CCSDS recommends that the Insert
service should not exist simultaneously with the Virtual Channel Data |Unit
service on one Physical Channel.

The Insert service is sequence preserving and is provided with a spedified
maximum delay and“a specified maximum jitter at the service interface. Typical
isochronous applications using the Insert service include moderate-rate procgsses
such as audio)(Reference [7]) and teleoperations control, operating in low-
bandwidth environments where the overall transmitted data rate on the Physical
Channél)iS constrained. The size of the Insert Zone and the sample rate df the
Insertiservice data units must be carefully tuned in concert with the availablg data
transmission resources. Note that it is unlikely that the aggregate Insert service
data rate will exactly match the generated data rate of the user source; provision
must therefore be made to compensate for any difference by the Insert service

2.3.2.6d

user:

When the Insert service is used, the Insert Zone must be present in all Virtual
Channels that share the same Physical Channel, and its length is established by
management.
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2.3.3 SLS GRADES OF SERVICE

233.a

2.3.3.b

Three “Grades of Service” are offered within the Space Link Subnet. A Project
organization must implement at least one of these Grades of Service in order to be
compatible with this Recommendation.

Grade-1 service: SLS service data units are delivered through the SLS complete,
with their sequence preserved, and with a very high probability of containing no

+ba QI Q

233c

2.3.3d

2.3.3e

233f

233¢g

2.33h

2331

233

ey S | RN
UITUTSTIMOUC U~ O y UL U100,

Grade-2 service: SLS service data units are delivered through the SLS-posgibly
incomplete, but with their sequence preserved and with a very high-probability of
containing no errors induced by the SLS.

Grade-3 service: SLS service data units are delivered through the SLS posgibly
incomplete and with a moderate probability that they contain’errors induced by the
SLS, but with their sequence preserved.

It should be noted that:
not all Grades of Service are offered for each SLS service;

the Grades of Service are only offered during periods when space/ground or
space/space data channels are-scheduled and available. Higher-layer CPN
processes are required to reconstitute and deliver service data units which are
buffered during periodic space channel outages;

the Grades of Service are ONLY defined by CCSDS across the Space Link
Subnet; it is negessarily a Project responsibility to extend them into end-torend
Grades of Service, if desired;

the Grades-of Service are not explicitly signalled by protocol, but are set up by
managemnent;

service data units which contain detected SLS-induced errors are not requirgd to
be delivered in CCSDS cross support configurations.

2.4 ARCHITECTURE OF THE SPACE LINK SUBNET

2.4.a

The purpose of this section is to present a top level overview of the key functions
and data structures which support the operation and services of the SLS. All of the
operations which are described must be understood to be independent of the
direction of data flow through the SLS. The controlling specification for the SLS
service and protocol is contained in Section 5 of this Recommendation.
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2.4.1 FUNCTIONS PERFORMED BY THE SLS

2.4.

24.1.

2.4.

[
&

2.4.

la

Figure 2-4 shows all possible data flows through the SLS: data flow from top to

bottom of the figure on the sending side, and from bottom to top on the receiving

side. The physical space medium (a space/ground or space/space data-transmission
path) interconnects the sending and receiving sides of the SLS. The figure identifies
the data-handling and formatting functions that are involved. These functions are
discussed in the following paragraphs.

|.1.a

1.2.a

1.2.b

PHYSICAL CHANNEL FUNCTION

The Physical Channel function creates one dedicated space data\transmigsion
path. A continuous stream of data bits is accepted at the sending side, modulated,
serially transmitted through the physical space medium,“demodulated, bit
synchronized, and delivered through the receiving interface. The C(SDS
Recommendation for the Physical Channel function is“contained in Refegence
[14] and is not specified herein. While direct access‘to the Physical Channpel is
permissible, definition of such a service is 4ot within the scope of| this
Recommendation.

At the sending side, the Virtual Channel function accepts service data units [from
higher-layer functions, builds them into the space link protocol data junits
(VCDUs or CVCDUEs) that, are required to identify and operate the Virtual
Channels, applies the errdp control required by different Grades of Segvice,
commutates the VCDUs/CVCDUs into an appropriate sequence, and submits
them as a serial stream to the Physical Channel function for transmission thijough
one Physical Channeél. At the receiving side the serial stream is synchronized to
find the boundaries between VCDUs/CVCDUs, which are then passed thjough
error controlprocedures and decommutated. The higher-layer service data |units
are then éxtracted and passed back through the receiving service interface.

Dufing transmission through the Physical Channel, each VCDU or CVCIU is
carried synchronously within one “Channel Access Data Unit” (CADU){ The
CADUs provide fixed-length “channel access slots” which occur at precisef time
intervals that are synchronized with the transmitted bit rate, and whose boundaries

are delimited using ~Synchronization Markers”. The commutated sequence of
VCDUs/CVCDU:s is transmitted so that all of the synchronous channel access
slots are occupied. In situations where no valid higher-layer data are ready for
release, a VCDU/CVCDU containing “Fill” data is commutated into the
transmitted sequence. The continuous and contiguous stream of CADUs, known
as a “Physical Channel Access Protocol Data Unit”, is transferred through the
Physical Channel.
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Service data units associated with the Encapsulation Multiplexing, Bitstream or

Virtnal Channel Access services are nlaced |nfn a “Data Unit ’7nnn within the
Y ilLludl "l 4 AVVVOUO OVl VAV LC tl U/ LA A ALV ULllAL LU YV ALILLLL LI

data field of the VCDU or CVCDU. At low transmitted data rates, the Insert Zone
facility may be activated to allow isochronous data samples associated with the
Insert service to share the VCDU/CVCDU data field with the other types of
service data units.

The Grades of Service are supported as follows:

|.2.e

[.2.f

2.4.0.2.

2.4.

2.4.

2.4.

1.2.h

1.2.1

Grade-3 service is provided by constructing VCDUs for direct transmission
through the underlying dedicated Physical Channel;

Grade-2 service is provided by adding an error-correcting” code tp the
constructed VCDUs to form CVCDUs. The recommended’code appends a
block of error-correcting Reed-Solomon check symbols to the VCDU in prder
to provide virtually “error-free” transmission;

Grade-1 service is provided within CVCDUs en‘certain Virtual Channelq by a
“Space Link ARQ” function that supports the transfer of asynchrgnous
Multiplexing, Bitstream or Virtual Channel Access service data units thjough
the space link using a retransmissionceontrol (“ARQ”) procedure to pifotect
against momentary channel outages The function is implemented by a “$pace
Link ARQ Procedure” (SLAP). Grade-1 service is defined only for full-dpiplex
operation, i.e., two dedicated Virtual Channels, one in each direction, myst be
paired by management for ‘Grade-1 service to be provided.

(Note: some Projects may be constrained to operate only with a unidirectional
retransmission procedure; i.e., full-duplex operation may not be possible. [Such
Projects have theyoption of implementing a hybrid configuration wjth a
Conventional CCSDS “Command Operation Procedure” providing retransmission
control for-the uplink, as described in References [4], [5] and [6]. While
technically~supported, hybrid configurations are the subject of detailed Pfoject
implementations; such configurations are discussed in Reference [8].)

If Grades-1/2 operate in conjunction with Grade-3 on the same Physical Chdnnel,
the stream of protocol data units observed at the receiving side of the Physical
Channel may therefore contain VCDUs and CVCDUs which are sefially

1.2.]

C g 4 . 4L ..
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The demultiplexing and delivery of VCDUs and CVCDUs is achieved by using a
Spacecraft Identifier concatenated with a Virtual Channel Identifier, both of
which are contained in the VCDU header. Error-control mechanisms are provided
to protect these key header routing fields.
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2.4.1.2k Independently created VCDUs/CVCDUs associated with the Virtual Channel
Data Unit service flow through the Virtual Channel function, potentially

mtcrfacmg only with the error-control mechanisms.

2.4.1.3 ASYNCHRONOUS DATA TRANSFER

2.4.1.3.a The normal “asynchronous” mode of SLS data transfer associated with the

Multinlexine. Encansulation. Ritstream or Virtual Channel Access service i

AAvap AV AR Ly AVAPOWAIRLIVIL, A2it0W Vil v iiluas AVVLVOU Jwvi ViVU 4

24.]

24.]

2.4.]

24.]

24.1

24.]

4.a

4b

4.c

Sa

.4. ISOCHRONOUS DATA TRANSFER

.5 MULTIPLEXING FUNCTION

VCDU or CVCDU before being released for transmission. The incoming)se
data units must be preformatted into fixed-length blocks in order to.be pl
within the Data I Tnit Zaone

VYV ALLLILLIL UiV AJAlQa Uilllv Vv

Some types of “isochronous” service data units require transfer through the
in a manner which preserves timing relationships that are important to users.

¢ for

ced

SLS
This

is achieved by defining a fixed time delay wwith specified jitter between

transmissions.

High—raie isochronous data streams (e.gz; video data) may be blocked
Bitstream procedures and an entire Virtual Channel may be dedicated for
isochronous transmission.

For low- or medium-rate user applications such as audio or teleoperations co
data, situations may arise where the maximum transmitted data rate of the CA
is constrained by channel bandwidth considerations. In this case, since
combination of maximum allowable time delay and CADU length lead t
inefficient utilization of the space channel if dedicated Virtual Channels are
it may be necessary to share the VC with other data. The Insert Zone facili
provided within the VCDU/CVCDU data structures to carry the isochronous
samples;it-is present in every transmitted CADU and hence provides a fi
synchronous time slot for the isochronous data.

To efficiently utilize the space channel, variable-length service data units mu

sing
their

htrol
DUs
the
0 an
sed,
ty is
data
xed,

5t be

packedtogetherso tat they futty occupy the fixed-tength Data tnit Zone o

the

CVCDU. This is accomplished by a multiplexing, delimiting and blocking

function. The Version-1 CCSDS Packet provides the only cross supported
structure that is recognized for use within this function.
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2.4.1.5.b Individual CCSDS Packets from multiple sources are concatenated together into a

ctrming ~f Danl-at hich
contiguous string of Packets, which is then broken into blocks whose length is

arranged such that they may be loaded exacftly into the fixed-length CVCDU Data
Unit Zone. Several individual “Packet Channels” may thus concurrently share one
VC using the Multiplexing functions. Each Packet Channel is locally identified
using the “Application Process ID” (APID) field contained in the CCSDS Packet

header.

Packet header: since these fields are not protected against errors| the
demultiplexing and delivery functions can only be reliably accomiplished {f the
headers are known to be correct. Consequently, cross suppost’can only be
provided if the multiplexed data are placed within Reed-Sotomon-protgcted
CVCDUs.

2.4[1.5.d In the event thata CVCDU has to be released before its Data Unit Zone is fulll, an
“idle” CCSDS Packet, containing Fill data, is inserted.

2.4]1.6 BITSTREAM FUNCTION

2.4[.6.a The Bitstream function breaks each incoming stream of bits into blocks whose
lengths are arranged so that they may, be exactly loaded into the fixed-length{Data
Unit Zone of a VCDU on a dedicated VC. Reassembly of the contiguous sfream
of bits at the receiving servi¢e interface is performed. If fill data are inserted
during the transfer, they arectemoved prior to delivery. The Bitstream data mpy be
transferred either asynchronously or isochronously.

2.4{1.7 ENCAPSULATIONFUNCTION

2.4{1.7.a Since the asynchronous Multiplexing function only recognizes the Versjon-1
CCSDS Packet data structure, an Encapsulation function is provided which wraps
“other™ delimited data units into Version-1 CCSDS Packets.

2.4]1.7.b _The CCSDS Path service, by virtue of its use of Version-1 CCSDS Packets fas its

protocol data unit, is directly compatible with the Multiplexing functiop and
therefore bypasses the Encapsulation function. However, the CCSDS Infernet
SETViCe Uses the packet format, and from an evolut i nt it 1s

desirable to provide the flexibility to handle other delimited, octet-aligned data
units should the future need arise to support different network layer services
across the CPN. The Encapsulation function provides this flexibility.
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2.4.1.7.c The Encapsulation function takes any delimited service data unit which is
presented to the SLS at a requesting service interface in non—-CCSDS Packet
format (e.g., the 8473 Internet packet) and encapsulates it within a special CCSDS
“carrier” Packet during its transfer through the SLS. The carrier Packet may then
be multiplexed onto an appropriate Packet Channel within one VC, along with
Packet Channels containing other carrier Packets or Path service data units. At the
receiving service interface of the SLS, the carrier Packet is stripped and the

original delimited service data unit is reconstituted to continue its passage through
the CDN

2.5 [ARCHITECTURE OF THE CCSDS PATH SERVICE

2.5.9 The CCSDS Path service, using the Version-1 CCSDS Pagket, providep an
optimized connectionless data transfer service between_a single source [user
Application and one or more destination Applications. Since-the Version-1 CCSDS
Packet is a user data structure which is also standardized across CCSDS
“Conventional” missions, the CCSDS “Advanced Orbiting Systems” Path sefvice
presents a compatible user interface across<th€ entire spectrum of space
applications.

2.5.4 This section contains a descriptive overview and definition of the Path servicey the
full service and protocol specificationtis contained in Section 3. Referencg [8]
contains a more general discussion of Path service characteristics.

2.5.¢ The architecture of the CCSDSPath service is illustrated in Figure 2-5. The [Path
layer provides an enhanced performance service which exposes a Path SAP t¢ the
user Application at its,upper side, and interfaces directly to the underlying Jocal
subnetwork on its lower'side, thus bypassing all intermediate layers of protocol

2.5.d Although the séryice may operate in either direction through the CPN, one major
requirement. for the Path service is the need to transfer high rates and volumg¢s of
telemetrydata from space to ground. The Path service architecture is shown rlo be
symmetrical in Figures 2-2, 2-3, and 2-5; however, at the ground end of a telemetry
datd transfer system, additional higher-layer processes may be provided to remove
transmission artifacts induced by the SLS (such as filling data gaps when Path|data
are retrieved from onboard storage), and also to buffer the Path data for delivery on
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APPLICATION  j<t———— LOGICAL APPLICATION
DATA PATH
+7 PATH SAP PATH SAP—+
CCSDS CCSDS
PATH O—— management management ——¢ PATH
LAYER LAYER
LOCAL LOCAL
SUBNETWORK SUBNETWORK
LAYERS LAYERS
INTERVENING
SUBNETWORKS
Figure 2-5: CCSDS Path Service Architecture
2.5.1 LOGICAL DATA PATHS
2.5.1.a  The Path service relies on the use of a managed association between two or more

2.5.1.

CCSDS 701.0-B-2

application end-points, i.€,,)a Logical Data Path (LDP). The LDP associatid
preconfigured by CPN+management for subsequent use by the Path service.
Logical Data Path isreferenced by a “Path ID”".

As the CCSDS Packets traverse the local subnetworks of the CPN, they are car
and routed by subnet-specific mechanisms (e.g., local area networks). At 1
points between different subnetwork routing mechanisms, the CCSDS Pa
header itself may be used in a routing and relay role, in which case the ]
interpretation and mapping to the next subnetwork address is performed u
tables that are configured through prior interaction between the relay points

n is
Kach

ried
clay
cket
LDP
sing
and

management: in this case the “Application Process Identifier” (APID) field in

the

Verston-+CESDSPacket header isused 1o provide the teference to the Path 1D.
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2.5.2 PATHID MANAGEMENT

2.52.a

Reflecting the need to use a lean and compact protocol to achieve fast and efficient
space communications, the APID field in the Version-1 CCSDS Packet is limited in

Qv VU VAV ALIVIID,y Wl 4AX ARs RAVIG ML ULV YV UIOLAVIL L NN AT A AVAAUL LD LAALAW NS 1L

length to eleven bits, thus giving the possibility to reference 2048 different LDPs.
For complex international constellations of space vehicles, APIDs must be shared
between space Agencies. To facilitate cross support, it is therefore necessary to

identifu a ctrateoy faor ADIDN acgionmeant which whila anahline tha charine nf
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2.5.2

2.5.2

2.5.3

253

2.5.3

253

a

PATH SERVICE INFORMATION FLOW

A DL
ArILS, dVUlUb ally AI’IU d.l'ﬂDlgUl[y.

Within the onboard systems of a CPN, it is the responsibility of individual-Projects
to define a local assignment strategy for the available APIDs. Withinthe grgund
systems of a CPN (which must support Path service associated>with multiple
spacecraft) it is necessary to globally identify each LDP.~ This may be
accomplished by concatenating the APID in the CCSDS Packet with an “APID
Qualifier” that is associated with the Packet throughout its\ground transfer to{and
from user applications. A “Spacecraft Identifier” (SCID) may be used withir| the
ground systems to provide this APID Qualifier. The*SCID is carried as an §-bit
field within the header of the space link protocol data unit, i.e., the VCDU/CVCDU.
Each of the 256 SCIDs associated with thecVCDU Version Number “01” may

potentially provide an individual naming domain for 2048 APIDs.

The APID Qualifier may also be required in some space-to-space applications of the
Path service.

The flow of information.from the user application to the local subnetwork interflace,
for a typical Path service transmission, is as follows:

the Path/ayer receives either a delimited string of user octets, together with
the parameters necessary for the construction of the Path protocol data [unit
(CCSDS Packet), or a complete user-formatted CCSDS Packet;

the Path layer either constructs a CCSDS Packet or validates a user-formdtted
Packet;

2.5.3:

the Path layer cooperates with locally supplied communication mechanisms to
deliver the CCSDS Packet to its intended destination.
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2.6 ARCHITECTURE OF THE CCSDS INTERNET SERVICE

2.6.a

The CCSDS Internet service supports interactive operations (of the type represented
by activities such as file transfer, electronic mail, and remote terminal access)

between end systems located on the Onboard and Ground Networks of the

CPN.

The Internet service is associated with the Network layer of the ISO Reference
Model of Open Systems Interconnection, Reference [15], and operates in

connectionless mode.

2.6)b

2.6lc

2.6{d

2.6l

2.6|f

2.6|g

This section contains a descriptive overview and definition of the Internetse

'vice;

the full service and protocol specification is contained in Section-4, which

references the appropriate ISO documentation. Reference [8] cofitains a
general discussion of Internet service characteristics.

more

The CPN comprises a series of interconnected, dissimilar. subnetworks thfough
which data are conveyed. Each subnetwork may have different ways of addrdssing
the destination, different protocol data unit sizes, different time delay§ and

bandwidths, and different status and monitoring capabilities. The CCSDS In

ernet

service resolves these subnetwork differences by<providing global inline prqtocol
mechanisms, which are contained in the Internet protocol data unit and mgpped
down to the subnet layer as the Internet dataunit is transported through the CPN.

Since standard techniques already exist to solve problems of gllobal

internetworking, CCSDS has adopted existing international standards for bo
Internet service definition and the protocol specification, i.e., the

h the
ISO

connectionless mode network service (ISO 8348/AD1) and the associated prgtocol

(ISO 8473) as defined in References [16] through [19] .

The ISO 8473 Internet protocol data unit carries along in its packet headdr full

endpoint addresses, security, priority, quality of service, and routing capab
which minimize’ (but do not eliminate) network management responsibility
generality comies at the expense of a large communications header.

The Internet service differs from the Path service in several respects:

the number and location of the application endpoints may change rela
rapidly;

lities
This

lively

2.6.h

2.6.1

the data rates and volumes associated with this type of traffic are relatively low,
and the duty cycle of individual users is more intermittent, so that the
communications efficiency and throughput penalties of comprehensive inline
protocol are not so important;

the service may support a suite of higher-layer OSI-compatible services, for
those users who need them;
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2.6, the service provides a richer Internet addressing capability which conforms to

MRS | maao T e ot

ISO international address par titioning standards, with a proportionaily longer
and more complex header to carry the address;

2.6k the service provides for a set of additional options, such as segmenting and route
reporting, which may be needed by specific Projects.

.l\)
8
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2.7.a Many of the CPN protocols defined in this Recommendation have been designed to
enable fast processing and to conserve bandwidth during space .ata trangfer;
therefore, some parameters associated with their operation -are”handled by
management rather than by inline protocol. Management of the CRN consists of the
set of functions and services which are provided to supervise,'s¢hedule and control
the CPN resources. To perform their coordinating functions, management systems

exchange information using signalling mechanisms.

2.77.b| Insofar as these management functions are not associated with cross support, their

implementation is a local matter which isOnot embraced by this CC$DS I
Recommendation. The management and(signalling aspects of cross support
configurations are the subject of separate €CSDS Recommendations; the CC$DS I
Secretariat should be consulted for information relative to their status.
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INTRODUCTION

PATH SERVICE AND PROTOCOL SPECIFICATION

The CCSDS Path service provides efficient, high throughput, unidirectional data
transfer between a single source User Application and one or more destination User
Applications. The organization of the Path service is reviewed in Figure 3-1.

USER < LOGICAL ~ USER
APPLICATION DATA PATH APRPLICATION
PATH SERVICE PATH SERVICE
SAP (CP_SAP) SAP (CP>SAP)

(path entity) (path entity)
CCSDS path layer path layer CCsDs
PATH CF management management ) PATH
LAYER LAYER
+— subnet services subnet services —+
LOCAL LOCAL
SUBNETWORK SUBNETWORK

INTERVENING

SUBNETWORKS

Figure 3-1: Path Service Architecture

A CESDS “Path Entity” provides Path service to a User Application. The Path layer
protocol transfers variable-length CCSDS Path Service Data Units (CP_SDUs)
from end to end across the CPN, from a source Path Entity to one or more

CCSDS 701.0-B-2

Page 3-1

destination Path Entities. The Path layer interfaces with management services that
configure and control the Path service, and draws upon local subnetwork services
for the transfer of the CCSDS Path Protocol Data Units (CP_PDUs). The CP_PDU
is the Version-1 CCSDS Packet.
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The route through the subnets of the CPN, known as a Logical Data Path (LDP), is
established by Path layer management and is constant for the lifetime of the
association between User Applications. The LDP is identified by a Path ID. At any
point in the LDP, the CP_PDU may be routed from subnetwork to subnetwork by
examining its Path ID. Alternatively, at any point in the LDP, routing may be
accomplished between cooperating subnetworks by use of an agreed mapping
between subnetwork addresses. (Note, however, that at the exiting gateway of the
Space Link Subnet the Path ID must be employed for routing, since there is no

The Path service is provided in two ways:

a “Packet service” option transfers “Packet Service Data Units” (P_SDUs),
which are preformatted by the user as Version-1 CCSDS Packets, intact agross
the CPN. Thus the user-formatted P_SDU is used as the{GP_PDU, and can be
transferred without further formatting by the Path procedures; or

an “Octet String service” option transfers~'Octet Service Data Units”
(O_SDUs), which consist of delimited strings‘of user octets, across the CHN by
formatting them into CP_PDUs. This service-may reduce the complexity of data
transfer for the users, since the CCSDS Packets are created by the service.

Note that the O_SDU and the P_SDU-4re both instances of CCSDS Path Sdrvice
Data Units (CP_SDUs).

Each LDP terminating in a source end system of the CPN has an associated type of
service, either Packet or Qctet String. The service type need not be preserved|from
end to end of the LDPy.i.e., asymmetric services may be provided. For instan¢e, an
invocation of the Qctet String service at the source end system may (at the yser’s
request) result in ‘an instance of the Packet service at the destination end systgm(s).
Once selected, the type of service (symmetric or asymmetric) provided at thel ends
of an LDP shall be fixed for its lifetime.

The Path service does not provide inline protocol mechanisms for flow contfol or
segmentation.

The end-to-end Quality of Service provided to Path service users will| vary

——according to-the-imdividuatquatities of service provided by the-various-subnetworks

along the Logical Data Path. The Path service does not provide any mechanisms
for guaranteeing a particular quality of service; it is the responsibility of
implementing organizations to ensure that the end-to-end performance of a
particular instance of the Path service meets the requirements of its users.
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3.1.1 ORGANIZATION OF THE PATH LAYER

3.1.1.a The composition and service interfaces of the Path layer are shown in Figure 3-2.

OCTET STRING SERVICE PACKET SERVICE
O_SDhuU, P_SDU (CCSDS PACKET),
PATH ID PATH ID
PACKET
CONSTRUCTION
PROCEDURES
PATH
LAYER
CCSDS PACKET,
PATH ID
PACKET TRANSFER PROCEDURES
CCSDS PACKET (SN_SDU),
SOURCE ADDRESS,
DESTINATION ADDRESS
?———subnetwork services
Figure 3-2: Path Layer Organization
311b nnnnnnnnnnnnnn dta tha Octat Qtetng o ica by tha Path caree near (al

lllc l-lmu‘ll\/t\/l\) P‘L\)OUU tU IV Uvivt uuj.u& OCr‘V’i\/U UJ wIv 1Al 031 V'icc uouvl (a4l ng
with information supplied by Path layer management) are used by the ‘“Packet
Construction Procedures” to build the Primary Header of the CP_PDU (the CCSDS
Packet).

3.1.1.c A Version-1 CCSDS Packet passed to the Packet service by the Path service user is
used as the CP_PDU, so it is unchanged by the Path procedures.
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3.1.2 PATH LAYER ADDRESSING

3.1.2.a

3.1.2.b

3.1.2.c

3.1.pd

3.1.2e

The Path service relies on the use of a preconfigured route (the Logical Data Path)
between a single source User Application and one or more destination User
Applications. The LDPs are configured by Path layer management for subsequent
use by the Path service. Every LDP is uniquely identified by a Path ID.

Each LDP consists of the source end system, the destination end system(s) and the
ermediate et - : ntermediate
subnetworks 1f the source and destmatlon end systcms are on thc same subnetvs ork.

“Packet Transfer Procedures”, used to forward the CP_PDU through_the CPN, are
performed by Path Entities located in either a source end system of\an intermediate
system.

Figure 3-3 shows an example of a single LDP crossing an‘intermediate subnetwork
to a single destination User Application.

SOURCE DESTINAT|ON
USER USER
APPLICATION APPLICATION

SOURCE INTERMEDIATE INTERMEDIATE DESTINATION
END SYSTEM SYSTEM SYSTEM END SYSTEM
PATH ENTITY PATH ENTITY PATH ENTITY PATH ENT|ITY

INTERMEDIATE
LOCAL S W SUBNETWORK
UBNETWORK SUBNETWORK LOCAL SUBNETWOR

Figure 3-3: Example of a Logical Data Path

Note that multi-addressing may be performed at any of the intermediate system|Path
Entities or at the source end system Path Entity. Multi-addressing maly be

3.1.2f

performed from a single source end system Path Entity to multiple destination end
system Path Entities on the same subnetwork, or on several subnetworks. A
“multidrop” architecture is permitted where the CP_SDU is delivered to a user in a
data system and the CP_PDU is also forwarded to other data systems.

In simple mission configurations, the Path ID of the LDP may be fully represented
by the “Application Process ID” (APID) contained in the header of the Version-1
CCSDS Packet; up to 2048 different APIDs may be supported.
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3.1.2.g  Since complex Path service cross support configurations may exist and LDPs must
be uniquely identified, an extension of the Path addressing mechanism (known as
an APID Qualifier) may be required within some of the subnetworks traversed by
the LDP. If needed, the APID Qualifier is locally associated with the APID in the
CCSDS Packet but is not explicitly represented in the CP_PDU. In such
configurations, the Path ID is represented by the APID plus the APID Qualifier.

3.1.2.h  The APID Qualifier uniquely identifies a naming domain which “owns” an APID
address—space—and-henec—the 2648 PathDs—Fhemramingdonraim may—bepne
spacecraft or, if a complex orbiting constellation of spacecraft elements exists, ‘each
of the individual elements may be its own naming domain. In this Recommendation
it is assumed that (at least as far as the flight systems are concerned) all of|the
available APIDs are locally assigned by a Project organization” across [the
communicating set of spacecraft elements which are under the control of that
Project.

3.1.21 However, within the ground system (which may have“to concurrently support
multiple spacecraft) the APID Qualifier may be needed to maintain gldbal
uniqueness of Path IDs. The 8-bit Spacecraft Identifier (SCID), contained within|the
headers of VCDU/CVCDUs and concatenated with the Version Number “(1”, |
provides the APID Qualifier within the SLS. The SCID may therefore be used at|the
ground gateways with the SLS to map intg\appropriate ground network addresging
mechanisms, so that partitioning of APIDs from different naming domain$ is
preserved. Within the ground networks local subnetwork addressing information
(ie., “SN_SAPs”) may be used torepresent the APID Qualifier.

3.1.2]  Note that some complex orbiting spacecraft may have multiple SCIDs assigned to
them while implementing a common onboard APID address space. In this casq all
of the SCIDs are treated as a unified APID naming domain as far as the APID
Qualifier is concerned.

3.1.2.k If a constellation of cooperating but separate spacecraft (each implementing its qwn
internal APID naming domain without sharing APID address space across [the
orbiting systems) transmit their data through a common Physical Channel, then each
of the.SCIDs provides a separate APID Qualifier.

3.1.2.1 < The convention for the APID naming domains is as follows:

3.1.2.m for space-to-ground communication the naming domain is the source naming
domain (the spacecraft or spacecraft element);

3.1.2.n for ground-to-space communication the naming domain is the destination
naming domain (the spacecraft or spacecraft element);
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3.1.2.0 for space-to-space communication the naming domain is the source naming

d
domain (the source spacecraft or spacecraft element). In this case, the

destination spacecraft may need to use the APID Quahﬁer in a manner similar
to the ground system.

3.1.3 SUBNETWORK SERVICES ASSUMED BY THE PATH LAYER

3.1 AT intendedthat the Path Javer be capable of operating aver connectionless-mode
services derived from a wide variety of real subnetworks and data links. Thergfore,
in order to simplify the specifications of the protocol, its operation is defined with
respect to an abstract “underlying service” rather than any pasticular real
subnetwork (SN) service. This underlying service consists”of a sjingle
“SN_UNITDATA” primitive which conveys the source and destination subnefwork

point of attachment addresses and a minimum number of octéts of user data.
3.13.b The service primitives required are:

SN_UNITDATA.request (SN_SDU,
Source Address,
Destination Address)

SN_UNITDATA.indication (SNESDU,
Source Address,
Destination Address)

3.1B3.c Real subnetworks and dafa links may not conform to the SN_UNITDATA sgrvice
interface defined in 3.1.3.b. Use of the Path service over such a subnetwork of data
link requires thatysa convergence function be performed betweer the
SN_UNITDATA primitives specified for the Path protocol and the sqrvice
primitives specified for that subnetwork or data link.

3.1[4 SERVICES ASSUMED FROM THE LOCAL ENVIRONMENT

3.1}4.a, The services assumed by the Path layer from the local environment are unspecjfied.

3.2 SERVICE INTERFACE SPECIFICATION

3.2.a  All of the service interface specifications in this Recommendation generally follow
conventions used by ISO. Accordingly, the specifications are given in the form of
primitives, which present an abstract model of the logical exchange of information
between the Path layer and the user of the Path service. The primitives are specified
to be independent of any particular implementation approach.
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3.2.1 OVERVIEW OF INTERACTIONS
3.2.1.1 PACKET SERVICE

3.2.1.1.a  The service primitives associated with the Packet service are:

PACKET.request
PACKET.indication

3.2.1}11.b  The PACKET.request primitive is passed to the CCSDS Path layer to requést|that
a P_SDU be sent. '

3.2.111.c The PACKET.indication primitive is passed from the CCSDS,Path layer to
indicate the arrival of a P_SDU.

3.2.112 OCTET STRING SERVICE
3.2.1{2.a The service primitives associated with the Octet String service are:

OCTET_STRING.request
OCTET_STRING.indication

3.2.112.b  The OCTET_STRING.request primitive is passed to the CCSDS Path laydr to
request that an O_SDU be sent.

3.2.112.c  The OCTET_STRING.indication primitive is passed from the CCSDS Path layer
to indicate the arrival of an ©_SDU.

3.2.2| SERVICE PRIMITIYE:PARAMETERS
3.2.2la The parameters for the Path service primitives are:

3.22]b O_SDU The Octet Service Data Unit. The O_SDU is a delimited, odtet-
oriented data unit whose content and format are unknown to the Path
layer. The maximum length of the O_SDU is defined by indivi¢lual
Project organizations, taking into account the maximum SDU size in
all subnets traversed by the LDP.

3.22.c APID The APID is a mandatory parameter and is used in conjunction with
the APID qualifier (if present) to uniquely identify the Logical Data
Path to be used in conjunction with the PACKET.request and
PACKET.indication primitives.

3.22.d P_SDU The Packet Service Data Unit. The P_SDU is a Version-1 CCSDS
Packet that has been created by the service user. The maximum length
of the P_SDU is defined by individual Project organizations, taking
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322, APID
Qualifier

into account the maximum SDU size in all subnets traversed by the
LDP.

The APID Qualifier is an optional parameter which is associated with
the APID in the CCSDS Packet in order to maintain global uniqueness
of APIDs. In this Recommendation, it is assumed that the APID
Qualifier is only used within the ground network, and that the
Spacecraft ID (SCID), concatenated with the Version Number "01",
may be used to provide this parameter.

3.2.2f Secondary
Header
Indicator

3.2p.g PathID

3.22.h Data
Loss
Indicator

3.23 DETAILED PATH SERVICE SPECIFICATION

The Secondary Header is a feature of the CCSDS Packet which ajlows
additional types of information that may be useful-.to"the |User
Application (e.g., a time code) to be included. The CP_PDU Primary
Header contains a “Secondary Header Flag” which indicatep the
presence or absence of a Secondary Header. Within the Packet sefvice,
a user of the service in a source end system may signal the preserce or
absence of a Secondary Header by passitig the Secondary Header
Indicator parameter in the form of the Secondary Header Flag. Within
the Octet String service, the Secondary Header Indicator parageter
signals the presence of a Secondary:Header at the start of the O_SDU.

The Path ID, which uniquelycidentifies the LDP, consists of the APID
plus the optional APID Qualifier.

The Data Loss Indicator is used to alert the user of the Octet §tring
service in a destihation end system that one or more O_SDUs|have
been lost during transmission, as evidenced by a discontinuity in the
CP_PDU Sequence Count. This is an optional parameter] the
presence-or absence of which is implementation-specific. If|Data
Loss-Indicators are to be generated by a particular implementation
then they must be declared at design time and be used consistenfly by
all parties involved in the implementation.

3.2.B.a Fhis section describes in detail the primitives and parameters associated with the

identified services. Note that the parameters, which specify the information [to be
made available to the receiving entity, are specified in an abstract sense: a spgcific

implementation is not constrained in the method of making this information

available.
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3.2.3.1 PACKET.request
3.2.3.1.a Function
This primitive is the service request primitive for the Packet service.

3.2.3.1.b Semantics

Thao reinmait achall meavida naramatarce oo fallawuc
A IIv t.llllll.luv\.r [VIRYenuy PJUVAUV l.lu-lcuuvvvno A TUIIVY I
PACKET.request (P_SDU,
APID, |
ADITN MNuralifiar FTantianall)
NI uallliCl jupuviiaij)

This primitive is passed from the User Application to(the CCSDS Path laygr to
attempt to send the P_SDU.

3.2.3{1.d Effect on Receipt

Receipt of this primitive causes the CESDS Path layer to attempt to send the
P_SDU.

3.2.312 PACKET.indication

3.2.3]2.a Function

This primitive is theservice indication primitive for the Packet service.

3.2.312.b Semantics

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

APID, |
APID Qualifier [optional] )

3.2.3.2.c  When Generated

This primitive is passed from the CCSDS Path layer to the User Application to
indicate the arrival of a P_SDU from the remote entity.

3.2.3.2.d Effect on Receipt

The effect on receipt of this primitive by the User Application is unspecified.
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3.2.3.3 OCTET_STRING.request
3.2.3.3.a Function

This primitive is the service request primitive for the Octet String service.
3.2.3.3.b Semantics

The primitive shall provide parameters as follows:

OCTET_STRING.request (O_SDU,
Path ID,
Secondary Header Indicator)

3.2.3.3.c  When Generated

This primitive is passed from the User Application tothe’CCSDS Path laygr to
attempt to send the O_SDU.

3.2.3.3.d Effect on Receipt

Receipt of this primitive causes the CCSDS Path layer to attempt to send the
O_SDU.

3.2.3.4 OCTET_STRING.indication

3.2.3.4.a Function

This primitive is the service indication primitive for the Octet String service.
3.2.3.4b Semantics

The primitive shall provide parameters as follows:

OCTET_STRING.indication (0_SDU,
Path ID,
Secondary Header Indicator,
Data Loss Indicator [opt.])

3.2.34.c _When Generated

This primitive is passed from the CCSDS Path layer to the User Application to
indicate the arrival of an O_SDU from the remote entity.

3.2.3.4.d Effect on Receipt

The effect of receipt of this primitive by the User Application is unspecified.
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3.3 PATH PROTOCOL SPECIFICATION

3.3.a  The Path protocol procedures are composed of Packet Construction Procedures and
Packet Transfer Procedures. The Packet Construction Procedures are associated
only with the Octet String service and are active only in the end systems of an LDP.
The Packet Transfer procedures are associated with both the Octet String service

and the Packet service, and are active in both the end systems and the intermediate
systems of an [ DP

3.3.1 PACKET CONSTRUCTION PROCEDURES

3.3.].a The Packet Construction Procedures of the Octet String service.consist of] two
functions: a “CCSDS Packet Assembly function” and a “CCSDS. Packet Extrattion
function”.

3.3.1.1 CCSDS PACKET ASSEMBLY FUNCTION

3.3.}.1.a The Packet Assembly function accepts the octet string SDU and the Path I} and
builds the CP_PDU (i.e., a CCSDS Packet). The Packet APID is derived from the
Path ID. The Secondary Header Indicator,parameter is generated by the squrce
end user to indicate the presence or absence of a Secondary Header data stru¢ture
at the start of the O_SDU. The PacketiAssembly function translates the parameter
by setting the “Secondary Header Flag” in the CP_PDU to a corresponding vhlue.
A sequence counter is maintained, and is used to generate a “Packet Sequence
Count” field in the CP_PDU.

3.3.1.2 CCSDS PACKET EXTRACTION FUNCTION

3.3.12.a The Packet Extraction function exists only in the destination end system. [This
function strip$ the protocol control information from the CP_PDU and deljvers
the O_SDU. o the Path service user. The CP_SAP is identified by the Path ID|

3.3.1.2.b The Secondary Header Indicator parameter is generated by the Packet Extra¢tion
fungtion to indicate the presence of a Secondary Header data structure at the [start
of*the O_SDU.

3.3.1.2:¢ The Packet Extraction function will check the continuity of the Packet Sequence

Count to determine if one or more CP_PDUs have been lost during transmission,
and will generate the optional Data Loss Indicator parameter accordingly.

3.3.2 PACKET TRANSFER PROCEDURES

3.3.2.a The Packet Transfer Procedures consist of a “Transfer function” and a “Path
Recovery function”.
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3.3.2.1 TRANSFER FUNCTION

3.3.2.1.a The Transfer function of the Path layer is active in the source end system of an
LDP and in any intermediate system Path Entities which route CP_PDUs based
on examination of their Path ID. The Transfer function uses the Path ID to
identify the next Path Entity in the LDP. The Transfer function may submit the
CP_PDU to a number of SN_SAPs (subnetwork addresses) which are not
necessarily on the same subnetwork; i.e., it may perform a multicast function and
thus provide a broadcast service.

3.32.1.b The Transfer function may be replaced in some intermediate systems by |local

3.32.2 PATH RECOVERY FUNCTION

agreements which relate SN_SAPs in one subnetwork to SN_SAPs. in another
subnetwork.

3.32.2.a The Path Recovery function is active in the destination end,systems of an LIDP. If

the optional APID Qualifier is used within a destination end system, the APID
Qualifier is represented by the SN_SAP address and the Path Recovery function
may recover the APID Qualifier on the basis of €hat address and derive the Path
ID. If the APID Qualifier is not used within the{destination end system, thg Path
ID is derived directly from the APID of the CP_PDU. In the case of the Packet
service, the CP_PDU is delivered intact;to the user identified by the Path ID.
CP_PDUs of LDPs terminating in the<©Octet String service are delivered fo the
CCSDS Packet Extraction function ofithe Packet Construction Procedures.

3.33  STRUCTURE AND ENCODING OF THE CCSDS PATH PROTOCOL DATA UNIT

l 3.33.a The CCSDS Path Protocol Data Unit is the Version-1 CCSDS Packet. The strycture
of the CP_PDU is shown in/Figure 3-4.
- PRIMARY HEADER -
,\V
PNCKET PACKET packeT | SECONDARY
IDENTIFICATION SEQUENCE LENGgTH |  HEADER
CONTROL (OPTIONAL) USHR
DATA
T | sec. | appLIC. PACKET
Y,
Eiﬁ'ON v | HOR. | PROCESS SE&&Z’;CE SEQUENCE
: P | FLAG ID COUNT
E
3 1 1 11 2 14
000 V
2 2 2
OCTETS OCTETS OCTETS | (VARIABLE) | (VARIABLE)
Figure 3-4: CP_PDU (CCSDS Packet) Structure
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3.3.3.b The utilization of the fields within the CP_PDU is as follows:
3.3.3.1 VERSION (Bits 0 through 2)

3.3.3.1.a The three Version bits shall be set to “000”, signifying the Version-1 CCSDS
Packet.

3.33.2 TYPE (Bit3)

3.3.3.2.a The Type bit is not used within CCSDS Advanced Orbiting Systems. It-mdy be
set to either value “0” or “1”.

3.3.3.3 SECONDARY HEADER FLAG (Bit 4)

3.3.3.3.a The Secondary Header flag indicates if a Secondary Header is present in the
CP_PDU. If a Secondary Header is not present, the flag shall be set to value] “0”.
If a Secondary Header is present, the flag shall be set towvalue “17.

3.3.3.4 APPLICATION PROCESS IDENTIFIER (Bits.5 through 15)

3.3.3.4.a The APID (possibly in conjunction with the optional external APID Qualjfier)
provides the naming mechanism for the.LDP, i.e., the Path ID. The name of the
LDP defines the source, the destination, and the route taken between them.

3.3.3.4b Up to 2048 APIDs may be expressed by this 11-bit field. However, not all APIDs
are available for LDP naming: A list of APIDs reserved for special purposes is
contained in Table 5-4,(from which it will be seen that only 2032 APID$ are
available for LDP naming.

3.3.3.5 SEQUENCE FLAGS (Bits 16,17)

3.3.3.5.a These flagssmay be set by the user of the Packet service to indicate that the User
Data contained within the P_SDU is a segment of a larger set of application fata;
the flags are not part of the Path protocol. The encoding of the Sequence Flags for
the Packet service is as follows:

o
o
1

P_SDU contains a continuation segment of User Data.
01 D QINITY $as thao £3 4 + ~F 11 Dot
1 _JILJU LUIIWALLIIS UIV TSt Dbélllblll Ul UdUl Jald.

P_SDU contains the last segment of User Data.
P_SDU contains unsegmented User Data.

— g
N
|

3.3.3.5.b Note that if the Octet String service is invoked at any point within the LDP the
flags must be set to the “11” configuration, since segmentation is not allowed
within the Path service.
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3.3.3.6 PACKET SEQUENCE COUNT (Bits 18 through 31)

3.33.6.a The 14-bit Packet Sequence Count field shall contain a straight sequential count
(modulo 16384) which numbers each CP_PDU generated on a particular LDP.

3.3.3.7 PACKET LENGTH (Bits 32 through 47)

3.3.3.7.a The 16-bit Packet Length field cénfains a sequential binary count “C” which

s this

<, COOC < o a

field. The value 0 “C” is the number of remaining octets minus one.
3.33.8 SECONDARY HEADER

3.33.8.a The contents of the Secondary Header are specified by the source end user. A
definition of how the Secondary Header may be used to support timetagging of
the CCSDS Packet is presented in Annex A. In any instance, the length ¢f the
Secondary Header must be an integral number of octets;

3.33.9 USERDATA

3.3/3.9.a This is the User Data field of the CP_PDUj; it must be an integral number of pctets
in length.

3.4| MANAGEMENT OF THE PATH SERVICE

3.4]a Some of the parameters associated with the CCSDS Path service are configured
using management techniques. Management, through the use of signalling
mechanisms, convey$:the required configuration information to the applicablg Path
layer entities.

3.4]b  The following’Path service configuration parameters are handled by management;
these parameters are abstract and are independent of any particular manag¢ment
systemdmplementation.

3.4{1 SERVICE OPTION

3 4114 Managpmgnt Cf‘!‘.ﬁg‘.‘."CS the_source_and destination-end systems of an LDP to

support either Octet String or Packet service. The service on a particular LDP may
be asymmetric; e.g., the source may support Octet String service and the destination
may be configured to deliver unsegmented Packet service.
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3.4.2 LDP ROUTING LIST

3.4.2.a Management establishes the route to be taken by each LDP and identifies the
subnetworks which are components of the route. For each subnetwork, management
supplies the following configuration information:

3.4.2Db the SAP through which the LDP enters the subnetwork; and

3.4.2¢

3.4.2d the (optional) APID Qualifier to be used to maintain uniqueness of-the LDP
within that subnetwork.
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4 CCSDS INTERNET SERVICE AND PROTOCOL SPECIFICATION

4.a  This Section specifies the services and protocol associated with the CCSDS Internet

service.

4.1 INTERNET SERVICE DEFINITION

4.1.a The CCSDS Internet service shall conform to ISO 8348/AD1, “Information
Processing Systems—Data Communications—Network Service Definitipn—
Addendum-1: Connectionless Mode Transmission” (Reference [18])¢

4.2 [ INTERNET PROTOCOL SPECIFICATION

42.9 The protocol selected to provide the Internet service shall conform to ISO §473,
“Information Processing Systems—Data Communitations—Protocol for Providing
the Connectionless-Mode Network Service” (Reference [16]).

4.3 [INTERNET PROTOCOL CONFORMANCE STATEMENT

4.3.9 The ISO 8473 protocol specification identifies three protocol options:

4.3.4 the Full Protocol Set;

4.3.4 the Non-Segmenting-Subset;

4.3.d the Inactive Subset.

4.3.¢ In order teoprovide maximum flexibility in cross support and interworking
situations,the Full Protocol Set has been selected by CCSDS.

43.f ISO'8473 also specifies mandatory and optional protocol functions. Except for grror
reporting, all mandatory options specified for the Full Protocol Set shall be
provided. This does not preclude the provision of other, optional protocol functjons,
for Project-unique reasons; however, the availability of optional protocol functions
cannot be guaranteed for cross support.

43.g  Since the Internet service may be required to operate through unidirectional data
links, mandatory error reporting may not be possible.
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SPACE LINK SUBNETWORK SERVICE AND PROTOCOL
SPECIFICATION

INTRODUCTION

This section of the CCSDS Recommendation for Advanced Orbiting Systems
defines the services and procedures for communicating between two spacecraft, or
between a spacecraft and its associated ground system, within the Space Link

5.1.b

5.1.¢

Subnet (SLCS). The relationship of the protocol specified in this section to the oyerall
CCSDS Principal Network layering is described in Section 2.

Figure 5-1 illustrates the relationship of SLS layers to the Data Link.and Physical
layers of the reference model of Open Systems Interconnection, Reference [15]. The
“Space Link” (SL) layer is organized into two sublayers: a “Virtual Channel|Link
Control” (VCLC) sublayer and a “Virtual Channel Access’ (VCA) sublayer. These
reside upon a ‘“Physical Channel Layer” that accesses:thé physical medium for
space/space or space/ground communication.

OSI LAYERS: SLS LAYERS:

VIRTUAL CHANNEL
LINK CONTROL
SUBLAYER SPACE

DATA LINK LAYER LINK

VIRTUAL CHANNEL LAYER
ACCESS SUBLAYER

LAYER

Figure 5-1: Space Link Sublayering Relationships

Within—tha QT 1 tha QT Q

Withinthe-SEtayer,multiplexing-providesmulti-useraeeesstothe-SESusers of
the SLS are defined as the entities which access the subnetwork at SL Service
Access Points (SL_SAPs). The SL layer provides two levels of multiplexing: the
VCA sublayer provides “Virtual Channels” (VCs), which allow several users to use
the same Physical Channel concurrently; and the VCLC sublayer provides further
multiplexing for packetized data by allowing separate communications between
users (referred to as “Packet Channels”) to be multiplexed onto the same VC.
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Figure 5-2 illustrates the architecture and services of the Space Link Subnetwork.

ENCAPSULATION MULTIPLEXING BITSTREAM

5.1.¢

5.1¢

5.1.

U9

5.1.h
5.1.

5.1,

SERVICE SERVICE SERVICE
VIRTUAL VIRTUAL
CHANNEL CHANNEL
DATA UNIT ACCESS  INSERT
SERVICE SERVICE  SERVICE
r--r—-———1r—-—-—"=-n"=-—--""191-"""""7T~~""--""="—"7"-""""-|="=7”"=-"== o |
1 1
| VIRTUAL CHANNEL LINK CONTROL !
| (VCLC) SUBLAYER !
|
| 1
| |
1 |
1 |
]
| VIRTUAL CHANNEL ACCESS (VCA) SUBLAYER |
| |
| |
I e e e e e e e e - —— o ———— —e S - — —— ] P

PHYSICAL CHANNEL SERVICE
i

PHYSICAL CHANNEL LAYER

Figure 5-2: Space Link Subnet Architecture

The VCLC and VCA sublayers are defined in terms of:
the services that each sublayer provides to its users; and
the underlying services each requires from its lower layer or sublayer; and
the internal protocol procedures of each sublayer; and
the formats of the protocol data units associated with each; and

the management interface each has with its sublayer management entity.

The service specification for the VCLC/VCA interface occurs in the service
specification of both sublayers: in the VCLC sublayer specification, the service
required by the VCLC sublayer is described; in the VCA sublayer specification, the
service provided by the VCA sublayer is described.
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The service specification for the interface between the VCA sublayer and the
Physical Channel layer defines the services required from the Physical Channel
laycr These serv1ccs are defined to be independent of the nature of the

The service specifications for the management interfaces define the services
between each sublayer and its sublayer management entity.

A1l ~F +bn oo

n
—
=

5.1.0

5.1.1

5.1.1{a

5.1.1fb

5.1.1lc

VIRTUAL CHANNEL LINK CONTROL SUBLAYER SERVICES

P by PN 4l —a
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an abstract model of the logical exchange of data structures and control information
between the SL sublavers and the user of the sublaver services. The nﬂm‘lh\'IP; are
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specified to be independent of specific implementation approaches.

The VCLC and VCA peer-to-peer protocol specifications define’the procedurep for
the transfer of information between peer VCLC and VCA sublayer entities. They
are independent of the type of space channel transmission medium used, and r¢late
to each VCLC or VCA entity separately and independently from any other VCLC
or VCA entity that might exist at the same time.

Virtual Channel Link Control sublayer services provide for the transfer of “VCLC
Service Data Units” (VCLC_SDUs) ac¢ross a VC within “VCLC Protocol Pata
Units” (VCLC_PDUs). The VCLC-SDU may be either variable-length, delimited
and octet-aligned “packetized” data, or “Bitstream” Data.

Variable-length delimited SDUs which are to be carried in the same V({ are
multiplexed together intthe VCLC_PDU. Delimited SDUs associated with diffg¢rent
SLS users are carried in different “Packet Channels”; in this way several SLS ysers
may have access to/the same VC. The multiplexing mechanism is the Versipn-1
CCSDS Packet,.and the Packet Channels are identified by the Application Process
Identifier (APID) in the CCSDS Packet header.

Variablé-length delimited SDUs which conform to the Version-1 CCSDS Packet
format may be transferred through the Space Link Subnet via a “Multiplexing
service”. Alternatively, variable-length delimited SDUs which are not in CCSDS
Packet format may be prepared for multiplexing and transfer via an “Encapsulgtion

5.1.1d

5.1.1e

hd 32
SCIVICC .

Bitstream Data are placed into VCLC_PDUs dedicated to individual users. The
service is provided by a “Bitstream service”.

Table 5-1 shows the combination of VCLC services which are permitted (denoted
by an “X”) to be concurrently used within a VC. :
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Table 5-1: Allowed Concurrent VCLC Service Combinations

ENCAPSULATION |MULTIPLEXING | BITSTREAM

ENCAPSULATION X
MULTIPLEXING X

BITSTREAM X

5.12 VIRTUAL CHANNEL ACCESS SUBLAYER SERVICES

5.1{2.b

5.112.c

5.112.d

5.1[2.a The Virtual Channel Access sublayer provides a VCA service for the transfer of

“VCA Service Data Units” (VCA_SDUs) across the physical-space channel within
“Virtual Channel Protocol Data Units” (VC_PDUs). Té facilitate synchronization

procedures when transmitting the VC_PDUs through” weak-signal, noisy

space

channels, the VC_PDUs (and therefore the VCA_SDUs) are of fixed length on any

particular Physical Channel: their length is set by management.

VC_PDUs are implemented using a CCSDS data structure known as a “Virtual
Channel Data Unit” (VCDU). Within_the VCA sublayer, a VCDU may be|error
protected by transforming it into :aCCSDS data structure known as a “Coded
Virtual Channel Data Unit” (CV.CDU). The CVCDU is identical to the VCDU
except that internally its data field is shortened and a block of error-corrgcting
Reed-Solomon check symbbls is included. The VCDUs and CVCDUs thpt are

transmitted on a particular-Physical Channel are all of the same length.

Internal to a VC.'\PDU, two other VCA sublayer error protection optioIs are

provided in addition to the Reed-Solomon encoding. First, a few critical r

uting

fields of the ¥ CDU header may be protected by adding an optional “VCDU Header
Error Coritrol” field. Second, the entire VCDU may be appended with an optional
“VCDU Error Control” field which uses a cyclic redundancy code to proyide a

capability to detect errors occurring anywhere within the VC_PDU.

Each VC_PDU (i.e., each VCDU or CVCDU) carries precisely one VCA_SDU and
is uniquely identified by means of a “VCDU-ID” field which consisty of a

5.12.e

“Spacecraft Identifier” concatenated with a “Virtual Channel Identifier”.

The VCA sublayer provides a “Virtual Channel Access” service whereby an SLS

user may implement a private VCLC sublayer protocol and submit fixed-

length

private VCA_SDUs directly to the VCA sublayer for transfer through the SLS using

one or more dedicated Virtual Channels. Since both the format and content

of the

private VCA_SDUs are unknown to the SLS, cross support is confined to their
delivery using VC_PDU routing mechanisms. (Note: Project organizations that use
the Virtual Channel Access service and wish to receive cross support of & private
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VCLC sublayer protocol may make proposals to CCSDS for its registration as a
standard, in which case this Recommendation would be extended if the proposal is
accepted.)

The VCA sublayer provides an “Insert” service to support the isochronous transfer
of samples of octet-aligned Jdata (e.g., audio or teleoperations control information).
This service is usually only invoked to support the isochronous transfer when the
total transmitted data rate across the physical space channel is low (typically less

i i i i cial
“Insert Zone” that exists in every transmitted VC_PDU on a particular Phypical
Channel, thus offering a fixed, synchronous time slot to the user. The presenge or
absence of the Insert Zone is established by management for each .indivi
Physical Channel.

The VCA sublayer provides a “Virtual Channel Data Unit’! Service whereby the
service data units are themselves fully formed VC.PDUs (created by an
independent VCA sublayer entity) that may be directly anterleaved into the stfeam
of VC_PDUs which are transmitted on a particular Physical Channel. |The
independently created VC_PDUs internally support SLS services provided py a
separate VCA sublayer entity.

Each fixed-length VC_PDU is prefixed and delimited by a Synchronization Mgrker
for transfer across the Physical Chansiel. The resulting data unit is known [as a
“Channel Access Data Unit” (CADU). A serial stream of bits, representipg a
continuous and contiguous string ©f CADUs, forms the “Physical Channel Adcess
Protocol Data Unit” (PCA_PDW) which is used by the VCA sublayer to accesp the
Physical Channel layer. EachCADU therefore provides a fixed data transmigsion
time slot within the synchronously transmitted PCA_PDU.

A PCA_PDU transmitted through a Physical Channel is identified within the YCA
sublayer by a Link Identifier or “LinkID”.

The LinkID 1S the naming mechanism for those VCA sublayer services (e.g., Infsert)
which_are-bound to every VC_PDU that is present in a particular PCA_PDU. |1t is
als@ the mechanism for identifying the managed attributes of a partiqular
PCA_PDU, including: the data transmission rate; the VCDU-IDs which may

appear in a particular PCA_PDU, their Version Numbers and if applicable their
multiplexing sequence; the length of the CADUs in that PCA_PDI; the presence

5.1.2k

and length of any Inserts; and the presence or absence of any techniques which
provide adequate bit transitions in the PCA_PDU.

The LinkID in any particular implementation is conveyed in an “out-of-band”
fashion by local management associations, not by “in-band” protocol. It is therefore
a logical mechanism for ascribing physical attributes to a PCA_PDU, rather than an
element of essential inline protocol addressing information.
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5.1.3 PHYSICAL CHANNEL SERVICE

5.1.3.a The Physical Channel layer, which provides a “Physical Channel Service” to the
VCA sublayer, activates the physical space medium for transmission of the
PCA_PDU between two spacecraft, or between a spacecraft and its supporting

5.1.

5.1.

S5.1.4.

5.1.

5.1.

ground system. The CCSDS Recommendation for “Radio Frequency
Modulation”, Reference [14], contains specifications for space/ground
ground/space physical channels. The applicability of this Recommendati

and
and
n to

l.a

.c

4 SLS GRADES OF SERVICE

general space/space communications has not been determined.

User data which are carried within VCDUSs receive “Grade<3” service; i.e.,
transmission is dependent upon the performance of the Physical Channel and
not be error controlled.

User data which are carried within CVCDUs receive “Grade-2” service; i.e.,
transmission is error controlled using the Reed-Selomon coding.

Link retransmission (“ARQ”) proceduresare provided within the Virtual Chg

their
may

their

innel

Access sublayer for some user data which require “Grade-1" service. These data are

carried within CVCDUs which provide Reed-Solomon error control, augmentg
the ARQ protocol to ensure their completeness. The ARQ procedures are desc
in Section 6.

Table 5-2 shows the SLS Grades of Service as a function of the error-prote
mechanisms available-within the VCA sublayer. Those mechanisms listed as
are mandatory for that Grade of Service. Those mechanisms listed as “O
optional for that-Grade of Service. Those mechanisms listed as “O/M” are norr
optional for.that Grade of Service, but may be mandatory in certain situationg
paragraphs5.4.9.1.2.3 and 5.4.9.1.2.10). Those mechanisms listed as “n/a” ar|

d by
ribed

ction
“

are
pally
(see
e not

)

applicable’to that Grade of Service, insofar as their presence would automatically

changethe Grade of Service to a higher grade.

Table 5-2: Error Protection Requirements of SLS Grades of Service

GRADE VCA LINK VCDU HEADER A
OF RETRANSMISSION REED- ERROR | CONTROL
SERVICE PROTOCOL SOLOMON | oNTROL FIELD
GRADE-1 M M oM 0o
GRADE-2 na M oM 0
GRADE-3 Na a M M
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5.1.4.e Not all combinations of SLS services and Grades of Service are permitted. Table
5-3 summarizes the service options which are allowed (denoted by “X”) within the
SLS, in combination with the SLS Grades of Service and the Isochronous (“I”) or
Asynchronous (“A”) data transfer.
Table 5-3: Allowable Types and Grades of Service
GRADE OF
1 3
SERVICE 2
TRANSFER |\ 1 A | | | A {07 ] A
TYPE
SLS SERVICE:
MULTIPLEXING AND ENCAPSULATION X X
BITSTREAM X X XX | X
VIRTUAL CHANNEL ACCESS X X|X|X [X
VIRTUAL CHANNEL DATA UNIT X X [X X
INSERT X X
5.1.44 Caution should be exercised when using Grade-3 service, since the service does [not
provide the,-low error rate required for reliable extraction of the type| of
asynchronous packetized data associated with the Multiplexing, Encapsulation, and
(possibly) Virtual Channel Access services.
5.14.¢ Insert SDUs must be contamed 1n every VC _PDU (VCDU and/or CVCDU)

5.1.4.h

service (see 5. l 2h- k) and their length must be constant so that the data -carrying
space available for other types of SDUs is known. Although an Insert SDU may be
carried in a VC_PDU for which Grade-1 service is provided, Grade-1 service (i.e.,
ARQ) will not be provided for the Insert SDU.

Within the VCDU service, cross support of a particular Grade of Service is
necessarily the subject of local agreements.
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5.1.5 SPACE LINK ADDRESSING

5.1.5.a

5.1.5.b

5.155.¢c

5.1{5.d

5.1{5.e

5.115f

5.1(5.2

5.115.H

The Virtual Channel Access and Virtual Channel Link Control sublayers of the
Space Link layer each have their own addressing mechanisms.

The VCA sublayer uses the VCDU-ID to identify the VCA-SAPs for the Virtual
Channel Data Unit service and the VCA service. The VCDU-ID also identifies the

f the Virtual Channel Data Unit service or VCA _service and hence identifies

the relationship between the VCA_SAPs and the users of these serviges.| The
VCA_SAPs are bound by management at the transmitting end of a data link to one
or more PCA_PDUs. Although multicasting of a virtual channel through myltiple
PCA_PDUs is permitted if the VCDU size is the same for all,of the relevant
PCA_PDUs and Insert service is not present in any of these PCA_PDUs,
multiplexing of a virtual channel across multiple PCA_PDUJis forbidden.

The VCA sublayer uses the LinkID to identify the VCA_SAPs for the [nsert
service.

The users of the VCLC services are identified by the VCLC_SAPs] The
VCLC_SAP address, which is unique across all VCLC services, is composegl of a
number of parts which vary for each service:

the VCLC_SAPs for the Bitstream service are identified by the VCDU-ID{ and

the VCLC_SAPs for the Multiplexing and Encapsulation services are iderftified
by the VCDU-ID plgs,the Packet Channel Identifier (PCID). The P{ID is
represented by the ‘11-bit Application Process ID (APID) in the Verdion-1
CCSDS Packet;

The PCIDs associated with the Multiplexing service do not overlap with [those
associated-with the Encapsulation service. Certain PCID values are reserved by
CCSDS<for special uses such as for the encapsulation of the ISO 8473 Internet
protecol-data units (using the Encapsulation service) during their transfer thfough
the SLS. There are 2048 possible PCIDs, some of which are reserved by CCSIPS for
Special uses. Table 5-4 specifies how the PCIDs are allocated.

5.1.54

Project 0rgamzat10ns and are allocated to Multlplexmg service users in conJunctlon
with the CPN Path service. Each user domain is named by the Spacecraft ID
component of the VCDU-ID concatenated with the Version Number “01”.

The VCLC_SAP addressing for the Encapsulation service (E-service), Multiplexing
service (M-service) and Bitstream service (B-service) is summarized in Table 5-5.

CCSDS 701.0-B-2 Page 5-8 November 1992


https://standardsiso.com/api/?name=652785e4810dd4481c6823800650fe74

ISO 13420:1997(E)

CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

Table 5-4: Packet Channel/Application Process Identifier Allocations

PCID (DECIMAL
EQUIVALENT)

UTILIZATION

RESERVED BY CCSDS TO IDENTIFY A "FILL"

BY PROJECT ORGANIZATIONS

2047 PACKET
T RESERVED-BY-665DS-FODENTIFATFLOW
OF ENCAPSULATED ISO 8473 PACKETS
2032 - 2045 RESERVED BY CCSDS FOR POSSIBLE FUTURE
USE
0-2031 AVAILABLE FOR USER DOMAIN ASSIGNMENT

Table 5-5: VCLC_SAP Address Parameters

jitter

SELECTOR VALUES
VCLC_SAP SELECTOR
E-SERVICE M-SERVICE B-SERVICE
PACKET CHANNEL ID RESERVED USER NOT USED
PACKET PACKET
CHANNELS CHANNELS
VCDU-ID SPECIFIC SPECIFIC SPECIFIC
VIRTUAL VIRTUAL VIRTUAL
CHANNEL CHANNEL CHANNEL
5.1.6 ISOCHRONOUS SERVICE
5.1.§.a . The VCA sublayer provides isochronous data transfer across the SLS, with a
dependent on that of the CADUs. The CADUs each occupy a fixed time slot within
the PCA_PDU which 1s transmitted serially on the Physical Channel. Therefore, for
example, if the CADU-to-CADU “time slot jitter” is 1-nanosecond, then this same
jitter will apply to the isochronous data.
5.1.6.b  The isochronous data transfer can be achieved either:
(1) by using a dedicated Virtual Channel which is timed to occur at a fixed
interval (i.e., every nth CADU), thus providing a fixed time slot; or
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(2) by using the Insert service, which provides a fixed-length, time division
multiplexed, synchronous data sample in every transmitted CADU via an
“Insert Zone” in the VC_PDU.

In both cases, the controlling clock is that of the SLS. Disregarding the SLS
propagation delay, if the frequency of occurrence of CADUs on the physical
channel is “F” then the SLS access delay for method (1) is therefore n/(F) and the
SLS access delay for method (2) is 1/(F).

5.2| SPACE LINK SUBNETWORK PERFORMANCE REQUIREMENTS

5.2.h

5.2Jl. PHYSICAL CHANNEL OPERATING POINTS

5.2.L.a

5.2.2 PROBABILITY OF VCDU MISIDENTIFICATION

52.p.a

5.2.

52.2.c¢c

This section contains an overview of the performance required within the |[SLS.
Some of the implications of these performance requirements are’ discussed nore
fully in Reference [8].

In order to conserve bandwidth, the Space Link-Subnet assumes that the streqgm of
CADUs is modulated directly onto the space,channel. However, in the event that an
uncoded channel cannot provide the required performance, the stream of CADUs
may as a Project option be coded beforg*modulation. The design parameters fqr the
standard CCSDS convolutional inner'code are specified in Reference [3].

The stream of CADUs'delivered at the receiving end of the Space Channel [layer
may contain VCIDUs and/or CVCDUs, inserted in a nondeterministic order,|each
labelled by the€ VCDU Identifier (VCDU-ID) field consisting of a Spacecraft ID
concatenated-with a Virtual Channel ID. Multiple Spacecraft ID and Virtual
Channelc D) fields, qualified by their Version Numbers, must potentially be
examiné€d in order to deliver the data units to the proper data handling process
withint the VCA sublayer. An error occurring in these fields will therefore ¢ause
miSidentification of the data unit and consequent disruption in service.

e performancerequirement for the A—sublayeris-that-the-probability
identifying a VCDU or CVCDU, owing to a channel-induced error occurring
in the VCDU-ID field, shall be less than 1x10E-07.

Recognizing that VCDUs (Grade-3) and CVCDUs (Grade-2) may be mixed on a
Physical Channel, and that for some applications it may be desired to deliver data
prior to the Reed-Solomon decoding process, a mechanism must therefore be
provided to protect the VCDU-ID field against channel-induced error so that the
minimum misidentification probability is guaranteed. A “VCDU Header Error
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Control” field is therefore provided as an option in the VCDU header to provide this
protection. The probability of misidentifying a VCDU or CVCDU due to an error
induced by the space channel may thus be governed by the performance of the
VCDU Header Error Control mechanism.

5.2.3 PERFORMANCE OF THE GRADES OF SERVICE

5232

he perormanceoleacho ace
Link Subnet is governed by:
5.2.3p the probability that a particular VCDU/CVCDU is missing in_the-sequgnce

observed at the receiving end of the Physical Channel, as a result’of rejection
due to an uncorrectable channel-induced error; and

523 the probability that an undetected channel-induced, efror exists somewhere
within a particular accepted VCDU/CVCDU at the receiving end of the Phygical
Channel.

5.2.3|/d The performance of each of the Grades of Service is a function of the particular
physical space medium being used. In Reference [8], assuming the conditions df an |
additive white Gaussian noise channel, the-performance of each of the Grades of
Service is addressed parametrically.

5.2.3} When operating a Virtual Channekin Grade-3 service the performance is establighed
by the characteristics of the Physical Channel and the performance of the V(JDU
Header Error Control mechanism. Within Grade-2 service, the performgnce
probabilities are improved by the error-correcting capabilities of the Reed-Solomon
code. Within Grade=1"service, the probabilities are further improved by |the
provision of the link retransmission protocol.

5.2.3f Under the Physical Channel operating conditions necessary to achieve the requjired
1x10E-07 probability of VCDU misidentification, the minimum required seryice
provided'by the Space Link Subnet within the three Grades of Service is as shpwn
in Fable 5-6. Reference [8] presents examples of achieved performance qn a |
particular Physical Channel.
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Table 5-6: Minimum Required Performance of
SLS Grades of Service

l.a

VIRTUAL CHANNEL LINK CONTROL SUBLAYER

1 VCLC FUNCTIONAL OVERVIEW

GRADE | _ _ ..
OF REQUIRED PROBABILITY THAI
SERVICE A VCA_SDU IS MISSING
GRADE-1 <1x10E-12
GRADE-2 <1x10E-Q7
GRADE-3 <1x10E-07 *

* Refer to Section 5.4.9.2.1.1.5.d for the
applicability of this value.

This section contains the service and protocol spéeifications for the Virtual Channel
Link Control sublayer. The VCLC sublayer provides services to transfer pither
delimited “packetized” or undelimited “Bitstream” service data units within user
specified VCs.

Delimited service data units.(i;e., packetized data) are transferred using fixed-length
“Multiplexing Protocol Data Units” (M_PDUs). The M_PDUs are constructed by
multiplexing together\Version-1 CCSDS Packets that are to be delivered ovgr the
same VC, and breaking the resulting stream of Packets into fixed-length blocks
which exactly fit_the data space of the VC_PDU in the layer below. Non-CCSDS
Packet delimited service data units are first encapsulated within a unique Vergion-1
CCSDS Packet prior to multiplexing.

Bitstr¢am Data are transferred using fixed-length “Bitstream Protocol Data Units”
(B-PDUs) which are dedicated to a single user.

entify the ;
B_PDU to the VCA sublayer, which builds the VC_PDU.

5.3.2 INTERNAL ORGANIZATION OF THE VCLC SUBLAYER

5.3.2.a The VCLC sublayer provides three types of services and contains three procedures.

The services, procedures, and their mandatory interface parameters are illustrated in
Figure 5-3.
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VCLC USERS
ENCAPSULATION MULTIPLEXING BITSTREAM
SERVICE SERVICE SERVICE
[ e e e e e e e Caf Cmn G e ——— — oo — — — o] p o o o - — - -
| |
1 E_SDU ] |
! VCDU-ID M_SDU BITSTREAM DATA !
! PCID PCID : |
: VCDU-ID Vebu-b ! i
[
| | I
I | ENCAPSULATION [
: PROCEDURES :
i | I
| E_PDU [
| VCDU-ID |
I ] :
|
BITSTREAM
| MULTIPLEXING PROCEDURES l
, PROCEDURES |
| I I :
! B_PDU
M_PDU _

: VCDU-ID VCDU-ID :
| | | |
VCA_SDU
VCDU-ID

VCA SERVICE 1
[r o e e e e e e e e e e ] e e e e -
I |
l VCA SUBLAYER '
I © L _
Figure 5-3: Internal Organization of the VCLC Sublayer
5.3.3 YVYCLC SERVICES PROVIDED

53.3.a The VCLC sublayer provides three services to its users: Encapsulation,
Multiplexing, and Bitstream.

5.3.3.1 ENCAPSULATION SERVICE
5.3.3.1.a The Encapsulation service provides transfer of non-CCSDS structured delimited,

octet-aligned data units across the Space Link Subnet. These data units are
encapsulated within CCSDS Packets for multiplexing within a VC.

CCSDS 701.0-B-2 Page 5-13 November 1992

71


https://standardsiso.com/api/?name=652785e4810dd4481c6823800650fe74

ISO 13420:1997(E)

72

5.3.

5.3.

5.3,

5.3.

n
%

5.3.

5.3

5.3.

5.3]

5.3.

CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

3.2 MULTIPLEXING SERVICE

3.2.a The Multiplexing service provides transfer of CCSDS Packets across the Space
Link Subnet. CCSDS Packets (and other non—-CCSDS delimited data units,
encapsulated within CCSDS Packets) are multiplexed together for transfer within

a VC. :

3.3 BITSTREAM SERVICE

3.3.a The Bitstream service provides transfer of undelimited Bitstream Data acro
Space Link Subnet.

4 SERVICES ASSUMED FROM THE VIRTUAL CHANNEL ACCESS
SUBLAYER
d.a  The service required by the VCLC sublayer to exchange VCLC_PDUs is the

service provided by the VCA sublayer. The service parameters, as used b
VCLC sublayer, are:

#.b VCA_SDU The VCA_SDU is the VCEC_PDU;

5s the

VCA
y the

4.c  VCDU-ID The VCDU-ID is the same as the VCDU-ID parameter used in the

VCLC service primitives;

1.d VCDU The VCDU Loss Flag is used to notify the user at the destinatio
Loss of a VCA'service that a sequence discontinuity has been detecte
Flag that ©ne or more VC_PDUs has been lost. The VCDU Loss F

mandatory (in contrast to similar flags provided by
Encapsulation and Bitstream services) in recognition o

h end
d and
ag is

the
f its

importance in the Multiplexing and Bitstream procedures of the

VCLC sublayer.

5_“SERVICES ASSUMED FROM THE LOCAL ENVIRONMENT

5.3.5.a  The services assumed from the local environment are unspecified.
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5.3.6 VCLC SUBLAYER SERVICE INTERFACE SPECIFICATION

5.3.6.1 OVERVIEW OF INTERACTIONS

5.3.6.1.1 ENCAPSULATION SERVICE

5.3.6.1.1.a The Encapsulation service is used to transfer non—-CCSDS structured delimited,

octet-aligned Encapsulation SDUs (E_SDUs) by encapsulating them within
. . ion-1

up to 65,536 octets maximum; however, individual Project organizations
establish the maximum and minimum sizes for the E_SDU, providing that| the
65,536-octets maximum length is not exceeded.

5.3.6[1.1.b The service primitives associated with this service are;

E_UNITDATA. request
E_UNITDATA.indication

5.3.6.[[.1.c  The E_UNITDATA. request primitive is‘passed to the VCLC sublayer to reqpest
that an E_SDU be encapsulated and multiplexed into the specified Virfual
Channel and sent.

5.3.6..1.d The E_UNITDATA.indication is passed from the VCLC sublayer to indi¢ate
the arrival of an E_SDU:z

5.3.6.l.1.e When the Encapsulation service is used as the underlying subnetwork seryice
for the CCSDS (Internet service (see section 4), a convergence function must be
performed tg map between the SN_UNITDATA primitives specified for|the
ISO 8473 protocol and the E_UNITDATA primitives specified for |the
Encapsulation service. The mechanics of the convergence function depend on
the implementation of the systems involved. They are therefore necessarily|the
subject of local cross support negotiations.

5.3.6.|l.2 MULTIPLEXING SERVICE

5.3.6.1.2.a The Multiplexing service is used to transfer Multiplexing SDUs (M_SDUs)
which are preformatted as Version-1 CCSDS Packets. They are transferred
according to the Grade of Service specified by management for the requested
VC. The CCSDS Packet structure allows the M_SDUs to be multiplexed along
with other M_SDUs and E_PDUs using the specified VC. The service permits
the M_SDU to be of any length which is an integral number of octets, up to
65,542 octets maximum; however, individual Project organizations shall
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establish the maximum and minimum sizes for the M_SDU, providing that the
65,542-octets maximum length is not exceeded.

5.3.6.1.2.b The service primitives associated with this service are:

M_UNITDATA.request
M_UNITDATA.indication

536.1.2.c The M UNITDATA request primitive is passed to the VCI.C sublayer to
request that an M_SDU structured as a Version-1 CCSDS PaCket be
multiplexed into the specified Virtual Channel, and sent.

5.3(6.1.2.d The M_UNITDATA.indication is passed from the VCLC sublayer to indlicate
the arrival of an M_SDU.

5.3|6.1.2.e  When the Multiplexing service is used as the underlying’subnetwork servige for
the CCSDS Path service (see section 3), a conyergence function myst be
performed to map between the SN_UNITDATA primitives specified for the
Path protocol and the M_UNITDATA primitiyes specified for the Multiplexing
service. The mechanics of the convergence function depend op the
implementation of the systems involved:™ they are therefore necessarily the
subject of local cross support negotiations.

5.316.1.3 BITSTREAM SERVICE

5.36.1.3.a The Bitstream service isused to transfer Bitstream Data. Different Bitstreams
are not multiplexed within a Virtual Channel; i.e., each VC is dedicated fo one
source of Bitstreamr Data. The service allows Bitstreams to be of any length.
However, the lefigth of data that implementations may support at the sgrvice
interface may vary for any one use of the Bitstream service primitives. That is,
the length(of ‘data accepted for transfer at the source in one Bitstream service
request'may not be equal in length to the data delivered at the destination {n one
Bitstream service indication, e.g., since “fill” may be inserted and its logation
indicated.

5.3.6.1.3. 5" There are two service primitives associated with this service:

BITSTREAM.request
BITSTREAM.indication

5.3.6.1.3.c The BITSTREAM.request primitive is passed to the VCLC sublayer to request
that Bitstream Data be sent.

5.3.6.1.3.d The BITSTREAM.indication primitive is passed from the VCLC sublayer to
indicate the arrival of Bitstream Data.
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5.3.6.2 VCLC SERVICE PRIMITIVE PARAMETERS

5.3.6.2.a The parameters for the VCLC primitives are described below. Unique uses of
these parameters by any primitive are described in the “Additional Comments”
section in the detailed description of that primitive.

53.6.2b E_SDU The Encapsulation Service Data Unit. An E_SDU is a delimited,
octet-aligned data unit which, since it is not formatted as a
Version-1 CCSDS Packet, has a format and content that are both
unknown to the VCLC sublayer.

5.3.6{2.c M_SDU The Multiplexing Service Data Unit. An M_SDU isca delimited,
octet-aligned data unit which is necessarily formatted as a Versjon-
1 CCSDS Packet. The content and format of an;M) SDU headé¢r is
both known to and used by the VCLC sublayef:

5.3.6]2.d Bitstream Bitstream Data are undelimited strings of bits whose content [and
Data format are unknown to the VCLC sublayer.

53.6{2.e PCID The Packet Channel Identifier. The PCID identifies |the
VCLC_SAPs for M_SDUs and-E_SDUs within a specific VC. [The
PCID is locally expressed(by the Application Process ID fiel{ in
the Version-1 CCSDS Packet header. A subset of the PCID (i.e.,
APID) values are res€rved for assignment and administration by
CCSDS, as specified in Table 5-4; the remaining values |are
available for administration by users. Reserved values are globglly
unique, while user values are unique only within their ¢wn
administrative domain (which is named by the Spacecraft| ID
withincthe VCDU-ID). Within the ground network, user PQIDs
may need to be qualified to achieve a unique VCLC_SAP addrgss;
the parameter which qualifies them is the Spacecraft [ID, I
concatenated with the Version Number “01”,

5.3.6R2.f VCDUAD The Virtual Channel Data Unit Identifier, which consists of|the
Spacecraft Identifier (SCID) concatenated with the Virtual Channel

Identifier (VCID). -
5.3.612'g Bitstream The Bi i i i ay
Data Loss  be used to notify the user at the destination end of the VCLC
Flag Bitstream service that a sequence discontinuity has been detected

and that Bitstream data may have been lost. If implemented, the
flag shall be derived from the VCDU Loss Flag received from the
VCA sublayer. If this flag is generated by a particular
implementation then it must be declared at design time and be
used consistently by all parties involved in the implementation.
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The E_SDU Loss Flag is an optional parameter which may be used

Loss Flag to notify the user at the destination end of the VCLC Encapsulation
service that a sequence discontinuity has been detected and that
one or more E_SDUs have been lost. If implemented, the flag shall

be derived by examining the Packet Sequence Count i
E_PDU. If this flag is generated by a parti

n the
cular

implementation then it must be declared at design time and be
used consistently by all parties involved in the implementation.

5.3{7 DETAILED VCLC SERVICE SPECIFICATION
5.3|7.a This section describes in detail the primitives and parameters assciated with each
VCLC service. The parameters are specified in an abstract sens¢ and specify the
information to be made available to the user of the primitive. A spgcific
imnlementatinn ic not conctrained in the methnd of makinoe thic infarmtation
lllllJl\.«lll\./llLuLlUll A0 11UV VvVUllouwudlrlilva i Lilv 1V uiivau vl lllul\l.lls Lil1O 11iiviiipaiivii
available.
5.317.1 E_UNITDATA.request
5.3(7.1.a  Function
This primitive is the service request primitive for the Encapsulation service.
5.3|7.1.b  Semantics
The primitive shall proyide parameters as follows:
E_UNITDATA. request (E_SDU,
VCDU-ID,
PCID)
5.3|7.1.c  WhenGenerated
This primitive is passed to the VCLC sublayer to request it to send the E_SDQU.
5.3|74.d" Effect on Receipt
Receipt of this primitive causes the VCLC sublayer to attempt to send the
E_SDU.
5.3.7.1.e Additional Comments
None.
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5.3.7.2 E_UNITDATA.indication
5.3.7.2.a Function
This primitive is the service indication primitive for the Encapsulation service.
5.3.7.2.b Semantics
The primitive shaii provide parameters as foiows:
E_UNITDATA . .indication (E_SDU,
VCDU-ID,
PCID,
E_SDU Loss Flag [opt.])
5.3.7R2.c  When Generated
This primitive is passed from the VCLC sublayef to the Encapsulation seryice
user to indicate the arrival of an E_SDU.
5.3.7{2.d Effect on Receipt
The effect of receipt of this primitive by the Encapsulation service usdr is
unspecified.
5.3.7]2.e Additional Comments
The optional E_SDU Loss Flag may be passed to the user of the Encapsulation
service to signal a §equence discontinuity.
5.3.7]3 M_UNITDATA:request
5.3.7|13.a  Function
This'primitive is the service request primitive for the Multiplexing service.
5.3.7|13%b ~ Semantics
The primitive shall provide parameters as follows:
M_UNITDATA.request (M_SDU,
PCID, |
VCDU-ID)
CCSDS 701.0-B-2 Page 5-19 November 1992

77


https://standardsiso.com/api/?name=652785e4810dd4481c6823800650fe74

ISO 13420:1997(E)

78

CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

5.3.7.3.c  When Generated
This primitive is passed to the VCLC sublayer to request it to send the M_SDU.
5.3.7.3.d Effect on Receipt -
Receipt of this primitive causes the VCLC sublayer to attempt to send the
M_SDU.
5.317.3.e Additional Comments
This primitive is used to attempt to send CCSDS Packets across the SLS.
5.37.4 M_UNITDATA.indication
5.3|7.4.a Function
This primitive is the service indication primitive fof‘the Multiplexing servicg.
5.3,7.4.b Semantics
The primitive shall provide parametersas follows:
M_UNITDATA.indication (M_SDU,
PCID,
VCDU-ID)
5.3{7.4.c When Generated
This primitive is)passed from the VCLC sublayer to the Multiplexing servige user
to indicate the)arrival of an M_SDU.
5.37.4.d Effecton Receipt
The effect of receipt of this primitive by the Multiplexing service user is spgcified
in the Path service specification, Section 3.
5.3 FHe—AdditionatComments

This primitive is used to deliver CCSDS Packets to the user identified by the
PCID (i.e., the Application Process ID field in the Version-1 CCSDS Packet
header, as qualified by the VCDU-ID). The CCSDS Packet header is not stripped
prior to delivery. The Multiplexing service does not provide a “data loss”
parameter to its users; any discontinuities associated with the Multiplexing service
that are detected by the VCA sublayer are handled by management.
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5.3.7.5 BITSTREAM.request

5.3.7.5.a Function

This primitive is the service request primitive for the Bitstream service.

5.3.7.5.b Semantics

The primitive shall provide parameters as follows:

BITSTREAM.request (Bitstream Data,
VCDU-ID)

5.3.1.5.c When Generated

This primitive is passed to the VCLC sublayer to request'it to send the Bitstream
Data.

5.3.1.5.d Effect on Receipt

Receipt of this primitive causes the VELC sublayer to attempt to send the
Bitstream Data.

5.3.7.5.e Additional Comments
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.
5.3.1.6 BITSTREAM.indication

5.3.1.6.a Function

ThiSprimitive is the service indication primitive for the Bitstream service.

5.3.7.6.b \V'Semantics

The primitive shall provide parameters as follows:
BITSTREAM.indication (Bitstream Data,
VCDU-ID,

Bitstream Data
Loss Flag [opt.])
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5.3.7.6.c  When Generated

This primitive is passed from the VCLC sublayer to the Bitstream service u
indicate the arrival of Bitstream Data.

5.3.7.6.d Effect on Receipt

5.3

5.3

5.3,

5.3,

5.3,

5.3,

5.3.

53

[7.6.e  Additional Comments

§8.1.1.1.a7) The Encapsulation Function is uéed to encapsulate delimited, octet-al

ser to

The effect of receipt of this primitive by the Bitstream service user is not

enecifie

SpPLUTITITaT

The quantity of user data delivered by an implementation of this service prin
is not defined. Therefore, it is not necessarily related to the-quantity of
submitted to the Bitstream service by the sender using the( BITSTREAM.re
primitive. The optional Bitstream Data Loss Flag is derived from the VCDU
Flag parameter received from the VCA sublayer.

8 VCLC PROTOCOL SPECIFICATION

8.1 VCLC PROTOCOL PROCEDURES

8.1.a The VCLC Protocol Procedures\are composed of Encapsulation Proceq
Multiplexing Procedures, and Bitstream Procedures.

8.1.1 ENCAPSULATION PROCEDURES
8.1.1.a The Encapsulation' Procedures provide an “Encapsulation Function” fg
E_UNITDATA:request service primitive, and a “De-Encapsulation Fung

for the E_UNITDATA.indication service primitive.

8.1.1.1 ENCAPSULATION FUNCTION

E_SDUs, which are passed to the VCLC sublayer with

E_UNITDATA.request. Any E_SDUs which exceed 65,536 octets in 1

nitive

data
quest
Loss

ures,

r the
tion”

encapsulated in an E_PDU. The E_SDU is placed unchanged into the
Data field of the E_PDU (i.e., the CCSDS Packet).

octets) are rejected by the Encapsulation Funcion. Each valid E_SDU is

User

5.3.8.1.1.1.b  The Multiplexing Procedures transfer the E_PDU from the Encapsulation
Function to the De-Encapsulation Function at the destination VCLC sublayer
entity. The E_PDU and its VCDU-ID are submitted to the Multiplexing
Procedures via an internal VCLC interface. E_PDU header fields in the
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CCSDS Packet, which are set by the Encapsulation Function, are the PCID
(i.e., the APID), the Sequence Count, and the Packet Length.

5.3.8.1.1.2 DE-ENCAPSULATION FUNCTION

5.3.8.1.1.2.a The De-Encapsulation Function is used to deliver E_SDUs to the destination
Encapsulation service user. The De-Encapsulation Function removes
E_SDUs, unchanged, from E_PDUs received from the Multiplexing Proce-
dures_The E_PDU PCID field is used,-in-conjunction-with-the VCDU-IH, to |
identify the dcstmatlon VCLC_SAP. The De-Encapsulation Function atil{zes

the E_UNITDATA.indication primitive to deliver the E_SDUSs)to |the
Encapsulation service user located at the VCLC_SAP. As an option, the De-
Encapsulation Function may check the Packet Sequence Countyin’the E_PDU

and notify the user of missing data via the E_SDU Data Loss parameter.

5.3.8..2 MULTIPLEXING PROCEDURES

53.8.1.2.a  The Multiplexing Procedures are composed of a “Multiplexing Function” pnd
a “Demultiplexing Function”. The Multiplexing Function provides an intefnal
VCLC interface to the Encapsulation Function and an M_UNIT DATA. request
service primitive interface to the VCLC,user. The Demultiplexing Function
provides an internal VCLC interface tQ-the De-Encapsulation Function and an
M_UNITDATA .indication service primitive interface to the VCLC user.

5.3.8.1.2.1 MULTIPLEXING FUNCTION

5.3.8.1.2.1.a  The Multiplexing Fungction is used to multiplex E_PDUs and M_SDUs
together into an M_PDU for transfer. The E_PDUs are received from the

Encapsulation~“Procedures. The M_SDUs are received [in
M_UNITDATA:request primitives.

5.3.8.1.2.1.b The Multiplexing Function constructs separate M_PDUs for each VC|as
1dentified by the VCDU-ID parameter. The M_PDU is fixed length for any
VC:<{Tts length is specified by management to match the data-carrying space
of the VC_PDU.

5.3.8.1.2.Ixc - M_PDUs are constructed by concatenating E_PDUs and M_SDUs together

-3 AA
urtH-the—maximum M qu 1cusul ts—exceeded: nuy E rUU or 1Vl SDU

which exceeds the maximum M_PDU length is split, filling the M_PDU
completely, and starting a new M_PDU with the remainder. Construction of
the next M_PDU continues with the concatenation of E_PDUs and M_SDUs
until it overflows.

5.3.8.1.2.1.d  An M_PDU “First Header Pointer” field is set by the Multiplexing Function to
indicate the location of the first octet of the first E_PDU or M_SDU header
occurring within the data field of the M_PDU.
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The Multiplexing Function may generate “fill” data in the absence of
sufficient SDUs being supplied from the users above. The mechanism for
generating fill is to create a Version-1 CCSDS Packet of appropriate length
for insertion into the M_PDU which contains a PCID (i.e., APID) set to the
reserved “Fill Packet” value of “all ones”. The shortest Fill Packet is 7-octets
long (i.e., a 6-octet header plus 1 octet of fill data). If the area to be filled in an

M_ PDU is less than 7-octets, then the Fill Packet will spill over into the
beacinninge of fke nnvf KI' DﬁIT

5.3.B.1.2.1.f

5.38.1.2.2 DEMULTIPLEXING FUNCTION

538.1.2.2.a

5.38.1.2.2.b

53[8.1.2.2.¢c

5.3§8.1.2.2d

5318122

53.8.1.2.2f

53.8.12.2.¢

UU&A T SO

The Multiplexing Function uses the VCA service of the VCA sublayer} The
Grade of Service is defined by management for the VC being used:

The Demultiplexing Function is used to extract E_PDUs and M_SDUs|from
M_PDUs, and to deliver them to either the De-Encapsulation Function|or to
the Multiplexing service users.

The M_PDU First Header Pointer field is-used in conjunction with the Length
field of each data unit (i.e., CCSDS Packet) contained within the M_PIDU to
provide the delimiting information<needed to extract the data unit. If the last
data unit removed from the MIPDU is incomplete, the Demultiplexing
Function retrieves its remaindér from the beginning of the next M_[PDU
received on the same VE{The M_PDU First Header Pointer in the| next
M_PDU is used to determine the length of the remainder, and henge the
beginning of the next data unit to be extracted.

If the calculated-location of the beginning of the first M_SDU or E_PDU is
not consistent with the location indicated by the M_PDU First Header Pqinter,
the Demaltiplexing Function shall assume that the First Header Pointer is
correct, -and shall continue the demultiplexing based on that assumption.

Incomplete M_SDUs or E_PDUs are not required to be delivered in|cross
support situations.

Extracted data units are delivered to the De-Encapsulation Procedures|or to

Data units with PCIDs reserved for Encapsulation service users are delivered
to the De-Encapsulation Procedures across a local VCLC interface. The
Demultiplexing Function does not check the sequence of the E_PDUs prior to
delivery.

Data wunits which have user PCIDs are delivered, with a
M_UNITDATA.indication, to the Multiplexing service user identified by the
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ombmano of the PCID and t
ha o -~ 4
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5.3.8.1.2.2.h Data units with the re

5.3.8.1.3 BITSTREAM PROCEDURES

5.3.8.1.3.a The Bitstream Procedures prov1de a “B_PDU Construction Function” for the

Ritctragma o 3 [13 » SPPPA et ~— h - * FAr
ALSAVMI VA VRRAAL UWVA VAV v\.luvou k.lllllll.\-l ey il Q AZiILOoUIVvALLL oAUl AVLLIVLL 1 Jullviaiuig 1AVl

the Bitstream service indication primitive.
5.3.8.1.3.1 B_PDU CONSTRUCTION FUNCTION

5.3.81.3.1.a The B_PDU Construction Function is used to fill the data field of the B_PDU
with the Bitstream Data supplied in BITSTREAM.request primitives. Each
B_PDU contains data for only one VC, identified by,the’"VCDU-ID paramieter.
Each bit is placed sequentially, and unchanged, inté-the B_PDU data field,

5.3.8.1.3.1.b  The B_PDU is fixed length for any VC; its Jength is specified by manageinent
to match the data-carrying space of the VC€_PDU. When the Bitstream Data

have filled one particular B_PDU, thegontinuation of the Bitstream Daa is

placed in the next B_PDU on the same VC.

5.3.81.3.1.c If, due to the constraints of the PDU release algorithm, a B_PDU ig not
completely filled by Bitstream Data at release time, the B_PDU Construgtion
Function will fill the retnainder of the B_PDU with a locally specified fill
pattern. The boundary between the end of the valid user data and| the

beginning of the fill data is indicated by setting a “Bitstream Data Pointe}” in
the B_PDU header.

5.3.8/1.3.1.d The B_PDU Construction Function uses the VCA service of the YCA
sublayer-for data transfer. The choice of the Grade of Service is definefl by
marniagement for the VC being used.

5.3.8.1.3.2 -BITSTREAM EXTRACTION FUNCTION

5.3.843.2.a The Bitstream Extraction Function is used to extract Bitstream Data from
B_FDUSs. l1he b_FPDU i1s the SDU parameter received trom the VCA sublayer.
The extracted Bitstream Data are delivered to the Bitstream service user
identified by the VCDU-ID parameter. Any fill data inserted by the B_PDU
Construction Function are removed and discarded prior to delivery, using the
Bitstream Data Pointer information.

5.3.8.1.3.2.b The Bitstream Extraction Function may optionally pass a Bitstream Data Loss
Flag to the user of the Bitstream service as a parameter; the flag is derived
from the VCDU Loss Flag received from the VCA sublayer.
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If used, the Bitstream Data Loss Flag indicates to the user that an

indeterminate amount of data may have been lost between the instance of the
BITSTREAM.indication primitive with which the Flag is associated and the

previous instance of the BITSTREAM.indication primitive. Note that

if the

Bitstream Data Loss Flag is set, and (one or more) subsequent B_PDUs are
discarded because they contain only fill data, then the Flag must remain set
until the next valid B_SDU is delivered to the user. As the contents (valid or

e that

RB.2.a

8.2.1

fill data) of lost B_PDIIs cannot be established, the user should be awar

the Bitstream Data Loss Flag signals a disruption in the Bitstream Prg

Data Units, and not necessarily a disruption of the Bitstream itself,

B.2 STRUCTURE AND ENCODING OF VCLC_PDUs

The VCLC_PDU may be either a Multiplexing PDU (M(BDU) o

) or a Bit
PNIT /R Dhl NN Tha M DD mav Enrancnlat DNIlc (B DN ¢
PUD 4 W) \U i } LIV Ivi 1 1L/7U ula.y \,\}lllalll Lzll\,(llJaulal \ l PLIUD \1—4 i UUD}

FORMAT OF THE ENCAPSULATION PROTOQCOL DATA UNIT

B.2.1.a The Encapsulation Procedures accept variable-length, delimited, octet-al

E_SDUs from the Encapsulation service-interface and encapsulate each of
within a variable-length Encapsulation Protocol Data Unit (E_PDU),
E_PDU uses the format of the Version-1 CCSDS Packet. Its structure is s
in Figure 5-4.

Bitst

tocol

ream

gned
them

The
nown

) PRIMARY HEADER -
PACKET PACKET
PACKET
SEQUENCE LENGTH
IDENTIEICATION CONTROL
("n"-1) E_PDU DATA
VERSION] JT [SEC. | APPLIC. |SEQUENCE| PACKET FIELD
No. Y |HDR.|PROCESS| FLAGS |SEQUENCE
P IFLAG| IDOR COUNT (ONE E_SDU)
E PACKET : -
CHANNEL
ID
3 1 1 11 2 14
000 2 ) 2
OCTETS OCTETS OCTETS "n"-OCTETS

Figure 5-4: Encapsulation Protocol Data Unit
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5.3.8.2.1.b  The utilization of the fields within the E_PDU is as follows.

5.3.8.2.1.1 VERSION (Bits 0 through 2)

5.3.8.2.1.1.a The three Version bits shall be set to value “000”, indicating a Version-1
CCSDS Packet.

5.3.8.2.1.2 TYPE (Bit 3)

5.3.8{2.1.2.a The Type bit is not used. It may be set to value “0” or “1” at the discretian of
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53.8

53.8

53.8

5.3.8

5.3.8

5.3.8

5.3.8

5.3.8
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the Project organization.
2.1.3 SECONDARY HEADER FLAG (Bit 4)

2.1.3.a No requirements have been identified for a Secondary Header in the E_PPDU.
The Secondary Header Flag bit shall be set to value $07:

2.14 APPLICATION PROCESS ID/PACKET CHANNEL ID (Bits 5
through 15)

2.14.a The 11-bit Application Process 1D/Packet Channel ID field identifies| the
Packet Channel that is being used forthe flow of encapsulated data.

2.14.b When the E_SDU contained inthe User Data field of the Packet is an [ISO
8473 Internet packet, this field shall be set to the reserved Packet Chapnel
value of “all ones minus one”.

2.1.4.c The assignment of other reserved values of this field (see Table 5-4) for usg by
the Encapsulation® service is an item for potential future extension of [this
document.

2.1.5 SEQUENCE FLAGS (Bits 16,17)

2.1.5.a No(requirements for segmentation of E_SDUs by the E_PDU have bheen
identified. The two Sequence Flag bits shall therefore be set to value “11”

2.1.6' PACKET SEQUENCE COUNT (Bits 18 through 31)

5.3.8.

2.1.6.a The 14-bit Packet Sequence Count field shall contain a straight sequential
count (modulo 16384) which numbers each E_PDU generated on each
reserved Packet Channel. The count shall be incremented independently for
each Packet Channel.
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5.3.8.2.1.7 PACKET LENGTH (Bits 32 through 47)

5.3.8.2.1.7.a The Packet Length field contains a sequential 16-bit binary count “‘C” of the
length (in octets) of the E_PDU excluding the Primary Header. The field is a
count of the total number of octets which occur in the E_PDU after the last bit

5.3

53

53

53

5.3

53

53

of the Primary Header, expressed as follows:

C = { (number of octets) — 1 }

8.2.1.8 E_PDU DATA FIELD

8.2.1.8.a The E_PDU Data field contains one E_SDU, whose length mustbe an i

8.2.2 FORMAT OF THE MULTIPLEXING PROTOCOL DATA UNIT

8.2.2.a

8.2.2.b

8.2.2.c

8.2.2.d

number of octets up to a maximum of 65,536.

The Multiplexing Procedures accept CCSDS Packets (E_PDUs or M_S
respectively from the Encapsulation Procedures<and the Multiplexing s

interface, and multiplexes them into the Multiplexing Protocol Data
(M_PDU).

The length of the M_PDU is fixed by management for any particular V
Channel, since it is required to fit-&xactly within the fixed-length data sp
the VC_PDU. Necessarily, the length of M_PDUs carried by a Virtual Ck
which supports the Insert or. SLAP procedures must take into account the
length of the optional Imsert, and/or the optional SLAP, protocol c
information. Once the various length parameters have been set by manage
they are static.

The format of the M_PDU, which consists of an M_PDU Header follow
an M_PDU Packet Zone, is shown in Figure 5-5.

Theatilization of the fields within the M_PDU is as follows:

nteger
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Figure 5-5: Multiplexing Protocol Data Unit, M_PDU
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5.3.8.2.2.1 SPARE (Bits 0-4)

5.3.8.2.2.1.a The five-bit Spare field is currently undefined by CCSDS; by convention, it
shall therefore be set to the reserved value of “00000”.

5.3.8.2.2.2 FIRST HEADER POINTER (Bits 5-15)

5.3.8.22.2.a The purposc of the First Headcr Pomtcr field is to fac111tate dchmmng of

directly to a known refcrence locatlon w1th1n the flI‘St SDU from Wthh its
length may be determined. The SDUs within the M_PDU may be)either
E_PDUs or M_SDUs, both of which are formatted as Version=1- CCSDS
Packets.

5.3.8.2.2.2.b Length delimiting is used to determine where the boundaries of the CCSDS
Packets occur within the M_PDU Packet Zone. Packets.may “spill over” ifito
the Packet Zone of the next consecutive M_PDUCon a particular Virtpal
Channel.

5.3.8.22.2.c This 11-bit field contains a binary count “P” (modulo 2048) which, when
incremented by “1”, points directly to.the number of the octet within the
M_PDU Packet Zone (starting at octet:niumber one, which begins at the first
bit of the Packet Zone) that containsithe first octet of the first CCSDS Packet
header. The count “P” is expressed as:

P = { (Number of the octet) - 1 }

5.3.8.22.2.d If the M_PDU Packet Zone contains CCSDS Packet data but no Packet header
exists within the~Zone, the First Header Pointer shall be set to value “fll
ones”. This sithation may occur if a long Packet spills over across more than
one M_PDU,

5.3.8.22.2.¢ 1If theCM_PDU Packet Zone does not contain any valid user data (i.e.) it
contains a fill pattern) the First Header Pointer shall be set to value “all orjes
minus one”.

5.3.8.2{2:2f" Since CCSDS Packets may start at any octet boundary within the M_PDU
Paeket Zone,tt—1s puoolbxc that—a—Packetheader nmay be bplll between
successive M_PDUs on one Virtual Channel. The rules for handling this

situation are as follows:

5.3.8.22.2.¢g if the first CCSDS Packet header starts at the end of the Packet Zone
within M_PDU (x) and spills over into M_PDU (x+1) on that Virtual
Channel, the First Header Pointer in M_PDU (x) shall be set to indicate
the start of this Packet header;
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if any CCSDS Packet header is split between M_PDUs (x) and (x+1) on

that Virtual Channel, the First Header Pointer in M_PDU (x+1) ignores
the residue of the split Packet Header, and shall only be set to indicate the
start of any subsequent new CCSDS Packet header within M_PDU (x+1).

5.3.8.2.2.3 M_PDU PACKET ZONE (integral number of octets)

5.3.8.2.23.a The M_PDU Packet Zone is a fixed number of octets in length and contains

5.3.

5.3.

5.3.

5.3.

5.3.8.23.c

the variable-length E_PDIIs or M_SDIUIs_formatted as Version-1 CCSDS

characteristics:

Version:
"Type:

Sec. Header Flag:
APID:

Sequence Flags:
Sequence Count:
Packet Length:

User Data Field;

Packets. The first and last Packets of the M_PDU are not necess
complete, since the first CCSDS Packet may be a continuation ¢fa’P
begun in the previous M_PDU and the last CCSDS Packet may, contin
the subsequent M_PDU.

8.2.2.3.b In the event that it is necessary to insert a “fill” Packef,a Version-1 C(
Packet of appropriate length shall be generated which has the follo|

“000”

Not used; set to either “0” or “1”.

«

“All ones”

“11” (unsegmented)

“All zeres”

Thewvalue of this field is a binary count of the

number of octets in the User Data field of thd

Packet, minus one.

arily
ncket

[ue in

SDS
wing

Pxact
Fill

A Project-specified fill pattern, which must be an

integral number of octets, shall be inserted.

8.2.3 FORMAT.OF THE BITSTREAM PROTOCOL DATA UNIT

8.2.3.a  The(Bitstream Procedures accept Bitstream Data from the Bitstream se
interface and generate the Bitstream Protocol Data Unit (B_PDU).

8.2.3.b The length of the B_PDU is fixed by management for any particular Vijrtual

the VC_PDU. Necessarily, the length of B_PDUs carried by aVirtual Channel

rvice

e of

which supports the Insert or SLAP procedures must take into account the fixed
length of the Insert, SLAP protocol control information, and Reed-Solomon
Check Symbols field if the associated options are selected. Once the various
length parameters have been set by management, they are static.

B_PDU Bitstream Data Zone, is shown in Figure 5-6.

CCSDS 701.0-B-2

The format of the B_PDU, which consists of a B_PDU Header followed by a
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\’

B_PDU HEADER

SPARE BITSTREAM
DATA B_PDU BITSTREAM DATA ZONE
POINTER
(2) (14)

/\(

Figure 5-6: Bitstream Protocol Data Unit, B_PDU

5.3.812.3.d The utilization of the fields within the B_PDU is as follows:
5.3.8{2.3.1 SPARE (Bits 0,1)

5.3.8{2.3.1.a The Spare field is currently undefined by CESDS: by convention, it ghall
therefore be set to the reserved value of “00”;

5.3.8{2.3.2 BITSTREAM DATA POINTER (Bits 2-15)

5.3.8{2.3.2.a Because it may be necessary to insert fill data if an insufficient numbefr 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 vialid
user data bit within B_PDU Bitstream Data Zone (i.e., the boundary between
user data and any insefted fill).

5.3.812.3.2.b This 14-bit field contains a binary count “B” (modulo 16384) which, when
incremented By, *1”, points directly to the number of the last valid user datg bit
within the B) PDU Bitstream Data Zone (starting at bit number one, whidh is
the first'bit within the Bitstream Data Zone). The count “B” is expressed as:

B = { (Number of the bit) - 1 }

5.3.8]2.3.2.¢ If there are no fill 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”.

5.3.8.2.3.2.d If there are no valid user data in the Bitstream Data Zone (i.e., the B_PDU
contains only fill), the Bitstream Data Pointer shall be set to the value “all
ones minus one”’.
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5.3.8.2.3.3 B_PDU BITSTREAM DATA ZONE

5.3.8.2.3.3.a The Bitstream Data Zone contains either a fixed-length block of the user

Bitstream Data (possibly terminated with fill data at a location delimited by
the Bitstream Data Pointer), or a fixed-length Project-specified fill pattern.

5.4 VIRTUAL CHANNEL ACCESS SUBLAYER

5.4{1 OVERVIEW

5.4|1.a

5.42 INTERNAL ORGANIZATION OF THE VCA SUBLAYER

5.4/2.a

5.42.b

5.42.c

5.43 SERVICES-PROVIDED BY THE VCA SUBLAYER

5.43.a

This section contains the service and protocol specifications for the Virtual Channel
Access sublayer. The VCA sublayer performs time division multiplexing befween
the asynchronous VCLC sublayer and the synchronous Physical Channel layer.

The addressing mechanism at the Virtual Channel Data Unit and VCA service
interfaces to the VCA sublayer is the CCSDS:Virtual Channel identified Py the
VCDU-ID, which is a concatenation of Spacecraft ID and Virtual Channel ID}. The
VCDU-IDs are bound by management at(the transmitting end of a data link {o one
or more PCA_PDUs. Although multicasting of a virtual channel through myltiple
PCA_PDUs is permitted if the VEDU size is the same for all of the relevant
PCA_PDUs and Insert service)is not present in any of those PCA_RDUs,
multiplexing of a virtual channel across multiple PCA_PDUs is forbidden.

The addressing mechanism at the Insert service interface to the VCA sublayer|is the
LinkID.

The internal organization of the VCA sublayer is shown in Figure 5-7.

TheyVCA sublayer provides three services:

5.43.b6 a “VCA service” provides transfer of VCA_SDUs across the Physical Channel.
| -/ The VCA service is used by the VCIL.C sublayer and is exposed as ;]1 SLS

service. Internal to the VCA sublayer, an option exists to transfer VCA_SDUs
across the Physical Channel using a retransmission control procedure known as
a “Space Link ARQ Procedure” (SLAP);

5.4.3.c an “Insert service” may be used at low transmitted data rates (see Reference [8])
to provide isochronous transfer of fixed-length IN_SDUs across the Physical
Channel. The Insert service concurrently uses the same VCs as the other
services;
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“VIRTUAL “INSERT I===7777 “VIRTUAL
CHANNEL SERVICE” I VvCLC CHANNEL
DATA UNIT : SUBLAYER 1§ ACCESS
SERVICE” ———q=—-! SERVICE”
[
ittty Sttt S bbbt et m
[ i
| VCDU/CVCDU, IN_SDU, VCA_SDU, |
| VCDU-ID LinkiD vepuD | |
I
! SLAP _SDU = VCA_SDU :
, VCDU-ID i
' SLAP !
GRADE-1 VC ¢
: proceDures | ¢ ) ﬁgADE 23 1
' SLAP_PDU, !
: VCDU-ID |
I |
: VIRTUAL CHANNEL PROCEDBURES :
: VC_PDU, : I
, VCDU-ID I
[ !
: CHANNEL ACCESS PROCEDURES :
I i
1 PCA_PDUY, 1 I
| VCA SUBLAYER LinD :
CHANNEL BITS —~1
PHYSICAL CHANNEL
Figure 5-7: Internal Organization of the VCA Sublayer
5434 a “Virtual Channel Data Unit service” provides transfer of user-generajed
validatéd) VC_PDUs (VCDUs or CVCDUs) across the Physical Channel.
5.4.3.4 In view of complex interactions with internal VCA error control, the Virtpal
Channel Data Unit service and Insert service shall not be simultaneously active on a
particular Physical Channel.

5.4.3.f The types of data transfer services that are supported are as follows:
543.¢g a VCA_SDU and/or an IN_SDU may be transferred using a VC_PDU which
does not incorporate Reed-Solomon coding (i.e., a VCDU), thus providing SLS

“Grade-3” service. The VCA_SDU may not be an M_PDU if Grade-3 service is
used;
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5.43.h a VCA_SDU and/or an IN_SDU may be transferred using a VC_PDU which
incorporates Reed-Solomon coding (i.e., a CVCDU), thus providing SLS
“Grade-2” service;

5.4.3.1 a VCA_SDU may be transferred using a VC_PDU which incorporates Reed-
Solomon coding plus the SLAP retransmission protocol, thus providing SLS
“Grade-1" service;

543 a user-generated VC_PDU may be transferred which itself internally supports
either Grade-1, Grade-2 or Grade-3 service across the SLS.

5.44 VCA SERVICES ASSUMED FROM THE PHYSICAL CHANNEL LAYER

5@.4.a The “Physical Channel Service” required from the Physical Channel layer is the
capability to transfer channel bits from point to point or peint to multipoing across

"""" across
multiple Physical Channels is not permitted, though’this does not preclyde the
multicasting of a Virtual Channel over multiple Physical Channels.
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5.4.4.b The service primitives are:

PC_UNITDATA.request (chanriel bit)
PC_UNITDATA.indication (channel bit)

S5.4.5 VCA SERVICES ASSUMED FROM THE LOCAL ENVIRONMENT

5.4.5.a The services assumed from the local environment are unspecified.

5.4.6 VCA SERVICE INTERFACE SPECIFICATION

5.f.6.a. This sectionspecifies the services provided by the CCSDS Virtual Channel |Access
sublayér) The services described do not imply any particular implementation

5.4.6.1 OVERVIEW OF INTERACTIONS

| 5.46.1.1 VCA SERVICE

I 5.4.6.1.1.a  The VCA service is used to transfer VCA_SDUs across the Space Link Subnet.
The VCA service user accesses the sublayer at the VCA_SAP identified by the
VCDU-ID. The VCA sublayer entity constructs VC_PDUs (VCDUs or
CVCDUs) from VCA_SDUs, optionally (if Grade-1 service is requested)
invoking the internal SLAP procedures to add the SLAP protocol. It serializes
the VC_PDUs, delimits them using Synchronization Markers, and transmits
them using the services of the Physical Channel layer.
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5.4.6.1.1.b The service primitives associated with this service are:

VCA_UNITDATA.request
VCA_UNITDATA.indication

54.6.1.1.c The VCA_UNITDATA.request primitive is passed to the Virtual Channel
Access sublayer to request that a VCA_SDU be sent.

Tl NLCUA IJIANTTTITIN AT A B o - e - 1L 4la h B 48 'lf‘.L 1
tnvvoenn _UlNITUATAJANIUILAUULID DHOHIUYU 15 PassCU 11T UL UIU vV il tUal Cianne

Access sublayer to indicate the arrival of a VCA_SDU.

5.4.6pH

[N
[N
[« %

5.4.6{1.2 INSERT SERVICE

5.4.6{1.2.a The Insert service is used to transfer isochronous Insert SDUs (IN_SDUs) by
carrying them within an Insert field that is placed into’ every transmitted
VC_PDU. The presence/absence and length of the“Insert field is sej by
management. The service requires isochronous IN. SDUs to be of fixed lepgth
on all Virtual Channels; their length may be of @ny constant value which s an
integral number of octets, between 1 octet and the maximum length of the data-
carrying space of the VC_PDU.

5.4.6{1.2.b There are two service primitives associated with this service:

INSERT.request
INSERT.indication

5.4.611.2.c The INSERT.request primitive is passed to the VCA sublayer to request that an
IN_SDU be sent.

5.4.6{1.2.d The INSERT.indication is used by the VCA sublayer to indicate the arrival of
an IN_SDU.

5.4.6,1.3 VIRTUAL CHANNEL DATA UNIT SERVICE

5.4.611.3.a ~The Virtual Channel Data Unit service is used by a trusted VCA sublayer user
(i.e., an independent VCA sublayer entity which has been certified during the
design process to meet Project-specified reliability and safety criterig) to
fransier preformatted VCDUS or CVCDUS across the Space Link subnet. The
trusted VCA sublayer user accesses the VCA sublayer at the VCA_SAP
identified by the VCDU-ID; this SAP is bound by management to use the same
Physical Channel service as the VCA sublayer. The VCA sublayer multiplexes
the user-generated VC_PDUs (VCDUs/CVCDUs) with the VCDUs/CVCDUs
generated by itself, delimits them using Synchronization Markers, and transmits
them using the services of the Physical Channel layer.
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5.4.6.1.3.b The service primitives associated with this service are:

VCA_VCDU.request
VCA_VCDU.indication

5.4.6.1.3.c The VCA_VCDU.request primitive is passed to the Virtual Channel Access
sublayer by the trusted sublayer user to request that a VCDU or CVCDU be

sent.

5.4/6.1.3.d The VCA_VCDU.indication primitive is passed from the Virtual-Channel

CVCDU.

5.46.2 VCA SERVICE PRIMITIVE PARAMETERS

Access sublayer to the trusted sublayer user to indicate the arrival of 2 VC

DU or

5.4{6.2.a The parameters for the VCA primitives are described bélow. Unique uses of these

5.46.2b VCA_SDU

5.416.2.c IN_SDU

5.46.2.d SLAP_SDU

5462 VEDU/
CYCDU

parameters by any primitive are described in the Additional Comments secfion in
the detailed description of that primitive.

VCA Service Data Unit. A VCA_SDU is the service dath unit
passed to and from users of the VCA service on a particular YC.

The Insert Service Data Unit. An IN_SDU is the service da

a unit

passed to and frem users of the Insert service on all V(s. An

IN_SDU is anisochronous, octet-aligned data unit of fixed ]
Its length at'the request (source) interface is always equal
length at’the indication (destination) interface.

The,SLAP Service Data Unit. A SLAP_SDU is a special in

ength.
to its

stance

offa VCA_SDU, passed to and from users of the VCA servicg on a

VC which has been assigned by management to suppor
Grade-1 service.

t SLS

Virtual Channel Data Unit or Coded Virtual Channel Datal Unit.
Within the Virtual Channel Data Unit service, a VCDU/CYCDU

is the service data unit which is passed between trusted peer
sublayer entities.

VCA

54.62f VCDU-ID

CCSDS 701.0-B-2

94

Virtual Channel Data Unit Identifier. The VCDU-ID consists of a
concatenation of the Spacecraft Identifier (SCID) and the Virtual
Channel Identifier (VCID). It identifies the VCA_SAP and
therefore the SLS Grade of Service (Grade-1, Grade-2, or Grade-3)

associated with the transfer.
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5.4.6.2.g LinkID The LinkID is used by the Insert service to identify the PCA_PDU
that contains the stream of VC_PDUs which carry the IN_SDUs.
Note that a stream of VC_PDUs contained in a PCA_PDU may

include more than one SCID.
54.6.2.h VCDU The VCDU Loss Flag is used to notify the user at the destination
Loss end of a VCA service that a sequence discontinuity has been
Flag detected and that one or more -VC_PDUs has been lost. The

5.4.6

5.4.7

5.4.7

5.4.7

5.4.7

5.4.7

5.4.7

provided by the Encapsulation and Bitstream services
recognition of its importance in the Multiplexing and.Bits
procedures of the VCLC layer.

2.1 Insert Data The Insert Data Loss Flag is an optional parameter which ma

Loss Flag used to notify the user at the destination end _of the Insert sej
that one or more CADUs has been lost

DETAILED VCA SERVICE SPECIFICATIONS

a This section describes in detail the primitives.and parameters associated with

VCA service, the Insert service, and the Virtual Channel Data Unit service.

b The parameters, which are specified in-an abstract sense, specify the informatic

be made available to the receiving entity. A specific implementation is
constrained in the method of making this information available.

1 VCA_UNITDATA.request

l.a  Function

This primitiyelis the service request primitive for the VCA service.
1.b Scm;mtics

The primitive shall provide parameters as follows:

VCA_UNITDATA.request (VCA_SDU,

the

n to
not

5.4.7.

NCDPOLI I
\A 2 =Avass >y

l1.c  When Generated

This primitive is passed to the VCA sublayer to request it to send the VCA_SDU.
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5.47.1.d Effect on Receipt

Receipt of this primitive causes the VCA sublayer to attempt to send the

VCA_SDU.
5.4.7.1.e Additional Comments
None.
5.4.7.2 VCA_UNITDATA.indication
5.4.Y.2.a Function
This primitive is the service indication primitive for the VCA service.
5.47.2.b Semantics
The primitive shall provide parameters as follows:
VCA_UNITDATA.indication (VCA_SDU,
VCDU-ID,
VEDU Loss Flag)
5.4.7.2.c When Generated
This primitive is passed from the VCA sublayer to the VCA sublayer us
indicate the arrival of a VCA_SDU.
5.4.7.2.d Effect on Receipt
}‘gc effect'of receipt of this primitive by the VCLC layer is described in Se
5.4.7.2.e Additional Comments

er to

Ction

ce of

The VCDU Loss Flag is used to signal a detected discontinuity in the sequen

VC PNl ta the VCA carvicac
M ST P S W R %

nocar
VUV VO OV VIVL Uduil.

5.4.7.3 INSERT.request

5.4.7.3.a Function

This primitive is the service request primitive for the Insert service.
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5.4.7.3.b Semantics
The primitive shall provide parameters as follows:

INSERT.request (IN_SDU,
LinkID) |

5.4.7.3.c When Generated

This primitive is passed to the VCA sublayer to request it to send the IN_SDU]
5.4.7{3.d Effect on Receipt
Receipt of this primitive causes the VCA sublayer to attempt to'send the IN_SPDU.
5.4.7{3.e Additional Comments
The LinkID indicates that the IN_SDU must be inSerted into all VC_PDUs. [The |
Insert service and the Virtual Channel Data Unit sérvice are mutually exclusivg on
a particular Physical Channel.
5.4.7/4 INSERT.indication
5.4.7]4.a Function
This primitive is the service.indication primitive for the Insert service.
5.47]4.b Semantics
The primitive shallprovide parameters as follows:
INSERT.indication (IN_SDU,
LinkID, I
Insert Data Loss Flag [opt.])

5.4.7(4.c. YWhen Generated

This primitive is passed from the VCA sublayer to the Insert service user to
indicate the arrival of an IN_SDU.

5.47.4.d Effect on Receipt

The effect of receipt of this primitive by the Insert service user is not specified.
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Additional Comments

The LinkID parameter indicates that the IN_SDU was transferred in “all” Virtual
Channels. The optional Insert Data Loss Flag is used to signal a detected loss of

one or more CADUSs to the Insert service user.

5.4.7.5 VCA_VCDU.request

S5.47F5a

o P
LUlcuavuIl

5.47.5.b

5.475.¢c

5.47.5d

54.7.5.e

This primitive is the service request primitive for the Virtual Channel"Dat
service.

Semantics
The primitive shall provide parameters as follows:

VCA_VCDU.request (VCDU/CVCDUY,
VCDU-ID)

When Generated

. Unit

This primitive is passed to the VCA sublayer to request it to send the VCDU or

CVCDU.

Effect on Receipt

Receipt of this primitive causes the VCA sublayer to attempt to send the YCDU

or CVCDU.

Additional Comments

The Virtual Channel Data Unit service and the Insert service are mytually

exelusive on a particular Physical Channel.

5.4.7.6 ~¥CA_VCDU.indication

5.4F6=a

k 4a
"UuncuuInt

This primitive is the service indication primitive for the Virtual Channe
Unit service.

1 Data
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Semantics
The primitive shall provide parameters as follows:

VCA_VCDU.indication (VCDU/CVCDU,
VCDU-ID)

When Generated

5.4.7.6.d

5.4.776.e

This primitive is passed from the VCA sublayer to the VCA sublayer-usg¢r to
indicate the arrival of a VCDU or CVCDU.

Effect on Receipt
The effect of receipt of this primitive by the VCA sublayer-user is not specifidd.

Additional Comments

5.4.8la  The SLAP procedures, although completely contained within the VCA sublayer, are
sufficiently complex and detailed that they are described separately in Section|6 of
this Recommendation. For this“reason an unambiguous interface to the SLAP
procedures is defined here.
5.4.8.b The architecture of the SLAP interfaces is shown in Figure 5-8.
VCA SUBLAYER USER
SLAP _SDU = VCA_SDU
VCDU-ID
SLAP
PROCEDURES
SLAP_PDU,
VCDU-ID
VCA SERVICE
Figure 5-8: Internal VCA Interfaces with the SLAP
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5.4.8.c The services assumed from the SLAP consist of the primitives:

SLAP_DATA.request
SLAP_DATA.indication

5.4.8.d Services presented to the SLAP are those of the VCA sublayer, and at the VCA
service interface consist of the primitives:

NCA _I INITDATA rpr_}npef
VCA_UNITDATA.indication

5.48.1 SERVICES ASSUMED FROM THE SLAP PROCEDURES
5.48.1.1 SLAP_DATA.request

5.4)8.1.1.a  Function

This primitive is the service request primitive forthe SLAP service.
5.48.1.1.b Semantics

The primitive shall provide parameters.as follows:

SLAP_DATA.request (SLAP_SDU,
VCDU-ID)

5.4]8.1.1.c  When Generated
This primitive is-passed to the SLAP procedures to send the SLAP_SDU.
5.48.1.1.d Effcct onReceipt
Receipt of this primitive causes the SLAP procedures to send the SLAP_SDU.
5.418.1.1.e .S Additional Comments

The SLAP_SDU is the VCA_SDU on a VC assigned by management to sypport

QI Q 1 H TFhe-QL ADR QAD 1o dafinad b ¢bhao VVCONDIT TN
DI UlaUul™T I SULIVILU, TV JILLAAL I 15 UULITIIVW Uy Uiv vV e UL,

5.4.8.1.2 SLAP_DATA.indication
5.4.8.1.2.a Function

This primitive is the service indication primitive for the SLAP service.
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5.4.8.1.2.b Semantics
The primitive shall provide parameters as follows:

SLAP_DATA.indication (SLAP_SDU,
VCDU-ID)

5.4.8.1.2.c When Generated

This primitive is passed from the SLAP to the VCA sublayer user 'gn a
particular Grade-1 VC to indicate the arrival of a SLAP_SDU.

5.4.8]1.2.d Effect on Receipt
The effect of receipt of this primitive by the VCA sublayertuser is unspecifigdd.
5.4.8]1.2.e Additional Comments

The SLAP_SDU is the VCA_SDU on a VC assigned by management to support
SLS Grade-1 service. The SLAP_SAP is defined by the VCDU-ID.

5.4.82 SERVICES PRESENTED TO THE SLAP PROCEDURES |
5.4.8.a The services presented to the SLAP procedures are those at the VCA seryice |
interface. The SLAP has its“own numbering mechanism and is therefore
independent of the sequencing of VC_PDUs.

5.4.9( VIRTUAL CHANNEL)ACCESS PROTOCOL SPECIFICATION

5.49]1 VCA PROTOCOL PROCEDURES

5.49/l.a The VCA) sublayer is composed of three sets of protocol procedures: “SILAP
Procedures”; “Virtual Channel Procedures”; and “Channel Access ProceduresT.

5.49]1.b, <The internal functional organization of the SLAP Procedures is described in
Section 6 of this Recommendation and is therefore not discussed here.

5.4.9.1.c The Virtual Channel Procedures and Channel Access Procedures are internally
organized to support the functions illustrated in Figure 5-9.
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VIRTUAL CHANNEL DATA UNIT SERVICE

VCA SERVICE A
INSERT SERVICE A A
SLAP 2 B
PROCEDURES SLAP SLAP
1 ' l
]
V|RTUAL
CHANNEL
PROCEDURES v Y
VCDU VCA SDU
ASSEMBLY EXTRACTION
FUNCTION FUNCTION
I ]
1 ]
T A—
VC_PDU VC_PDU
CHANNEL ACCESS
PROCEDURES !
FILL VCDU VCDU FILL
GENERATION | COMMUTATION DECOMMUTATION | REMOVAL
FUNCTION FUNCTION L FUNCTION FUNCTION
INSERT INSERT
ERRORCONTROL | \nJECTION EXTRACTION ER%OEQSSNGROL
FUNCTION FUNCTION FUNCTION FUNCTION
N\ AL
BIT TRANSITION/GENERATION BIT TRANSITION REMOVAL
FUNCTION (OPT.) FUNCTION (IF NEEDED)
DELIMITING FUNCTION SYNCHRONIZATION FUNCTION
PCA_PDU ‘PCA_PDU
PHYSICAL CHANNEL SERVICE

CCSDS 701.0-B-2

Figure 5-9: VCA Internal Functional Organization
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5.4.9.1.1 VIRTUAL CHANNEL PROCEDURES

5.4.9.1.1.a The protocol data unit of the Virtual Channel Procedures is the VC_PDU, which
is implemented using the CCSDS Virtual Channel Data Unit (VCDU) data
structure. A VC_PDU is composed of a VCDU Primary Header, an optional
VCDU Insert Zone, a VCDU Data Unit Zone, and an optional VCDU Trailer.

5.4.9.1.1.b The Virtual Channel Procedures accept service data units and build them into

T OO IO SOOI LSOO It ThiT Sonro e Ve e o werere )y

deliver the service data units at the receiving VCA sublayer cntlty The
procedures are composed of a “VCDU Assembly Function” and a “YCA_$DU
Extraction Function”.

5491.1.1 VCDU ASSEMBLY FUNCTION
5.4.91.1.1.a The VCDU Assembly Function is used to build the structure and Prirpary
Header of the VCDUs for transmission on eachy Virtual Channel, using
VCA_SDUs (or SLAP_PDU s if the VC supports Grade-1 service) whic‘;[S are
each received in a VCA_UNITDATA.request primitive. There is one VDU
Assembly Function per Virtual Channel.

5491.1.1.b VCDUs are assembled by placing>a single VCA_SDU or SLAP_PDU,
unchanged, into the VCDU Data’ Unit Zone, and generating the VEDU
Primary Header fields. The length of the VCA_SDU or SLAP_PDU mus$t be
equal to the length of the Data Unit Zone for the Virtual Channel identified by
the VCDU-ID.

54.9.1.1.1.c A VCDU-ID field is generated and placed into the Primary Headef. A
sequential countyis generated independently for each VC and placed int¢ the
Primary Header.

5.49.1.1.2 VCA_SDUEXTRACTION FUNCTION

54.9.1.1.2.a The VCA_SDU Extraction Function extracts VCA_SDUs from the VCIPUs,
and delivers them on individual Virtual Channels to users of the VCA sefvice |
at VCA_SAPs defined by the VCDU-ID. An extracted VCA_SDU (which
may, for Grade-1 service, be a SLAP_PDU) is delivered in a

Function per Virtual Channel.
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5.4.9.1.2 CHANNEL ACCESS PROCEDURES

549.12.a

The Channel Access Procedures provide the multiplexing functions necessary to
switch all of the individual Virtual Channels together for commutation into one
PCA_PDU. They also provide the error-control functions in support of the
different SLS Grades of Service, and the isochronous formatting functions in
support of the Insert service. There is one Channel Access Procedural entity for
each PCA_PDU.

5.409.1.2.b

5.4[9.12.c

5.419.1.2.d

540.1.2.e

5.49.1.2.1

5.4pP.1.2.1.a

In support of Grade-1/2 service, a VC_PDU may be error protected, usirg the
Reed-Solomon encoding scheme, in which case it is transformed intérnallly and
becomes a CCSDS Coded Virtual Channel Data Unit (CVCDU) data structure.

The VC_PDUs are transmitted through the Physical Channel as a serial string of
VCDUs and/or CVCDUs; the boundaries between them are delimitgd by
attaching a Synchronization Marker to each VCDU/CVCDU. One individual
VCDU/CVCDU, prefixed by its attached Synchronization Marker, is a CESDS
Channel Access Data Unit (CADU).

The protocol data unit of the Channel Access Procedures is the PCA_PDU,
which is a serial stream of bits representing a continuous and contiguous sfream
of CADUs. The PCA_PDU is named by the LinkID.

The Channel Access Procedures’are composed of ten internal functigns: a
“VCDU Commutation Function”; a “Fill Generation Function”; an “Error
Control Encoding Function”; an “Insert Injection Function”; a “Delimiting
Function”; a “Synchrenization Function”; an “Insert Extraction Function}”; an
“Error Control Decoding Function”; a “VCDU Decommutation Function’[; and
a “Fill Removal Function”.

VCDU COMMUTATION FUNCTION

Thereis one VCDU Commutation entity for each PCA_PDU. The VICDU
Coénimutation entity generates a queue of VCDUs (received from eith¢r the
Virtual Channel Procedures or from the Virtual Channel Data Unit sdrvice
interface) for commutation into the PCA_PDU in an appropriate order that is
set by management. If necessary to preserve the continuity of the transmitted
stream, the VCDU Commutation Function requests “Fill” VCDUs from the

5.49.1.2.1.b

Fill Generation Function.

The Virtual Channel Data Unit service interface supports externally generated
VC_PDUs: these may be either VCDUs or CVCDUs, as specified by
management. They are passed in a VCA_VCDU.request primitive.
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5.4.9.1.2.1.c  The algorithm to be used to order the VC_PDUs is not specified by CCSDS,
but is defined by Project organizations considering factors such as priority,
release rate, isochronous timing requirements, etc.

5.49.1.2.2 FILL GENERATION FUNCTION

5.4.9.1.2.2.a In the event that there are no valid VC_PDUs available for transmission at a
release time that is established by the VCDU Commutation Function, the Fill

———Gicneration Function creates—a R VCDU which-has—ttsVCH—set—toq the

reserved value of “all ones”. It is not required to maintain a sequential¢qunt
for fill VCDUs.

5.49.1.2.3 ERROR CONTROL ENCODING FUNCTION

5.4.9.1.23.a Under control of management, three optional error cdntrol fields may| be
generated by the Error Control Encoding Function and‘added to the VCDU, in
support of different SLS Grades of Service:

5.49.1.2.3.b A “VCDU Header Error Control” field/nmiay be added to the VCPU
Primary Header to protect key header information. This field is requjred
in all VC_PDUs associated with Grade-3 service, and in all VC_PDUs
associated with Grade-1/2 service where: (1) the implementation of |the
receiving system is such that the*Primary Header must be processed pfior
to Reed-Solomon decoding, and/or (2) the Insert Zone is present in a
PCA_PDU which supports'mixed Grade-3 and Grade-1/2 service. (Note:
in case (1) the requirement for VCDU Header Error Controll is
implementation dependent and is therefore the subject of local crpss
support agreements; in case (2) the presence of the VCDU Header Efror
Control field-is' required in order to equalize the length of the Primpry
Headers, 50 that Insert data may be extracted by the receiver before any
decoding is performed.)

549.1.23.¢ Aceyclic redundancy code (CRC) “VCDU Error Control” field (using a
polynomial which covers the entire VCDU) may be inserted into the
VCDU Trailer. This field is required in all VC_PDUs associated with
Grade-3 service.

a ) a Q ,,

5.4.9.]

A K ed=->Solomon-Che SUYMbo aals be-appended—to-the ,nd
of the VCDU, thus forming a CVCDU. This field is required in all
VC_PDUs associated with Grade-1/2 service.

54.9.1.2.3.e Since VCDUs and CVCDUs are always of the same fixed length in a
particular PCA_PDU, the Data Unit Zone of a CVCDU is shortened (relative
to a VCDU) by an amount equal to the length of the Reed-Solomon check
symbols.
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Externally generated VC_PDUs associated with the Virtual Channel Data Unit
service will always bypass the Error Control Encoding Functions specified in
5.4.9.1.2.3.b and 5.4.9.1.2.3.c. The Virtual Channel Data Unit service user
must therefore ensure that the VC_PDUs contain an error encoding option
which conforms with that implemented by the supporting SLS element(s).
However, it is permissible for Virtual Channel Data Unit service users to
supply VCDUs to a supporting SLS element for conversion to CVCDUs,
providing that the user shortens their length to accommodate the addition of

tha Raad Salaman ochanl cumbale
TOTT

D.1.2.4

D.1.2.4.a

0.1.2.4.b

0.1.2.4.c

0.1.2.5.a

91,2.5.b

9.1.2.5 BIT TRANSITION GENERATION FUNCTION (OPT.)

TIIU INC U OO OUTOTY CIIOTIT O Yy iU oTos

INSERT INJECTION FUNCTION

When the optional Insert service is activated, a fixed-length Insett Zone ¢xists
in every VC_PDU (VCDU/CVCDU) that is transmitted’ in a partifcular
PCA_PDU (including Fill VC_PDUs). The Insert servi¢e)and Virtual Channel
Data Unit service may not be activated simultaneously:

The IN_SDUs are timed to arrive at a constant-dnterval that corresponds {o the
release time of the VC_PDUs onto the Physical Channel. The Insert Injgction
function places the IN_SDU, received injan INSERT.request primitive} into
the Insert Zone of the VC_PDU, preserying octet alignment.

The Insert Injection function shall'be performed before the CRC and/or Reed-
Solomon Error Control Encoding Functions.

Adequate bit transition density must be ensured when the PCA_PDU is
modulated directly onto the space channel. Some modulation sclnemcs
themselves(_provide the required transitions; however, if adequate bit
transitions’do not exist, a random sequence shall be exclusively ORed with
each-bit’of the CADU, exclusive of the Synchronization Marker. Spch a
random sequence shall be generated using the following polynomial:

h(x) =x8,+ xT+x3+x3+1

This sequence repeats after 255 bits and the sequence generator {s re-

initialized to an all-ones state during each Synchronizaton Marker period. The
first 40 bits of the pseudonoise sequence are shown below; the left-most bit is
the first bit of the sequence and is exclusively ORed with the first bit of the
VCDU or CVCDU:

1111 1111 0100 1000 0000 1110 1100 0000 1001 1010
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If an inner convolutional coding scheme is implemented with alternate symbol

inversion, there is no requirement to add the bit transition generator

(but

neither is it prohibited). Appropriate choice of a modulation technique could
also obviate the need for a transition generator. If the transition generator is

implemented, then management provisions must necessarily be made to n
the receiving end of the link of its presence: the LinkID provides
management association.

DELIMITING EUNCTION.

otify
this

5.49.

5.4.9

5449.

5.4.6

54.9.

5.4.9

5.4.49.

1.2.6.a

.1.2.6.b

1.2.6.c

1.2.7.a

.1.2.8

1.2.8.a

X OT V%

VC_PDUs are submitted to the Delimiting Function at a data rate thatis s
management; their transmitted sequence is determined by the V(
Commutation Function.

The Delimiting Function creates the PCA_PDU, which is clocked
synchronously at the transmitted bit rate of the Physical’ Channel by prefi
a Synchronization Marker to each VC_PDU and thus forming a contin
and contiguous stream of CADUs. Each CABU occupies one synchro
time slot on the Physical Channel.

The PCA_PDU is submitted to the' Physical Channel layer in
PC_UNITDATA.request primitive.

.1.2.7  SYNCHRONIZATION FUNCTION

The PCA_PDU is received from the Physical Channel layer
PC_UNITDATA.indication primitive. The Synchronization Fung

et by
DU

out
xing
llous
hous

the

n a
tion

determines the boundaries of the fixed-length VC_PDU by recognition of the

appended Synechronization Marker of the CADU. The Synchronization M
is discarded_once synchronization to the VC_PDU boundaries has
achieved.

BIT TRANSITION REMOVAL FUNCTION (IF NEEDED)

In the event that the optional Bit Transition Generation Function
performed by the transmitter, the Bit Transition Removal Function is actiy
at the receiving end (immediately after synchronization is achieved) to rer

yrker
been

was
ated
hove

L the randomizationand restore the original data. |

5.4.9.1.2.8.b The Bit Transition Removal Function is activated as needed under control of
management; i.e., the presence or absence of the randomizing sequence is one

of the managed parameters which is ascribed by a particular LinkID.
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INSERT EXTRACTION FUNCTION

When the optional Insert service is activated under control of management,
the Insert Extraction Function extracts the IN_SDUs from the Insert Zones of
the incoming stream of VC_PDUSs, regardless of their VCDU-ID, and delivers
each of them to the user of the Insert service in an INSERT.indication
primitive. If error protection of the IN_SDUs is not required, this function
may be performed prior to the Error Control Decoding Function.

D.1.2.10

D.1.2.10.a

0.1.2.10.b

D.1.2.10¢

ERROR CONTROL DECODING FUNCTION

The operations performed by the Error Control Decoding Function|vary
according to the error coding techniques (i.e., VCDU Header Error Coptrol,
VCDU Error Control field, Reed-Solomon encoding) that are present in the
received VC_PDUs. The mechanism that the Error, Control Decqding
Function uses to determine which of the error coding-techniques is present is
dependent on the implementation of the receiving system. There are a number
of possible ways for a receiver to determine the error coding technique$ that
are in use in a particular PCA_PDU, using’either management-supjplied
information, information deduced from the.received VC_PDUs themselves, or
a combination of both. The rules for incorporating VCDU Error Contr¢l are
discussed in Section 5.4.9.1.2.3; note that the implementation of the recefiving
system may itself affect those rules. The variety of options for procefsing

'PCA_PDUs with mixtures of error coding mechanisms is discussed further in

Reference [8].

If VCDU Header ErrorControl is present in the VC_PDU, the Error Cqgntrol
Decoding Function uses the content of the VCDU Header Error Control|field
to attempt to cofrect key elements of the VCDU Primary Header. (Note that if
Reed-Solomon” error protection of the entire VC_PDU is also prdsent,
additional decoding of the VCDU Header Error Control is not required.) A
VC_PDU which contains detected and uncorrectable header errors is not
requifed to be delivered in cross support situations.

If the VCDU Error Control field is present in the VC_PDU, the Error Cqntrol
Decoding Function recomputes the CRC value for the VCDU and compdres it
to the content of the VCDU Error Control field to determine if the VICDU
contains a detected error. (Note that if Reed-Solomon error protection ¢f the

entire VC_PDU is also present, additional decoding of the VCDU Error
Control is not required.) A VC_PDU which contains a detected error is not
required to be delivered in cross support situations.
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5.4.9.1.2.10.d If Reed-Solomon encoding is present in the VC_PDU (that is, the VC_PDU is

5.4.9.1.2.10.e

a CVCDU), the Error Control Decoding Function uses the content of the

Reed-Solomon Check Symbols field to attempt to correct the errors in the

\7(‘ DPNIT A ‘]F DDIT whirh ~antaing AdAeatantad and nnearrantakhla arrarg
Yo _Li/u. L /U VVviiivil bUll‘aJllO UL iLLVLILVU allu ullivullivuviaviliv Lviiuld 10 I

not required to be delivered in cross support situations.

Externally generated VC_PDUSs associated with the Virtual Channel Data Unit

arvino 1 tha Denne O Antanl Ann Thxnnntinm ~nnlsy ¢4 tha asvénmt mannconry

SEIvice ab(/ i€ CITOI \_,UllLlU.l UCL«UUiHs unc il U1uy LU UIC CTALCILIL HICLOddaAl y

5.4.9.

5.4.9.

5.4.9.

5.4.9.

5.4.9.

5.49.

5.4.9.

5.4.9.

TO ensure the vatidity of their Primary Header routing information. .S
VC_PDUs containing detected and uncorrectable header errors_are
required to be delivered in cross support situations.

1.2.11 VCDU DECOMMUTATION FUNCTION

1.2.11.a. The VCDU Decommutation Function examines the-VCDU-ID in
incoming stream of VC_PDUs and routes them to €ither the VCA_S
Extraction Function, the Virtual Channel Data Unit'service interface, or
Fill Removal Function. At the Virtual Channel Data Unit service interface,
VC_PDU is delivered in a VCA_VCDU.indication primitive.

1.2.12 FILL REMOVAL FUNCTION

1.2.12.a The Fill Removal Function recognizes “Fill” VCDUs by their unique V(

value of “all ones” and discards them.

2 STRUCTURE AND ENCODING OF VCA SUBLAYER PROTOCOL DA
UNITS

.2 The protocol data @inits of the VCA sublayer are the Virtual Channel Protg
Data Unit (VC_PDU), the SLAP Protocol Data Unit (SLAP_PDU) and
Physical Channel Access Protocol Data Unit (PCA_PDU).

2.1 FORMAT OF THE VC_PDU

2.1.a _The VC_PDU is implemented using the CCSDS Virtual Channel Data
(VCDU). A VCDU is composed of a VCDU Primary Header, an optic

ch
not

the
DU
the
the

TA

col
the

Init
pnal
In

VCDU Insert Zone, a VCDU Data Unit Zone, and an optional VCDU Trailer.

support of Grade-1/2 service, a block of Reed-Solomon check symbols is
internally appended to the VCDU to form a Coded Virtual Channel Data Unit

(CVCDU). The structural relationships between the VCDU and CVCDU are
shown in Figure 5-10.
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- - ————————— VIRTUAL CHANNEL DATAUNIT - — e e e e = -
VCDU S Veloll esll)
INSERT
PRIMARY | 7oNE DATA UNIT TRAILER
HEADER | (OPTIONAL) : ZONE

5.4/9.2.1.b

549.2.1.c

5.49.2.1.1

5.49.2.1.1.a The VEDUY Primary Header contains the following fields:

R CODED VIRTUAL CHANNEL DATA UNIT ——— <5+ e
VCDU |
VCDU INSERT VCDU VEDU REED-
PRIMARY | " 7oNE DATA UNIT TBAILER S%ﬁ?!ﬁ”
HEADER ZONE (OPTIONAL)

The detailed internal field allocation of the VCDU is shown in Figure 5-11.

VCDU PRIMARY HEADER

Figure 5-10: VCDU/CVCDU Structural Components

Since the VCDU and CVCDU have the same fixed length in a partjcular
PCA_PDU, the Data Unit Zone of'a CVCDU is shortened to accommodgte the
Reed-Solomon check symbols.

Field: Length (bits):
VERSION NUMBER 2
VCDU IDENTIFIER: 14

Spacecraft ID (8)

Virmai Channet 1D <(6)

VIRTUAL CHANNEL DATA UNIT COUNTER 24
SIGNALLING FIELD 8
Replay Flag (1)

Reserved Spares (7)

VCDU HEADER ERROR CONTROL (optional): (16)

The total length of the VCDU Primary Header is 48 or 64 bits, depending on
whether the optional VCDU Header Error Control field is present.
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- — — — — — — — — VCDU PRIMARY HEADER =— — m— m— — — — — — -
VCDU
VERSION IDENTIFIER VIRTUAL S'Ggé'[gNG VCDU
NUMBER (VCDU-ID) CHANNEL HEADER
DATA UNIT ERROR
SPACECRAFT | VIRTUAL | COUNTER | REPLAY |SPARE| coONTROL
1D CHANNEL ELAG (OPTIONAL)
ID
2 8 6 24 1 7 (16)
2 OCTETS 3 OCTETS 1 OCTET (2 OCTHTS)
VCDU
@ TRAILER —B»
(OPTIONAL)
oPer. | veou | cveou
VCDU CTAL. | ERROR| REED-
INSERT FIELD | cTRL. | soLoMpN
ZONE VCIRUDATA UNIT ZONE ©PT) | FIELD | CHECK
(OPTIONAL) ©pPT) | symBoLs
(OPTIONAL)
VARIES VARIES (4) @) VARIHS

OCTETS ' OCTETS
Figure 5-11: Virtual Channel Data Unit Format

5.4.9.2.1.1.1.¥ VERSION NUMBER (Bits 0,1)

54Pp2l.1.1.a

The two Version Number bits (which occupy the two most significant bjits of
the VCDU Primary Header) are reserved for identification of the VCDU
structure. At present two Versions are recognized:

5.49.2.1.1.1.b Version-1 (Bits 0,1 = “00”): identifies the CCSDS Telemetry Transfer

Frame, specified in Reference [2];
549.2.1.1.1c Version-2 (Bits 0,1 = “017): identifies the CCSDS Virtual Channel Data

Unit, specified herein.
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5.49.2.1.1.1.d The remainder of this document discusses only the Version-2 structure.

Note, however, that there is a deliberate and close relationship between the
Version-2 VCDU and the Version-1 Transfer Frame, which maximizes the
commonality between CCSDS Conventional Systems and CCSDS
Advanced Orbiting Systems.

5.4.9.2.1.1.2 VCDU IDENTIFIER (Bits 2 through 15)

5.4.

54.

5.4.

5.4.

5.4.

5.4.

5.4.

5.4.

5.4.9.21.1.2.2 Virtual ChanneHdentifier-(Bits 10-through 15—

b.2.1.1.2.a

D.2.1.1.2.1

b.2.1.1.2.1.a

D.2.1.1.2.1.b

p.2.1.1.2.1.c

.2.1.1.2.1.d

D.2.1.1.2.1.e

p.2.1.1.2Tf

The purpose of the VCDU Identifier (VCDU-ID) is to identify the
operational spacecraft with which the VCDU is associated, and.t0 idgntify
the Virtual Channel in use. The field contains two subfields:

Spacecraft Identifier (Bits 2 through 9)

The Spacecraft Identifier (SCID) identifies the yarious logical entitie that
provide data to (or receive data from) the VCA) sublayer. It also propides
the naming domain for the Virtual Channels,

For complex international constellations of spacecraft, several SCIDg may
be present in the same PCA_PDU;, A single spacecraft may be assigned
more than one SCID. Different SCIDs will be assigned for flight vehjcles,
for development vehicles which are using ground networks dpring
prelaunch operations, and\for simulated streams. The Secretariat of the
CCSDS assigns SCIDsyusing procedures defined in Reference [1].

The convention for the SCID naming domains is as follows:

for space-to-ground communication the naming domain is the surce
naming domain (i.e., the transmitting spacecraft);

for ground-to-space communication the naming domain i the
destination naming domain (i.e., the receiving spacecraft);

for space-to-space communication the naming domain is the squrce
naming domain (i.e., the transmitting spacecraft).

54.9.2.1.1.22.a The six-bit Virtual Channel Identifier (VCID) field enables up to 64

549.2.1.12.2b

CCSDS 701.0-B-2

Virtual Channels (VCs) to be run concurrently in association with each
SCID that is authorized in a particular PCA_PDU.

If only one VC is used, these bits are set permanently to value “all zeros”.

A VC used for transmission of “Fill” data is indicated by setting these bits
to the reserved value of “all ones”: a Fill VC so identified may not contain
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any valid user data within its Data Unit Zone, but it must contain the Insert

Zone if Insert service is supported.

5.4.9.2.1.1.3 VIRTUAL CHANNEL DATA UNIT COUNTER (Bits 16 through 39)

54.9.2.1.13.a The purpose of the VCDU Counter field is to provide individual
accountability for each of the sixty-four Virtual Channels.

5.49.2.1.1.3.b  The 24-bit field represents a sequential count (modulo 16 777 216) of the

5.492.1.1.4 SIGNALLING FIELD (Bits 40 through 47)

5.4.92.1.1.4.a The Signalling field is used to alert the receiver of the-VCDU with respel

5.4.92.1.14.1 Replay Flag (Bit 40)

54.9

5.4.9

54.9

2.1.14.1.a

2.1.14.1b

2.1.1.4:1¢

total number of VCDUs which have been transmitted on each of the-V{s; it
is used in association with the VCID field to maintain a separate cobntef for

each VC.

functions that: (a) may change more rapidly cthan can be handlec
management, or; (b) provide a significant croess check against manug
automated setups, for use in VCA sublayerdault detection and isolation.
Signalling field contains two subfields:

Recognizing the need to store’ VCDUs during periods when the Phyj
Channel is unavailable,.and to retrieve them for subsequent replay w

Ct to
by
11 or
The

ical
hen

the channel is restored; this flag alerts the receiver of the VCDU ith

respect to its “realtime” or “replay” status. Its main purpose i

8 {0

discriminate between realtime and replay VCDUs transmitted dn a

particular Physical Channel when they both may use the same VCID.
The Replay Flag is interpreted as follows:

207= Realtime VCDU
“}” = Replay VCDU

Owing to the wide spectrum of onboard storage and retrieval technology
options, the exact interpretation of this Flag is necessarily the subjedt of

negotiation between Projects and cross support organizations

For

CCSDS 701.0-B-2

instance, it may be interpreted to indicate that the value of the VCDU

Counter field on the replayed VC decreases rather than increases,

as a

function of reverse playback. Note that if a Reed-Solomon encoded
CVCDU is stored, it must be re-encoded if the status of the Replay Flag is

altered after retrieval.
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54.9.2.1.14.2

Reserved Spares (Bits 41 through 47)

5.49.2.1.142.a The seven-bit Reserved Spares field is reserved by CCSDS for potential
future signalling applications and in the interim shall, by convention, be

set to the value “all zeros™.

54.9.2.1.1.5 VCDU HEADER ERROR CONTROL (Bits 48 through 63, optional)
54921.15a The2-bit Version Number field, the 14-bit VCDU ldentifier field, and-the 8-
bit Signalling field may all be protected by an optional error deteeting and
error correcting code, whose check symbols are contained within“this ]6-bit
field.
5.49.2.1.1.5,b The VCDU Header Error Control field is either mandatory or optjonal,
depending on the Grade of Service, the presence (On absence of rglated
VCDU fields, and local implementation decisions.~(See Section 5.4.9.]1.2.3,
Section 5.4.9.1.2.10 and Reference |8] for more information on [these
dependencies.)
5.49.2.1.1.5.c The mechanism for generating the VCBU Header Error Control field|shall
be to use a shortened Reed-Solomon~(10,6) code. The parameters gf the
selected code are as follows:
(1) “J=4” bits per Reed-Sol¢mon (R-S) symbol.
(2) “E=2” symbol errorcorrection capability within a R-S code word
(3) The field generator polynomial shall be:
FOXp=x4 + x + 1
over GF(2)
(4) “The code generator polynomial shall be:
g(x)=(x + (16)(x +al)(x + ax)(x + OL())
over GF(24)
where F(a) =0,
af = 1100, o = 1011
a8 =0T0T, o = T0T0
also:
g(x) = x4+ 03x3 + ox2 + a3x + 1
over GF(24)
and:
oV = 0001, o = 1000
a =000
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(5) Within an R-S symbol, the transmission shall start from the bit on the
left side; e.g.,

a3 = 1000

shall be transmitted as a 1 followed by three 0s.

(6) The bit to R-S symbol mapping shall be:

bits in the header symbol
0,1,2,3 0
4,5,6,7 1
8,9,10,11 2
12,13,14,15 3
40,41,42,43 4
44.45,46,47 5
48,49,50,51 6
52,53,54,55 7
56,57,58,59 8
60,61,62,63 9

5.49..1.1.5.d Note that the header error correction code can correct up to and including

5.49.2.1.2 VCDU INSERT ZONE

54.9.24.2:a

two symbol errors. This is sufficient to meet the required performancg¢ of
<Ix10E-07 VCA_SDUs 'miissing (specified in Table 5-6 for Grade-3
service) at a 1x10E-05.Channel bit error rate, for random bit errors. In|the
case of convolutional coded channels, in particular when the convolutidnal
coding is interleaved, the VCA_SDU loss rate will drop to 2x10E-05 af an
operating point)eéquivalent to a channel bit error rate of 1x10E-05. Thik is
due to the burst errors typical of the convolutional decoders. The minirgI:m
required_performance may be achieved, for example, by using Grade-2
services; by using additional (transparent) interleaving, or by improving|the
link.margin.

The presence or absence of the optional VCDU Insert Zone is established by

5.49.2.1.2.b

management. It the VCDU/CVCDU supports the Insert service for transfer of
isochronous data, the Insert Zone shall exist in every VCDU and/or CVCDU
that is transmitted in a particular PCA_PDU, including Fill VCDUs.

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 PCA_PDU.
The Insert Zone shall contain precisely one octet-aligned IN_SDU. There is
no CCSDS protocol data unit associated with the Insert service within the
VCA sublayer.
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5.4.92.1.2.c If the Insert Zone is present, management reduces the length of the VCDU
Data Unit Zone that is available to VCA users by an amount equal to the
constant length of the Insert Zone. Once set by management, the length and
presence of the Insert Zone is static.

5.4.9.2.1.3 VCDU DATA UNIT ZONE

5492 13a The VCDU Data Unit Zone, which must exist as an integer number of octets,

5.4

54

5.4

5.4

5.4

9.2.1.3.b

9.2.13.c

92.14a

9.21.4.1

9.2.1.4 VCDU TRAILER

has a length which varies and is equal to:

(1) the fixed VCDU or CVCDU length which has been selected for us¢ on a

particular Physical Channel; minus

(2) the length of the VCDU Primary Header plus the-length of the VICDU
Insert Zone and/or the VCDU Trailer and/or the Reed-Solomon ¢heck

symbols (if any of these are present).

‘The VCDU Data Unit Zone contains higher<layer service data units assog¢iated

with the SLS Encapsulation, Multiplexing, Bitstream, or Virtual Ch
Access service interfaces. It may therefore contain one M_PDU, one B_|

hnnel
PDU,

one SLAP_PDU, or one private data unit of unknown internal format and

structure.

When no valid higher-layer data are available for transmission at release
for a VCDU, the Virtual/Channel ID shall be set to the value “all ones”
Project-specified “fill>pattern shall be inserted into the VCDU Data
Zone.

The VEDU Trailer is an optional component of the VCDU. Its presern
absence and internal configuration are prespecified for a particular V|

time
and a
Unit

ce or
irtual

Channel by management. If present, it provides a mechanism for inserting an

“Operational Control” field, and/or a “VCDU Error Control” field in{
trailing octets of a particular VCDU.

o the

Operational Control Field (32 bits) (optional)

549.2.1.4.1a. The purpose of the Operational Control field is to allow a Project

organization to support a hybrid configuration whereby a “Conventi

onal”

CCSDS system may be operated in conjunction with an Advanced Orbiting
System. If present, this 32-bit field shall contain a “Command Link Control
Word”, whose use and format are defined in the CCSDS Recommendations
for Packet Telemetry, Reference [2], and Telecommand, Reference [5]. A
discussion of hybrid telecommand operations is continued in Reference [8].
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If the VCDU Error Control field is not present in the VCDU Trailer,

this

field occupies the four trailing octets of the VCDU. If the VCDU Error

Control field is present, this field is displaced towards the beginning of
VCDU by two octets.

5.4.9.2.1.4.2 VCDU Error Control Field (16 bits) (optional)

549.2.14.2.a

5.4912.1.4.2.b

54.9[2.14.2.c

The VCDU Error Control field contain
which provides a capability for detecting errors that may hayé

the

introduced into VCDUs that have been transmitted without the protectign of
Reed-Solomon outer coding. Note that since the VCDU Header Hrror
Control field independently protects key elements of the VCDU Prirhary
Header, the main use of the VCDU Error Control field,is>to detect efrors

occurring elsewhere in the VCDU structure.

Use of the VCDU Error Control field is mandatory. within Virtual Channels
that are not Reed-Solomon encoded; its preseree is not otherwise required.
Presence or absence of the field within a particular VCDU is prespecified by
management as a setup parameter for the receiving end of each Virtual

the two trailing octets of the VCDU;

The cyclic redundancy code contained within this field shall
characterized as follows:

(1) The generator pelynomial shall be:
g(x) =x104x12 4 x5+ 1

(2) Both eéncoder and decoder shall be initialized to the “all ones” statd
each VCDU.

(3) "y Parity “P” generation shall be performed over the data space “D|’

shown in Figure 5-12; i.e., “D” covers the entire VCDU excluding
final 16-bit VCDU Error Control field.

(4) The generated parity symbols shall then be inserted into the VO
Error Control field which occupies the final 16-bits of the VCDII

5.49.2.1.4.2.d

CCSDS 701.0-B-2

.Channel; it may not be dynamically chariged. If present, the field occupies

be

for

as
the

DU

The detailed procedure for generating the parity symbols is identical to that
used for the Version-1 CCSDS Telemetry Transfer Frame and is thus

specified in Reference [2].
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5.419.2.1.5

- - - - - - VIRTUAL CHANNEL DATAUNIT = — — — — >
"P“
- - - — — — "D'DATASPACE — — — — — " 160

Figure 5-12: VCDU Fields over Which Parity Is Generated

REED-SOLOMON CHECK SYMBOLS FIELD

5.49.2.1.5.a The Reed-Solomon Check Symbols field contains the Reed-Solomon fheck

5.419.2.2 FORMAT OF THE SLAP_PDU

5.4/9.2.2.a

5.49.2.2.b

symbols, which shall be generated according-to the procedures speciffed in
Reference [3]. The presence or absence 6f this field is an attribute 9f the
Virtual Channel and is prespecified by management. A VCDU which has this
field appended becomes known asca Coded Virtual Channel Datal Unit
(CVCDU). In order to meet the requirement that VCDUs and CVCDU4 have
the same (fixed) length on a particular Physical Channel, the Data Unit Zone
of a CVCDU is shortened to-daccommodate the addition of the Reed-Solomon
check symbols.

If a particular Virtual Channel is configured by management to support Grade-1
service, the SLAP Procedures accept fixed-length SLAP_SDUs (received in a
SLAP_DATA. request primitive) and generate the SLAP Protocol Datg Unit
(SLAP-PDU).

The length of the SLAP_PDU is fixed by management for any particular Yirtual
Channel since it is inserted exactly into the fixed-length VCDU Data Uni{ Zone
of a CVCDU. Necessarily, the management processes which fix the length of
the SLAP_SDU carried within the SLAP_PDU must take into accoupt the

5.49.2.2.c The format of the SLAP_PDU is shown in Figure 5-13.

5.4.9.22.d The “Link ARQ Control Word”, which supports the SLAP protocol, is
discussed further in Section 6.
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ONE SLAP_SDU (LACW)

Figure 5-13: SLAP Protocol Data Unit

5.49{2.3 FORMAT OF THE PCA_PDU

5.49{2.3.a The PCA_PDU consists of a continuous and contiguous succession of equal-

length Channel Access Data Units (CADUs). The €ADU consists ¢f a
VC_PDU (i.e., a VCDU or a CVCDU, possibly exclusively ORed with 3 bit I
transition generator) that is prefixed by a Synchronization Marker. Since the
succession of CADUs occur at fixed time interyals that are synchronized with
the transmitted channel bit rate, the CADUs provide “channel access slots”

into
which individual VC_PDUs are placed.

5.4912.3.b The format of the PCA_PDU is showa in Figure 5-14.

CHANNEL ACCESS CHANNEL ACCESS
... | smc & or SYNC. SLOT SYNC.

MARKER | \ongve ppu) |MARKER | (onNeve ppuy |MARKER

CHANNEL ACCESS
@~ DATA UNIT (CADU)

Figure 5-14: Physical Channel Access Protocol Data Unit

5.49.23.c The Synchronization Marker shall be the standard CCSDS Attached
Synchronization Marker that is specified in Reference [3]. It is a fixed 32-bit
pattern which may be represented in hexadecimal notation as:
1ACFFC1D
CCSDS 701.0-B-2 Page 5-61 November 1992
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5410 SUMMARY OF VCA DATA STRUCTURES

5.4.10.a Figure 5-15 summarizes the overall relationship between the Reed-Solomon
Codeblock, the CVCDU, the VCDU, the CADU and the PCA_PDU. Within the
transmitted PCA_PDU, both VCDUs and CVCDUs may appear in any order. The
information relative to whether a particular CADU contains a VCDU or a
CVCDU is inferred from the relevant VCDU-ID.
REED-SOLOMON CODEBLOCK
g— — — — — — (UPTO10200BITS) == = = — -
REED-
SOLOMON
REED-SOLOMON DATA SPACE CHECK
SYMBOLS
UP TO 8920 UP TO-1280
L) [}
[ ] [ ]
CODED VIRTUAL CHANNEL DATA UNIT
- (VC_PDU) A
REED-
VCDU (vCDhuU VCDU
PRIMARY INSERT DATA UNIT TS/SEEUR) Sgh%'\éSN
HEADER ZONE) ZONE SYMBOLS
UP TO 8920 UP TO 1280
[ ] [
* VIRTUAL CHANNEL DATA UNIT ®
— {(VC_PDU) —
VCDU (VCDU vCDU
PRIMARY INSERT DATA UNIT T}\qlilllj_Lé'R
HEADER |  zoNg) ZONE
UP TO 10,200
[ [ ]
L) [ ]
SYNC: SYNC.
MARKER CHANNEL ACCESS SLOT MARKER
32 UP TO 10,200
| «— — — — — — — _ CHANNEL ACCESS DATAUNIT __
(CADU) >
[ ————— PHYSICAL CHANNEL ACCESS PROTOCOL DATAUNIT //

(PCA_PDU)

Figure 5-15: Relationship Between the VCDU, CVCDU, CADU and PCA_PDU
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5.4.10.1 STANDARD CADU/VCDU/CVCDU LENGTHS

5.4.10.1.a In order to facilitate robust, reliable synchronization processes within the Space
Link Subnet, the CADU length is fixed at a constant value for one given Physical
Channel. For very high-rate systems, use of the maximum standard length is
recommended for reasons of speed and efficiency. However, for lower-rate

systems, shorter standard lengths are available to decrease the potential delays
experienced by “realtime” data and to improve synchronization performance.

5.4.10.1.b Since one VCDU or CVCDU is embedded synchronously within each CADU, the

standard CADU lengths map directly into standard VCDU/CVCDU lengths. [This
section defines the standard VCDU or CVCDU lenoth\ Note thatthe standard

CADU lengths are 32-bits longer, corresponding to the added:length of the
Synchronization Marker. The length of the VCDU/CVCDU is a managed

parameter.
5.4.10.1.c Two different types of space data links are considered.
5.4.10.1.1 LINKS SUPPORTING ONLY SLS GRADE-3SERVICE

5.4.10.1.1.a On these links, where only VCDUs are transmitted (no CVCDUs are presgent),
all VCDU s shall have one size only, until changed by management. The length
of the VCDU can be chosen to be-any integer number of octets, as requireld by
the using Project, within the following range:

Minimum VCDU length: 124 octets (992 bits)
Maximum VCDU length; 1275 octets (10,200 bits)

5.4.10.1.1.b Once selected, the*VCDU length must be fixed for a mission phase pn a
particular Physical Channel.

5.4.10.1.2 LINKS SUPPORTING MIXED SLS GRADES OF SERVICE,
OR GRADE-1/2 ONLY

5.4.]0.1.2.a On mixed links, where at least one Virtual Channel is providing Grade4l or
Grade-2 service (i.e., VCDUs and CVCDUs may both be present), or on links
supportmg purely Grade-1/2 service, the recommended standard lengths (which

(I) of the Reed Solomon encodmg as spec1f1ed in Reference [3] For systems
requiring only octet compatibility, Projects may select a value from the
following five standard lengths:
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Interleave Depth: VCDU/CVCDU Length:
I=1 255 octets (2040 bits)
1=2 510 octets (4080 bits)
1=3 765 octets (6120 bits)
I1=4 1020 octets (8160 bits)
1=5 1275 octets (10200 bits)

5.4. 1612 -bi ibili hnique of “Virtual Fill”, as
specified in Reference [3], may be used in addition to varying the
Solomon Interleave Depth. The Virtual Fill, which is not transmitted, ds-us¢d to
shorten each Reed-Solomon codeblock by “n” octets. (A Reed-Solomon
codeblock consists of “T” codewords, each of length 255 octets, For examp
=2 then the codeblock length without the Virtual Fill is 510 octets.) Iff this

technique is used, Projects may select a value from the following five standard

lengths:

Interleave Standard VCDU/CVCDU Virtual Fill
Depth: length: octets/codeblockf
I=1 252 octets (2016 bits) n=3

[=2 508 octets (4064 bits) n=2

=3 756 octets (6048 bits) n=9

I=4 1020 octets (8160 bits) n=0

I=5 1260 octets© (10080 bits) n=15

5.4.10.1.2.c Once selected, the VCDU and CVCDU lengths must be the same and must be
fixed for a missionphase on a particular Physical Channel.

5.4.10.2 SUMMARY OFCADU INTERNAL FORMATS

5.4.10.2.a The various-internal structures of the CADUs associated with different Grades of
Servicé within the Space Link Subnet are summarized in the following diagrams.

5.4/10.2.b GRADE-1, WITHOUT INSERT, ALL SLS SERVICES

o
PRIMARY HEADER UNIT ZONE
S| VER |sciD|vciD| VCDU | siG Lacw| R-S
Y COUNT CHECK
N SLAP_SDU SYMB.
c
32 2 8 6 24 8 VARIES 48 VAR.
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5.4.10.2.c GRADE-1, WITH INSERT ALL SLS SERVICES
vcDU VCDU
vVCDU
INSERT DATA
PRIMARY HEADER ZONE UNIT ZONE
s | veR |scip|veip | veou | sig |IN_sbu LACW | R-S
Y COUNT CHECK
N Sl AP_inl SYMB.
c
32| 2 8 6 24 8 | VAR. VARIES 4n VJAR.
5.4.10.2.d GRADE-2, WITHOUT INSERT, SLS MULTIPLEXING-OR
BITSTREAM SERVICE
ey
PRIMARY HEADER UNIT ZONE
S | VER |SCID{ VCID | VCDU | siG | M_PDU R-S
Y COUNT OR M_SDU CHECK
N B_PDUY OR SYMB.
C HDR. BITS
32| 2 8 6 24 8 16 VARIES VAR.
5.4.10.2.e GRADE-2, WITHOQUT INSERT, SLS VIRTUAL CHANNEL
ACCESS SERVICE
toos
PRIMARY HEADER UNIT ZONE
S_|'VER |sciD |vcID | vebu | siGg A-s
Y COUNT CHECK
2 PRIVATE DATA UNIT S"IMB
32| 2 | s 6 24 8 VARIES VAR.
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5.4.10.2.f GRADE-2, WITHOUT INSERT, “FILL” VC

ooy
PRIMARY HEADER
RIMA UNIT ZONE
s | ver |scio|veip | vebu | sig R-S
Y COUNT CHECK
g FILL PATTERN SYMB
321 2 8 6 24 8 VARIES VAR.
111111
5.4]10.2.g GRADE-2, WITH INSERT, SLS MULTIPLEXING OR
BITSTREAM SERVICE
VCDU VCDU
vCDU
INSERT DATA
PRIMARY HEADER JONE UNIT ZONE
S | VER [SCID[VCID | VCDU [ SIG |IN_SDU |M-PDU R-S
Y COUNT OR M_SDU CHECK
N B_PDU OR SYMB.
c HDR. BITS
321 2 8 6 24 8 VAR. 16 VARIES VAR.

5.4/10.2.h GRADE-2, WITHINSERT, SLS VIRTUAL CHANNEL ACCESS SERYICE

\eioll] vcDhu
VCDU
INSERT DATA
PRIMARY HEADER ZONE UNIT ZONE
S{.VER [SCID[VCID | VCDU [ siG |IN_SDU )
4 COUNT CHECK
("; PRIVATE DATA UNIT SYMB.
a2l o | g1 ¢ 24 8—| VAR VARIES VIAR.
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5.4.10.2.i GRADE-2, WITH INSERT, “FILL” VC

ISO 13420:1997(E)

vchbu vcDu
vCchU
INSERT DATA
PRIMARY HEADER ZONE UNIT ZONE
S | VER |sciD}vcip | vepu | siG [IN_SDU ' R-S
Y COUNT CHECK
N FILL PATTERN SYMB.
C
32| 2 8 6 24 8 | VAR. VARIES VAR.
111111
5.4.10.2.j GRADE-3, WITHOUT INSERT, SLS BITSTREAM SERVICE
vcDU R
V b
VCDU DATA T aEFlaJ
PRIMARY HEADER UNIT ZONE :
s | ver |scip| veip | veou | sig | VCDU | B_PDU veou
Y COUNT HDR. HDR. ERR.
N ERR. BITS CTRL.
c CTRL.
32l 2 | 8 6 24 8 16 16 VARIES 16
5.4.10.2.k GRADE-3, WITHOUT INSERT, SLS VIRTUAL CHANNEL
ACCESS SERVICE
vcDU
VCDU DATA ¥; [L):
PRIMARY HEADER UNIT ZONE :
S+ VEeR | scio| veip| veou | sig | VCDU vgou
Y COUNT HDR. ERR.
N ERR. PRIVATE DATA UNIT CTRL.
c CTRL.
32| 2 | 8 3 24 8 16 VARIES 16
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5.4.10.21 GRADE-3, WITHOUT INSERT, “FILL” VC

VCDU VCDU
VCDU DATA TRLR.
PRIMARY HEADER UNIT ZONE

s | ver | scip| veip| veou | sig | VEDY VCDU

Y COUNT HDR. ERR.

N .ERR. FILL PATTERN CTRL.
& CTRL

321 2 8 6 24 8 16 VARIES 6

111111

5.4.10.2.zm GRADE-3, WITH INSERT, SLS BITSTREAM SERVICE

[ e ooy oy
PRIMARY HEADER ZONE UNIT ZONE THLR.
s |VER IsciD|vcID | vCDU | SIG | VCDU | IN_SBU_»|B_PDU VDU
Y COUNT HDR. HDR. ERR.
N ERR. BITS CTRL.
o] CTRL.
32| 2 8 6 24 8 16 VAR. 16 VARIES 6

5.4.10.2.n GRADE-3, WITH INSERP, SLS VIRTUAL CHANNEL ACCESS SERYICE

ooy, e
PRIMARY HEADER ZONE UNIT ZONE THLR.
S | VER JscID’jvCID | vCDU | SIG {VCDU | IN_SDU VEDU
Y COUNT HDR. ERR.
N ERR. PRIVATE DATA UNIT ctRL
C CTRL.
321 2 8 6 24 8 16 VAR. VARIES 16
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5.4.10.2.0 GRADE-3, WITH INSERT, “FILL” VC

VCDU VCDU

VCDU VCDU
INSERT DATA
PRIMARY HEADER ZONE UNIT ZONE TRLR.
S | VER |SCID |VCID | VCDU | SIG |vCDU | IN_SDU VCDU
Y COUNT HDR. ERR.
N ERR. FILL PATTERN CTRL.
C CTRI
32 2 8 6 24 8 16 VAR. VARIES 16

IRRRRRI

5.5 | MANAGEMENT OF THE SPACE LINK SUBNETWORK

5.5.4 In order to conserve bandwidth on the Physical Channel, some paramgters
associated with SLS services are handled by management rather than by ipline
communications protocol. The managed paramefers are those which tend fo be
static for long periods of time, and whose change generally signifies a major
reconfiguration of the data communications Systems associated with a partigular
Advanced Orbiting System. Through the:tise of a signalling system, management
conveys the required configuration information to the applicable protocol layers
within the SLS.

5.5k The managed configuration parameters for the VCA and VCLC sublayers are listed

below. These parameters are-defined in an abstract sense and are not intend¢d to
imply any particular implementation of a management system.

5.5.1 VIRTUAL CHANNEL ACCESS CONFIGURATION PARAMETERS
5.5.1.1 VC_PDUSERVICE PARAMETERS
5.5.]1.1.a Each VCDU-ID has associated with it a list of indicators which define:

5.5.1.1:b the length of the VC_PDU;

5.5.1.1c the upper-layer service interface (i.e., Multiplexing, Bitstream, Virtual
Channel Access, or Virtual Channel Data Unit) with which the VC_PDU is
associated;

5.5.1.1d the Grade of Service being supported, i.e., the presence or absence of the

Reed-Solomon check symbols and the SLAP protocol;

5.5.1.1.e the presence or absence of the VCDU Header Error Control field;
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5.5.1.1f the presence or absence of the Insert Zone and (if present) its length;
5.5.1.1.¢g the presence or absence of the VCDU Trailer, and its contents;
5.5.1.1.h the PCA_PDU(s) in which this VCDU-ID is authorized for transmission.

5.5.1.1.i Management, via the signalling system, sends this information to both the sending

———and-recerving-entities-

5.5]1.2 VC_PDU RELEASE PARAMETERS

5.5]1.2.a Each VCDU-ID has associated with it Project-unique parameters’which defire the
conditions under which the VC_PDU is to be released for transmigsion.
Management, via the signalling system, sends this Project-unique informlation
only to the sending entity.

5.5{1.3 VC_PDU PROCESSING PARAMETERS

5.5]1.3.a  Each VCDU-ID has associated with it proeessing parameters which define:
5.5J1.3.b whether the contents of the VCBDU Data Unit Zone are to be extracted and
delivered to the SLAP procedures, to the VCLC sublayer (Multiplexing and

Bitstream service), or to theVirtual Channel Access service interface;

5.5{1.3.c whether the complete VC_PDU is to be delivered to the Virtual Channel|Data
Unit or to the Virtual Channel Access service interface;

5.5]1.3.d whether or ot the VC_PDU is to be discarded because it contains Fill daa.
5.5[1.3.e Management, via the signalling system, sends this information to only the

receiving-entity.

5.5  VIRTUAL CHANNEL LINK CONTROL CONFIGURATION PARAMETERS

5.521 TLLOWER LAYER SERVICE PARAMETERS

5.5.2.1.a  Each VCLC entity has associated with it a list of indicators which define the
following service parameters provided by the VCA sublayer below in conjunction
with a particular VC:

5.5.2.1.b the Grade of Service provided;

5.5.2.1c the length to be used for the service data unit.
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5.5.2.1.d Management, via the signalling syStém, sends this information to both the sending

and receiving entities.

5.5.2.2 VCLC PROCESSING PARAMETERS

5.5.2.2.a Each VCLC entity has associated with it processing parameters which define:

552

.2.b

5.5.2.2.c

the type of service data unit being delivered by the VCA sublayer|(i.e.,
M_PDU or B_PDU);

(44
e

to which service access points the user service data units are-tobe deliver]

5.5.2.2.d Management, via the signalling system, sends this information to only the

receiving entity.
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6 SPACE LINK ARQ PROCEDURE: SERVICE DEFINITION

6.1 INTRODUCTION

6.l.a  This section of the Recommendation defines the Space Link ARQ Procedure
(SLAP) which is used to provide “Grade-1” data delivery service across the Space

Li

nk Subnetwork. Grade-1 service is characterized by the transfer of higher-layer

user service data units (SLAP_SDUs) so that they are delivered through the SLS in

SC
w

*
—
o
-~ »
Eoss8 58084

[JUETICE, WItOUT duplication, with a very high provability of being compiete, and
th a very high probability that they are error free.

:E: SLAP, as described here, operates only within the Space Link Subnetwork ‘and

therefore be used in support of both Path and Internet service. Extension of
rade-1 service across the entire CPN (sometimes described as “‘end-to-end”)
puld require Project organizations either to use additional link layer ARQ
ptocols in each of the onboard and ground subnetworks, or to augment the
ternet service by implementing a Transport layer which supports retransmission

;I;mOL Alternatively, a special Application layer ARQ pfotocol could be used. It

uld be noted that the SLAP has been designed to be.conceptually independent of
e layer in which it operates, and thus could potentially be extended in the future
[ use as an Application layer ARQ protocol acréss the CPN. This usage is not,
wever, currently part of this Recommendation and is not discussed further herein.

6.1.c  This section describes the operational concept for the SLAP and specifies the SLAP

N
re

rvice interface. The CCSDS Secretariat should be consulted for information
ative to the status of the SLAP pretocol specification.

6.2 OPERATIONAL CONCEPT AND ORGANIZATION OF THE SLAP

6.2a. A

b noted in Section 5, the-SLAP resides within the Virtual Channel Access (VCA)

S

blayer of the Space-Link Subnet. It is an element of VCA procedure which

supports the VCLC, procedures as well as the Virtual Channel Access service. It
relies upon the-VIC A service interface to achieve data transfer through the Physical
Channel, using-individual Virtual Channels which are dedicated to Grade-1 service.
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b The SLAP is defined to be a bidirectional procedure: two dedicated Grade-1 Virtual

Channels, one in each direction of SLS data flow (e.g., VC “x” forward and VC “y

e 9

return), are paired to interconnect two symmetric SLAP entities. At each end of the
connection (“Point A” and “Point B”), the SLAP entity is composed of both a
“Sending Function” and an “Acceptance Function”, as illustrated in Figure 6-1.
Note that, although shown in separate boxes in the figure, the Sending and
Acceptance Functions at Point A (and likewise at Point B) are in fact both
performed within a single protocol state machine.

AC
OR
RE
SLA
AT
FR
SLA

SPACE CHANNEL
INPUT: OUTPUT:
SLAP_SDUs SLAP_SDUs
FOR VC "x" I FROM VC "’
SENDING | S| AP_PDUs WITH LACWs ACCEPTANCE
FUNCTION | . FUNCTION
-Al ON VC llxll NBI
KNOWLEDGEMENTS REPORTS OF RERORTS OF ACKNOWLEDGE
RETRANSMISSION SEQUENCE SEQUENCE OR RETRANSMI
DUESTS FOR ERRORS ERRORS REQUESTS FOR
P_PDUs SENT FROM FOUND IN FOUND IN SLAP_PDUs SEN
O B, EXTRACTED SLAP_PDUs SLAP_PDUs B TO A, EXTRAQ
DM LACWs IN SENT FROM SENT FROM FROM LACWs IN
P_PDUs ON VC "y" BTO A, FOR ATOB, FOR SLAP_PDUs ON
INCLUSION-IN INCLUSION IN
LACWS.ON LACWSs ON
VC lell VC Ilyll '
ACCEPTANGE SENDING
SLAP_PDUs WITH LACW.
FUNCTION it °] FuncTION
IlAI ON VC llyll IBI
OUTPUT: l INPUT:
SLAP_SDUS ~g— SLAP_SDUs
FROM-/C y" A FOR VC "y"
POINT “A* POINT "B"

MENTS
SSION

(T FROM
TED

VC nxn

CCSDS 701.0-B-2

132

Figure 6-1: Symmetric SLAP Operation

Page 6-2

November 1992


https://standardsiso.com/api/?name=652785e4810dd4481c6823800650fe74

ISO 13420:1997(E)
CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

6.2.c The SLAP_SDUs are received from the service interface with a layer above (i.e.,
either the VCLC sublayer, or the Virtual Channel Access service). The SLAP
Sending Function adds a Link ARQ Control Word (LACW) to each SLAP_SDU to
produce a SLAP_PDU, which is transferred on a prespecified dedicated Virtual
Channel by placing it within a Coded Virtual Channel Data Unit (CVCDU) data
structure. The LACW contains numbering information which identifies each
SLAP_SDU flowing on VC “x”, plus a report of the status of acceptance of
SLAP_SDUs flowing on VC “y”.

6.2.d  The CVCDUs are protected using Reed-Solomon encoding, which provideq the
required very-high probability that the Grade-1 SLAP_SDUs are error free. Iij the
event that the VCA sublayer is unable to correct a CVCDU, it will be discarded| and
a discontinuity will thus be introduced into the sequence ofi,SLAP_PI)Us.
Discontinuities may also be introduced by momentary channel outages. The SLAP
therefore provides the necessary retransmission protocol néeded to ensure| the
completeness and sequencing of delivered Grade-1 SLAP~SDUs by supplying the
required numbering, sending, reportin2, and resending procedures. The result|is a
hybrid system employing both powerful forward erfer correction and ARQ-}ype
retransmission control.

6.2.e Each LACW within a SLAP_PDU contains_ a ‘sequence number that is associated
with the SLAP_SDU to which it is appended. These sequence numbers| are
generated by the SLAP Sending Function; and are valid only within the SLAP; they
are independent of the numbering $¢heme used by either the Virtual Chapnel
procedures (i.e., the VCDU Countepin the VCDU Primary Header), or by the layers
above. It is these LACW sequence numbers that are used for SLAP_RDU
acceptance checks and for retransmission control. The sequence numbers assigned
to SLAP_PDUs traveling in one direction over the connections are independent of
the sequence numbersof SLAP_PDUs traveling in the opposite direction.

6.2.f Certain LACWs may also be formatted to produce “supervisory” SLAP_PDUs,
which are uséd’to pass protocol control data from the Sending Function to| the
Acceptange, Function, or vice versa. Supervisory SLAP_PDUs are not assigned
sequence-niumbers by the Sending Function and therefore are not checked| for
corrgetsequencing by the Acceptance Function.

6.2.g| ~For the SLAP to operate, it is necessary for the Acceptance Function to
acknowledge receipt of SLAP_PDUs, and to report sequence errors when they
occur. These reports are carried in the LACWs that accompany data flowing in the
opposite direction, i.e., reports concerning receipt of SLAP_PDUs transmitted from
A to B are carried in the LACWs that are attached to SLAP_PDUs flowing from B
to A.
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If the LACW report received at Point A acknowledges that all SLAP_PDUs were
received by the Acceptance Function at Point B, normal operation occurs. However,
if the LACW report indicates that a sequence error has occurred, a retransmission
strategy is invoked within the Sending Function at Point A to resend the missing
SLAP_PDU(s). If an unrecoverable error condition is encountered, a service
interruption is reported to management and the Sending Function at Point A then
reinitializes itself and transmits a supervisory protocol control command to the

Acceptance Function at Point B, which causes reinitialization there and enables
service ta be resumed

[@]

SLAP SERVICE INTERFACE SPECIFICATION

In a symmetric manner, reports on data transmitted from the Sending Functipn at
Point B to the Acceptance Function at Point A are carried in ACWs| that
accompany data flowing from A to B, and are acted upon by the Sending Funttion
at Point B.

AAAAAAAAAAAAAAAAA ~AF ¢l

The gcucxal Ulgauu.auuu of the SL g
in Figure 6-2. For simplicity, only half of the pair of
connection is shown.

ES

g=]
=
Q
.
o
Q.
=]
=
93
»
FP

This section defines the services provided by the SLAP to the sublayer abovg (the
VCLC sublayer, or the Virtual Channel Access service interface) and the serpices
required by the SLAP from the-Virtual Channel procedures in the sublayer below
(referred to here as the “lower layer”). The service specifications in this section are
not intended to imply any particular implementation.

The SLAP service is-connection oriented; it is bidirectional and persists over fime.
Connection establishment, reset, and termination are controlled by management.
The service interfaces specified herein are only those that are used for data tr'r]sfer
once a connéction has been established.

In the-sérvice interfaces described below, the general parameters “SN_SOURCE.ad-
dress” and “SN_DESTINATION.address” are used to represent the identification of
the subnetwork source and destination addresses for the data flowing over the §LAP
connection. Within the SLS, the spemﬁc address paramctcrs are pr0v1dcd by the

potential futurc apphcauon of thc SLAP within othcr layers of thc CPN
architecture.
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VCLC SUBLAYER OR
VCA_SAP
| T
SLAP_SDU T SLAP_SDU
¢ FOR VC "x" FROM VC "x"
SENDING ACCEPTANCE
FUNCTION FUNCTION
LACW IN PDUs ON VC "x", CARRYING
ENCAPSULATE SDUs IN| seq. NUMBERS FOR SLAP_SDUs ON RECONSTITUTE AN
SLAH_PDUs ON VC "x". VC "x" AND ACCEPTANCE REPORTS ORDERED SET OF
ADD VC "x" SEQUENCE |  FOR SLAP_SDUs ON VC y" SDUs, PERFORM SDU
NUMBERS + REPORTS | SEQUENCE NUMBER
FOR BDUs ON VC "y". ACCEPTANCE AND
iNITIATE PDU TRANS- [ VALIDATION CHECKB.
MISSJON, MONITOR LACW REPORTS FOR SLAP_SDUs REPORT STATUS OF
RETURNED LACWs, ON VC "x", CARRIED IN SLAP_PDUs ACCEPTANCE VIA
INITIATE RETRANSMIS- | ON VC "y" RETURNED LACWs.
SION|IF REQUIRED. DELIVER EXTRACTED
AND VALIDATED SDUs.
SLAP| PDU I
oN V(gF.’.B. LOCAL ACCEPTANGE FUNCTION REPORTS SLAP_PDU
FOR SLAP_SDUs©ON VC "y" ONVC 'k
VIRTUAL CHANNEL
PROCEDURES

Figure 6-2: Organization of the SLAP Sending/Acceptance Functions

6.3.1 |SLAP/UPPER LAYER SERVICE INTERFACE SPECIFICATION

6.3.1.a] “This section specifies the services required of the SLAP by the upper layer, las
described from the viewpoint of the upper layer. These services allow a local upper-
layer entity to exchange data units with remote peer upper-layer entities. The upper
layer accesses the SLAP via a “SLAP_SAP”, which is associated with a particular
Virtual Channel by management.
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6.3.1.b  The only service provided at this interface is data transfer. The service primitives

associated with data transfer are:

SLAP_DATA. request
SLAP_DATA.indication

6.3.1.1 SLAP_DATA.request

6.3.1.1.a Function
This primitive is the service request primitive for the SLAP service.

6.3l.1.b  Semantics
The primitive shall provide parameters as follows:
SLAP_DATA. request (SLAP_SDU;,

SN_SOURCE.address)

6.3)l.1.c  When Generated
This primitive is passed to the SLAP toaequest that a SLAP_SDU be sent {o the
other end of the connection.

6.3]l.1.d Effect on Receipt
Receipt of this primitiye causes the SLAP to send the SLAP_SDU, using the
Virtual Channel identified by the SN_SOURCE.address.

6.3]l.1.e  Additional Commients
The SN_SOURCE.address parameter is specified by the VCDU-ID. The length of
the SLAP2SDU on a given VC is equal to the length of the CVCDU Dataf Unit
Zone minus the length of the LACW, and must remain fixed for the duratipn of
the, connection.

6.3.|l.2 SLAP_DATA.indication

6.3.1.2.a Function
This primitive is the service indication primitive for the SLAP service.
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6.3.1.2.b Semantics
The primitive shall provide parameters as follows:

SLAP_DATA.indication (SLAP_SDU,
SN_DESTINATION.address)

6.3.1.2.c  When Generated

This primitive is passed from the SLAP to the layer above to indicate the-artival
of a SLAP_SDU on the Virtual Channel indicated , by |[the
SN_DESTINATION.address.

6.3.1]2.d  Effect on Receipt
The effect of receipt of this primitive by the layer above isspecified in Section 5.
6.3.1)2.e  Additional Comments

The SN_DESTINATION.address parameter isspecified by the VCDU-ID. [The
SLAP_SDU is guaranteed to be delivered in‘the same sequence in which it was
submitted to the SLAP, with a specified high probability of being without
omission or duplication, and with a spe¢ified high probability of not containing an
error induced by the SLS.

6.3.2| SLAP/LOWER LAYER SERVICE INTERFACE SPECIFICATION
6.3.2ja  This section specifies the services required of the lower layer by the SLAP. THese
services allow the Jocal SLAP entity to exchange SLAP_PDUs with a peer SIJAP

entity at the otherend of a connection.

6.3.2)b The service-primitives at the lower layer interface are:

VCA-UNITDATA. request
VEAUNITDATA.indication

6.3.2]1"OVCA_UNITDATA.request

6.3.2.1.a Function

This primitive is the service request primitive for the VCA service. |
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Semantics
The primitive shall provide parameters as follows:

VCA_UNITDATA.request (SLAP_PDU,
SN_SOURCE.address)

When Generated

6.3.2.1.d

6.3.2.1e

6.3.2.2 VCA_UNITDATA.indication

This primitive is passed from the SLAP Procedures to the Virtual Chincl
procedures to request them to send the SLAP_PDU, using the Virtual’.Channel
identified by the SN_SOURCE.address parameter.

Effect on Receipt

Receipt of this primitive causes the Virtual Channel procedures to encapsulat the
SLAP_PDU within a CVCDU and to attempt to send it;

Additional Comments

The SN_SOURCE.address parameter is specified by the VCDU-ID. A dedi¢ated
Virtual Channel must be used to transmit the SLAP_PDU. The length of the
SLAP_PDU on a given dedicated Grade-1 VC is equal to the length of the
CVCDU Data Unit Zone, and.must remain fixed for the duration of the
connection.

6.3.2.2.a Function
This primitivé is'the service indication primitive for the VCA service.
6.3.2.2.b Semantics
The ‘primitive shall provide parameters as follows:
VCA_UNITDATA.indication (SLAP_PDU,
SN_DESTINATION address
VCDU Data Loss Flag)
6.3.2.2.c  When Generated
This primitive is passed from the Virtual Channel procedures to the SLAP to
indicate the arrival of a SLAP_PDU on the Virtual Channel indicated by the
SN_DESTINATION.address.
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6.3.2.2.d Effect on Receipt

The effect of receipt of this primitive by the SLAP is currently unspecified.

6.3.2.2.e Additional Comments
The SN_DESTINATION.address parameter is specified by the VCDU-ID. The
Virtual Channel procedures must provide a fixed-length CVCDU Data Unit Zone
for the duration of the SLAP connection
6.4 REQUIREMENTS FOR THE SLAP PROTOCOL
6.4.a Thiis section presents an overview of the functional requirements which’must be
satisfied by the SLAP.
6.4.1 REQUIREMENTS FOR THE SLAP SENDING FUNCTION
6.4.1.a The SLAP Sending Function shall receive SLAP_SDUs'and corresponding address
infprmation from the layer above the SLAP.
6.4.1.b The SLAP Sending Function shall guarantee_ that the SLAP_SDUs are delivered
complete, in sequence, and without duplication to the remote SLAP entity at the
other end of the connection.
6.4.1.c The SLAP Sending Function shall utilize the underlying services of the sublayer
below for transfer of SLAP_PDUs to the remote peer SLAP entity.
6.4.1.d The SLAP Sending Functjon-shall deliver the SLAP_PDUs to the sublayer below in
a dontrolled flow so as‘to avoid an overflow of the remote peer SLAP entity’s
capacity to receive.
6.4.1.e  The SLAP Sending Function shall, when requested by the remote peer SLAP entity,
retfansmit all SLAP_PDUss that have been transmitted since the last acknowledged
SLAP_PBU.
6.4.1f In thedevent that acknowledgements are not received within a specified period of
time, the SLAP Sending Function shall retransmit all SLAP_PDUs that have been
transmitted since the last acknowledged PDU.
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6.4.2 REQUIREMENTS FOR THE SLAP ACCEPTANCE FUNCTION

6.4.2.a

6.4.2.b

The SLAP Acccptancc Function shall establish a full-duplex connection with a
remote peer SLAP entity, when a “connect request” is received from management,

and confirm to management that the connection has been established.

The SLAP Acceptance Function shall report to management when the remote peer

SLAP entity establishes a connection,

6.42.c

6.42.d

6.42.e

6.42.f

6.4.2.g

6.4.2.h

6.4.2.1

The SLAP Acceptance Function shall terminate a connection (empty all bllffCI‘S,

reset all timers and counters, and disconnect) with a remote peer SLAP, éntity
a “disconnect request” is received from management, and confirm to.manag
that the connection has been terminated.

when
Pment

The SLAP Acceptance Function shall report to management when the remotg peer

SLAP entity terminates the connection.

The SLAP Acceptance Function shall perform a loop-back test of the SLAP-to-
SLAP connection, when a “transmit test request’ s received from managemerjt, and

report to management the status of the connection upon completion of the test

The SLAP Acceptance Function shall perform a reset (empty all buffers and reset
all timers and counters) of the connection when a “reset request” is received from

management, and confirm to management that the reset has been performed.

The SLAP Acceptance Functien shall report to management when the remot
SLAP entity issues a reset 0f the connection.

e peer

The SLAP Acceptdnce Function shall report unrecoverable error conditigns to

management.

The SLAP ‘Acceptance Function shall process pending management requests
pending SEAP_DATA . requests or VCA_UNITDATA.indications.

hefore
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7  CROSS SUPPORT OPTIONS

7.a This section defines the service options which may be selected by a Project
organization in order to conform to the Advanced Orbiting Systems architecture
defined within this Recommendation. It also defines the relationship between the
selected services and the levels of cross support which may be achieved.

7 1 ROSS QILIPPADRT NN DO
. NOJUOUTT UNT CUINCIET IS

7.1.a Cross support may occur between different organizations within one Agency who
are cooperating in the execution of a space mission, or between different Agengies.
Cross support takes place at the level of data structures that are created by one party
in the cooperative arrangement and are handed over to_another party |for
transmission between ground and space systems, using transntission resources that
are supplied by the supporting party. As defined in thisc<Recommendation, cfoss
support therefore involves traversing the Space Link Subnetwork at some ppint
during the transfer of data.

7.1.b|  Two types of cross support, as identified in Figure 7-1, are possible. “Symmettic”
Cross support occurs when party “A” submitsza data structure “X” to party “B” at a
sending node, and receives the same data“structure “X” back from party “B” at a
receiving node. “Asymmetric” cross support occurs when party “A” submits a data
structure “X” to party “B” at a sending node and receives a different data structure
“Y” (at a higher or lower layer) back from party “B” at a receiving node.

7.1.c When cross support is synimetric, only the data structure itself and its pertinent
physical attributes (e.g.,isize, frequency, etc.) need to be agreed upon between |the
parties.

7.1.d | When cross support is asymmetric, use of the same protocols within the unbalanged
layers is required.

7.1.e | In all cases of cross support, full agreement on any options within the protodols
and/or data structures is required.

3 neao tha (VOCING O -~ LS N 111 1 1
Servieeste-CESDS-Seeretarratshould-becomnsulted:

7.1 For current information concerning the precise specification of cross support I
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1

Within the framework of this Recommendation, a particular Project organij
may select from a set of eight CCSDS service options in response to its sp
requirements. Generally, the Broject will select one or more data transfer se
across the CPN, plus one“or’'more data transfer services across the Space

~ SEND RECEIVE SEND RECEIVE
PARTY A's PARTY A's PARTY A's PARTY A's
PROTOCOLS PROTOCOLS PROTOCOLS PROTOCOLS
* ==== X ====
USE OF SAME
IS REQUIRED
* ==<P Y —_—
PARTY B's PARTY B's PARTY B's PARTY|B's
PROTOCOLS PROTOCOLS PROTOCOLS PROTOQOLS
SYMMETRIC ASYMMETRIC
Figure 7-1: Cross Support Configurations
CPN SERVICE OPTIONS

ration
ecific
Fvices
Link

Subnetwork. Each of. the services may operate either unidirectionally or

bidirectionally, at the:Project’s choice.
The services available for use by Projects to transfer data across the CPN al
CCSDS Path-service as specified in Section 3 and the CCSDS Internet serv,

specified-in’Section 4.

The-Services available for use-by Projects to transfer data across the Spacg

re the
ice as

Link

Subnetwork, all of which are specified in Section 5, are: the CCSDS Encapsulation

service; the CCSDS Multiplexing service; the CCSDS Bitstream servic

2. the

CCSDS Virtual Channel Access service; the CCSDS Virtuai Channel Datg

Unit

service; and the CCSDS Insert service.
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7.2.1 GENERIC SERVICE PROFILE

72.1.a

7.2.1.b

Figure 7-2 presents a generic “options profile” of all of the functions associated
with CPN services. Note that Path and Internet “gateway” functions are associated

with the relay of Path and Internet protocol data units which originate outside
CPN.

of a

The generic CPN service options profile is used in the following paragfaphs to

7.2.2

7.2.2.

7.2.3

7.2.3.

7.24

7.2.4

.a

PATH SERVICE OPTIONS PROFILE

INTERNET SERVICE OPTIONSPROFILE

ENCABSULATION SERVICE OPTIONS PROFILE

defime—the—specific—setof optioms—assoctated-witireachof the setected€ESDS
services. For asymmetric cross support of a particular CCSDS service, aPrpject
organization must conform to at least one vertical path through the specific¢ options

profile for that service.

The options profile for the CCSDS Path service is showh in Figure 7-3. The

user

may interface via the Octet String or Packet service Options, as defined in Sectipn 3.

Alternatively, a “Path gateway” function may be.entered so that a Logical Data
which originated outside the boundaries of the XCPN may traverse the CPN,

Path
sing

the CCSDS Path protocol. Note that the Patlvservice requires use of Reed-Soldmon

coding during SLS transfer.

The options profile for the {CCSDS Internet service is shown in Figure 7-4. The

user

may interface with thewInternet service as defined in Section 4. Alternatively, an
“Internet gateway” (function may be entered so that an Internet message which

originated outsidé. the boundaries of the CPN may traverse the CPN, using

the

CCSDS Internet)protocol. Note that the Internet service requires use of Reed-

Solomon coding during SLS transfer.

The options profile for the CCSDS Encapsulation service is shown in Figure
Note that the Encapsulation service requires use of Reed-Solomon coding d

vvvvvvvvvvvv c U‘
SLS transfer.
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PATH SERVICE
INTERNET INTERNET — —— — e —— — — e F_’I_AE'W v
SERVICE GATEWAY OCTET A A
STRING -[ PACKET
VCLC
ENCAPSULATION
MULTIPLEXING BITSTREAM
VGA
SLAP NO SLAP
NO INSERT INSERT

VCDU-HEADER

NO HEADER ERROR CONTROL

HEADER ERROR CONTROL

NO VCDU,ERROR CONTROL

VCDU ERROR CONTROL

REED-SOLOMON CODING

NO REED-SOLOMON CODING

CHANNEL ACCESS DATA UNIT

PHYSICAL CHANNEL

Figure 7-2: Generic CPN Service Options Profile
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PATH SERVICE USER

CCSDS PATH SERVICE

! |

Pt seRvce | T
OCTET GATEWAY
STRINGT PACKET

[

VCLC

MULTIPLEXING

VCA

SLAP NO StAP
L l

l ]

NO INSERT INSERT

| I
{

VEDU HEADER

1
l I
NO HEADER ERROR'CONTROL HEADER ERROR CONTROL
]

NO VCDU'ERROR CONTROL

|
REED-SOLOMON CODING

|

1
1

CHANNEL ACCESS DATA UNIT

PHYSICAL CHANNEL

Figure 7-3: Path Service Options Profile
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INTERNET SERVICE USER

INTERNET INTERNET
SERVICE GATEWAY
' VeLe
ENCAPSULATION
]
MULTIPLEXING
VCA
I
SLAP NO SLAP
| ]
|
| |
NO INSERT INSERT
| ]
|
VCDU HEADER
| ' |
NO HEABER ERROR CONTROL HEADER ERROR CONTROL
1 i |
|
NO VCDU ERROR CONTROL
|
REED-SOLOMON CODING
| —
I
CHANNEL ACCESS DATA UNIT
PHYSICAL CHANNEL
Figure 7-4: Internet Service Options Profile
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ENCAPSULATION SERVICE USE

R

ISO 13420:1997(E)

ENCAPSULATION

]

[ VITN]

VCLC

AALLL LI £
WIULTIFLEANING

l

SLAP NO SLAR
l ]
[
| l
NO INSERT INSERT

[

VCDU'HEADER

|

l

NO HEADER ERROR CONTROL

HEADER ERROR CONTROL

1|

NO VGDU.ERROR CONTROL

REED-SOLOMON CODING

CHANNEL ACCESS DATA UNIT

PHYSICAL CHANNEL

Figure 7-5: Encapsulation Service Options Profile

CCSDS 701.0-B-2

Page 7-7

November 1992

147


https://standardsiso.com/api/?name=652785e4810dd4481c6823800650fe74

ISO 13420:1997(E)

CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

7.2.5 MULTIPLEXING SERVICE OPTIONS PROFILE

7.2.5.a The options profile for the CCSDS Multiplexing service is shown in Figure 7-6.
Note that the Multiplexing service requires use of Reed-Solomon coding during
SLS transfer.

7.2.6 BITSTREAM SERVICE OPTIONS PROFILE

7.2.p.a The options profile for the CCSDS Bitstream service is shown in Figure 7-7:

7.2.7 VIRTUAL CHANNEL ACCESS SERVICE OPTIONS PROFILE

7.2.J.a The options profile for the CCSDS Virtual Channel Access service is shown in
Figure 7-8.

7.2.8 VIRTUAL CHANNEL DATA UNIT SERVICE OPTIONS PROFILE

7.2.8.a The options profile for the CCSDS Virtual Channel Data Unit service is showyn in
Figure 7-9. The Header Error Control and/or VCDU Error Control, if selected, must
be present in the data structure generated by the service user. Reed-Solgmon
encoding may be applied by the service user, or by the supporting SLS element

7.2.8.b Note that in order to avoid opérational complexities associated with error control
and modification of the user.data structure, the Virtual Channel Data Unit sefvice
and the Insert service are-mutually exclusive on a particular Physical Channel.

7.2.9 INSERT SERVICE OPTIONS PROFILE

7.2.9.a  The optiens’profile for the CCSDS Insert service is shown in Figure 7-10.| The
Insert Service may not be activated simultaneously with the Virtual Channel [Data
Unitsérvice.
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