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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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STATEMENT OF INTENT

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

This document is a technical Recommendation for use in developing flight and ground
systems for space missions and has been prepared by the Consultative Committee for Space
Data Systems (CCSDS). The TC Space Data Link Protocol described herein is intended for
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DOCUMENT CONTROL
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23pR.0-B-2 Recommended Standard, Issue 2 2010

C(CSDS TC Space Data Link Protocol, September  Current issue:

23p.0-B-3 Recommended Standard, Issue 3 2015 — adds“specificatipns to
support the Space
Data Link Security
Protocol;

— removes obsolgte
informative anrjex
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Recommendatipn
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(1987-2005).
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inside margin.
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1 INTRODUCTION
1.1 PURPOSE

The purpose of this Recommended Standard is to specify the Telecommand (TC) Space Data
Link Protocol. This protocol is a Data Link Layer protocol (see reference [1]) to be used over
ground-to-space or space-to-space communications links by space missions.

1.2 SCOPE

This Recommended Standard defines the TC Space Data Link Protocol in terms of:
a) the services provided to the users of this protocol;
b) the protocol data units employed by the protocol; and

c) the procedures performed by the protocol.

It does not specify:

a) individual implementations or products;

b) the implementation of service interfaces within real systems;

c) the methods or technologies required to,perform the procedures; or

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

1.3 APPLICABILITY

THis Recommended Standard applies to the creation of Agency standards and to futuge data
communications over space links between CCSDS Agencies in cross-support situations. The
Rgcommended Standard includes comprehensive specification of the services and piotocol
fof inter-Agency,cross support. It is neither a specification of, nor a design for, real systems
that may be implemented for existing or future missions.

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

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

1.5 DOCUMENT STRUCTURE

This d
a)

g)
h)

1.6

16.1

16.1.1

This R
use of]

ocument is divided into six numbered sections and three annexes:

section 1 presents the purpose, scope, applicability and rationalerjof t
Recommended Standard and lists the conventions, definitions, and\>normat;
references used throughout the Recommended Standard;

section 2 provides an overview of the TC Space Data Link Protocol;
section 3 defines the services provided by the protocol entity;

section 4 specifies the protocol data units and procedures employed by the proto
entity;

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

section 6 specifies the protocol entity with support for the Space Data Link Secur
protocol;

annex A lists all acronyms used within-this document;

annex B provides a list of informative references.

CONVENTIONS AND.DEFINITIONS
DEFINITIONS

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

lecomimended Standard makes use of a number of terms defined in reference [1]. T

his
ve

bol

ity

he

those terms in this Recommended Standard is to be understood in a generic sense, 1

in the

P4 thaot tlhnon ¢ 1 1 arall Al Ll ¢ 1 £ 1ot £ 4 Lol > £
QUIISL UIAdl UIUSLU LIS div 5\411\41011)’ aPPlanUlU W auy vl a Vall\./L_y Ul L\.«L«llllUlUslbD L

provide for the exchange of information between real systems. Those terms are:

a)
b)
c)
d)

blocking;
connection;
Data Link Layer;

entity;

hat
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e) flow control;
f) Network Layer;
g) peer entities;
h) Physical Layer;

1) protocol control information;

j)protocol data unit,

k) real system;

1) segmenting;

m) service;

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

p) service data unit.

1.6.1.2 Definitions from OSI Service Definitien ‘Conventions

This Recommended Standard makes use of @number of terms defined in reference [2]. The
usg of those terms in this Recommended Standard is to be understood in a generic senge, i.e.,
in |the sense that those terms are generally applicable to any of a variety of technologigs that
provide for the exchange of information between real systems. Those terms are:

=

a) confirmation;
b) indication;
C) primitive;
d) request;

e) response;

f)< service provider;

g) service user.

1.6.1.3 Terms Defined in this Recommended Standard

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

asynchronous: not synchronous (see below).

CCSDS 232.0-B-3 Page 1-3 September 2015
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delimited: having a known (and finite) length; applies to data in the context of data
handling.

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

of the

communications services.

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

space|link: a communications link between a spacecraft and its associated ground systefn,|or
betwegn two spacecraft. A space link consists of one or more Physical Channels in“one|or
both djirections.
synchyonous: of or pertaining to a sequence of events occurring in a fixed time relationslip
(within specified tolerance) to another sequence of events.
(TC) [rransfer Frame: The protocol data unit of the Telecommand. (TC) Space Data Link
Protoqol.
1.6.2 | NOMENCLATURE
1.6.2.1 Normative Text
The fpllowing conventions apply for the norimative specifications in this Recommended
Standgrd:

a)| the words ‘shall’ and ‘must’ imply.a binding and verifiable specification;

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

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

d)| the words ‘is’, ‘are’;-and ‘will” imply statements of fact.
NOTH — These cenventions do not imply constraints on diction in text that is cleafly

informative in nature.

1.6.2.2 Anformative Text

In the normative sections of this document, informative text is set off from the normative
specifications either in notes or under one of the following subsection headings:

Overview;
Background;
Rationale;

Discussion.
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1.6.3 CONVENTIONS

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

In
eig
St

TH

By

1.

TH
co
W
en

publications indicatédbelow. The CCSDS Secretariat maintains a register of currently

C(

[1

BITO BIT N-1

N-BIT DATA FIELD

A

FIRST BIT TRANSMITTED = MSB

Figure 1-1: Bit Numbering Convention

accordance with standard data-communications practice, data fields are often group
rht-bit ‘words’ which conform to the above conventiof “VThroughout this Recomn
indard, such an eight-bit word is called an ‘octet’.

e numbering for octets within a data structure starts with zero.

CCSDS convention, all ‘spare’ bits shall bepermanently set to ‘0’.
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2.1 CONCEPT OF TC SPACE DATA LINK PROTOCOL

2.11 ARCHITECTURE

The TC Space Data Link Protocol is a Data Link Layer protocol (see reference [1]) to be used
space missions. This protocol has been designed to meet the requirements of space
missions for efficient transfer of space application data of various types and characteristics
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pure 2-1 illustrates the relationship of this protocol to the Open Systems Intetcont]
SI) reference model (reference [1]). Two sublayers of the Data Link Layétare defir
SDS space link protocols as shown in reference [B2]. The TC Space Data Link Pi
rresponds to the Logical Link Sublayer and provides functions of transterring variou
ng a variable-length protocol data unit called the Transfer Frame:“The optional Spac
nk Layer Security Protocol (reference [7]) is provided within the Data Link P1
Sublayer, as illustrated below. The Channel Coding Sublayer provides some add
j\ctions necessary for transferring Transfer Frames over a‘space link. These functia

or-correction coding/decoding, the delimiting/synchronizing of codeblocks (consisting
more Transfer Frames), and bit transition generation/removal (optional). For the C
ding Sublayer, the Channel Coding and Synchrofiization Recommended Standard (reference

DATALINK LAYER

) must be used with the TC Space Data Link Protocol. How the TC Space Dat
btocol is used in overall space data systems\is'shown in references [B2], [B3], and [B4].
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2.1.2 PROTOCOL FEATURES
2.1.2.1 Efficient Data Transfer

The TC Space Data Link Protocol provides the users with several services to transfer service
data units over a space link. The major functions performed by this protocol are (1)
segmentation and blocking of service data units and (2) transmission control of service data
units.

Becaubke the underlying space link inherently includes a noisy signal path, there is a ﬁriite
probability that it will introduce an error. It is desirable to break large service data units imto
relativiely small pieces so that each piece has a lower probability of being invalidated |by
transnjission error than if the entire service data unit were sent contiguously. Syst¢m
throughput efficiency is improved because only small pieces have to be retransmitted when
errors are detected. However, there may also be situations in which the service data units are
very small. For efficient transfer of service data units, it is desirabl¢-to group these smiall
units into larger pieces. The TC Space Data Link Protocol provides-the capability to brgak
large dervice data units into relatively small pieces (segmentatiorf)’and to group small service
data uhits into larger pieces (blocking).

The T[C Space Data Link Protocol controls the transmission of service data units through the
space [link performing retransmissions needed to ensure delivery of service data units|in
sequemice and without gaps or duplication. This\ function is provided by an autom]t)ic

retrangmission control mechanism called the Cemimunications Operation Procedure (COP).
The dpecification of the COP is given_in reference [4]. In addition, a systematic
retrangmission mechanism for use on degp space links can optionally be provided by the
Synchfonization and Channel Coding Sublayer as specified in reference [3].

2.1.2.2 Sharing the PhysicallChannel

The protocol data units-employed by this protocol are the TC Transfer Frame (unlgss
otherwise stated, the termis ‘Transfer Frame’ and ‘Frame’ in this document refer to the TC
Transfer Frame) and/the Communications Link Control Word (CLCW). Each Transfer
Framg contains _aheader, which provides protocol control information, and a variable-length
data field, within which higher-layer service data units are carried. Transfer Frames are s¢nt
in the direction of the flow of service data units. Each CLCW contains a report that descrilpes
the stdtus,of acceptance of Transfer Frames. CLCWs are sent from the receiver to the sen<lier
of Transfer Frames.

A key feature of the TC Space Data Link Protocol is the concept of ‘Virtual Channels’. The
Virtual Channel facility allows one Physical Channel to be shared among multiple higher-
layer data streams, each of which may have different service requirements. A single Physical
Channel may therefore be divided into several separate logical data channels, each known as
a ‘Virtual Channel’ (VC). Each Transfer Frame transferred over a Physical Channel belongs
to one of the Virtual Channels of the Physical Channel.
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Optionally, this protocol enables service data units from different sources to be multiplexed
together in one Virtual Channel using ‘Multiplexer Access Points’ (MAPs). If MAPs are
used, service data units arriving at the service access point for a MAP at the sending end are
transferred to the corresponding MAP at the receiving end.

2.1.2.3 Optional Space Data Link Security Protocol

The Data Link Protocol Sublaver includes the Space Data Link Security (SDLS) protocol
specified in reference [7]. The SDLS protocol can provide security, such as authentication
anfl confidentiality, for TC Transfer Frames. Support for the SDLS protocol is @an“optional
feature of the TC Space Data Link Protocol.

NOQTE - The introduction of the SDLS protocol in this Recommended Standard makes no
changes to any requirements that apply to a TC Space Data’Link Protocpl that
does not support the SDLS protocol.

The security provided by the SDLS protocol can vary between, Virtual Channels and bgtween
MAPs within a Virtual Channel. So, for example, there ¢can be some Virtual Channels with
se¢urity and some without. The type of security can vary.frem one Virtual Channel to another
anf from one MAP to another.

2.1.3 ADDRESSING

THere are three identifier fields in the héader of Transfer Frames: Transfer Frame Version
Number (TFVN), Spacecraft Identifiet(SCID), and Virtual Channel Identifier (VCID). The
copcatenation of a TFVN and a SCID is known as a Master Channel Identifier (MCID), and
th¢ concatenation of an MCID ‘and a VCID is called a Global Virtual Channel Iddgntifier
(GVCID). Therefore

MCID =TFVN + SCID;

GVCID _&MCID + VCID
=TFVN + SCID + VCID.

Each Virtual Channel on a Physical Channel is identified by a GVCID. Therefore a Yirtual
Channelteonsists of Transfer Frames having the same GV CID.

NMocta
VId

Al 3 W sameM y 3 hannel
(MC). A Master Channel consists of one or more Virtual Channels. In most cases, a
Physical Channel carries only Transfer Frames of a single MCID, and the Master Channel
will be identical with the Physical Channel. However, a Physical Channel may carry Transfer
Frames with multiple MCIDs (with the same TFVN). In such a case, the Physical Channel
consists of multiple Master Channels. A Physical Channel is identified with a Physical
Channel Name, which is set by management and not included in the header of Transfer

Frames.
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In the optional Segment Header, there is a field called Multiplexer Access Point Identifier
(MAP ID). All Transfer Frames with the same GVCID and MAP ID constitute a MAP
Channel. If the Segment Header is used, a Virtual Channel consists of one or multiple MAP
Channels. The concatenation of a GVCID and a MAP ID is known as a Global MAP ID
(GMAP ID). Therefore

GMAP ID =GVCID + MAP ID
=MCID + VCID + MAP ID
= TFVN + SCID + VCID + MAP ID.

The rdlationships between these Channels are shown in figure 2-2.

MAP Channel (Optional):
Identified by GMAP ID

Virtual Channel:
Identified by GVCID

Master Channel:
Identified by MCID

Physical Channel:
Identified by Physical
Channel Name

Figure 2-2: Relationships Between Channels

2.14 | PROTOCOL DESCRIFPTION

The TC Space Data Link Pfotocol is described in terms of:
a)| the services proévided to the users;
b)| the protogol data units; and

c)| the proeedures performed by the protocol.

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

The procedure specifications define the procedures performed by protocol entities for the
transfer of information between peer entities. The definitions of procedures are independent
of specific implementation methods or technologies.
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This protocol specification also specifies the requirements for the underlying services
provided by the Channel Coding Sublayer and the Physical Layer.

2.2 OVERVIEW OF SERVICES

221 COMMON FEATURES OF SERVICES

The TC Space Data Link Protocol provides users with data transfer services. The point at
which a service is provided by a protocol entity to a user is called a Service Accesy Point
(SAP) (see reference [1]). Each service user is identified by a SAP address. Ata SAP, two
ports may be provided, each of which is for one of the service types described in 2:2.2.

Sepvice data units of the same type submitted to a SAP (or a port ifyimplemented) are
processed in the order of submission. No processing order is maintained for servide data
unjfits submitted to different SAPs (or ports).

NQTE - Implementations may be required to perform flow ¢entrol at a SAP (or a port if
present) between the service user and the service provider. However, QCSDS
does not make any recommendations for a scheme for flow control betwden the
user and the provider.

THe followings features are common to all the*services defined by this Recommended
Standard:

a) Unidirectional (one way) servicesCone end of a connection can send, but not r¢ceive,
data through the space link, while the other end can receive, but not send.

b) Asynchronous services: . there are no predefined timing rules for the trangfer of
service data units supplied by the service user or for the transmission of Transfer
Frames generated by the service provider. The user may request data transfer [at any
time, but there-may be restrictions imposed by the service provider on thg data
generation rate,” The timing of data transfer is determined by the provider in
accordance-with mission-specific rules and may depend on the traffic at the time of
transfer:

c) Sequence preserving services: the sequence of service data units supplied by the
sending user is preserved through the transfer over the space link, although for the
Expedited Service, described below, there may be gaps in the sequence of servi¢e data
umits detivered to the Teceiving user-

NOTE - This Recommended Standard assumes that these services are provided at the end
points of a space link. However, this Recommended Standard makes no
assumptions concerning how these end points are composed or configured either
on-board a spacecraft or in a ground system. In a ground system, the services
defined by this Recommended Standard may be extended or enhanced with Space
Link Extension Services (reference [B5]).
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2.2.2 SERVICE TYPES
2.2.21 Overview

The TC Space Data Link Protocol provides two service types (Sequence-Controlled and
Expedited) that determine how reliably service data units supplied by the sending user are
delivered to the receiving user.

Both of these two service types are provided at any Service Access Point except for the
Virtugl Channel Frame, Master Channel Frame, and COP Management Services. Thezuger
requedts with a parameter of the service request primitive whether the Sequence-Cantrolled
or Expedited Service Type should be applied to each service data unit. Alternatively, the
servicg provider may provide two separate ports (one for the Sequence-Controlied Service
Type and the other for the Expedited Service Type) within a Service Access Pajnt.

For thg Virtual Channel Frame and Master Channel Frame Services, the“service provider does
not mgke any distinction between Sequence-Controlled and Expedited-sérvice types applicable

ice data units supplied by the user. The user should perform necessary procedures|to
ide Sequence-Controlled and Expedited Service Types for its'service data units.

Sequence-Controlled Service (Type-A Service)

quence-Controlled Service (Type-A Service) utilizes an Automatic Repeat Requpst
(ARQ) procedure of the ‘go-back-n’ type with sequence-control mechanisms at both sending
and repeiving ends and a standard report retutned from the receiving end to the sending end.

For Type-A Service, service data units supplied by a sending user at a SAP are inserted ifto
Transfer Frames (after MAP multiplexing when applicable) and transmitted on a Virtpal
Channlel in the order in which they are presented at the SAP. The retransmission mechaniym
ensurgs with a high probability of success that:

a)| no service data unib is lost;
b)| no service data'unit is duplicated;

¢)| no service'data unit is delivered out of sequence.

The Tjype-A Service guarantees, with a high probability, complete in-sequence delivery|of
service—data_units qnpp]ipd ]‘\y a user on a Qinglp MAP _or Virtual Channel. Because
retransmission is performed independently on each Virtual Channel, there is no guarantee
that Type-A service data units transmitted on separate Virtual Channels will be delivered to
the receiving users in the order initially presented. Further, because MAP multiplexing is
performed before the sequence-control mechanisms are applied, there is no guarantee that
Type-A service data units transmitted on separate MAP Channels will be delivered to the
receiving users in the order initially presented.
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NOTE — Some implementations of this protocol may not distinguish service data units
transferred with Type-A Service from service data units transferred with Type-B
Service at the receiving end. In this case, if both Type-A Service and Type-B
Service are used simultaneously on one MAP Channel, the receiving end may not
be able to reconstruct service data units transferred with Type-A Service even
though the ARQ procedure has been applied to them (because, for example, the
Type-A Transfer Frames derived from a single service data unit may be
interlaced, at the receiving end, with Type-B Transfer Frames derived from a

1..CC. 4 - o4 ) I R - 1 s 41 B | h ld
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terminate any ongoing Type-A Service before starting a Type-B Service’pn the
same Virtual Channel.

2.2.2.3 Expedited Service (Type-B Service)

The Expedited Service (Type-B Service) is normally used either.imexceptional operational
cifcumstances, typically during spacecraft recovery operations; or when a higher layer
protocol provides a retransmission capability.

- =

For Type-B Service, service data units supplied by the sending user are transmitted only once
(i.¢., no retransmission). There is no guarantee that all Type-B service data unjts are
delivered to the receiving user.

NOQTES

1 Although Type-B Service carries” the name ‘Expedited’, it is neither a refquired
method nor a faster method for sending urgent data to the receiving end. |If the
service provider is supporting a reliable Type-A Service, then Type-A Service should
be used exclusively.

2 For frames carrying/service data units on the Type-B Service, the TC Space Data Link
Protocol does-net use the systematic retransmission mechanism that is optjonally
provided by:theé Synchronization and Channel Coding Sublayer (see 2.4.2).
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2.2.3 SUMMARY OF SERVICES

2.2.3.1 Overview

Seven services are provided by the TC Space Data Link Protocol. Two of them (MAP Packet

and MAP Access) are provided for a MAP Channel.

Four of them (VC Packet, Virtual

Channel Access, Virtual Channel Frame, and COP Management) are provided for a Virtual
Channel. One of them (Master Channel Frame) is provided for a Master Channel.

1ts
LS

Table [2-1 summarizes these services and shows their characteristics, the Service Data U
(SDUy) that they transfer, and the availability of SDLS security features. The optionahSD
protodol can provide security features for the SDUs transferred by some of the servyices:
— | encryption, to provide confidentiality by hiding data content;
— | authentication, to confirm the source and integrity of the data.
Table 2-1: Summary of Services Provided by TC Space.Data Link Protocol
Service Service Service SARAddress | SDLS Security
Type Data Unit Features
MAP Packet Type-A and | Packet GMAP ID + All
(MAPP) Type-B Packet Version
Number
Virtual Channel Type-A and | Packet GVCID + All
Packet (VCP) Type-B Packet Version
Number
MAP Access Type-Aand MAP_SDU | GMAP ID All
(MAPA) Type-B
Virtual Channel Type-A and VCA_SDU | GVCID All
Acfess (VCA) Type-B
Virtual Channel N/A Transfer GVCID None
Frame (VCF) Frame
Mgster Charnel N/A Transfer MCID None
Frame{(MCF) Frame
COR-Management—| N/A NAA G\VCID NAA

2.2.3.2 MAP Packet (MAPP) Service

The MAP Packet (MAPP) Service transfers a sequence of variable-length, delimited, octet-
aligned service data units known as Packets across a space link on a specified MAP Channel.
The Packets transferred by this service must have a Packet Version Number (PVN)
authorized by CCSDS. PVNs presently authorized by CCSDS are defined in reference [5].
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The service is unidirectional and asynchronous. Both Sequence-Controlled (Type-A) and
Expedited (Type-B) service types are provided for the MAPP Service. The user requests with a
parameter of the service request primitive whether Type-A or Type-B should be applied for
each Packet or uses one port for Type-A Packets and another port for Type-B Packets.

In the context of a given GMAP ID (i.e., a GVCID and a MAP ID), a user of this service is a
protocol entity that sends or receives Packets with a single PVN. A user is identified with a
PVN and a GMAP ID. leferent users (1 e., Packets with different versions) can share a

nnel_and if there are s 03 _ ! ovider
m 1t1p1exes Packets of different versions to form a single stream of Packets to be trangferred
on|that MAP Channel.

2.2.3.3 Virtual Channel Packet (VCP) Service

The Virtual Channel Packet (VCP) Service transfers a sequence of vartable-length, delimited,
octet-aligned service data units known as Packets across a spacé link on a specified Yirtual
Channel. The Packets transferred by this service must have’a PVN authorized by CCSDS.
PVYNs presently authorized by CCSDS are defined in referefice [5].

The service is unidirectional and asynchronous. Beth"Sequence-Controlled (Type-A) and
Expedited (Type-B) service types are provided for the VCP Service. The user requests [with a
parameter of the service request primitive whether Type-A or Type-B should be applied for
eath Packet, or uses one port for Type-A Packets and another port for Type-B Packets.

Within the context of a given GVCID, a\nser of this service is a protocol entity that sgnds or
regeives Packets with a single PVN.. Ajuser is identified with a PVN and a GVCID. Diffferent
users (i.e., Packets with different versions) can share a single Virtual Channel, and if there are
myltiple users on a Virtual Channel, the service provider multiplexes Packets of different
versions to form a single str¢am of Packets to be transferred on that Virtual Channel.

2.2.3.4 MAP Access(MAPA) Service

THe MAP Access' (MAPA) Service provides transfer of a sequence of privately formatted
service data-units of variable length across a space link. The length of the service daty units
transferred by this service is not constrained by the length of the Data Field of the Ttansfer
Frame.

The service is unidirectional and asynchronous. Both Sequence-Controlled (Type-A) and
Expedited (Type-B) service types are provided for the MAPA Service. The user requests
with a parameter of the service request primitive whether Type-A or Type-B should be
applied for each service data unit, or uses one port for Type-A service data units and another
port for Type-B service data units.
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For a given service instance, only one user, identified with the GMAP ID (i.e., GVCID and
MAP ID) of the MAP Channel, can use this service on a MAP Channel. Service data units
from different users are not multiplexed together within one MAP Channel.

2.2.3.5 Virtual Channel Access (VCA) Service

The Virtual Channel Access (VCA) Service provides transfer of a sequence of privately
formatted service data units of variable length across a space link. The length of the service
data uhits transferred by this service can not exceed the maximum length of the Data Field|of
the Transfer Frame.

The se¢rvice is unidirectional and asynchronous. Both Sequence-Controlled (Fype-A) and
Expedited (Type-B) service types are provided for the VCA Service. The user requests wiith
a parameter of the service request primitive whether Type-A or Type-B should be applied for
each dervice data unit, or uses one port for Type-A service data units-and another port for
Type-B service data units.

For a|given service instance, only one user, identified with _the GVCID of the Virtpal
Chanrlel, can use this service on a Virtual Channel. Serviee ‘data units from different users
are nof multiplexed together within one Virtual Channel.

2.2.3.6 Virtual Channel Frame (VCF) Service

The Mirtual Channel Frame (VCF) Service<provides transfer of a sequence of TC Transfer
Framegs, created by an independent protoeol entity, on a Virtual Channel across a space lipk.
The sprvice does not guarantee completeness nor does it make any distinction betwden
Sequehce-Controlled and Expedited service types applicable to service data units supplied by
the user. The user should perform necessary procedures to provide Sequence-Controlled and
Expedited service types.

For afgiven service instance, only one user, identified with the GVCID of the Virtpal
Channel, can use thiSysérvice on a Virtual Channel. Service data units from different users
are nof multiplexed together within one Virtual Channel.

The Vjirtual €hannel Frame Service transfers the independently created TC Transfer Franjes
through a‘space link, together with TC Transfer Frames created by the service provider itsglf.
This skrvice is made available to trusted nsers who are certified during the design process| to
ensure that the independently created protocol data units do not violate the operational
integrity of the space link.

2.2.3.7 Master Channel Frame (MCF) Service

The Master Channel Frame (MCF) Service provides transfer of a sequence of TC Transfer
Frames of a Master Channel, created by an independent protocol entity, across a space link.
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The service does not guarantee completeness nor does it make any distinction between
Sequence-Controlled and Expedited service types applicable to service data units supplied by
the user. The user should perform necessary procedures to provide Sequence-Controlled and
Expedited service types.

For a given service instance, only one user, identified with the MCID of the Master Channel,
can use this service on a Master Channel. Service data units from different users are not
multiplexed together within one Master Channel.

The Master Channel Frame Service transfers the independently created TC Transfet-Hrames
thtough the space link, together with TC Transfer Frames created by the service provider
itsplf. This service is made available to trusted users who are certified during the fdesign
process to ensure that the independently created protocol data units dolnot violdte the
opgrational integrity of the space link.

2.2.3.8 COP Management Service

The COP Management Service is used by a user at the sendifigend for managing the operations
of|the COP for a particular Virtual Channel. The user manages the operations of the COP by
inyoking Directives defined in reference [4]. The user’is notified by the service provider of
events associated with Directives and events that ocetir’ asynchronously with Directives.

A pser of this service must be authorized to manage the COP for a particular Virtual Channel.
For a given service instance, only one user, identified with the GVCID of the Virtual
CHannel, is allowed to use this service on-a Virtual Channel.

2.24 RESTRICTIONS ON\SERVICES

There are some restrictions on the services provided on a Physical Channel.

a) If the Master €hannel Frame Service exists on a Master Channel, other services shall
not exist simultaneously on that Master Channel.

b) If thetVirtual Channel Frame Service exists on a Virtual Channel, other servicep shall
not.exist simultaneously on that Virtual Channel.

c)~\Jf the Virtual Channel Access Service exists on a Virtual Channel, other services shall

not exist Qimn]fnnpmlq]y on that Virtual Channel

d) If the Virtual Channel Packet Service exists on a Virtual Channel, other services shall
not exist simultaneously on that Virtual Channel.

e) On one MAP Channel, the MAP Access Service shall not exist simultaneously with
the MAP Packet Service.
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2.3 OVERVIEW OF FUNCTIONS

231

GENERAL FUNCTIONS

Using services of lower layers, the TC Space Data Link Protocol transfers various service
data units, supplied by sending users, encapsulated in a sequence of protocol data units. The
protocol data units, known as TC Transfer Frames, have variable lengths and are transferred

over a

The pi

a)

b)

c)

d)

e)
If the

to apply the configured security featuges:

The pi

a)
b)

2.3.2

Figure

Physical Channel asynchronously.

otocol entity performs the following protocol functions:

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

segmenting and blocking of service data units to transfer service data wnits of varid
sizes in protocol data units suitable for efficient transfer;

multiplexing/demultiplexing in order for various service Aisers to share a sing
Physical Channel;

duplicated protocol data units, and control of:seéquence-control mechanisms
sending and receiving ends to guarantee compléte and in-order delivery (for Type
Service only);

flow control (for Type-A Service only).

protocol entity supports the optionabhSDLS protocol, then it uses the functions of SD

otocol entity does not perferin the following protocol functions:
connection establishment and release;

management or-configuration of the SDLS protocol.

INTERNAL ORGANIZATION OF PROTOCOL ENTITY

I's)

us

rle

retransmission of missing protocol data units, rejection of out-of-sequence gnd

at
A

s 2<3and 2-4 show the internal organization of the protocol entity of the sending

receiv

ngends, respectively. Data flow from top to bottom in figure 2-3 and from botto

d
to

top in figure 2-4. The four functions in the upper part of these figures are collectively called
the Segmentation Sublayer, and the other four functions in the lower part are collectively

called

the Transfer Sublayer.

These figures identify data-handling functions performed by the protocol entity. The purpose
of these figures is to show logical relationships among the functions of the protocol entity.
The figures are not intended to imply any hardware or software configuration in a real
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system. Depending on the services actually used for a real system, not all of the functions
may be present in the protocol entity.

MAP MAP
Packet Access COP Mgmt.
Service Service Service
VC Packet VC Access
T MAP Pac?ket MAP. Service Service
Segmen-| Processing Generation I U~ o
tation | | i vo-Frame
Sublayer VC Packet Service
MAP Multiplexing Processing MGC Erame
| | Service
Virtual Channel Generation
I
Transfer Virtual Channel Multiplexing
Sublayer |
Master Channel Multiplexing
I
All Frames Generation
Figure 2-3: Internal Organization of Protocol Entity (Sending End)
MAP MAP
Packet Access
Service Service
VC Packet VC Access
MAP Pap K MAR Service Service
Segmen-| Extraetion Reception
tation | | | VC Frame
Sublayer VC Packet Service
MAP Demultiplexing Extraction MC Frame
| | Service
Virtual Channel Reception
I
Fransfer Virtaat-Channet Dcllluitipic)\illg
Sublayer |
Master Channel Demultiplexing
I
All Frames Reception
Figure 2-4: Internal Organization of Protocol Entity (Receiving End)
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By extracting multiplexing and demultiplexing functions from figures 2-3 and 2-4, the
relationship among various data units can be shown as figure 2-5, which is known as the
Channel Tree of the TC Space Data Link Protocol.

In figure 2-5, multiplexing (shown with a triangle) is a function of mixing, according to an
algorithm established by the project, multiple streams of data units, each with a different
identifier, and generating a single stream of data units.

MAP MAP
Packet Access
Service Service

Packet MAp spy VG Packet VCAccess VC fFrame

Service Service Service
MAPID |
Packet VCA SDU
| |
[
VC Frame MC Frame
| N
VCID Service
| |
MC Flrame
MCID
All Frames
I
Key

Multiplexer/
Demultiplexer

Figure 2-57 TC Space Data Link Protocol Channel Tree

2.3.3 | COMMUNICATIONS OPERATION PROCEDURE (COP)

The Communications Operation Procedure (COP) fully specifies the closed-loop procedutes
execufed by the sendlng and rece1v1ng ends of the TC Space Data Link Protocol The COP,
: S S 0 s—for
each V1rtua1 Channel a Frame Operatlon Procedure (FOP) that executes w1th1n the sendlng
entity; and a Frame Acceptance and Reporting Mechanism (FARM) that executes within the
receiving entity. The sending FOP transmits Transfer Frames to the receiving FARM. The
FARM returns to the FOP reports of the status of Transfer Frame acceptance using
Communications Link Control Words (CLCWs) and thus closes the loop.

Within this protocol, the COP provides a basic Quality of Service (QoS), i.e., the delivery of
service data units to the layer above at the receiving end, correct and without omission or
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duplication, and in the same sequential order in which they were received from the layer
above at the sending end.

Underlying this protocol is a space link, which interconnects its sending and receiving ends.
If a perfect link existed, the QoS would be assured since the exact duplicate of the series of
service data units input at the sending end would appear at the receiving end. However,
space links are noisy and may introduce errors or discontinuities into transmitted data
streams. The job of the COP within this protocol is therefore to ensure, in the presence of

Su"]’\ errors._or AI‘Qf‘f\ﬂfI.ﬂ111.f1.QC I.ﬂfi“f\lq]]f‘ﬂf{ I“\‘I f]’\p Snace ]1.1’\]! fl’\ﬂ correctness nnmrﬂpfpno s and
ooy oy TortItTtrey It oot oo oyt pace 3 tIToTOTIrTovT ooy 4 )

tIT 3T OTTIIPTOTOTTeN

sequentiality of the delivered service data units.

Cqrrectness of the delivered service data units is guaranteed (withiny known| error
probabilities) by the error-protection encoding applied by the Channel Coding Sublay¢r, and
byl the Frame Validation Checks performed in this protocol. However, validation [of the
completeness, sequentiality, and non-duplication of the delivered §€rvice data unity on a
pafticular Virtual Channel requires that an accounting (i.e., numbering) scheme for Transfer
Frames be implemented by the COP.

The COP controls transfer of Type-A Transfer Frames sothat service data units within| Type-
A [Transfer Frames are delivered to the receiving end ofithe layer above, correct and without
onpission or duplication, and in the same sequential order in which they were received from
the layer above at the sending end.

Type-B Transfer Frames are processed by the COP only to the extent of causing the FARM to
in¢grement a counter for Type-B Transfer Frames in the CLCW. Type-B Transfer Franpes are
algo used to send Control Commands from the FOP to the FARM.

Only one COP, which is called €OP-1, is defined in this Recommended Standard| The
detailed specification of the COP-1 is given in reference [4].

CAUTION — The contrelling specifications for the logical operations which myist be
executed’ to perform the COP-1 are contained in a more detailed QCSDS
ReCommended Standard (reference [4]). In the event of any conflict bgtween
the’ descriptive text contained in this Recommended Standard and the fext of
reference [4], the more detailed specifications contained in reference [4] are
normative.
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2.4 SERVICES ASSUMED FROM LOWER LAYERS

24.1

SERVICES ASSUMED FROM THE CHANNEL CODING SUBLAYER

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

and Channel Coding Sublayer specification.

Synchronization and Channel Coding Recommended Standard are as follows:

The functions provided by the TC

a)
b)
c)

The S
protog
under]

24.2

In add
Codin
retran
with 1

The d
specif

optional Repetitions parameter. The- sublayer transfers the data unit the number of tin

specif
the R¢
unit is

The T
param|

error control encoding and decoding functions;
bit transition generation and removal functions (optional);

delimiting and synchronizing functions.

ynchronization and Channel Coding Sublayer, then, transfers variable-léngth, delimif
ol data units as an intermittent stream of bits over a space link uging the services of 1
ying Physical Layer.

SYSTEMATIC RETRANSMISSIONS

ition, the TC Space Data Link Protocol can request the Synchronization and Chant
b Sublayer to perform systematic retransmissions of the data units submitted to it. 7|
missions can improve the efficiency of the'protocol for deep space missions on lif
ng light time delays.

pfinition of the service interface tocthe Synchronization and Channel Coding Sublay
ed in reference [3] includes the{ChannelAccess.request service primitive, which has

ed by Repetitions. If the wvalue of Repetitions is one, or if the sublayer does not supp
ppetitions parameter, theh no systematic retransmissions are performed, and the d
transferred once.

C Space Data{Link Protocol requests the systematic retransmissions in accordance wj
pters set by management. For each Virtual Channel, management sets the value to

used f

data ynits en. the Type-A Service. For each Virtual Channel, management sets a simillar

or the Repetitions parameter when requesting the transfer of frames carrying serv

ed
he

nel
he
1ks

yer
an
1CS

hta
ith
be

ce

ent

When requesting the transfer of frames carrying service data units on the Type-B Service, the
TC Space Data Link Protocol always sets the value of the Repetitions parameter to one.
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243 PERFORMANCE REQUIREMENTS TO LOWER LAYERS

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

a) the probability of misidentifying the MCID, VCID and MAP ID shall be less than a
mission-specified value;

cTldue to

channel errors shall be less than a mission-specified value.

In|order to assure correct decoding at the receiving end, the same coding options must be
applied to all Transfer Frames of a Physical Channel.
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3 SERVICE DEFINITION
3.1 OVERVIEW

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

The parameters of the primitives are specified in an abstract sense and spécify the
information to be made available to the user of the primitives. The way in whichya specific
implementation makes this information available is not constrained by this specificatipn. In
addition to the parameters specified in this section, an implementation mady providg other
parameters to the service user (e.g., parameters for controlling the~service, monjtoring
performance, facilitating diagnosis, and so on).

3.2 SOURCE DATA

3.2.1 SOURCE DATA OVERVIEW

NOQTE — This subsection describes the service ddta units that are transferred from s¢nding
users to receiving users by the TC Spaee Data Link Protocol.

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

b) MAP Access Service Data'Unit (MAP_SDU);

c) Virtual Channel Acgess Service Data Unit (VCA_SDU);

d) TC Transfer Frame.

3.2.2 PACKET

3.2.2.1 _Packets shall be transferred over a space link via the MAP Packet and VC Packet
Sefvices;

3.2:2.Z The PacKets transterred by this service must have a P VN authorized by CCSDS.
NOTES

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

2 PVNs presently authorized by CCSDS are defined in reference [5].

CCSDS 232.0-B-3 Page 3-1 September 2015
© 1SO 2016 — All rights reserved


https://standardsiso.com/api/?name=9d1a14626ee2fc5bcf55627a5bbe9177

ISO 22664:2016(E)
CCSDS RECOMMENDED STANDARD FOR TC SPACE DATA LINK PROTOCOL

3.2.2.3 If blocking of Packets is performed by the service provider, the position and length
of the Packet Length Field of the Packets must be known to the service provider in order to
extract Packets from Transfer Frames at the receiving end.

3.2.3 MAP CHANNEL ACCESS SERVICE DATA UNIT (MAP_SDU)

3.2.3.1 MAP Channel Access Service Data Units (MAP_SDUs) shall be transferred over a
space link via the MAP Channel Access Service.

3.2.34 A single MAP _SDU may be transmitted in the Data Field of one or multiple
Transfer Frame(s), and therefore the length of MAP_SDU s is not constrained by the length|of
the D4ta Field of the Transfer Frames.

NOTH - MAP _SDUs are variable-length, octet-aligned data units, the-format of which is
unknown to the service provider.

3.2.4 | VIRTUAL CHANNEL ACCESS SERVICE DATA UNIT (VCA_SDU)

3.2.4.1 Virtual Channel Access Service Data Units (VCA>SDUs) shall be transferred oyer
a spacg link via the Virtual Channel Access Service.

3.24.2 A single VCA_SDU shall be transmitted* in the Data Field of a single Transfer
Frame), and therefore the length of VCA SDUs\shall not exceed the maximum length of the
Transfer Frame Data Field.

NOTH — VCA SDUs are variable-length, delimited, octet-aligned data units, the format|of
which is unknown to the'service provider.

3.2.5 | TC TRANSFER FRAME

If it if present on the(Physical Channel, the Frame Error Control Field of Transfer Franjes
submifted to the Virtual Channel Frame and Master Channel Frame Services shall |be
included and shallbe set to ‘all zeroes’.

NOTH -, \Fhe TC Transfer Frame is the variable-length protocol data unit of the TC Spgce
Data Link Protocol, but it can also be used as the service data unit of the Virthal
Channel Frame and Masfer Channel Frame Services. Its tormat is defined in 4.1
of this Recommended Standard. Transfer Frames submitted to the Virtual
Channel Frame and Master Channel Frame Services are actually partially
formatted TC Transfer Frames having ‘empty’ Frame Error Control Fields.
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3.3 MAP PACKET SERVICE
3.3.1 OVERVIEW

The MAP Packet (MAPP) Service transfers a sequence of variable-length, delimited, octet-
aligned service data units known as Packets across a space link on a specified MAP Channel.
The Packets transferred by this service must be assigned a Packet Version Number (PVN) by
CCSDS. Packet Version Numbers presently authorized by CCSDS are defined in reference [5].

Tje service is unidirectional and asynchronous. Both Sequence-Controlled (Type-4) and
Expedited (Type-B) service types are provided for the MAPP Service. The user requests|with a
parameter of the service request primitive whether Type-A or Type-B should. beapplied for
each Packet, or uses one port for Type-A Packets and another port for Type-B-Packets.

A user of this service is a protocol entity identified with the PVN and 'a GMAP ID [i.e., a
GYCID and a MAP ID) that sends or receives Packets with a single PVN. Different users
(i.¢., Packets with different versions) can share a single MAP«Channel, and if thgre are
myltiple users on a MAP Channel, the service provider multiplexes Packets of different
vefsions to form a single stream of Packets to be transferred on that MAP Channel.

3.3.2 MAPP SERVICE PARAMETERS
3.3.2.1 General

The parameters used by the MAPP Serwvice primitives shall conform to the specifications of
th¢ following subsections.
3.3.2.2 Packet

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

NOTE — The Packet parameter is the service data unit transferred by the MAPP Service.
Restrictions on the Packets transferred by the MAPP Service are stated in 3|2.2.

Ly

3.3.2.3>GVCID

T CX TP argrmatar ohall fo11a CXCTID that 1] £ 1l A WASPRE 1 Clhhonnal + h
AV I\ A2 § 4 Pcucuuwu.d O11IAIl VUIILAIIT a UV UILV UUidal IIIvgIivaitvs uUliv virtuarl Clialiiivi uu roug

which the Packet is to be transferred.

NOTE - The GVCID consists of an MCID and a VCID and is part of the SAP address of
the MAPP Service.
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3.3.24 MAPID

The MAP ID parameter shall contain a MAP ID that indicates the MAP Channel (within the
Virtual Channel specified by the GVCID) through which the Packet is to be transferred.

NOTE — The MAP ID is part of the SAP address of the MAPP Service.

3.3.2.5 Packet VVersion Number

The P

NOTE

3.3.2.4

The S
the as;s

3.3.2.1

3.3.2.7
transfs

type (]

3.3.2.7
Servio

3.3.2.1

3.3.2.8 NotificatianyFype

In not
an eve
define

cket Version Number parameter shall contain the PVN of the Packet to be transferre

— The PVN is part of the SAP address of the MAPP Service and identifies {
upper-layer protocol entity that uses the MAPP Service.

SDU ID
DU ID parameter shall contain a user-supplied sequence nimber to be used to ident
ociated Packet in subsequent MAPP_Notify.indication{rimitives.

[ Service Type

(.1 The Service Type parameter shall“indicate whether the Packet should
rred with the Sequence-Controlled Service type (Type-A) or the Expedited Serv

['ype-B).

.2 When separate ports are provided for Type-A and Type-B Services (see 2.2.2), 1
e Type parameter is not used:

.3 At the receiving end) the Service Type parameter is not used.

fications to the user, the Notification Type parameter shall contain information ab
nt associated with the transfer of a Packet. The values taken by this parameter
d inreference [4].

he

ify

be
ce

he
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3.3.2.9 Packet Quality Indicator

The Packet Quality Indicator is an optional parameter that may be used to notify the user at
the receiving end of the Packet Service whether the Packet delivered by the primitive is
complete or partial. This parameter shall be used when the service provider is required to
deliver incomplete Packets to the user at the receiving end.
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3.3.2.10 Verification Status Code

3.3.2.10.1 The Verification Status Code is an optional parameter that may be used if the
service provider supports the optional SDLS protocol.

3.3.2.10.2 The Verification Status Code parameter shall be used to notify the user at the
receiving end of the Packet Service of a verification failure in a transfer frame addressed to
the MAP.

3.3.2.10.3 A non-zero value shall indicate that the SDLS protocol has detected an €rrpr: the
vajues taken by this parameter are defined in reference [7].

NOTE — A non-zero value of the Verification Status Code does not indicdte an error| in the
delivered Packet. Processing of frames failing verificatiod |is’ implementation
specific and depends also on the processing capabilities-ef ‘the service uger for
eventual forensic investigation.

3.3.3 MAPP SERVICE PRIMITIVES

3.3.3.1 General

THe service primitives associated with the MAPP*service are:
a) MAPP.request;

b) MAPP_ Notify.indication;

c) MAPP.indication.

CCSDS 232.0-B-3 Page 3-5 September 2015
© 1SO 2016 — All rights reserved


https://standardsiso.com/api/?name=9d1a14626ee2fc5bcf55627a5bbe9177

ISO 22664:2016(E)
CCSDS RECOMMENDED STANDARD FOR TC SPACE DATA LINK PROTOCOL

3.3.3.2 MAPP.request
3.3.3.2.1 Function

At the sending end, the MAPP Service user shall pass a MAPP.request primitive to the
service provider to request that a Packet be transferred to the user at the receiving end
through the specified MAP Channel.

3.3.3.2.2 Semantics
The MAPP.request primitive shall provide parameters as follows:

MAPP.request (Packet,
GVCID,
MAP ID,
Packet Version Number,
SDU ID,
Service Type)

NOTH - When separate ports are provided for Type-A.and Type-B Services, the Servjce
Type parameter is not used in this primitive:

3.3.3.2.3 When Generated

The s¢nding-end user shall generate a MAIPP.request primitive when a Packet is ready to [be
transfgrred.

3.3.3.2.4 Effect On Receipt

W
:—P

Receipt of the MAPP.request primitive shall cause the service provider to transfer the Pack
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3.3.3.3 MAPP_Notify.indication
3.3.3.3.1 Function

At the sending end, the service provider shall pass a MAPP_Notify.indication primitive to the
MAPP Service user to notify the user of an event associated with the transfer of a Packet.

3.3.3.3.2 Semantics

THe MAPP_Notify.indication primitive shall provide parameters as follows:

MAPP_Notify.indication (GVCID,
MAP ID,
Packet Version Number,
SDU ID,
Service Type,
Notification Type)

NOQTE — When separate ports are provided for Type-A<{and Type-B Services, the Jervice
Type parameter is not used in this primitive:

3.3.3.3.3 When Generated

THe sending-end service provider shallcgenerate a MAPP_ Notify.indication primifive in
regponse to an event associated with thé-transfer of a Packet.

3.3.3.3.4 Effect On Receipt

The effect of receipt of the’MAPP_Notify.indication primitive by the MAPP Service pser is
undefined.
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3.3.3.4 MAPP.indication

3.3.3.4.1 Function

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

3.3.3.4.2 Semantics

The M

3.3.3.4

The 1

Packe

3.3.3.4

The o

MAPP.indication

1.3 When Generated

is ready to be delivered.

|4 Effect On Receipt

undefined.

APP.indication primitive shall provide parameters as follows:

(Packet,

GVCID,

MAP ID,

Packet Version Number,

Service Type (optional),

Packet Quality Indicator (optional),
Verification Status Code)(optional))

pceiving-end service provider shall generate a MAPP.indication primitive wher a

ffect of receipt of the MAPP.indication primitive by the MAPP Service user|is
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3.4 VIRTUAL CHANNEL PACKET SERVICE
341 OVERVIEW

The Virtual Channel Packet (VCP) Service transfers a sequence of variable-length, delimited,
octet-aligned service data units known as Packets across a space link on a specified Virtual
Channel. The Packets transferred by this service must be assigned a Packet Version Number
(PVN) by CCSDS. Packet Version Numbers presently authorized by CCSDS are defined in

reference [5]

THe service is unidirectional and asynchronous. Both Sequence-Controlled (Tiype-A) and
Expedited (Type-B) service types are provided for the VCP Service. The user requests|with a
parameter of the service request primitive whether Type-A or Type-B should be applied for
eath Packet, or uses one port for Type-A Packets and another port for Type-B Packets.

A user of this service is a protocol entity identified with the PVN aaida GVCID that sgnds or
re¢eives Packets with a single PVN. Different users (i.e., Packetsiwith different versions) can
share a single Virtual Channel, and if there are multiple uSers on a Virtual Channgl, the
sefvice provider multiplexes Packets of different versions-to.form a single stream of Packets
to be transferred on that Virtual Channel.

3.4.2 VCP SERVICE PARAMETERS
3.4.2.1 General

The parameters used by the VCP Service primitives shall conform to the specifications|of the
following subsections.
3.4.2.2 Packet

The Packet paramete¥-shall contain a Packet for transfer on the Virtual Channel identified by
GYCID.

NQTE - ,The Packet is the service data unit of the VCP Service. Restrictions pn the
Packets transferred by the VCP Service are stated in 3.2.2.

g

3.423—GVCID

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

NOTE - The GVCID consists of an MCID and a VCID and is part of the SAP address of
the VCP Service.
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3.4.2.4 Packet VVersion Number

The Packet Version Number parameter shall contain the PVN of the Packet to be transferred.

NOTE - The PVN is part of the SAP address of the VCP Service and identifies the upper-

layer protocol entity that uses the VCP Service.

3425 SDUID
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type (]

3.4.2.4
Servio

3.4.2.6

3.4.2.]

In not
an eve
define

DU ID parameter shall contain a user-supplied sequence number to be used to ident
ociated Packet in subsequent VCP_Notify.indication primitives.

Service Type

.1 The Service Type parameter shall indicate whether , the’ Packet should
rred with the Sequence-Controlled Service type (Type-A) or'the Expedited Serv

['ype-B).

.2 When separate ports are provided for Type-A and:‘Type-B Services (see 2.2.2), 1
e Type parameter is not used.

.3 At the receiving end, the Service Type parameter is not used.

[ Notification Type

fications to the user, the Notification Type parameter shall contain information ab
nt associated with the transfer of a Packet. The values taken by this parameter
d in reference [4].

3.4.2.8 Packet Quality.-tndicator

3.4.2.8.1 The Packet Quality Indicator shall indicate whether the Packet delivered by f{

servic

p provider to the service user at the receiving end is complete or not.

3.4.2.8.2\This parameter shall be used only when the service provider is required to deliy

inco

ify

be
ce

he

ut
Are

he

yer

lete Packets to the service user at the rP(‘eiving end
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3.4.2.9 Verification Status Code

3.4.2.9.1 The Verification Status Code is an optional parameter that may be used if the
service provider supports the optional SDLS protocol.

3.4.2.9.2 The Verification Status Code parameter shall be used to notify the user at the
receiving end of the Packet Service of a verification failure in a transfer frame addressed to
the Virtual Channel.

3.4.2.9.3 A non-zero value shall indicate that the SDLS protocol has detected an €rrpr: the
vajues taken by this parameter are defined in reference [7].

NOTE — A non-zero value of the Verification Status Code does not indicdte’an error| in the
delivered Packet. Processing of frames failing verificatiod |is’ implementation
specific and depends also on the processing capabilities-ef ‘the service uger for
eventual forensic investigation.

3.4.3 VCP SERVICE PRIMITIVES

3.4.3.1 General

THe service primitives associated with the VCP setvice are:
a) VCP.request;

b) VCP_Notify.indication;

¢) VCP.indication.
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3.4.3.2 VCP.request
3.4.3.2.1 Function

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

3.4.3.2.2 Semantics
The V|CP.request primitive shall provide parameters as follows:

VCP.request (Packet,
GVCID,
Packet Version Number,
SDU ID,
Service Type)

NOTH - When separate ports are provided for Type-A and Type-B Services, the Servjce
Type parameter is not used in this primitive.

3.4.3.2.3 When Generated

The s¢nding-end user shall generate a VCP.aequest primitive when a Packet is ready to |be
transfgrred.

3.4.3.2.4 Effect On Receipt

Receipt of the VCP.request primitive shall cause the service provider to transfer the Packet
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3.4.3.3 VCP_Notify.indication

3.4.3.3.1 Function

At the sending end, the service provider shall pass a VCP_Notify.indication primitive to the
VCP Service user to notify the user of an event associated with the transfer of a Packet.

3.4.3.3.2 Semantics

TH

N(

3.4

Th
res

e VCP_Notify.indication primitive shall provide parameters as follows:

VCP_Notify.indication (GVCID,
Packet Version Number,
SDU ID,
Service Type,
Notification Type)

Type parameter is not used in this primitive.

1.3.3.3 When Generated

ponse to an event associated with the transfer of a Packet.

DTE — When separate ports are provided for Type-A and Type-B Services, the Jervice

e sending-end service provider shall generate a VCP_Notify.indication primitjve in

3.4.3.3.4 Effect On Receipt

The effect of receipt of the)VCP Notify.indication primitive by the VCP Service wyser is
undefined.
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3.4.3.4 VCP.indication
3.4.3.4.1 Function

At the receiving end, the service provider shall pass a VCP.indication primitive to the VCP
Service user to deliver a Packet.

3.4.3.4.2 Semantics

The V|CP.indication primitive shall provide parameters as follows:

VCP.indication (Packet,
GVCID,
Packet Version Number,
Service Type (optional),
Packet Quality Indicator (optional),
Verification Status Code (optional))

3.4.3.4.3 When Generated

The rgceiving-end service provider shall generate a VICP.indication primitive when a Packet
is ready to be delivered.

3.4.3.4.4 Effect On Receipt

The efffect of receipt of the VCP.indication primitive by the VCP Service user is undefined.
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3.5 MAP ACCESS SERVICE
3.5.1 OVERVIEW

The MAP Access (MAPA) Service provides transfer of a sequence of privately formatted
service data units of variable length across a space link. The length of the service data units
transferred by this service is not constrained by the length of the Data Field of the Transfer
Frame.

The service is unidirectional and asynchronous. Both Sequence-Controlled (Type-A) and
E)lpedited (Type-B) service types are provided for the MAPA Service. The user raquests
with a parameter of the service request primitive whether Type-A or Type-B shopld be
applied for each service data unit, or uses one port for Type-A service data-umnits and another
port for Type-B service data units.

Only one user, identified with the GMAP ID (i.e., GVCID and-MAP ID) of the| MAP
CHannel, can use this service on a MAP Channel. Service data units from different users are
not multiplexed together within one MAP Channel.
3.%.2 MAPA SERVICE PARAMETERS
3.%.2.1 General

The parameters used by the MAPA Service\primitives shall conform to the specifications of
th¢ following subsections.
3.%.22 MAP_SDU

ThHe MAP _SDU parameter-shall contain a MAP _SDU to be transferred over the| MAP
chpnnel identified by MAP'ID.

NOQTE — The MAP SDU is the service data unit transferred by the MAPA Service.
Restrictions on the MAP_SDUs transferred by the MAPA Service are stated in
3:2:3.

3.9.2.3* GVCID

The GVCID parameter shall contain the GVCID of the Virtual Channel through which the
MAP_SDU is to be transferred.

NOTE - The GVCID consists of an MCID and a VCID and is part of the SAP address of
the MAPA Service.
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3.5.24 MAPID

The MAP ID parameter shall contain the MAP ID of the MAP Channel (within the Virtual
Channel specified by GVCID) through which the MAP_SDU is to be transferred.

NOTE — The MAP ID is part of the SAP address of the MAPA Service.

3.5.25 SDUID

The S
the as

3.5.2.4

3.5.2.4
transfs

type (]

3.5.2.4
Servio

3.5.2.4

3.5.2.]

In not
an eve
define

DU ID parameter shall contain a user-supplied sequence number to be used to ident
ociated MAP SDU in subsequent MAPA Notify.indication primitive.
Service Type

.1 The Service Type parameter shall indicate whether the MAP_SDU should
rred with the Sequence-Controlled Service type (Type-A) ot.the Expedited Serv

['ype-B).

.2 When separate ports are provided for Type-A and. Type-B Services (see 2.2.2), 1
e Type parameter is not used.

.3 At the receiving end, the Service Type parameter is not used.

[ Notification Type

fications to the user, the Notification Type parameter shall contain information ab
nt associated with the transfer of a MAP_SDU. The values taken by this parameter
d in reference [4].

3.5.2.8 Verification Status Code

3.5.2.8.1 The Verification Status Code is an optional parameter that may be used if {

servic

p provider Sapports the optional SDLS protocol.

3.5.2.8.2 , The Verification Status Code parameter shall be used to notify the user at {

receiv

ify

be
ce

he

ut
Are

he

he

ng-end of the MAPA Service of a verification failure in a transfer frame addressed

the MAP:

3.5.2.8.3 A non-zero value shall indicate that the SDLS protocol has detected an error: the
values taken by this parameter are defined in reference [7].

NOTE - A non-zero value of the Verification Status Code does not indicate an error in the
delivered MAP _SDU. Processing of frames failing verification is
implementation specific and depends also on the processing capabilities of the
service user for eventual forensic investigation.
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3.5.3 MAPA SERVICE PRIMITIVES

3.5.3.1 General

The service primitives associated with this service are:

a) MAPA. request;
b) MAPA Notify.indication;

3.9

3.9

At
sel
thi

N(

3.9

TH

N(

3.9

c¢) MAPA.indication.

3.2 MAPA.request

3.2.1 Function

the sending end, the MAPA Service user shall pass a MAPA:fequest primitive
ough the specified MAP Channel.

DTE — The MAPA.request primitive is the service request primitive for the N
Service.

3.2.2  Semantics
e MAPA .request primitive shall proyide parameters as follows:
MAPA request (MAP_SDU,
GVCID,
MAP ID,
SDU ID,
Service Type)

DTE — When.separate ports are provided for Type-A and Type-B Services, the §
Type parameter is not used in this primitive.

.3.2:3  When Generated

to the

vice provider to request that a MAP SDU be transferred to ‘the user at the receiving end

APA

ervice

The sending-end service user shall generate a MAPA .request primitive when a MAP_SDU is
ready to be transferred.

3.5.3.2.4 Effect On Receipt

Receipt of the MAPA.request primitive shall cause the service provider to transfer the
MAP_SDU.
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3.5.3.3 MAPA_Notify.indication

3.5.3.3.1 Function

At the sending end, the service provider shall pass a MAPA Notify.indication primitive to
the MAPA Service user to notify the user of an event associated with the transfer of a

MAP_SDU.
3.5.3.3.2 Semantics
The MAPA.indication primitive shall provide parameters as follows:
MAPA_Notify.indication (GVCID,
MAP ID,
SDU ID,
Service Type,
Notification Type)
NOTH - When separate ports are provided for Type-A and Type-B Services, the Serv

3.5.3.3

The s
respor

3.5.3.3

Type parameter is not used in this primitive.

.3 When Generated

ending-end service provider shall gemerate a MAPA Notify.indication primitive
se to an event associated with the transfer of a MAP_SDU.

4 Effect On Receipt

ce

The effect of receipt of the MAPA Notify.indication primitive by the MAPA Service uset is
undefined.
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3.5.3.4 MAPA.indication

3.5.3.4.1 Function

At the receiving end, the service provider shall pass a MAPA.indication to the MAPA
Service user to deliver a MAP_SDU.

NOTE — The MAPA.indication primitive is the service indication primitive for the MAPA

Service.

3.8

Th

3.8

Th

3.8

Th
un

.3.4.2  Semantics
e MAPA . indication primitive shall provide parameters as follows:
MAPA . .indication (MAP_SDU,
GVCID,
MAP ID,

Service Type (optienal),
Verification Status Code (optional))

.3.4.3 When Generated

AP SDU is ready to be delivered.

.3.4.4 Effect On Receipt

e effect of receipt of the¢ MAPA.indication primitive by the MAPA
defined.

e receiving-end service provider shall generate a MAPA.indication primitive when a

Service yser 1is
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3.6 VIRTUAL CHANNEL ACCESS SERVICE

3.6.1

OVERVIEW

The Virtual Channel Access (VCA) Service provides transfer of a sequence of privately
formatted service data units of variable length across a space link. The length of the service
data units transferred by this service should not exceed the maximum length of the Data Field

of the

Transfer Frame.

The s¢rvice is unidirectional and asynchronous. Both Sequence-Controlled (Type-A)-and

Expe

a para
each 3
Type-]

Only

Virtugl Channel. Service data units from different users are not multiplexed together wit

one V

3.6.2

3.6.2.1

The p3
follow

3.6.2.2

The \
Chann

NOTE

ited (Type-B) service types are provided for the VCA Service. The user requests'w
meter of the service request primitive whether Type-A or Type-B should beapplied
ervice data unit, or uses one port for Type-A service data units and another port
B service data units.

rtual Channel.

VCA SERVICE PARAMETERS
General

irameters used by the VCA Service primitives shall conform to the specifications of 1

ing subsections.

VCA_SDU

'CA_SDU parameter shall contain a VCA_SDU to be transferred on the Virti
el identified by GVCID.

— The VCA-SDU is the service data unit transferred by the VCA Servi

3.2.4:

ne user, identified with the GVCID of the Virtual Channel, cari-yse this service om a

Restrietions on the VCA SDUs transferred by the VCA Service are stated|i

ith
for
for

in

he

hal

J

CC.

3.6.2.3

GVCID

The GVCID parameter shall contain the GVCID of the Virtual Channel through which the
VCA_SDU is to be transferred.

NOTE — The GVCID consists of an MCID and a VCID and is the SAP address of the
VCA Service.
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3.6.24 SDUID

The SDU ID parameter shall contain a user-supplied sequence number to be used to identify
the associated VCA SDU in subsequent VCA_Notify.indication primitives.

3.6.2.5 Service Type

3.6.25.1 The Service Type parameter shall be used to indicate whether the VCA SDU
shpuld be transferred with the Sequence-Controlled Service type (Type-A) or the Expedited
Service type (Type-B).

3.6.2.5.2 When separate ports are provided for Type-A and Type-B Services.\(see 2.2.2), the
Sepvice Type parameter is not used.

3.6.2.5.3 At the receiving end, the Service Type parameter is not used.

3.6.2.6 Notification Type

In|notifications to the user, the Notification Type parameter shall contain information| about
an|event associated with the transfer of a VCA_SDU. “The values taken by this parameter are
defined in reference [4].

3.6.2.7 Verification Status Code

3.6.2.7.1 The Verification Status<€ede is an optional parameter that may be used|if the
sefvice provider supports the optional SDLS protocol.

3.6.2.7.2 The Verification_Status Code parameter shall be used to notify the user|at the
re¢eiving end of the VCA'Service of a verification failure in a transfer frame addressed to the
Viftual Channel.

3.6.2.7.3 A nenszero value shall indicate that the SDLS protocol has detected an errpr: the
values taken by this parameter are defined in reference [7].

NOQTE == A non-zero value of the Verification Status Code does not indicate an erroi in the
delivered VCA_SDU. Processing of frames failing verificatipn is
Tmplementation spect{ic amd depends atso o the processimg capabitities of the
service user for eventual forensic investigation.
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VCA SERVICE PRIMITIVES

3.6.3.1 General

The service primitives associated with this service are:

a)
b)

VCA . request;
VCA_Notify.indication;

©)

3.6.3.2

3.6.3.2

At the
provid
the sp

NOTH

3.6.3.2

The V|

NOTH

3.6.3.2

The V|

VCA.indication.

VCA.request
.1 Function
sending end, the VCA Service user shall pass a VCA.request, primitive to the serv

er to request that a VCA_SDU be transferred to the user at the receiving end throu
pcified Virtual Channel.

Type parameter is not used in this primitive.

.3 When'Generated

transfes

— The VCA.request primitive is the service request-primitive for the VCA Servic¢.
.2 Semantics
CA.request primitive shall provide parameters as follows:
VCA . request (VCA _SDU,
GVCID,
SDU 1D,
Service Type)
— When separate;ports are provided for Type-A and Type-B Services, the Serv

ce

ce

for

CAservice user shall generate a VCA.request primitive when a VCA_SDU is ready

3.6.3.2.4 Effect On Receipt

Receipt of the VCA.request primitive shall cause the service provider to transfer the
VCA _SDU.
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3.6.3.3 VCA_Notify.indication
3.6.3.3.1 Function

At the sending end, the service provider shall pass a VCA_Notify.indication primitive to the
VCA Service user to notify the user of an event associated with the transfer of a VCA_SDU.

3.6.3.3.2 Semantics

The VCA.indication primitive shall provide parameters as follows:

VCA_Notify.indication (GVCID,
SDU ID,
Service Type,
Notification Type)

NOQTE — When separate ports are provided for Type-A and Type-B Services, the Jervice
Type parameter is not used in this primitive.
3.6.3.3.3 When Generated

The service provider shall generate a VCA Notify.indication primitive in response|to an
event associated with the transfer of a VCA_SPU.
3.6.3.3.4 Effect On Receipt

The effect of receipt of the VICA Notify.indication primitive by the VCA Service yiser is
undefined.
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3.6.3.4 VCA.indication

3.6.3.4.1 Function

At the receiving end, the service provider shall pass a VCA.indication primitive to the VCA

Service user to deliver a VCA_SDU.

NOTE — The VCA.indication primitive is the service indication primitive for the VCA

Service.
3.6.3.4.2 Semantics
The V|CA.indication primitive shall provide parameters as follows:
VCA.indication (VCA _SDU,
GVCID,
Service Type (optional),
Verification Status Code\(optional))
3.6.3.4.3 When Generated
The s¢rvice provider shall generate a VCA.indication primitive when a VCA_SDU is ready
for delivery.
3.6.3.4.4 Effect On Receipt

The ef

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

CCSDS 232.0-B-3
© 1SO 2016 — All rights reserved

Page 3-24

September 2015


https://standardsiso.com/api/?name=9d1a14626ee2fc5bcf55627a5bbe9177

ISO 22664:2016(E)
CCSDS RECOMMENDED STANDARD FOR TC SPACE DATA LINK PROTOCOL

3.7 VIRTUAL CHANNEL FRAME SERVICE
3.7.1 OVERVIEW

The Virtual Channel Frame (VCF) Service provides transfer of a sequence of TC Transfer
Frames of a Virtual Channel, created by an independent protocol entity, across a space link.
The service does not guarantee completeness nor does it make any distinction between
Sequence-Controlled and Expedited service types against service data units supplied by the

ujrr_'thuumshmluﬁiam_nmm&mmm&mmthmimﬂﬁd and
Expedited service types.

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

3.1.2 VCF SERVICE PARAMETERS
3.7.2.1 General

THe parameters used by the VCF Service primitives shall conform to the specifications|of the
following subsections.

3.7.2.2 Frame

The Frame parameter shall contain a/TC Transfer Frame to be transferred on the Yirtual
Channel identified by GVCID.

NOTE — The TC Transfer<Frame is the service data unit transferred by the VCF Service.
The format of-the TC Transfer Frame is defined in 4.1. Restrictions on the TC
Transfer Frames transferred by the VCF Service are stated in 3.2.5.

3.1.23 GVCID

ThHe GVCID, parameter shall contain the GVCID of the Virtual Channel on which the [Frame
is fo betransferred.

NO’T‘E Tl CN I PPy £ o N MCTINY ad AV/AlAAY ad o 41 SAD A4 - £+ W VCF
J 4B ) T TIIVC OV UILY VUUILIISISULS Ul Al IVICU I Al da vV U1V Aliu 15 UIv O2Za1 AUuUIvssS Ul UUIv
Service.
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VCF SERVICE PRIMITIVES

3.7.3.1 General

The service primitives associated with VCF Service are:

a) VCF.request;
b) VCF.indication.
3.7.3.2 VCF.request
3.7.3.2.1 Function
At thq sending end, the VCF Service user shall pass a VCF.request primitive to the serv
provider to request that a Frame be transferred to the user at the receiving end through {
speciffed Virtual Channel.
NOTH - The VCF.request primitive is the service request primitive for the VCF Service
3.7.3.2.2 Semantics
The V|CF.request primitive shall provide parameters as follows:
VCF.request (Frarae,
GVCID)
3.7.3.2.3 When Generated

The s¢
to be {

3.7.3.

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

nding-end service user:shall generate a VCF.request primitive when a Frame is req
ransferred.

.4 Effect.On Receipt

ce
he

dy
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3.7.3.3 VCF.indication
3.7.3.3.1 Function

At the receiving end, the service provider shall pass a VCF.indication to the VCF Service
user to deliver a Frame.

NOTE — The VCF.indication primitive is the service indication primitive for the VCF
Service.

3.7.3.3.2 Semantics
The VCF.indication primitive shall provide parameters as follows:

VCF.indication (Frame,
GVCID)

3.7.3.3.3 When Generated

THe receiving-end service provider shall generate a VCF.indication primitive when a [Frame
is ready to be delivered to the user.

3.1.3.3.4 Effect On Receipt

THe effect of receipt of the VCF.indication primitive by the VCF Service user is undefined.
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3.8 MASTER CHANNEL FRAME SERVICE

3.8.1

OVERVIEW

The Master Channel Frame (MCF) Service provides transfer of a sequence of TC Transfer
Frames of a Master Channel, created by an independent protocol entity, across a space link.
The service does not guarantee completeness nor does it make any distinction between
Sequence-Controlled and Expedited service types against service data units supplied by the

user. ﬁmmmmmmmﬂmmmmmmmmnd
Expedited service types.

Only
Maste
one M

3.8.2

3.8.2.1

The p3
follow

bne user, identified with the MCID of the Master Channel, can use this sgrvice o

aster Channel.

MCF SERVICE PARAMETERS
General

irameters used by the MCF Service primitives shall conform to the specifications of 1
ing subsections.

a
I Channel. Service data units from different users are not multiplexed tegether witmin

he

3.8.2.2 Frame

The Hrame parameter shall contain a T€Transfer Frame to be transferred on the Master

Chanrjel identified by MCID.

NOTH - The TC Transfer Frame is the service data unit transferred by the MCF Servige.
The format of the-TC Transfer Frame is defined in 4.1. Restrictions on the TC
Transfer Frames-transferred by the MCF Service are stated in 3.2.5.

3.8.23 MCID

The MCID parameter shall contain the MCID of the Master Channel on which the Framd is

to be transferred.

NOTE—The McID1sthe- SAP-addressof the MEF Servtee:
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3.8.3 MCF SERVICE PRIMITIVES

3.8.3.1 General

The service primitives associated with the MCF service are:

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

3.8.3.2 MCF.request

3.8.3.2.1 Function

At
pr
Sp

N(

pcified Master Channel.

3.8.3.2.2 Semantics

Th

e MCF.request primitive shall provide parameters as follows:
MCEF.request (Frame,
MCID)

3.8.3.2.3 When Generated

Th
to

be transferred.

3.8.3.2.4 Effect On Receipt

R4

the sending end, the MCF Service user shall pass an MCF.requestprimitive to the dervice
pvider to request that a Frame be transferred to the user at the té¢eiving end through the

DTE — The MCF.request primitive is the service request primitive for the MCF Sevice.

e sending-end service user shall generate an MCF.request primitive when a Frame 19 ready

ceipt-of the MCF.request primitive shall cause the service provider to transfer the Frgme.
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3.8.3.3 MCF.indication

3.8.3.3.1 Function

At the receiving end, the service provider shall pass an MCF.indication primitive to the MCF
Service user to deliver a Frame.

NOTE — The MCF.indication primitive is the service indication primitive for the MCF

Service.

3.8.3.3.2 Semantics
The MCF.indication primitive shall provide parameters as follows:

MCF.indication (Frame,

MCID)

3.8.3.3.3 When Generated
The rdceiving-end service provider shall generate an MCF:indication primitive when a Frame
is ready to be delivered.
3.8.3.3.4 Effect On Receipt
The effect of receipt of the MCF.indication primitive by the MCF Service user is undefined.

CCSDS 232.0-B-3 Page 3-30
© 1SO 2016 — All rights reserved

September 2015


https://standardsiso.com/api/?name=9d1a14626ee2fc5bcf55627a5bbe9177

ISO 22664:2016(E)
CCSDS RECOMMENDED STANDARD FOR TC SPACE DATA LINK PROTOCOL

3.9 COP MANAGEMENT SERVICE
3.9.1 OVERVIEW

The COP Management Service is used by a user at the sending end for managing the
operations of COP for a particular Virtual Channel. The user manages the operations of COP
by invoking Directives defined in reference [4]. The user is notified by the service provider
of events associated with Directives and events that occur asynchronously with Directives.

A user of this service must be authorized to manage COP for a particular Virtual Channel.
Only one user, identified with the GVCID of the Virtual Channel, is allowedcto uge this
sefvice on a Virtual Channel.

3.9.2 COP MANAGEMENT SERVICE PARAMETERS
3.9.21 General

The parameters used by the COP Management Serviceprimitives shall conform [to the
specifications of the following subsections.
3922 GVCID

The GVCID parameter shall contain the GVEID of the Virtual Channel for which the COP is
managed.

NOQOTE - The GVCID consists off'an’yMCID and a VCID and is the SAP address of the COP
Management Service.
3.9.2.3 Directive ID

The Directive ID parameter shall contain a user-supplied sequence number to be used to
id¢ntify the assdciated Directive.request primitive in subsequent Directive Notify.indication
primitives.

3.9.274. " Directive Type

The Directive Type parameter shall contain the type of Directive. The values taken by this
parameter are defined in reference [4].

3.9.2.5 Directive Qualifier

The Directive Qualifier parameter shall contain a qualifier of the Directive if one is required.
The values taken by this parameter are defined in reference [4].
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3.9.2.6 Notification Type

In notifications to the user, the Notification Type parameter shall contain information about
an event associated with a Directive. The values taken by this parameter are defined in
reference [4].

3.9.2.7 Notification Qualifier

The Notification Qualifier parameter shall contain a qualifier of the notification if onef is
requirgd. The values taken by this parameter are defined in reference [4].

3.9.3 | COP MANAGEMENT SERVICE PRIMITIVES

3.9.3.1 General

The sgrvice primitives associated with the COP Management Serviceare:
a)| Directive.request;
b)[ Directive Notify.indication;

c)| Async_Notify.indication.
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3.9.3.2 Directive.request

3.9.3.2.1 Function

At the sending end, the authorized user shall pass a Directive.request primitive to the service

provider to invoke a Directive defined in reference [4].

3.9.3.2.2 Semantics

THe Directive.request primitive shall provide parameters as follows:

Directive.request (GVCID,
Directive ID,
Directive Type,
Directive Qualifier)

3.9.3.2.3 When Generated

The authorized user shall generate a Directive.request primitive when execution] of a

Difective is required.

3.9.3.2.4 Effect On Receipt

Rgceipt of the Directive.request primitive shall cause the service provider to execyte the

Difrective.
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3.9.3.3 Directive_Notify.indication
3.9.3.3.1 Function

At the sending end, the service provider shall pass a Directive Notify.indication primitive to
the authorized user to notify the user of an event or an action associated with a Directive
requested by the user.

3.9.312 Semantics
The Djirective Notify.indication primitive shall provide parameters as follows:

Directive Notify.indication (GVCID,
Directive ID,
Notification Type)

3.9.3.3.3 When Generated

The s¢nding-end service provider shall generate a Directive Notify.indication primitive|in

resporfse to an event or action associated with a Directive.

3.9.3.3.4 Effect On Receipt

The etfect of receipt of the Directive Notify.indication primitive by the COP Manageme¢nt
Servide user is undefined.
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3.9.3.4 Async_Notify.indication

3.9.3.4.1 Function

At the sending end, the service provider shall pass an Async Notify.indication primitive to
the authorized user to notify the user of an event that occurs asynchronously with requests.

3.9.3.4.2 Semantics

TH

3.

Th

1€

3.

TH
Se

e Async_Notify.indication primitive shall provide parameters as follows:
Async_Notify.indication (GVCID,
Notification Type,

Notification Qualifier)

.3.4.3 When Generated

e sending-end service provider shall generate an Async Notify.indication primif
ponse to an event that occurs asynchronously with requests.

).3.4.4 Effect On Receipt

e effect of receipt of the Async Notify.indication primitive by the COP Manag
rvice user is undefined.

ive in

ement
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4 PROTOCOL SPECIFICATION WITHOUT SDLS OPTION

NOTE - This section specifies the protocol data unit and the procedures of the TC Space
Data Link Protocol without support for the SDLS protocol. Section 6 specifies
the protocol with the SDLS option.

4.1 PROTOCOL DATA UNIT (TC TRANSFER FRAME)

411 TC TRANSFER FRAME

A |TC Transfer Frame shall encompass the major fields, positioned contiguously,

following sequence:

NOTES

a) Transfer Frame Header (5 octets, mandatory);

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

b) Transfer Frame Data Field (up to 1019 or 1017 octets, mandatory);

1 The TC Transfer Frame is the protocol data“init transmitted from the sending

the receiving end by the TC Space Data Link Protocol. In this Recomny
Standard, the TC Transfer Frame iscalso called the Transfer Frame or Frar
simplicity.

2 The maximum Transfer Framie' length allowed by a particular spacecraft or g

implementation on a particular Virtual Channel may be less than the may
specified here.

in the

end to
lended
ne for

rround
[imum

3 The structural components of the TC Transfer Frame are shown in figure 4-1.
Lo e TR TC TRANSFER FRAME ................................................................... P
TRANSFER TRANSFER FRAME FRAME
FRAME DATA FIELD ERROR
PRIMARY CONTROL
HEADER FIELD
(Optional)
5 octets Varies 2 octets
S Up 10 1019 OGtetg e »
Figure 4-1: TC Transfer Frame Structural Components
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4.1.2 TRANSFER FRAME PRIMARY HEADER
4121 General

The Transfer Frame Primary Header is mandatory and shall consist of eight fields, positioned
contiguously, in the following sequence:

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

b) (BypassHlag(+bitmandatory):

¢)| Control Command Flag (1 bit, mandatory);

d)| Reserved Spare (2 bits, mandatory);

e)| Spacecraft Identifier (10 bits, mandatory);

f) | Virtual Channel Identifier (6 bits, mandatory);
g)| Frame Length (10 bits, mandatory);

h)| Frame Sequence Number (8 bits, mandatory).

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

TRANSFER | BYPASS | CONTROL(|,RSVD. | SPACE-| VIRTUAL | FRAME FRAME
FRAME FLAG | COMMAND | SPARE | CRAFT [ CHANNEL | LENGTH [ SEQUENCE

VERSION FLAG ID ID NUMBER
NUMBER
2 bits 1 bit 1 bit 2 bits 10 bits 6 bits 10 bits 8 bits
2 octets 2 octets 1 octet

Figure 4-2: Transfer Frame Primary Header

4.1.2.2 “Transfer Frame Version Number

4.1.2.2.1 Bits 0-1 of the Transfer Frame Primary Header shall contain the (binary encoded)
Transfer Frame Version Number.

4.1.2.2.2 This 2-bit field shall identify the data unit as a Transfer Frame defined by this
Recommended Standard and shall be set to ‘00°.
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NOTE — This Recommended Standard defines the TC Version 1 Asynchronous Transfer
Frame, whose binary encoded Version Number is ‘00°.

4.1.2.3 Bypass and Control Command Flags
4.1.2.3.1 Bypass Flag

4.1.2.3.1.1 Bit 2 of the Transfer Frame Primary Header shall contain the Bypass Flag.

4.1.2.3.1.2 The single-bit Bypass Flag shall be used to control the application ef [Frame
Agceptance Checks by the receiving end:

a) setting the Bypass Flag to value ‘0’ shall specify that this Transfer Erame is a Tlype-A
Transfer Frame, and acceptance of this Transfer Frame by the receiving end shall be
subject to the normal Frame Acceptance Checks of the FARM;

b) setting the Bypass Flag to value ‘1’ shall specify that this-Transfer Frame is a Type-B
Transfer Frame, and the Frame Acceptance Checks oftthe FARM by the receivipg end

shall be bypassed.
NOTES
1 The Frame Acceptance and Reporting Mechanism (FARM) associated with thg COP

can be made to operate in a normal “Acceptance’ mode (for Type-A Transfer Frames)
or a ‘Bypass’ mode (for Type-B-Itansfer Frames), according to the setting [of the
Bypass Flag.

2 All Transfer Frames received by the receiving end first undergo a basic standard set of
Frame Validation Checks, which are applied regardless of the setting of the Bypass
Flag (see 4.4.8.3).

4.1.2.3.2 Control €ommand Flag

4.1.2.3.2.1 Bit3 of the Transfer Frame Primary Header shall contain the Control Command
Flag.

4.1.2:3.2.2 The single-bit Control Command Flag shall be used to specify whether the Data

Field-of the Transfer Frame is conveying Control Commands (Type-C) or Data (Type-ID):

a) setting the Control Command Flag to value ‘0’ shall indicate that the Transfer Frame
Data Field contains a Frame Data Unit (FDU) (Type-D);

b) setting the Control Command Flag to value ‘1’ shall indicate that the Transfer Frame
Data Field contains control information (Type-C).
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NOTE - In the C mode, the Transfer Frame Data Field conveys control information used
to set the parameters of the FARM to the proper configuration to accept data. In
the D mode, the Transfer Frame Data Field contains a Frame Data Unit.

4.1.2.3.3 Combined States of the Bypass Flag and Control Command Flag

The combined states of the Bypass Flag and Control Command Flag shall be interpreted by
the receiving end as shown in table 4-1.

Table 4-1: Interpretation of the Bypass and Control Command Flags

Control
Bypass Command
Flag Flag Interpretation

0 0 Type-AD. Transfer Frame Data Field carries a Frame
Data Unit, subject to Frame Aceeptance Checks under
control of the FARM. These frames use the Sequence-
Controlled (or AD) Service:of'the COP.

0 1 Reserved for future application.

1 0 Type-BD. Transfer Frame Data Field carries a Frame

Data Unit, withsFrame Acceptance Checks bypassed
under control-of the FARM. These Frames use the
Expedited (0rBD) Service of the COP.

1 1 Type-BC." Transfer Frame Data Field carries Control
Commands, with Frame Acceptance Checks bypassed
under control of the FARM. These Frames control the
Sequence-Controlled Service of the COP.

4.1.2.4 Reserved Spare
4.1.24.1 Bits 4-50f the Transfer Frame Primary Header shall contain the Reserved Sparg.

4.1.2.4.2 These two bits are reserved for future application and shall be set to “00°.

4.1.2.5 Spacecraft Identifier

4.1.25.1 Bits 6-15 of the Transfer Frame Primary Header shall contain the Spacecraft
Identifier (SCID).

4.1.25.2 The Spacecraft Identifier is assigned by the CCSDS and shall provide the
identification of the spacecraft associated with the data contained in the Transfer Frame.

4.1.2.5.3 The Spacecraft Identifier shall be static throughout all Mission Phases.
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NOTE - The Secretariat of the CCSDS assigns Spacecraft Identifiers according to the

procedures in reference [6].

4.1.2.6 Virtual Channel Identifier

41.2.6.1 Bits 16-21 of the Transfer Frame Primary Header shall contain the Virtual
Channel Identifier (VCID).

4.1.2.6.2 The Virtual Channel Identifier shall be used to identify the Virtual Channel,

NOTE - There are no restrictions on the selection of Virtual Channel Identifiefs.

4.1.2.7 Frame Length

4.]

4.]

tofal octets in the Transfer Frame.

4.]
He
Tr

N(

4.]

Bi
N

particular, Virtual Channels are not required to be numbered consecutively.

.2.7.1 Bits 22-31 of the Transfer Frame Primary Header shall contain the Frame L
.2.7.2 This 10-bit field shall contain a length count <C which equals one fewer th
.2.7.3 The count shall be measured from the-first bit of the Transfer Frame P

ader to the last bit of the Frame Error Control Field (if present), or to the last bit
hnsfer Frame Data Field (if the Frame Error*Control Field is omitted).

DTES

The length count C is expressed as:

C = (Total Number of Octets in the Transfer Frame) — 1

The size of this)field limits the maximum length of a Transfer Frame to 1024 oc

.2.8  Frame Sequence Number

ength.

an the

rimary
of the

tets.

s 32439 of the Transfer Frame Primary Header shall contain the Frame Sequence Nymber,

S);

NOTES

1

The procedure for assigning the Frame Sequence Number to Transfer Frames is

defined in reference [4].

The Frame Sequence Number enables the FARM to check the sequentiality of
incoming Type-A Transfer Frames. The Frame Sequence Number is Virtual Channel
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dependent; i.e., this protocol maintains a separate Frame Sequence Number for each

of the Virtual Channels.
3 The COP does not use this field of Type-B Transfer Frames; in this case the contents
of the Frame Sequence Number field is set to ‘all zeroes’ by COP.
4.1.3 TRANSFER FRAME DATA FIELD
4.13.1 General
4.1.3.1.1 The Transfer Frame Data Field shall follow, without gap, the Transfer Frae
Primaty Header.
4.1.3.1.2 The Transfer Frame Data Field, which shall contain an integral number of octqts,
may vary in length up to a maximum of 1019 octets (1017 octets if the-Frame Error Contyol
Field {s present).
4.1.3.1.3 The Transfer Frame Data Field shall contain either afiyintegral number of octets|of
data cprresponding to one Frame Data Unit (for a Type-D {ransfer Frame) or an integral
numbgr of octets of Control Command information (for a(T'ype-C Transfer Frame).
4.1.3.2 Frame Data Unit
4.1.3.2.1 General
4.1.3.2.1.1 A Frame Data Unit shall consist of either
a)| an integral number of User'Data octets; or
b)| a Segment Header followed by an integral number of User Data octets, if the Segment
Header is used on the Virtual Channel.
4.1.3.2.1.2 If the Segment Header is present, the User Data contained in a Frame Data Upit
shall donsist of oné/of the following:
a)| a complete Packet;
b)| multiple Packets;
c) aportion of a Packet;
d) acomplete MAP_SDU;
e) aportion of a MAP SDU.
4.1.3.2.1.3 If the Segment Header is not present, the User Data contained in a Frame Data

Unit shall consist of one of the following:
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a) acomplete Packet;
b) multiple Packets;
c) acomplete VCA SDU.

4.1.3.2.1.4 The Segment Header is required for any Virtual Channel which has more than
one MAP or which transfers service data units larger than permitted in a single Transfer
Frame. Its use is optional otherwise, except that if it is used in any Transfer Frame carried on

a
Cq

N(

N(

1.3.2.2 Segment Header
1.3.22.1 General

1.3.2.2.1.1 1If present, the Segment Header shall follow,\without gap, the Transfer

1.3.2.2.1.2 The Segment Header is optional; .its¢presence or absence shall be estal

1.3.2.2.1.3 The Segment Header must not be present in Transfer Frames carrying

1.3.2.2.1.4 The Segment Headershall contain the following fields:

Virtoat Channet, it must be used for att Transfer Frames cartying rrame Data Uni
ntrol Commands) on that Virtual Channel.

DTE — A Frame Data Unit that has a Segment Header is called a Segment.

'mary Header.

management for each Virtual Channel.

mmands.

a) Sequence Flags (2 bits;mandatory);
b) Multiplexer AceessPoint (MAP) Identifier (6 bits, mandatory).

DTE — The fofmat of the Segment Header is shown in figure 4-3.

+——— SEGMENTHEADER (10dd) —»

s (not

Frame

lished

ontrol

SEQUENCE MULTIPLEXER
FLAGS ACCESS POINT
(MAP) D

2 bis 6 bis

Figure 4-3: Segment Header

CCSDS 232.0-B-3 Page 4-7 September 2015

©1S0 2016 -

All rights reserved


https://standardsiso.com/api/?name=9d1a14626ee2fc5bcf55627a5bbe9177

ISO 22664:2016(E)
CCSDS RECOMMENDED STANDARD FOR TC SPACE DATA LINK PROTOCOL

4.1.3.2.2.2 Sequence Flags
4.1.3.2.2.2.1 Bits 0-1 of the Segment Header shall contain the Sequence Flags.

NOTE - This two-bit field delimits the service data unit provided by the user by indicating
the sequential position of the User Data contained in the Frame Data Unit relative
to the service data unit of which the User Data is a part.

4.1.3.2.2.2.2 The Sequence Flags shall be interpreted as shown in table 4-2.

Table 4-2: Interpretation of the Sequence Flags

Bit 0 Bit 1 Interpretation
0 1 First portion of service data unit on ohe-MAP
0 0 Continuing portion of service data unit on one MAP
1 0 Last portion of service data:unit on one MAP
1 1 No segmentation (ong’ complete service data unit or
multiple Packets)

4.1.3.2.2.3 Multiplexer Access Point Identifier

4.1.3.2.2.3.1 Bits 2-7 of the Segment Header shall contain the Multiplexer Access Pojint
Identifier (MAP ID).

NOTH — The MAP Identifter provides the identification of the MAP Channel within} a
Virtual Channel:

4.1.3.2.2.3.2 1If multiple MAPs are not used on a particular Virtual Channel, but the
Segmg¢nt Header{1s' otherwise required to be present, the MAP Identifier shall be set ta a
constant valye.for all Frame Data Units which are placed on that Virtual Channel.

NOTH =, There are no restrictions on the selection of MAP Identifiers. In particular, MAPs
are ot Tequired to be urmbered Comnsecutively:

4.1.3.3 Control Commands
4.1.3.3.1 General

Two Control Commands are defined: Unlock and Set V(R); the action to be taken when the
FARM receives one of these Control Commands is defined in reference [4].
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4.1.3.3.2 Unlock

The Unlock Control Command shall consist of a single octet containing ‘all zeroes’.

41333 SetV(R)

The Set V(R) Control Command shall consist of three octets with the following values:

10000010 00000000 XXXXXXXX

where XXXXXXXX 1is the value to which the FARM shoupld sqt the
Receiver Frame Sequence Number, V(R). This octet should therefote be set|to the
Sequence Number that will be put into the Header of the next Type¢A-Transfer [Frame
to be transmitted on that Virtual Channel.

4.1.3.3.4 Other Bit Combinations

All other bit combinations for Control Commands are reseryed by the CCSDS for |future
application.

414 FRAME ERROR CONTROL FIELD
4141 General

41411 The Frame Error Control Field is optional; its presence or absence shall be
esfablished by management.

4.1.4.1.2 If present, the Frame Error Control Field shall occupy the two octets follpwing,
without gap, the Transfer Frame Data Field.

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

NOQTES

1 The\purpose of this field is to provide a capability for detecting errors which may
have been introduced into the Transfer Frame during the transmission angl data
handling process.

2 Whether this field should be used on a particular Physical Channel will be determined
based on the mission requirements for data quality and the selected options for the
underlying Channel Coding Sublayer.

4.1.4.2 Frame Error Control Field Encoding Procedure

41421 The Frame Error Control Field is computed by applying Cyclic Redundancy
Check (CRC) techniques. The Frame Error Control Field Encoding Procedure shall accept
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an (n—16)-bit Transfer Frame, excluding the Frame Error Control Field, and generate a
systematic binary (n,n—16) block code by appending a 16-bit Frame Error Control Field as the

final 1

6 bits of the codeblock, where # is the length of the Transfer Frame.

NOTE - The Bit Numbering Convention as specified in 1.6.2 is applicable below.

4.1.4.2.2 The equation for the contents of the Frame Error Control Field is:

FECF = [(X'®- M(X)) + (X9 - L(X))] modulo G(X)

where

NOTH

= P()')(15 +P1'X14+P2'X13+... +P14‘XI+P15‘XO

all arithmetic is modulo 2;

FECF is the 16-bit Frame Error Control Field with the first bit-transferred being {
most significant bit Py taken as the coefficient of the highest power of X;

n is the number of bits in the encoded message;

M(X) is the (n-16)-bit information message to be encoded expressed as a polynom
with binary coefficients, with the first bit transferred being the most significant bit |
taken as the coefficient of the highest power ofX;

L(X) is the presetting polynomial given by,
15
L) =2 X;
i=0
G(X) 1s the generating polynomial given by
GX) = X"+ X2 +X2+ 1.
S

The X' . [(X) term has the effect of presetting the shift register to all ‘1’ state pr
to encodiiig:

he

ial
Mo

101

2 A possible FECF generator implementation is shown in figure 4-4. For each frame,
the shift register cells are initialized to ‘1°. The ganged switch is in position 1 while
the information bits are being transterred and in position 2 for the sixteen FECE bits.
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Figure 4-4: Logic Diagram of the Encoder

4.1.4.3 Frame Error Control Field Decoding Procedure
The error detection syndrome, S(X), is given by

S = [(X' - C*(X)) + (X" - L(X))] modulo G(X)
where

C*(X) is the received block, including the Frame: Error Control Field, in polypomial
form, with the first bit transferred being the ‘most significant bit Co* taken [as the
coefficient of the highest power of X; and

S(X) is the syndrome polynomial which will be zero if no error is detected and non-
zero if an error is detected, with the tost significant bit Sy taken as the coefficjent of
the highest power of X.

The received block C*(X) equals thé transmitted codeblock C(X) plus (modulo two) the n-bit

eror block E(X), C*(X) = C(X)+E(X), where both are expressed as polynomials of th¢ same

f(:q':/'l, i.e., with the most significant bit Cy or E, taken as the binary coefficient of the highest

power of X.

NOTE — A possible syndrome polynomial generator implementation is shown in figupe 4-5.
For-each frame, the shift register cells are initialized to ‘1°. The frame includes
nshits, i.e., (n-16) information message bits plus the 16 bits of the FECF. All the
# bits of the frame are clocked into the input and then the storage stages are
examined. For an error-free block, the contents of the shift register cells will be
‘zero’. A non-zero content indicates an erroneous block.
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i

T\

FRAME BITS Co* cee Cn-l*
(CO* transferred first) -
Figure 4-5: Logic Diagram of the Decoder

4.2 PROTOCOL DATA UNIT (CLCW)

4.2.1 | COMMUNICATIONS LINK CONTROL WORD

4211 General

42111 The Communications Link Control Word (CLEW), which is the protocol data

unit trpnsmitted from the receiving end to the sending end; shall provide the mechanism |by

which|the FARM at the receiving end reports the statds of frame acceptance to the Fraine

Operation Procedure (FOP) at the sending end.

NOTHS

1 The controlling specification for.how the CLCW is used within the COP is contairfed
in reference [4].

2 CLCWs are usually carried in the Operational Control Field of TM or AOS Transfer
Frames (references [B6) and [B7]) using the MC_OCF or VC_OCF Service.

3 The CLCW is-the’ only reporting mechanism for this protocol. Although it is pot
necessary that the CLCW reporting rate (from the receiving end to the sending end)
match the_Transfer Frame transfer rate (from the sending end to the receiving end),
some minimum CLCW sampling rate is necessary for the proper operation of the COP.

4.2.1.1.2"~The CLCW shall consist of ten fields, positioned contiguously, in the following

sequences
a) Control Word Type (1 bit, mandatory);
b) CLCW Version Number (2 bits, mandatory);
c) Status Field (3 bits, mandatory);
d) COP in Effect (2 bits, mandatory);
e) Virtual Channel Identification (6 bits, mandatory);
CCSDS 232.0-B-3 Page 4-12 September 2015

© 1SO 2016 — All rights reserved


https://standardsiso.com/api/?name=9d1a14626ee2fc5bcf55627a5bbe9177

ISO 22664:2016(E)
CCSDS RECOMMENDED STANDARD FOR TC SPACE DATA LINK PROTOCOL

f) Reserved Spare (2 bits, mandatory);
g) Flags (5 bits, mandatory);

h) FARM-B Counter (2 bits, mandatory);
1) Reserved Spare (1 bit, mandatory);

j) Report Value (8 bits, mandatory).

NOQTE — The structural components of the CLCW are shown in figure 4-6.
CONTROL CLCW STAIUS COP VIRTUAL RSVD.
D VERSION FELD N CHANNEL SPARE
NUMBER EFFECT IDENTIFICATION
lm’
fl 2 3 2 6 2
L(ALMYS 7 FOR CLCW)
FLAGS
FARMB RSVD. REPOR|

0 NO LOCK- | WAIT |RETRANSMIT |COUNTER | SPARE VALUE
F BiT ourt
L | LOCK
1

1 1 1 2 1 8

Figure 4-6: Communications Link Control Word

4.2.1.2 ControlWord Type
42121 Biv0O of the CLCW shall contain the Control Word Type.

NOQTE = This field is used to distinguish the CLCW from another type of report that thay be
alternatively contained in the field that carries the CLCW (e.g., the Operational
Control Field of TV or AOS Transfer Frames (references [B0] and [B7]).

4.2.1.2.2 This one-bit field shall be set to ‘0.

42.1.3 CLCW Version Number

42131 Bits 1-2 of the CLCW shall contain the (Binary Encoded) CLCW Version
Number.
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4.2.1.3.2 This two-bit field shall be set to ‘00°.

NOTE — The CLCW Version Number is included to provide future growth flexibility. At

present a single ‘Version-1’ CLCW, whose binary encoded Version Number
‘00’, is defined in this Recommended Standard.

4214 Status Field

Bits 3

NOTE

1

2

4.2.1.1

4214
to ind{

4.2.1.1

NOTE

4.2.1.6

Bits 8
with W

NOTE

4.2.1.

5 of the CLCW shall contain the Status Field.
S
Application of the Status Field is mission-specified.

The Status Field may be used by Agencies for local enhanceménts to operations
this protocol and is not part of the COP.

b COP in Effect

cate the COP that is being used.
.2 For COP-1, this two-bit field shall be-set to ‘01°.

— At present a single COP, COP-{,1s defined in this Recommended Standard.

Virtual Channel Identification

thich this report is associated.

— Each Virtual Channel in use has its own CLCW reporting activated.

[ Reserved Spare

4.2.1.

.1 Bits 14-15 of the CLCW shall contain the Reserved Spare.

4.2.1.7.2 These two bits are reserved by CCSDS for future application and shall be set to ‘00°.

4.2.1.8 Flags

42181 General

Bits 16-20 of the CLCW shall contain the Flags specified in the following subsections.
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4.2.1.8.2 No RF Available Flag
4.2.1.8.2.1 Bit 16 of the CLCW shall contain the No RF Available Flag.

4.2.1.8.2.2 The No RF Available Flag shall provide a logical indication of the ‘ready’ status
of the radio frequency (RF) elements within the space link provided by the Physical Layer.

NOTE - Precise definition of the set of physical states which must each be in the ‘ready’
condition before communication is possible is mission-specified. For example,
the flag can represent a logical sum of the overall ready status of comppnents
such as the RF transponder and the demodulator.

4.2.18.2.3 A setting of ‘0’ in the No RF Available Flag shall indicate_that the Pmysical
Layer is Available (i.e., any Transfer Frame will be received and processed by the Physical
Lalyer and passed on to this protocol if correct).

4.2.18.24 A setting of ‘1’ in the No RF Available Flag shall indicate that the Physical
Layer is not available and that Transfer Frames cannot be transferred without corfective
action within the Physical Layer.

4.2.1.8.2.5 The single No RF Available Flag shall apply to all Virtual Channels and shall be
updated whenever a change is signaled by the Physi¢al Layer.

NQTE - This field may be used by Agencies for local enhancements to operations pf this
protocol and is not part of the COP.

4.2.1.8.3 No Bit Lock Flag

4.2.1.8.3.1 Bit 17 of the CEEW shall contain the No Bit Lock Flag.
NOTES

1 The No Bitock Flag is an optional, mission-specific engineering measuremeht that
provides-d performance quality indicator that indicates specifically whether the
Physical Layer is working normally by having enough signal energy to achigve bit
synchronization with the received data stream.

2 Failure to achieve bit lock may indicate that the Physical Layer is operating at p non-
nominal performance level and that the Transfer Frame rejection rate may be
correspondingly abnormally high.

4.2.1.8.3.2 Use of the No Bit Lock Flag is optional; if used,
a) ‘0’ shall indicate bit lock has been achieved;

b) ‘1’ shall indicate bit lock has not been achieved.
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4.2.1.8.3.3 The single No Bit Lock Flag shall apply to all Virtual Channels and shall be
updated whenever a change is signaled by the Physical Layer.

4.2.1.8.3.4 If the No Bit Lock Flag is not used, it shall be set permanently to ‘0’.

NOTE - This field may be used by Agencies for local enhancements to operations of this
protocol and is not part of the COP.

4.2.1.8.4 Lockout Flag
4.2.1.8.4.1 Bit 18 of the CLCW shall contain the Lockout Flag.

4.2.1.8.4.2 The Lockout Flag shall be used to indicate the Lockout status of-the FARM off a
particylar Virtual Channel.

4.2.1.8.4.3 A setting of ‘1’ in the Lockout Flag shall indicate Lockout:

NOTH - Lockout occurs whenever a Type-A Transfer Frame, that violates certain Frame
Acceptance Checks is received on a particular Vittual Channel. Once the FARM
is in Lockout, all subsequent Type-A Transfer Frames will be rejected by the
FARM until the condition is cleared.

4.2.1.8.44 A setting of ‘0’ in the Lockout Flag:shall indicate that the FARM is not|in
Lockout.

4.2.1.8.4.5 Separate Lockout Flags shall'‘be maintained for each Virtual Channel.

NOTH - The precise specifications for use of the Lockout Flag are contained in reference [4].

4.2.1.85 WaitFlag
4.2.1.85.1 Bit 19 ofdhe CLCW shall contain the Wait Flag.

4.2.1.8.5.2 The:Wait Flag shall be used to indicate that the receiving end is unable to acc¢pt
data for processing on a particular Virtual Channel.

NOTH ~ ™ An inability to accept data could be caused by temporary lack of storage andfor

2o -G rang 1 £l o PRSI g o f tli o s 1l orlhigharl 1
PTOCCSSTITE TUSOUTCTS TIT U TOUU T VTS I OT UIr S ProtOCUT OT TSI TA Y UTST

421853 A setting of ‘1’ (i.e., Wait) in the Wait Flag for a particular Virtual Channel
shall indicate that all further Type-A Transfer Frames on that Virtual Channel will be rejected
by the FARM until the condition is cleared.

421854 A setting of ‘0’ (i.e., Do Not Wait) in the Wait Flag shall indicate that the
receiving end is able to accept and process incoming Type-A Transfer Frames.
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4.2.1.8.5.5 Separate Wait Flags shall be maintained for each Virtual Channel.

NOTE - The precise specifications for use of the Wait Flag are contained in reference [4].

4.2.1.8.6 Retransmit Flag

4.2.1.8.6.1 Bit 20 of the CLCW shall contain the Retransmit Flag.

N

4.7
Tr
FA

4.2

rc

4.2

N(

4.2

4.2

N(

on.;tstanding Type-A Transfer Frame rejections in the sequence received so far, an

.2.1.9.2 Separate FARM-B Counters shall be maintained for each Virtual Channel.

D1E — The Retransmit Flag 1s used to speed the operation of the COP by pro
immediate indication to the FOP at the sending end that retransmiss
necessary.

.1.8.6.2 A setting of ‘1’ in the Retransmit Flag shall indicate that ong’or more T|
hnsfer Frames on a particular Virtual Channel have been rejected or found missing
LRM and therefore retransmission is required.

.1.8.6.3 A setting of ‘0’ in the Retransmit Flag shall“indicate that there 4§

ansmissions are not required.

p.1.9.1 Bits 21-22 of the EECW shall contain the FARM-B Counter.

DTE — This 2<bit field contains the two least significant bits of a FARM-B C
This counter is maintained within the FARM and increments once each
Type-B Transfer Frame is accepted in Bypass mode on a particular Y
Channel. The field supports the verification that Type-B Transfer K
(Control or User Data) were accepted by the receiving end.

viding
ion is

ype-A
by the

re no
d thus

.1.8.6.4 Separate Retransmit Flags shall be maintained for each Virtual Channel.

DTE — The precise specifications for use&* of the Retransmit Flag are contaiped in
reference [4].

.1.9 FARM-B Counter

unter.
time a
Virtual
rames

4.2.1.10 Reserved Spare

4.2.1.10.1 Bit 23 of the CLCW shall contain the Reserved Spare.

4.2.1.10.2 This bit is reserved by CCSDS for future application and shall be set to ‘0°.
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4.2.1.11 Report Value

4.2.1.11.1 Bits 24-31 of the CLCW shall contain the Report Value.

4.2.1.11.2 Separate Report Values shall be maintained for each Virtual Channel.

NOTE - This 8-bit field contains the value of the Next Expected Frame Sequence

Number, N(R), which is equal to the value of FARM’s
Receiver Frame Sequence Number, V(R). The FARM V(R) counter

increments once each time a Type-AD Transfer Frame is accepted on a particuhar
Virtual Channel. The precise specifications for use of the Report Value are
contained in reference [4].
4.3 PROTOCOL PROCEDURES AT THE SENDING END
NOTH - This subsection describes procedures at the sending end.associated with each|of
the functions shown in figure 4-7. In the figure, data flews from top to bottom.
The figure identifies data-handling functions perfofmed by the protocol entity] at
the sending end, and shows logical relationships®among these functions. This
figure is not intended to imply any hardwarecor software configuration in a rgal
system. Depending on the services actuallyZused for a real system, not all of the
functions may be present in the protocol entity. The procedures described in this
subsection are defined in an abstract;Sense and are not intended to imply any
particular implementation approachof a protocol entity.
MAP MAR
Packet Access COP Mgmt.
Service Service Service
VC Packet VC Access
T MAP Pagket MAP. Service Service
$egmen-| Processing Generation
tation | | | VC Frame
Sublayer VC Packet Service
MAP Multiplexing Processing MC Frame
| | Service
Virtual Channel Generation
I
ransfer Virtual Channel Multiplexing
Sublayer |
Master Channel Multiplexing
I
All Frames Generation
Figure 4-7: Internal Organization of Protocol Entity (Sending End)
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4.3.1 MAPPACKET PROCESSING FUNCTION

4.3.1.1 The MAP Packet Processing Function shall be used to transfer variable-length
Packets in the Data Field of Transfer Frames (i.e., in Frame Data Units) of a MAP Channel.

NOTE — There is an instance of the MAP Packet Processing Function for each MAP
Channel that carries Packets.

4.3.1.2 If the Packet to be transferred exceeds a predetermined length, the MAP Packet
Prpcessing Function shall divide it into portions that are compatible with insertion irtto the
Frame Data Unit and attach a Segment Header to each portion, forming Frame Data, Units.

4.3.1.3 The first octet of the Packet shall appear, without gap, after the Segment Hegder of
th¢ first corresponding Frame Data Unit.

4.3.1.4 The Frame Data Units containing the first and continuing,portions of the Packet
may each have a length equal to the maximum allowable length<of the Frame Data Unit on
that particular MAP Channel.

4.3.1.5 The Frame Data Unit containing the last portion of the Packet shall contdin the
Segment Header and the residue of the Packet.

4.3.1.6 The portions of a Packet shall be transferred in consecutive Transfer Frames|of the
MAP Channel without being interlaced with any other Packets or portions in the samg MAP
Channel.

4.3.1.7 If the Packet to be transferred does not exceed a predetermined length, a Sggment
Hgader is generated and attached to the Packet, forming a Frame Data Unit.

4.3.1.8 If blocking of Packets'is permitted on a particular MAP Channel, then:

a) multiple complete Packets may be placed into a Frame Data Unit with a |single
Segment Header preceding them;

b) the bloeked Packets plus the Segment Header must fit within the maximum size
Framé&Data Unit permitted for the MAP Channel.

4.3.1.9 If Packets of multiple versions are to be transferred on a MAP Channel, Packets of
th¢se-versions are multiplexed into a contiguous string of Packets before they are placed in
Frame Data Units.

NOTES
1 An abstract model of the MAP Packet Processing Function is illustrated in figure 4-8.
2 Figure 4-9 shows how Packets assigned to one MAP are segmented or blocked to

form Frame Data Units.
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4.3.2

4321

servic
Units)

NOTE

4322

Gener
Framse

Packet Service Packet Service
User with PVN m User with PVN n
Packets Packets
MAP Packet
Processing v v
Function for Generation of Segment Header and
a MAP Construction of Frame Data Units
Channel
Frame Data Units
y

| MAP Multiplexing Function |

Figure 4-8: Abstract Model of MAP Packet Processing Function

PACKET | |PACKET PACKET
] [ 4 1 : N N \
s
4 F SEGMENTATION 3
, ‘"’ ! ' : ) \

4 ! ! b N
SEG SEG SEG
HDR HDR HDR

« p 4 P« »

FRAME DATAUNIT FRAME DATAUNI. FRAME DATAUNIT

Figure 4-9: Example of MAP Packet Processing Procedures

MAP GENERATION FUNCTION

The MAP Generation Funiction shall be used to transfer variable-length user-defin]
p data units (MAP_SDUs))in the Data Field of Transfer Frames (i.e., in Frame D
of a MAP Channel.

— There 1s atinstance of the MAP Generation Function for each MAP Channel tl
carries MAP_SDUs.

If the . MAP_SDU to be transferred exceeds a predetermined length, the M/
htion Function shall divide it into portions that are compatible with insertion into {

hta

nat

\P
he

Data Unit and attach a Segment Header to each portion, forming Frame Data Units.

4.3.2.3 The first octet of the MAP _SDU shall appear, without gap, after the Segment

Heade

r of the first corresponding Frame Data Unit.

4.3.24 The Frame Data Units containing the first and continuing portions of the
MAP_SDU may each have a length equal to the maximum allowable length of the Frame
Data Unit on that particular MAP Channel.
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4.3.2.5 The Frame Data Unit containing the last portion of the MAP_SDU shall contain the
Segment Header and the residue of the MAP_SDU.

4.3.2.6 The portions of a MAP_SDU shall be transferred in consecutive Transfer Frames of
the MAP Channel without being interlaced with any other MAP _SDUs or portions in the
same MAP Channel.

4.3.2.7 If the MAP SDU to be transferred does not exceed a predetermined length, a
Seement Header shall be anPmted and attached to the MAP SDIJI Fnrming a Frame Data

Unit.

NOTES
1 An abstract model of the MAP Generation Function is illustrated.inl figure 4-10.

2 Figure 4-11 shows how MAP SDUs assigned to one MAP,-are processed tq form
Frame Data Units.

MAPA
Service User
MAP_SDUs

MAP .

Gen eration l

ZLIJ\;I]X}:LO” for Generation of Segment Header and

construction of Frame Data Units

Channel

Frame Data Units

Y
| MAP Multiplexing Function |

Figure4-10: Abstract Model of MAP Generation Function

MAP S
/ / | A \
: L I
¢ ¢ N
/ ¥ | N
/ I | N
= H
HDR HDR
ARAMEDAIA UNIT AFRAMEDAIAUNIT ARAMEDATAUNIT

Figure 4-11: Example of MAP Generation Procedures
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4.3.3 MAP MULTIPLEXING FUNCTION

4.3.3.1 The MAP Multiplexing Function shall be used to multiplex Frame Data Units (each
containing a Segment Header) of different MAP Channels of a Virtual Channel.

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

4.3.3.2__The MAP Multiplexing Function shall multiplex Frame Data Units received from
the ingtances of the MAP Packet Processing and/or MAP Generation Functions and put th¢m
into a [queue of Frame Data Units in an appropriate order set by management.

4.3.3.3 The algorithm to be used to order the Frame Data Units is not specifiedby CCSDS,
but shpll be defined by project organizations considering factors such as priofity, release rate,
isochrpnous timing requirements, etc.

NOTH — An abstract model of the MAP Multiplexing Function is illustrated in figure 4-12}

| |
MAP Packet J MAPR.Generation J

Proc. Function Function
Frame Data Units Frame Data Units
MAP
Multiplexing | I v v
Function for
a Virtual \ Multiplexing /
Channel

Frame Data Units
A 4

| Virtual Channel Generation Function |

Figure 4-12: Abstract Model of MAP Multiplexing Function

4.3.4 | VC PACKET PROCESSING FUNCTION

43.4.1 The VC Packet Processing Function shall be used to transfer variable-length
PaCke e Pata E‘ QIA of Trancfer E (3 n Frama Nata Tt nFn N\ rtial Cha “1

S+h I-ll\/ pger OT T rarnrsTor 1 Fames ez €= ) Hrame Hdatad—— oIeS )~ O vHHga-channel.

NOTE — There is an instance of the VC Packet Processing Function for each Virtual
Channel that carries Packets.

4.3.42 The VC Packet Processing Function shall generate Frame Data Units, each
containing one or multiple complete Packets (without a Segment Header).
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4.3.4.3 If blocking of Packets is permitted on a particular Virtual Channel,
a) multiple complete Packets may be placed into a Frame Data Unit;

b) the blocked Packets must fit within the maximum size Frame Data Unit permitted for
the Virtual Channel.

4.3.4.4 If Packets of multiple versions are to be transferred on a Virtual Channel, Packets of
these versions shall be multiplexed into a contiguous string of Packets before they are placed
in [Frame Data Units.

NOTES
1 An abstract model of the VC Packet Processing Function is illustratédin figure #-13.
2 Figure 4-14 shows how Packets assigned to one Virtual Chiannel are processed to

form Frame Data Units.

Packet Service Packet Service
User with PVN m User with PVN n
Packets Packets

VC Packet
Processing . .
Function for
a Virtual \ Construction of Frame Data Units /
Channel

Frame Data Units
A 4

| Virtual Channel Generation Function |

Figure 4-13: Abstract Model of VC Packet Processing Function

PACKET PACKET PACKET PACKET

[N a I A b
L o

r r
FRAME DATA UNIT FRAME DATA UNIT FRAME DATA UNIT

F 3

Figure 4-14: Example of VC Packet Processing Procedures
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VIRTUAL CHANNEL GENERATION FUNCTION

NOTE - The Virtual Channel Generation Function is the ‘heart’ of this protocol. It builds

Transfer Frames and performs most of the operations required to move service d
units reliably from the sending end to the receiving end of the protocol. There is
instance of the Virtual Channel Generation Function for each Virtual Channel.

ata
an

4.3.5.1 The Virtual Channel Generation Function shall perform the following two
procedures in the following order:

a)

b)

4352

Communications Operation Procedure (COP); and

the Frame Generation Procedure in this order.

treate
the re

4.3.5.3

NOTE

4.3.5.4

the FQ

NOTE

ort contained in the CLCWs and generating Control Commands.
The FOP shall also accept Directives from a COP Management Service User.

— The detailed specification of the FOP is given in reference [4].

)P.

figure 4-15.

Only one of-these three entities exists for a Virtual Channel

MAP Mux. VC Packet Proc. VCA COP Mgmt.
Function Function Service User Service User

Frame Data Frame Data| o
Units Units VCA_SDUs Directives

Virtual

The FOP shall accept Frame Data Units (FDUs) from the (MAP Multiplexing
Functaon, the VC Packet Processing Function, or a VCA Service User' (one VCA _SDU| i

| The Frame Generation Procedure shall’generate Transfer Frames by attaching
Transfer Frame Primary Header to each Frame Data Unit or Control Command delivered

— An abstract model of the*Virtual Channel Generation Function is illustrated|i

the Frame Operation Procedure (FOP), which is a sub-procedure ~of the

1S

as one FDU) and shall control transmission and retransmission of FDUs by examining

by

Channel

Generation : :
Function for Frame Operation Procedure (FOP) and Frame Generation
a Virtual Procedure

Channel

VC Frames

A 4

| Virtual Channel Multiplexing Function |

Figure 4-15: Abstract Model of Virtual Channel Generation Function
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4.3.6 VIRTUAL CHANNEL MULTIPLEXING FUNCTION

4.3.6.1 The Virtual Channel Multiplexing Function shall be used to multiplex Transfer
Frames from different Virtual Channels on a Master Channel.

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

4.3.6.2 The Virtual Channel Multiplexing Function shall multiplex Transfer Frames
reieived from the instances of the Virtual Channel Generation Function and, if present, the
Virtual Channel Frame Service users, in an appropriate order set by management.

NOTE — The Virtual Channel Multiplexing Function may put the multipléexed Transfer
Frames into a queue.

4.3.6.3 The algorithm to be used to order the Transfer Frames isot specified by CCSDS,
but shall be defined by project organizations considering factors $uch as priority, releade rate,
isqchronous timing requirements, etc.

NOQTE - An abstract model of the Virtual Channel Multiplexing Function is illustrgted in

figure 4-16.

[ [

VC Genération J VC Frame J

Function Service User
VC Frames VC Frames
Virtual
Channel
MultlpIeX|fng 4 4 y y
Function for, \ Multiolexin /
a Master P S
Channel
MC Frames
A

| Master Channel Multiplexing Function |

Figure 4-16: Abstract Model of Virtual Channel Multiplexing Function

4.3.7 MASTER CHANNEL MULTIPLEXING FUNCTION

4.3.7.1 The Master Channel Multiplexing Function shall be used to multiplex Transfer
Frames from different Master Channels on a Physical Channel.

NOTE - There is an instance of the Master Channel Multiplexing Function for each
Physical Channel that has multiple Master Channels.
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4.3.7.2 The Master Channel Multiplexing Function shall multiplex Transfer Frames
received from the instances of the Master Channel Generation Function and, if present, the
Master Channel Frame Service users, and shall put them into a queue of Transfer Frames in

an appropriate order set by management.

4.3.7.3 The algorithm to be used to order the Transfer Frames is not specified by CCSDS,
but shall be defined by project organizations considering factors such as priority, release rate,

isochronous timing requirements, etc.

NOTH — An abstract model of the Master Channel Multiplexing Function is illustrated|in

figure 4-17.

| |
VC Multiplexing J MC Frame
Function Service User

|

MC Frames

MC Frames

Master
Channel
Multiplexing y y y 4

Function for \ iplexi
a Physical Multiplexing

/

Channel

All Frames
A

| All Erames Generation Function

4.3.8 | ALL FRAMES GENERATION FUNCTION

Figure 4-17: Abstract Model:of Master Channel Multiplexing Function

4.3.8.1 The All Frames-Generation Function shall be used to perform error control
encoding defined by (this Recommended Standard and to deliver Transfer Frames at |an

appropriate rate to,the/Channel Coding Sublayer.

NOTH - There is an instance of the All Frames Generation Function for each Physigal

Ghannel.

1 a ok | = = o~ s 11 —]
4381_ 1T UIC T'T4IIT EITOT COIIU O I'ICIU 1S PICSTIIL, UICTI.

a) check bits shall be generated using the encoding procedure described in 4.1.4.2 and

inserted into the Transfer Frame Trailer;

b) the Frame Error Control Field shall be present in all the Transfer Frames transmitted

in a particular Physical Channel.
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4.3.8.3 The All Frames Generation Function shall deliver data units to the underlying
Channel Coding Sublayer.

4.3.8.4 Each data unit delivered by the All Frames Generation Function shall consist of one
or more Transfer Frames in accordance with parameters set by management.

4.3.8.5 In accordance with parameters set by management, the All Frames Generation
Function may request the Synchronization and Channel Coding Sublayer to perform

syf:temaﬁ(‘ retransmissions of a data unit as described in 2 4 2 unless the data unit contains

ong or more frames carrying service data on the Type-B Service.

4.3.8.6 The All Frames Generation Function shall deliver data units at a rate specified by
mgnagement.

NOTES

1 When systematic retransmissions of a data unit are requested, the improved redeption
probabilities from the retransmissions are increased if4he data unit consists of a|single
Transfer Frame.

2 When systematic retransmissions of a data unit.are requested, the additional delay for
the retransmissions can be taken into account’when deciding the delivery time for the
following data unit.

3 An abstract model of the All Frames-Generation Function is illustrated in figure{4-18.

MC Multiplexing

Function
All Frames
All Frames
Generation v
Function'for i .
a Physical Error Control Encoding and Delivery of Transfer Frames
Channel
All Frames
A 4

| Coding Sublayer |

Figure 4-18: Abstract Model of All Frames Generation Function
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44 PROTOCOL PROCEDURES AT THE RECEIVING END

NOTE - This subsection describes procedures at the receiving end associated with each of
the functions shown in figure 4-19. In the figure, data flows from bottom to top.
The figure identifies data-handling functions performed by the protocol entity at
the receiving end and shows logical relationships among these functions. This
figure is not intended to imply any hardware or software configuration in a real
system. Depending on the services actually used for a real system, not all of the
functions-may be present-inthe protocol-entity. The procedures-describedinthis
subsection are defined in an abstract sense and are not intended to implyCany
particular implementation approach of a protocol entity.

MAP MAP
Packet Access
Service Service
4 [ MAP Packet MAP Vg Packet Vigiiccess
: . ervice Service
Segmen-| Extraction Reception
tation | | | VC Frame
Sublayer VC Packet Service
MAP Demultiplexing Extraction MC Frame
| | Service
A
i Virtual Channel Reception
I
Transfer Virtual Chahnel Demultiplexing
Sublayer |
Master Channel Demultiplexing
I
{ All Frames Reception

Figure 4-19:) Tnternal Organization of Protocol Entity (Receiving End)
4.4.1 | MAP RACKET EXTRACTION FUNCTION

4411 ‘The MAP Packet Extraction Function shall be used to extract variable-length
Packets from Frame Data Units on a MAP Channel

NOTE - There is an instance of the MAP Packet Extraction Function for each MAP
Channel that carries Packets.

4.4.1.2 The MAP Packet Extraction Function shall extract Packets from Frame Data Units
received from the MAP Demultiplexing Function.
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4.4.1.3 Original Packets shall be extracted and reconstructed from Frame Data Units using
the Sequence Flag of the Segment Header of each Frame Data Unit and, if blocking of
Packets is permitted, the length field of each Packet.

4.4.1.4 Extracted Packets shall be delivered to the users on the basis of the PVN in their
header.

4.4.15 Incomplete Packets are not required to be delivered in cross support situations.

NOQTE — An abstract model of the MAP Packet Extraction Function is illustrated in figute #-20.

Packet Service Packet Service
User with PVN m User with PVN n
A A
Packets Packets

MAP Packet
Extraction
Function for \ Demultiplexing and Extractiofyof /
a MAP Packets
Channel [

Frame Data Units

| MAP Demultiplexing Function |

Figure 4-20: Abstract Model of MAP Packet Extraction Function

442 MAP RECEPTION FUNCTION

4.4.2.1 The MAP Reception:Function shall be used to extract variable-length servige data
unfits (MAP_SDUs) from Frame Data Units on a MAP Channel.

NOTE - There issafv instance of the MAP Reception Function for each MAP Channgel that
carries MAP_SDUs.

4422 The\MAP Reception Function shall extract MAP SDUs from Frame Data| Units
re¢eived from the MAP Demultiplexing Function.

4423 Original MAP SDUs shall be extracted and reconstructed from Frame Data Units
using the Sequence Flag of the Segment Header of each Frame Data Unit.

4.4.2.4 Extracted MAP_SDUs shall be delivered to the user.

NOTE — An abstract model of the MAP Reception Function is illustrated in figure 4-21.
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MAPA
Service User
A
MAP_SDUs
MAP _
Reception
Function for
a MAP Extraction of MAP_SDUs
Channel [
Frame Data Units

| MAP Demultiplexing Function |

Figure 4-21: Abstract Model of MAP Reception Function

4.4.3 | MAP DEMULTIPLEXING FUNCTION

4.43.1 The MAP Demultiplexing Function shall be used to.demultiplex Frame Data Units
from different MAP Channels on a Virtual Channel.

NOTH - There is an instance of the MAP Demultiplexing Function for each Virtpal
Channel that has multiple MAP Channels:

4.4.3.2 The MAP Demultiplexing Function-shall examine the MAP ID in the Segme¢nt
Headgr of the incoming Frame Data Units and shall route them to the instances of the MAP
Packet Extraction and/or MAP Reception Functions.

4.4.3.3 Frame Data Units with an invalid MAP ID shall be discarded.

NOTH - An abstract model©fthe MAP Demultiplexing Function is illustrated in figure 4-22.

| |
MAP Packet J MAP Reception J

Extr. Function Function
A A A A
Frame Data Units Frame Data Units
MAP
Demultiplexing
F_unCt'on for a \ Demultiplexing /
Virtual Channel -

Frame Data Units

| Virtual Channel Reception Function |

Figure 4-22: Abstract Model of MAP Demultiplexing Function
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444 VCPACKET EXTRACTION FUNCTION

4.44.1 The VC Packet Extraction Function shall be used to extract variable-length Packets
from the Frame Data Units on a Virtual Channel.

NOTE - There is an instance of the VC Packet Extraction Function for each Virtual
Channel that carries Packets.

4442 The VC Packet Extraction Function shall extract Packets from Frame Data Units
re¢eived from the Virtual Channel Reception Function.

4.4.4.3 If blocking of Packets is permitted, Packets shall be extracted from Fram¢ Data
Units using the length field of each Packet.

4444 Extracted Packets shall be delivered to the users on the basis of the PVN in their
hepder.

NOTE — An abstract model of the VC Packet Extraction Function'is illustrated in figure #-23.

Packet Service Packet Service
User with PVN m User with PVN n
A A
Packets Packets

VC Packet
Extraction
Function for \ . /
a Virtual Extraction of Packets
Channel +

Frame Data Units

| Virtual Channel Reception Function |

Figure-4-23: Abstract Model of VC Packet Extraction Function

445 VIRTUAL CHANNEL RECEPTION FUNCTION

4451 The Virtual Channel Reception Function shall perform the Frame Acceptange and
Reporting Mechanism (FARM), which 1s a sub-procedure of the Communications Operation
Procedure (COP).

NOTE — There is an instance of the Virtual Channel Reception Function for each Virtual
Channel.

4.45.2 The FARM shall examine the Primary Header of the incoming Transfer Frames,
perform Frame Acceptance Checks against Type-A Transfer Frames, execute Control
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Commands, and generate some parameters to be transferred back to the sending end with
CLCWs.

4.45.3 Frame Data Units extracted from Type-A Transfer Frames shall be delivered to their
users (or Functions) only if they have passed the Frame Acceptance Checks.

4.45.4 Frame Data Units extracted from Type-B Transfer Frames shall be delivered to their
users (or Functions) immediately.

NOTHS

1 The detailed specification of the FARM is given in reference [4].

2 An abstract model of the Virtual Channel Reception Function is‘4llustrated |in
figure 4-24.

Only one of these three entities exists for a Virtual'Channel

MAP Demux. VC Packet Extr: VCA
Function Function Service User
Frame Data Frame Data % *
Units Units VCA_SDUs
Virtual
Channel
Reception _
Function for a Frame Acceptance and Reporting
Virtual Mechanism (FARM)
Channel *
VC Frames

| Virtual Channel Demultiplexing Function |

Figure 4-24--Abstract Model of Virtual Channel Reception Function

446 | VIRTUAL CHANNEL DEMULTIPLEXING FUNCTION

4.4.6.1 ~"The Virtual Channel Demultiplexing Function shall be used to demultiplex Transfer
Fram S difforant ‘7 rtal Channale An o NMactar (ha

O UT OTITrITTroITt Haa-chanherS-oaAaster-chanhiet:

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

4.4.6.2 The Virtual Channel Demultiplexing Function shall examine the VCID in the
incoming stream of Transfer Frames and shall route them to the instances of the Virtual
Channel Reception Function and, if present, to the Virtual Channel Frame Service users.
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