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STATEMENT OF INTENT

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

This Recommendation is issued by, and represents the consensus of, the CCSDS Plenary
body. Agency endorsement of this Recommendation is entirely voluntary. Endorsement,
however, indicates the following understandings:

0 Whenever an Agency establishes a CCSDS-related standard, this standard will be in
accord with the relevant Recommendation. Establishing such a standard does not
preclude other provisions which an Agency may develop.

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

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

0 Specific service arrangements shall be made via memoranda of agreement. Neither this
Recommendation nor any ensuing standard is a substitute for a memorandum of
agreement.

No later than five years from its date of issuance, this Recommendation will be reviewed by
the CCSDS to determine whether it should: (1) remain in effect without change; (2) be
changed to reflect the impact of new technologies, new requirements, or new directions; or,
(3) be retired or canceled.

In those instances when a new version of a Recommendation is issued, existing CCSDS-
related Agency standards and implementations are not negated or deemed to be non-CCSDS
compatible. It is the responsibility of each Agency to determine when such standards or
implementations are to be modified. Each Agency is, however, strongly encouraged to direct
planning for its new standards and implementations towards the later version of the
Recommendation.

CCSDS 912.1-B-1 Page ii April 2002



CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

FOREWORD

This document is a technical Recommendation for use in developing ground systems for
space missions and has been prepared by the Consultative Committee for Space Data
Systems (CCSDS). The Space Link Extension (SLE) Forward Command Link Transmission
Unit (CLTU) Service described herein is intended for missions that are cross supported
between Agencies of the CCSDS.

This Recommendation specifies a data service that extends certain of the space-to-ground
communications services previously defined by CCSDS (references [2] and [3]) within the
framework established by the CCSDS SLE Reference Model (reference [1]). It allows
implementing organizations within each Agency to proceed with the development of
compatible derived Standards for the ground systems that are within their cognizance. Derived
Agency Standards may implement only a subset of the optional features allowed by the
Recommendation and may incorporate features not addressed by the Recommendation.

Through the process of normal evolution, it is expected that expansion, deletion or
modification to this document may occur. This Recommendation is therefore subject to
CCSDS document management and change control procedures, as defined in reference [E1].
Current versions of CCSDS documents are maintained at the CCSDS Web site:

http://www.ccsds.org/

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

CCSDS 912.1-B-1 Page iii April 2002



CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

At time of publication, the active Member and Observer Agencies of the CCSDS were:

Member Agencies

— Agenzia Spaziale Italiana (AST)/Italy.

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

— Canadian Space Agency (CSA)/Canada.

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

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

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

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

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

— Russian Space Agency (RSA)/Russian Federation.

Observer Agencies

— Austrian Space Agency (ASA)/Austria.

— Central Research Institute of Machine Building (TsNIIMash)/Russian Federation.

— Centro Tecnico Aeroespacial (CTA)/Brazil.

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

— Commonwealth Scientific and Industrial Research Organization (CSIRO)/Australia.

— Communications Research Centre (CRC)/Canada.

— Communications Research Laboratory (CRL)/Japan.

— Danish Space Research Institute (DSRI)/Denmark.

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

— European Telecommunications Satellite Organization (EUTELSAT)/Europe.

— Federal Service of Scientific, Technical & Cultural Affairs (FSST&CA)/Belgium.

— Hellenic National Space Committee (HNSC)/Greece.

— Indian Space Research Organization (ISRO)/India.

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

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

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

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

— Korea Aerospace Research Institute (KARI)/Korea.

—  Ministry of Communications (MOC)/Israel.

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

— National Space Program Office (NSPO)/Taipei.

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

— Swedish Space Corporation (SSC)/Sweden.

— United States Geological Survey (USGS)/USA.

CCSDS 912.1-B-1 Page iv April 2002



CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

DOCUMENT CONTROL
Document Title Date Status and Substantive Changes
CCSDS Space Link Extension— April Original Issue
912.1-B-1 Forward CLTU Service 2002
Specification

CCSDS 912.1-B-1 Page v April 2002



CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

CONTENTS

Section

1 INTRODUCTION ...ttt

1.1 PURPOSE OF THIS RECOMMENDATION........cccccceviiiiiniiiiniiiiiieens
L2 SCOPE ...
1.3 APPLICABILITY ..ottt
1.4 RATIONALE ......coooiiiii e
1.5 DOCUMENT STRUCTURE.........ccccceiiiiiiiiiiiiiiiiienicccccce
1.6 DEFINITIONS, NOMENCLATURE, AND CONVENTIONS................
1.7 REFERENCES ...ttt

2 DESCRIPTION OF THE FORWARD CLTU SERVICE ..............cccoouneeeee.

2.1 OVERVIEW ..ot
2.2 SPACE LINK EXTENSION REFERENCE MODEL...........c.ccccceeeiiin.
2.3 SERVICE MANAGEMENT........coociiiiiiiiiiiiiiiicecec e
2.4 ARCHITECTURE MODEL — FUNCTIONAL VIEW .......cccccceviiiiiniiinn.
2.5 ARCHITECTURE MODEL — CROSS-SUPPORT VIEW ............cc.......
2.6 FUNCTIONAL DESCRIPTION........ccoiiiiiiiiiiiiiiiiiieiiiccecceccee e
2.7 OPERATIONAL SCENARIO ......ccccccoiiiiiiiiiiiiiiiiiiiccicccc e

3 OPERATIONS AND THEIR PARAMETERS .........ccoccciiiiiiiiiieeee,

3.1 GENERAL CONSIDERATIONS .......ccccciiiiiiiiiiiiiiiiciccecceee
3.2 CLTU-BIND. ..ottt
3.3 CLTU-UNBIND ..ottt
3.4 CLTU-START .....coiiiii e
3.5 CLTU-STOP ....ooiiiiiiiiic e
3.6 CLTU-TRANSFER-DATA.......ccociiiiiiiiii it
3.7 CLTU-ASYNC-NOTIFY ..ottt
3.8 CLTU-SCHEDULE-STATUS-REPORT ........cccccooiiiiiiiiiiiiiiiiiiies
3.9 CLTU-STATUS-REPORT .....cccciiiiiiiiiiiiiiiiiic e
3.10 CLTU-GET-PARAMETER .........coociiiiiiiiiiiiiniiiiiiiccc e
3.11 CLTU-THROW-EVENT .......cooiiiiiiiiii i
3.12 CLTU-PEER-ABORT ......cccccoiiiiiiiiiiiiii i

4 CLTUPROTOCOL ......ccccooiiiiiiiiiiiiiccec e

4.1 GENERIC PROTOCOL CHARACTERISTICS ......cccccooiiiiiiiiiiiiiiiins
4.2 CLTU SERVICE PROVIDER BEHAVIOR .........cccccoiiiiiiiiiiiiiiis

CCSDS 912.1-B-1 Page vi

April 2002



CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

CONTENTS (continued)

Section Page
ANNEX A DATA TYPE DEFINITIONS ..o A-1
ANNEX B INDEX TO DEFINITIONS ......oooiiiiiiiiieee e B-1
ANNEX C ACRONYMS ..ottt aaaaaaaasssassassasssssssssssssssssssssssssnnes C-1
ANNEX D CONFORMANCE OPTIONS MATRIX ........oooooiiiiiiiiiiieeeeeeeeeeeeee D-1
ANNEX E INFORMATIVE REFERENCES ..o E-1
ANNEX F THROW EVENT DEFINITIONS. ..ot F-1
ANNEX G PRODUCTION STATUS ..ottt aaaasasaasssassssnnnns G-1
Figure

1-1 Space Link Extension (SLE) Services Documentation ............c.cccueeeeeiiieeeerniieeeennnnee. 1-4
2-1 Forward TC Space Link Processing SLE-FG...........cccccoviiiiiiiiiiiiiiiiiiieeceeeee e 2-4
2-2  Forward CLTU Service Production and Provision...........cccccceeeeveieeunununnennnnnennnnnnnnnnns 2-6
2-3 Example of Management and Provision of Forward CLTU Service............cccocueeenee.. 2-7
2-4  Forward CLTU Service Provider State Transition Diagram............c.ccccceveeeernireennnne 2-10
2-5 Communications Realization of Forward CLTU Service..........cccoccvuvvvvvuvevvvrverennnnnnns 2-13
G-1 CLTU Production Status TTanSItIONS . ...........evvvvvrrrrrereerrrereeeeeesrsssesreeresrsesesresreeranen... G-1
Table

2-1 Forward CLTU Service OPErations ..........eeeeeiureeeeeruieeeeeniieeeenireeeeenireeesennseeesansneens 2-9
3-1 Setting of Forward CLTU Service Configuration Parameters..............ccocveeruveenneenne 3-7
3-2 CLTU-BIND ParameterS.......cceeeeeiiiiiiiiiiieeeeeeeeieeeiriieieeeeeeeeeeessiieeeeeeeeeeeerssiiineeeeeaaeeens 3-8
3-3  CLTU-UNBIND ParametersS...........ccuuueeeieeeeiieeiiiiiiieeeeeeeeeeerriiiieeeeeeeeeeesriiieneeeeaneeens 3-15
3-4 CLTU-START ParameterS.........cccevvvuruuieeieeeeeieeeiiiiiieeeeeeeeeeeeriiieeeeeeeeeeesranrineeeeaaeeens 3-17
3-5 CLTU-STOP Parameters ......ccccceeiieiiiiiiiiiieeeeeieeeeiiieeeeeeeeeeeeeviieeeeeeeeeeeeraaineeeeeaeaees 3-21
3-6 CLTU-TRANSFER-DATA Parameters...........ccuuvuieeieeeeeiiieriiiiiiieeeeeeeeeeeriiieeeeeeeeeeens 3-24
3-7 CLTU-ASYNC-NOTIFY Parameters..........ccccovvurruuiiieeeeeiiieeiiiiiiieeeeeeeeeeeeriieeeeeeeenns 3-30
3-8 CLTU-SCHEDULE-STATUS-REPORT Parameters..........cccceeeeeeeeeiiiieeiiieiieeeennnn. 3-36
3-9 CLTU-STATUS-REPORT Parameters .............couvvuiieeeeeiiiiiiiiiiiieeeeeeeeeeeeiieeee e 3-40
3-10 CLTU-GET-PARAMETER Parameters.............uuveeeeieeeiiiiimiiiiiieeeeeeeeeeeeiiieeeeeeeeeees 3-45
3-11 Forward CLTU Parameters ..............uvvvvvereereeereieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 3-47
3-12 CLTU-THROW-EVENT ParametersS............ccoovvrruuieieeeeeiiiieeiiiiiieeeeeeeeeeevvriiieee e 3-50
3-13 CLTU-PEER-ABORT Parameters ........cccceeeeeiiiiimiiiiieeeeeeeeeeeiiiiiieeeeeeeeeeeerriieeeeeeenns 3-53
4-1 Behavior Of PrOVIACT ..........uuuuiiiiiiiiiiiiiiiiiiiiiiiee et aaaaaasassaasansasnsnnnnes 4-7
4-2  Event Description References...........oiiviiiiiiiiiiiiiieiiiieeeee e 4-10
4-3  Predicate DefINItIONS ...........uuuuuuuuriiriiririiririreieseeeeeeetearesereereeeaeeeeaa...———————————————————————— 4-10
4-4 Bo0OIean FIags .......cooeiiuiiiiiiiiiiii e et aee e 4-11
4-5 Compound Action Definitions ..........eeeeiiiiiiiiiiiiiie et e e 4-11

CCSDS 912.1-B-1 Page vii April 2002



Table

D-2
F-1

G-1
G-2

CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

CONTENTS (continued)

Page
Conformance Matrix for CLTU Service (Operations)...........eeeeveeeeeriveeeeesinveeeennnnnenss D-1
Conformance Matrix for CLTU Service (Other Requirements).............ccceecuveeeennnen.. D-2
Throw Event EXampPIEs ..........ccoooiiiiiiiiiiiiiiiiieeeeie ettt e e F-1
Production Status Changes and Notifications ............cceeeevviieeeniiiieenniiiie e, G-2
Effect of Production Status on Operations............ccccuveeeeriviieeeriiiieeeniiieeeeeiieeeeenenens G-3

CCSDS 912.1-B-1 Page viii April 2002



CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

1 INTRODUCTION
1.1 PURPOSE OF THIS RECOMMENDATION

This Recommendation defines the Command Link Transmission Unit (CLTU) service in
conformance with the transfer services specified in reference [1], Cross Support Reference
Model—Part 1: SLE Services. The Forward CLTU service is a Space Link Extension (SLE)
transfer service that enables a mission to send Command Link Transmission Units (CLTUs) to
a spacecratft.

1.2 SCOPE

1.2.1 This Recommendation defines, in an abstract manner, the Forward CLTU service in
terms of:

a) the operations necessary to provide the transfer service;
b) the parameter data associated with each operation;
c) the behaviors that result from the invocation of each operation; and

d) the relationship between, and the valid sequence of, the operations and resulting
behaviors.

1.2.2 It does not specify:
a) individual implementations or products;
b) the implementation of entities or interfaces within real systems;

c) the methods or technologies required to radiate data to a spacecraft and to acquire
telemetry frames from the signals received from the spacecraft for extraction of the
Operational Control Field;

d) the methods or technologies required for communications;

e) the management activities necessary to schedule, configure, and control the Forward
CLTU service.
1.3 APPLICABILITY
1.3.1 APPLICABILITY OF THIS RECOMMENDATION

This Recommendation provides a basis for the development of real systems that implement the
Forward CLTU service. Implementation of the Forward CLTU service in a real system
additionally requires the availability of a communications service to convey invocations and
returns of Forward CLTU service operations between service users and providers. This
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Recommendation requires that such a communications service ensure that invocations and
returns of operations are transferred:

a) in sequence;

b) completely and with integrity;

c) without duplication;

d) with flow control that notifies the application layer in the event of congestion; and

e) with notification to the application layer in the event that communications between the
Forward CLTU service user and the Forward CLTU service provider are disrupted,
possibly resulting in a loss of data.

It is the specific intent of this Recommendation to define the Forward CLTU service in a
manner that is independent of any particular communications services, protocols, or
technologies.

1.3.2 LIMITS OF APPLICABILITY

This Recommendation specifies the Forward CLTU service that may be provided by an SLE
System for inter-Agency cross support. It is neither a specification of, nor a design for, real
systems that may be implemented for the control and monitoring of existing or future
missions.

1.4 RATIONALE

The goal of this Recommendation is to create a standard for interoperability between the
tracking stations or ground data handling systems of various agencies and the users of forward
services.

1.5 DOCUMENT STRUCTURE
1.5.1 DOCUMENT ORGANIZATION

This Recommendation is organized as follows:

a) section 1 provides purpose, scope, applicability, and rationale of this Recommendation
and lists definitions, nomenclature, conventions, and references used throughout the
Recommendation;

b) section 2 presents an overview of the Forward CLTU service including a functional
description, the service management context, and protocol considerations;

c) section 3 specifies the operations of the Forward CLTU service;
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d) section 4 specifies the dynamic behavior of the Forward CLTU service in terms of the
state transitions of the Forward CLTU service provider;

e) annex A is a formal specification of Forward CLTU service data types, using the
Abstract Syntax Notation One (ASN.1);

f) annex B lists all terms used in this document and identifies where they are defined;
g) annex C lists all acronyms used within this document;

h) annex D provides a conformance matrix that defines what capabilities must be
provided for an implementation to be considered compliant with this
Recommendation;

1) annex E contains a list of informative references;
j) annex F contains examples of usage of the CLTU-THROW-EVENT operation;

k) annex G explains the relationship of the Forward CLTU service to the status of the
forward space link channel.

1.5.2 SLE SERVICES DOCUMENTATION TREE

This Recommendation is based on the architectural model for cross support defined in the
SLE Reference Model (reference [1]). It expands upon the concept of an SLE transfer service
as interactions between SLE Mission User Entities (MUEs) and an SLE transfer service
provider for the purpose of providing the Forward CLTU transfer service.

This Recommendation is part of a suite of documents specifying the SLE Services. The SLE
Services constitute one of the three types of Cross Support Services:

a) Part 1: SLE Services;
b) Part 2: Ground Communications Services;

c) Part 3: Ground Domain Services.

The basic organization of the SLE services documentation is shown in figure 1-1. The
documents are described in the following paragraphs.
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Standard Terminology
Conventions, and
’ Ci S t
Methodology for rogsncté;'));‘)or
Defining Data Services Part 1

SLE Services

\

Cross Support
Reference Model
Part 1:

SLE Services

SLE Transfer Services

SLE Service Forward Return

Management SLE SLE
Specification Suite Service Specifications Service Specifications

Figure 1-1: Space Link Extension (SLE) Services Documentation

a) Standard Terminology, Conventions and Methodology (TCM) for Defining Data
Services (reference [E3]): a Report identifying selected international standards relevant
for the definition of data services;

b) Cross Support Concept — Part 1: Space Link Extension Services (reference [E4]): a
Report introducing the concepts of cross support and SLE services;

c) Cross Support Reference Model—Part 1: Space Link Extension Services (reference
[1]): a Recommendation that defines the framework and terminology for the
specification of SLE services;

d) SLE Service Management Specification Suite; a set of Recommendations that
establish the basis for SLE service management (reference [ES] is the primary
Recommendation in that set);

e) Forward SLE Transfer Service Specifications, a set of Recommendations that will
provide specification of all forward link SLE transfer services (this Recommendation is
one of the specifications in that set);

f) Return SLE Transfer Service Specifications, a set of Recommendations that will
provide specification of all return link SLE transfer services.
1.6 DEFINITIONS, NOMENCLATURE, AND CONVENTIONS
1.6.1 DEFINITIONS
1.6.1.1 Definitions from OSI Basic Reference Model

This Recommendation makes use of a number of terms defined in reference [7]. The use of
those terms in this Recommendation shall be understood in a generic sense; i.e., in the sense
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that those terms are generally applicable to technologies that provide for the exchange of
information between real systems. Those terms are:

a) abstract syntax;

b) application entity;

c) application layer;

d) flow control;

e) Open System Interconnection (OSI);
f) real system;

g) service access point (SAP).

1.6.1.2 Definitions from OSI Abstract Syntax Notation One

This Recommendation makes use of the following terms defined in reference [6]:
a) Abstract Syntax Notation One (ASN.1);
b) object identifier;
c) (data) type;
d) (data) value.

NOTE - In annex A of this Recommendation, ASN.1 is used for specifying the abstract
syntax of the invocations and returns of the operations of the Forward CLTU
service. The use of ASN.1 as a descriptive language is intended to support the
specification of the abstract Forward CLTU service; it is not intended to constrain
implementations. In particular, there is no requirement for implementations to
employ ASN.1 encoding rules. ASN.1 is simply a convenient tool for formally

describing the abstract syntax of the invocations and returns of the Forward
CLTU service.

1.6.1.3 Definitions from OSI Directory — Part 2: Models

This Recommendation makes use of the following terms defined in reference [8]:
a) distinguished name (DN);

b) relative distinguished name (RDN).
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1.6.1.4 Definitions from CCSDS Telecommand Channel Service

This Recommendation makes use of the following terms defined in reference [2]:
a) acquisition sequence;
b) command link transmission unit (CLTU);
c¢) carrier modulation mode (CMM);
d) idle sequence;

e) physical layer operations procedure (PLOP).

1.6.1.5 Definitions from CCSDS Telecommand Data Routing Service

This Recommendation makes use of the following term defined in reference [3]:

command link control word (CLCW).

1.6.1.6 Definitions from CCSDS SLE Reference Model

This Recommendation makes use of the following terms defined in reference [1]:
a) abstract binding;
b) abstract object;
c) abstract port;
d) abstract service;
e) CLTU channel,
f) Forward CLTU service;
g) invoker;
h) Mission Data Operation System (MDOS);
1) Mission User Entity (MUE);
j) offline delivery mode;
k) online delivery mode;
) operation;
m) performer;

n) physical channel;
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0) service agreement;

p) service provider (provider);

q) service user (user);

r) SLE Complex;

s) SLE Complex Management;

t) SLE data channel,

u) SLE functional group (SLE-FG);
v) SLE protocol data unit (SLE-PDU);
w) SLE service data unit (SLE-SDU));
x) SLE service package;

y) SLE System;

z) SLE transfer service instance;

aa) SLE transfer service production;
bb) SLE transfer service provision;

cc) SLE Utilization Management;

dd) space link;

ee) space link data channel;

ff) space link data unit (SL-DU);

gg) space link session.

1.6.1.7 Additional Definitions
1.6.1.7.1 General

For the purposes of this Recommendation, the following definitions also apply.

1.6.1.7.2 Association
An association is a cooperative relationship between an SLE service-providing application

entity and an SLE service-using application entity. An association is formed by the exchange
of SLE protocol data units through use of an underlying communications service.
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1.6.1.7.3 Communications Service

A communications service is a capability that enables an SLE service-providing application
entity and an SLE service-using application entity to exchange information.

NOTE — If an SLE service user and an SLE service provider are implemented using
different communications services, then interoperability between them is possible
only by means of a suitable gateway. Adherence to this Recommendation ensures,
at least in principle, that it is possible to construct such a gateway.

1.6.1.7.4 Confirmed Operation

A confirmed operation is an operation that requires the performer to return a report of its

outcome to the invoker.

1.6.1.7.5 Initiator

The initiator is the object that issues the request to bind to another object (the responder).

1.6.1.7.6 Invocation

The invocation of an operation is the making of a request by an object (the invoker) to

another object (the performer) to carry out the operation.

1.6.1.7.7 Parameter

A parameter of an operation is data that may accompany the operation’s invocation or return.

NOTE - The term parameter is also used to refer to mission-dependent configuration
information used in production or provision of the service.

1.6.1.7.8 Performance

The performance of an operation is the carrying out of the operation by an object (the

performer).

1.6.1.7.9 Port Identifier

A port identifier identifies a source or a destination in a communications system.

NOTE - See 2.6.4.6 for more information.
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1.6.1.7.10 Responder

The responder is the object that receives a request to bind and completes the binding (if
possible) with the initiator in order for a service association to exist between the two objects.

1.6.1.7.11 Return
The return of an operation is a report, from the performer to the invoker, of the outcome of
the performance of the operation.

1.6.1.7.12 Service Instance Provision Period

The service instance provision period is the time during which a service instance (i.e., the
capability to transfer one or more SLE data channels of a given type) is scheduled to be
provided.

1.6.1.7.13 Unconfirmed Operation
An unconfirmed operation is an operation that does not require a report of its outcome to be
returned to the invoker by the performer.

1.6.2 NOMENCLATURE

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

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

1.6.3 CONVENTIONS
1.6.3.1 Specification of Operations
1.6.3.1.1 General

Section 3 of this Recommendation specifies the operations that constitute the Forward CLTU
service. The specification of each operation is divided into subsections as follows:

CCSDS 912.1-B-1 Page 1-9 April 2002



CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

1.6.3.1.2 Purpose Subsection

The Purpose subsection briefly describes the purpose and functioning of the operation.
Additionally, it indicates whether the operation may be invoked by the user, provider, or both;
whether the operation is confirmed or unconfirmed; and whether there are any constraints on
when the operation may be invoked.

1.6.3.1.3 Invocation, Return, and Parameters Subsection

The Invocation, Return, and Parameters subsection describes the parameters associated with
each operation, including their semantics. A table accompanying the description of each
operation lists all parameters associated with the operation and, for both the invocation and
return, whether the parameter is always present, always absent, or conditionally present.

For parameters that are conditionally present, the parameter description specifies the
conditions for the presence or absence of the parameter. The condition is generally based on
the value of another parameter in the same invocation or return; for example, in return of an
operation, the parameter di agnosti c is present if and only if the value of the parameter
resul t is ‘negative result’. For a conditional parameter in a return, the condition may be
based on the value of a parameter in the corresponding invocation.

In the table, the following convention is used to indicate whether a parameter is always
present, always absent, or conditionally present:

M Always present (Mandatory)
C Conditionally present
Blank Always absent

NOTE - Even though a parameter may be characterized as always present, its description
may specify that its value is permitted to be ‘null’ or ‘unused’ or the like.
1.6.3.1.4 Effects Subsection

The Effects subsection describes the effects an operation has on the invoker, the performer,
the association between them, or any combination thereof. The details of how those effects
occur or the mechanisms used are outside the scope of this Recommendation.

1.6.3.2 Typographic Conventions

1.6.3.2.1 Operation Names

Names of Forward CLTU service operations always appear in uppercase and begin with the
characters ‘CLTU-’ (e.g., CLTU-TRANSFER-DATA).
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1.6.3.2.2 Parameter Names

In the main text, names of parameters of Forward CLTU service operations generally appear
in lowercase and are always typeset in a fixed-width font (e.g., r esponder - port -
identifier). In annex A, the corresponding name is generally formed by omitting any
hyphens contained in the name and using mixed-case (e.g.,
responder Portldentifier).

1.6.3.2.3 Value Names

The values of many parameters discussed in this Recommendation are represented by names.
In the main text, these names are shown in single quotation marks (e.g., ‘no such service
instance’). The corresponding name in annex A is generally formed by omitting any hyphens
or white space contained in the name and wusing mixed-case (e.g.,
noSuchSer vi cel nst ance). The actual value associated with the name is constrained by
the type of the parameter taking on this value. Parameter types are specified in annex A of this
Recommendation.

NOTE — The name of a value does not imply anything about type. For example, the value
‘no such service instance’ has the appearance of a character string but might be
assigned to a parameter whose type is ‘integer’.

1.6.3.2.4 State Names

This Recommendation specifies the states of Forward CLTU service providers. States may be
referred to by number (e.g., state 3) or by name. State names are always shown in single
quotation marks (e.g., ‘active’).

1.6.3.2.5 SLE-PDU Names

The names of SLE-PDUs appear in mixed-case (e.g., cltuBindInvocation).

1.6.3.2.6 Data Type Definitions

Data type definitions for the Forward CLTU service are presented in annex A in the form of a
set of ASN.l modules. Regardless of the conventions used elsewhere in this
Recommendation, the text of the ASN.1 modules is typeset entirely in a fixed-width font.

1.6.3.3 Other Conventions

This Recommendation uses the conventions specified in reference [1].
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2 DESCRIPTION OF THE FORWARD CLTU SERVICE
2.1 OVERVIEW

The Forward CLTU service enables the user of the service to send Command Link
Transmission Units (CLTUs) to a spacecraft via an established forward space link channel. A
forward space link channel is a physical channel carrying an asynchronous stream of CLTUs
(reference [1]).

The service user submits CLTUs, encapsulated in Space Link Extension (SLE) Service Data
Units (SLE-SDUs), by means of the CLTU-TRANSFER-DATA operation. Production of the
Forward CLTU service by the provider entails processing the CLTUs transferred by the user
through the necessary transformations to modulate the Radio Frequency (RF) carrier channel
providing uplink communications with the spacecratft.

The Forward CLTU service transmits the CLTUs in the order in which they are submitted by
the service user. The provider may perform checks to determine if the CLTU complies with
applicable constraints, e.g., that the length of the CLTU is within the maximum size set by
service management. However, the provider does not interpret, interrogate, or modify the
contents of a CLTU. CLTUs are transmitted bit for bit as received from the service user.

CLTUs may or may not conform to the format defined in reference [2]. The Forward CLTU
service may be used to uplink any octet-aligned bit pattern.

The operations defined in section 3 of this Recommendation enable a single Forward CLTU
service user to interact with a Forward CLTU service provider to:

a) establish an association between the user and the provider;
b) send annotated CLTUs to the provider;

c) obtain notifications and reports regarding status, configuration, and performance of
the service;

d) temporarily stop and later re-start the sending of CLTUs;

e) release an association.

The Sequence Controlled (AD) and Expedited (BD) Services, as defined in the Command
Operation Procedures (COP) Recommendation (reference [4]) are accomplished by higher
layer SLE services.

The Forward CLTU service is provided only in the online delivery mode, as defined in
reference [1]. The offline delivery mode is the subject of further study.

The provision of Forward CLTU service for access to one physical channel by one service
user constitutes one instance of service. Only a single service instance of the Forward CLTU
service may exist per physical channel at a time.
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2.2 SPACE LINK EXTENSION REFERENCE MODEL
2.2.1 INTRODUCTION

The Forward CLTU service is specified within the framework defined by the SLE Reference
Model (reference [1]). The following paragraphs summarize selected concepts from the SLE
reference model.

2.2.2 ABSTRACT OBJECT

An abstract object is a functional entity that interacts with other abstract objects. Objects are
of different types, which determine their function and behavior. An object is characterized by
its interfaces (one or more), which are called abstract ports, and the operations that are made
available through those interfaces.

2.2.3 ABSTRACT SERVICE
An abstract service is the capability provided by a set of operations that an abstract object
exposes at one or more of its abstract ports.'

2.2.4 ABSTRACT BINDING

When two abstract ports have an association established between them, they are said to be
bound. The act of establishing such an association is called abstract binding. One object (the
initiator) invokes a bind operation which is accepted (or rejected) by another object (the
responder).

2.2.5 SERVICE USER/PROVIDER

An object that offers a service to another by means of one or more of its ports is called a
service provider (provider). The other object is called a service user (user). An object may be
a provider of some services and a user of others.

The terms user and provider are used to distinguish the roles of two interacting objects. In
this Recommendation, when two objects are involved in provision of a service, the object

The concept of an abstract service is to be distinguished from the concept of an (N)-service as defined in the OSI Basic
Reference Model (reference [7]). The definition of (N)-service is in terms of the capability provided by one layer in the
OSI architecture to the layer above it. The definition of abstract service is in terms of the capability provided by one
abstract object to another abstract object. In a cross support scenario, where one Agency is providing an SLE service to
another Agency, the object that provides the service typically is associated with one Agency, and the object that uses the
service typically is associated with the other Agency.
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closer to the space link is considered to be the provider of the service, and the object further
from the space link is considered to be the user.

2.2.6 OPERATION

An operation is a procedure or task that one object (the invoker) can request of another (the
performer) through a bound port pair.

The terms invoker and performer are used to describe the interaction between two objects as
the operations that constitute the service occur. One object invokes an operation that is
performed by the other. For most services, each object invokes some operations and performs
others.

2.3 SERVICE MANAGEMENT
2.3.1 INTRODUCTION

Service management determines the number and schedule of Forward CLTU service instances
to be provided, the resources required to enable those service instances, and the initial
configuration of all service instances and their supporting resources. SLE service management
is the subject of separate CCSDS Recommendations.

The SLE Reference Model (reference [1]) distinguishes between service provision and service
production:

a) service provision makes available to the user the operations necessary to obtain the
service;

b) service production transforms the Forward CLTU data channel to the RF carrier
channel.

2.3.2 CONFIGURATION

Service Management provides initial values of configuration parameters. Certain configuration
parameters are associated with provision of Forward CLTU service while others are
associated with production.  Configuration parameters that are associated with the
production, such as bit rate and modulation index, can potentially impact SLE Complex
resources. Consequently, only service management may modify production configuration
parameter values. The Forward CLTU service user may modify some provision configuration
parameters through operations specified in this Recommendation.
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2.4 ARCHITECTURE MODEL - FUNCTIONAL VIEW
2.4.1 FORWARD TC SPACE LINK PROCESSING SLE FUNCTIONAL GROUP

The Forward Telecommand (TC) Space Link Processing SLE Functional Group (SLE-FG)
(shown in figure 2-1) produces the Forward CLTU service.

As described in reference [1], the Forward TC Space Link Processing SLE-FG consumes one
CLTU data channel consisting of a stream of CLTU SLE-SDUs. The SLE-SDUs that
encapsulate the CLTUs contain control and annotation data that specify radiation time and
other parameters to aid in processing the data (see 3.6). The Forward TC Space Link
Processing SLE-FG uses these data to extract the CLTUs and inject them into the
asynchronous physical channel.

NOTE - Per physical forward channel, only a single instance of the Forward CLTU service
is supported at any point in time.

- N

Fwd-RF-Transfer port Forward TC Space Link CLTU-Transfer port

T-u| Processing SLE Functional T-P
Group

- /

T-U

Rtn-MCOCF-Transfer port or
Rtn-VCOCF-Transfer port

Figure 2-1: Forward TC Space Link Processing SLE-FG

The Forward TC Space Link Processing SLE-FG performs the following functions with
respect to the Forward CLTU service:

a) consumes one CLTU data channel and extracts CLTUs encapsulated in SLE Service
Data Units (SLE-SDUs);

b) consumes one Operational Control Field (OCF) data channel and extracts the
Command Link Control Words (CLCWs). Based on the values in the CLCWs, the
Forward CLTU service determines whether the physical channel is available;

NOTE - CLCWs may be ignored, as an option set by Service Management. See 3.1.10
and table 3-11.
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c) performs the following:

1) generates the acquisition sequence and idle sequence on the physical channel in
accordance with the PLOP in effect;

2) utilizes the underlying antenna steering capabilities provided by the ground
element;

3) modulates the CLTUs as a stream of bits on the ground-to-space RF channel; and

4) radiates the signal to the spacecraft.

2.4.2 FORWARD CLTU SERVICE PRODUCTION AND PROVISION

Forward CLTU production is concerned with radiating CLTUs extracted from a stream of
SLE-SDUs according to the CLTU control and annotation information in the SLE-SDU and
according to the configuration set up by service management. Forward CLTU service
provision is concerned with receiving a stream of SLE-SDUs from a Forward CLTU service
user. Service provision addresses such matters as when service is provided (e.g., service start
and stop times), and how service is provided (e.g., which events are notified to the user).

The SLE-SDUs consumed by the Forward CLTU service are sent by the service user by
means of the Forward CLTU service operations defined in section 3. These operations also
provide additional functionality to facilitate the provision of service, i.e., enabling the
exchange of SLE-SDUs across a remote interface. The service operations are realized as SLE
protocol data units (SLE-PDUs) which are exchanged between the Forward CLTU service
provider and the Forward CLTU service user by means of an underlying communications
service. The general relationship between SL-DUs, SLE-SDUs, and SLE-PDUs is illustrated
in figure 2-2.

NOTE — SLE-SDUs correspond to the parameters of the CLTU-TRANSFER-DATA and
CLTU-ASYNC-NOTIFY operations defined in section 3. SL-DUs correspond to
the radiated CLTUs.
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Figure 2-2: Forward CLTU Service Production and Provision

Production of the Forward CLTU service by the provider occurs during the space link session;
in general, service production will largely overlap with service provision. Production status
affects the provision of the service, as specified in sections 3 and 4, and reviewed in annex G.

2.5 ARCHITECTURE MODEL - CROSS-SUPPORT VIEW

The management and control of the production and provision of the SLE transfer services is
described in general terms in reference [1]. Figure 2-3 shows an example operational scenario
and the related binding of the Forward CLTU transfer service ports and SLE management
ports. This example shows an SLE Complex with one Forward Space Link Processing SLE-
FG instance; it is providing one instance of Forward CLTU service to a Mission Data
Operations System (MDOS). As this figure shows, only a single Mission User Entity can use
the Forward CLTU service provided by a single Forward Space Link Processing SLE-FG.
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Figure 2-3: Example of Management and Provision of Forward CLTU Service
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2.6 FUNCTIONAL DESCRIPTION
2.6.1 INTRODUCTION

This subsection describes the Forward CLTU service with respect to scheduling,
configuration, underlying services, provider states and protocol considerations.

2.6.2 SCHEDULING AND CONFIGURATION

The management of the SLE Complex that is providing the Forward CLTU service negotiates
with SLE Utilization Management of the MDOS to establish mutually agreed upon SLE
service packages. Among other things, SLE service packages specify the services to be
provided, the schedules of service instances, and the resources needed to enable those
services.

Service packages also specify the initial values of the mission-dependent parameters required
for service production and provision. Forward CLTU service production parameters include
such things as bit rate, modulation index, and subcarrier frequency. Provision parameters
include such things as scheduled start and stop times of the Forward CLTU service instance.

Service production is guaranteed to occur only as needed to support service packages that
have been scheduled and mutually agreed upon by SLE Complex Management and SLE
Utilization Management. Service provision occurs only within the bounds of the agreed upon
schedule of service instances and only during those periods when there is an association
between the service provider and the service user.

2.6.3 UNDERLYING SERVICES

The CLTU service does not depend on any other SLE transfer service. Provision of the
CLTU Transfer service does depend on:

a) service management for scheduling, resources, and configuration; the schedule for a
Forward CLTU service instance must be compliant with the schedule of the underlying
equipment such as antennas, etc. The Forward CLTU service relies on service
management actions for establishment of the space link, management of the PLOP
and, when possible, recovery from production interruption;

b) the availability of a suitable communications service to enable the exchange of
information between the CLTU service user and provider; and

c) the functioning of CLTU production resources (e.g., modulator(s), up-converter) to
produce the forward physical channel.
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2.6.4 PROTOCOL DESCRIPTION
2.6.4.1 CLTU Operations

The operations that constitute the Forward CLTU service are listed in table 2-1. Section 3 of
this Recommendation contains the detailed specification of these operations.

Table 2-1: Forward CLTU Service Operations

Service Operation Invoked Purpose Con-
By firmed
CLTU-BIND User To establish an association with the provider Yes
CLTU-UNBIND User To release an association previously established Yes
by a CLTU-BIND operation
CLTU-START User To request that the SLE service provider prepare Yes
to accept CLTU-TRANSFER-DATA operations
CLTU-STOP User To request that the SLE service provider stop Yes
service provision and production.
CLTU-TRANSFER-DATA User To transfer a CLTU to the service provider Yes
CLTU-ASYNC-NOTIFY Provider | To notify the user of an event affecting No
production or provision of the Forward CLTU
service
CLTU-SCHEDULE- User To request that the provider send a status report Yes
STATUS-REPORT immediately or periodically, or stop reporting
CLTU-STATUS-REPORT | Provider | To send a status report to the user No

CLTU-GET-PARAMETER User To ascertain the value of an SLE service Yes
parameter (see table 3-11)

CLTU-THROW-EVENT User To forward an event that requires Complex Yes
Management to take the actions defined for this
event

CLTU-PEER-ABORT User or | To notify the peer system that the local system No

Provider | detected an error that requires the association to
be terminated

2.6.4.2 States of the Service Provider

Once a Forward CLTU service instance is created, the Forward CLTU service provider is in
one of three states, as follows:

a) State 1 (‘unbound’): In state 1, all resources required to enable the provision of the
Forward CLTU service have been allocated, and all objects required to provide the

CCSDS 912.1-B-1 Page 2-9 April 2002




b)

CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

service have been instantiated. However, no association yet exists between the user
and the provider (i.e., the Forward CLTU transfer service provider port is not bound).

State 2 (‘ready’): In state 2, an association has been established between the user and
the provider, and they may interact by means of the operations described in section 3
of this Recommendation. However, sending of CLTUs from the user to the provider
(by means of the CLTU-TRANSFER-DATA operation) is not permitted. The user
may enable the delivery of CLTUs by means of the appropriate service operation
(CLTU-START), which, in turn, will cause the provider to transition to state 3
(‘active’).

State 3 (‘active’): State 3 resembles state 2 (‘ready’), except that now the user can
send CLTUs and the provider is enabled to radiate CLTUs to the spacecraft. The
service continues in this state until the user invokes the CLTU-STOP operation to
cause the provider to suspend transmission of CLTUs and transition back to state 2.

A simplified state transition diagram for the Forward CLTU service provider is shown in
figure 2-4. A detailed state transition matrix is provided in section 4.

Reject
BIND

State 1
‘unbound’

UNBIND
PEER-ABORT

Accept
BIND

Reject START

PEER-ABORT

State 2
‘ready’

Accept
START

Reject STOP
TRANSFER-DATA
NOTIFY

State 3
‘active’

Figure 2-4: Forward CLTU Service Provider State Transition Diagram
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2.6.4.3 Terminating an Association

An association is released normally when a CLTU-UNBIND is issued by the user (the initiator
of the association) and accepted by the provider. An association may be aborted by either the
user or the provider by means of the CLTU-PEER-ABORT operation. An association may
also be aborted because of a failure in the underlying communications system. Such failures
are signaled to the local application by the ‘protocol abort’ event described in 4.1.5.

2.6.4.4 Effects of Association Termination

The production of CLTUs stops immediately following the termination of an association,
except for a CLTU in the process of being radiated. Any buffered CLTUs are discarded. The
only exception to this occurs when the association is terminated due to a protocol abort, and
the protocol-abort-mode option has been set to ‘continue’; in this case, production of CLTUs
continues, and buffered CLTUs are not discarded.

When an association is terminated, no further operations can be exchanged between the user
and the provider. The systems may re-establish an association via a new CLTU-BIND
operation, if that is consistent with the schedule for provision of service. Status information is
not preserved after an association terminates and is not available to the new association with
the following exceptions:

a) statistics reported by means of the CLTU-STATUS-REPORT operation, such as the
number of CLTUs processed (see 3.9), shall be accumulated for the entire service
instance provision period,

b) parameters that serve to relate notifications on an activity to operations that triggered
this activity will not be altered when the association is released or aborted.

2.6.4.5 Buffering

The Forward CLTU service buffers the CLTUs for the primary purpose of maintaining
radiation of a steady stream of CLTUs despite variable latency over the ground
communications channel. All transfers of CLTUs from the service user to the service provider
must occur within the scheduled service instance provision period.

2.6.4.6 Technology-specific Aspects—Interoperability and the Underlying
Communications Service

This Recommendation defines the Forward CLTU service. Provision of the Forward CLTU
service in a real system also requires a specification of how the service is mapped to a
communications service, such that all invocations and returns of the Forward CLTU service
operations can be exchanged between the user and the provider. In order not to restrict the
applicability of this Recommendation to a specific communications technology, as few
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assumptions as possible have been made about the characteristics of the underlying
communications service (see 1.3.1).

The service interface between the user and the provider is specified in this Recommendation in
terms of the operations that the service provides. Those operations are realized by mapping
the service operation invocations and returns to protocol data units that can be conveyed by
means of the underlying communications service. This Recommendation conceptualizes such
mapping in two parts:

a) Forward CLTU service operation invocations and returns (defined in section 3) are
mapped to SLE-PDUs (defined in annex A);

b) SLE-PDUs are mapped to protocol data units that can be conveyed by means of the
underlying communications service.

The mapping of Forward CLTU service operation invocations and returns to SLE-PDUs is
specified by this Recommendation.  The mapping of SLE-PDUs to an underlying
communications service is intentionally outside the scope of this Recommendation (e.g., so
that the Forward CLTU service may be mapped to more than one communications
technology). In order to achieve interoperability, the user and provider must conform not
only to this Recommendation but also to an agreed upon specification of the mapping of the
Forward CLTU service to the underlying communications service. The specification of a
mapping of the Forward CLTU service onto a particular communications service must address
such points as:

a) selection of communications network(s) to ensure connectivity;
b) compatible configuration of protocol stacks (e.g., timeout values);

c) specification of port-identifiers, and their translation onto the communications
technology;

d) specification of security related information.

Figure 2-5 illustrates a communications realization of the Forward CLTU service that results
from such a mapping. The specification of such mappings is the subject of separate CCSDS
Recommendations.
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Figure 2-5: Communications Realization of Forward CLTU Service

Because the operations of the Forward CLTU service are relatively simple, once an
association is in place between the service user and the service provider, the technology
specific elements involved in the exchange of SLE-PDUs are generally minor. However, the
way an association is established (i.e., the binding) tends to vary significantly depending on the
communications technology in use. Nonetheless, the CLTU-BIND and CLTU-UNBIND
operations as specified in this document are intended to be ‘technology neutral’. This
neutrality is achieved as described in the following paragraphs.

For purposes of the communications mapping, the endpoints of an SLE association are
identified by port identifiers, namely, an ‘initiator port identifier’ and a ‘responder port
identifier’. The port identifiers represent all the technology-specific addressing information
needed to establish communications between the user and provider and to route SLE-PDUs
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between them. The initiator port identifier identifies the endpoint that will invoke the CLTU-
BIND operation (initiator). The responder port identifier identifies the endpoint that will
perform the CLTU-BIND operation (responder). Generally speaking, the information
represented by a port identifier consists of:

a) information needed to route data between two real systems over a communications
channel or network; and

b) information needed to route data within a real system to a particular application entity.

For example, the information represented by a port identifier might be the combination of an
Internet Protocol (IP) network address and a Transmission Control Protocol (TCP) port
number or the combination of an OSI network address and an associated set of service access
points (SAPs).

The exact relationship between SLE port identifiers and communications ports provided by
the underlying communications service must be specified by the mapping of the Forward
CLTU service to the underlying communications service.

In order for an SLE association to be established, SLE Complex Management and SLE
Utilization Management must agree beforehand on the responder port identifier for the
association. The responder needs the information represented by the responder port identifier
to ensure that resources are allocated to recognize and respond to a CLTU-BIND invocation
for that association. The initiator needs the information to ensure that the CLTU-BIND
invocation will be communicated to the appropriate responder.

In general, it is not necessary for SLE Complex Management and SLE Ultilization
Management to agree beforehand on the initiator port identifier for the association. Rather,
the initiator should communicate that information to the responder in conjunction with the
CLTU-BIND invocation. The exact means by which the initiator port identifier is provided to
the responder is technology-specific and must be specified by the mapping of the Forward
CLTU service to the underlying communications service.

The responder port identifier is included as a parameter of the CLTU-BIND operation.
Generally speaking, that is unnecessary; it is only necessary that SLE applications
communicate the information represented by the port identifiers to the underlying
communications service. The responder port identifier is provided as a parameter of the
CLTU-BIND operation to allow for the possibility that the implementation of a gateway
might be simplified by the inclusion of this parameter in the CLTU-BIND operation.

The information represented by the responder port identifier is technology-specific. In order
to define the CLTU-BIND operation in a way that is not technology-specific, the
responder-port-identifier parameter of the CLTU-BIND operation is defined to
be a logical name. A logical name is an arbitrary identifier that has an appropriately chosen
and agreed upon translation to technology-specific information. Prior to the start time of a
service instance, SLE Complex Management and SLE Utilization must mutually agree upon
the value of the responder port identifier (and its translation) applicable to that service
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instance. The actual process of translating logical names to technology-specific information is
considered a local matter. The translation methodology may rely on simple techniques such as
look-up tables or may use more elaborate mechanisms such as naming or directory services.

The above discussion describes the case that both the user and provider applications are
implemented using the same communications service. It is possible to achieve interoperability
even if the user and provider use different communications services. However, in that case
interoperability requires the use of an appropriate gateway.

2.7 OPERATIONAL SCENARIO

Prior to the actual provision of service, start and stop times for both the space link session and
the associated Forward CLTU service instance are negotiated between SLE Complex
Management and SLE Utilization Management. Configuration and other information needed
to enable the service are also agreed.

Some time before the scheduled start time of the Forward CLTU service instance, the service
instance is created by SLE Complex Management. Initially, the service provider is in state 1
(‘unbound’). At the scheduled start time of the space link session, the SLE Complexes
involved establish the forward link to the spacecraft and initiate the production of Forward
CLTU service and, if applicable, of the underlying FTCF and Forward CLTU services.
Typically (but not necessarily) the start time of the service instance will precede by a small
margin the start time of the space link session to allow the user to bind to the service before
the start of the space link session.

The following illustrates a typical sequence of operations between the user and the provider of
the Forward CLTU service. A complete definition of the operations is found in section 3; the
formal specification of provider behavior is presented in section 4.

a) The user invokes the CLTU-BIND operation to establish an association.

b) The provider, when configured to monitor uplink status by examining the No RF
Available and/or No Bit Lock flags returned from the spacecraft in the Command Link
Control Word (CLCW), performs the necessary operations to receive the Operational
Control Field (OCF) as provided by the Return Frame Processing SLE-FG.

c) The provider monitors equipment readiness, the status of the physical channel and
(when configured to do so) the uplink status. When production status changes to
‘operational’ the provider sends CLTU-ASYNC-NOTIFY to the user.

NOTE - Modulation of the uplink signal with acquisition sequence and idle sequence,
in accordance with the PLOP in effect, is under the control of service
management.

d) The user sends CLTU-START, and the provider transitions to state 3, ‘active’.
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e) The user sends a CLTU-TRANSFER-DATA operation to the provider. The provider
verifies the invocation, and if acceptable, buffers the CLTU until the specified
earliest-radiation-tineisreached.

f) Additional CLTUs may be sent by the user and buffered.

NOTE — The user may perform steps, d), e) and f), invoking CLTU-START and
CLTU-TRANSFER-DATA, before the production status becomes operational
as described in step c).

g) At the time specified for start of radiation, if production status is operational, the first
CLTU is injected into the physical channel and modulated onto the RF carrier. The
signal is radiated to the spacecraft. If no start time was specified in the CLTU-
TRANSFER-DATA operation, the CLTU is radiated as soon as received, or whenever
the production status becomes operational, if that is later.

h) Successive CLTUs are processed in similar fashion after the delay period (if any)
specified in the preceding CLTU is satisfied.

1) The user transfers the last CLTU to the provider.

J) The provider completes processing the buffered CLTUs. When the provider’s CLTU
buffer is empty, it sends CLTU-ASYNC-NOTIFY to inform the user.

k) The user sends CLTU-STOP and the provider transitions to state 2, ‘ready’.

1) The user performs CLTU-UNBIND to release the association.
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3 OPERATIONS AND THEIR PARAMETERS
3.1 GENERAL CONSIDERATIONS
NOTES

1 This subsection specifies the processing of valid (i.e., recognized) SLE-PDUs. It
defines common aspects of the operations of the Forward CLTU service.

2 Handling of invalid SLE-PDU s is specified in 0.

3.1.1 RESULT OF OPERATIONS
3.1.1.1 All confirmed operations shall report on the outcome of the operation in a return.

3.1.1.2 With the exception of CLTU-UNBIND, all returns shall include a result
parameter that indicates whether the outcome of the operation was successful (‘positive
result’) or unsuccessful (‘negative result’).

3.1.1.3 In the event of a ‘negative result’, the return shall also include a di agnosti c
parameter that is descriptive of the reason for the ‘negative result’.

NOTE - Possible values of the di agnosti ¢ parameter are listed in the description of
each operation.

3.1.1.4 A di agnosti c of ‘other reason’ shall be returned only if no other value in the list
adequately describes the reason for the ‘negative result’.

3.1.2 PARAMETER TYPES
The types of all parameters shall conform to the abstract syntax specified in annex A.

NOTE - Some parameter types in annex A are chosen so that possible future extensions of
the range of allowed values of a parameter will not cause a type mismatch. For
example, parameters that logically are of the ‘enumerated’ type are specified as
being of the ‘named integer’ type.

3.1.3 PARAMETER CHECKING

3.1.3.1 Validity checks shall be performed on the values of parameters associated with an
operation.

NOTE — Rules governing the validity of parameter values are included in the specification
of individual operations. General reasons for regarding a parameter value as
invalid are specified in the following paragraphs.
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3.1.3.2 A parameter shall be treated as invalid if:

a) its value is outside the range or not in the set of values currently permitted by service
management for the given parameter;

NOTE - A conformant implementation shall be capable of supporting the full range or
set as specified in annex A.

b) its value is in conflict with the value of another parameter in the same invocation (e.g.,
if in CLTU-TRANSFER-DATA the time specified in the earliest-radiation-time
parameter is later than the time specified in the latest-radiation-time parameter);

c) its value is in conflict with the current provider configuration (e.g., the minimum delay
time between CLTUs parameter as set by service management is longer than the delay-
time value the CLTU-TRANSFER-DATA invocation contains).

3.1.3.3 If a parameter value is not valid, the operation shall not be performed, and, for
confirmed operations other than CLTU-UNBIND, a report of ‘negative result’ shall be
returned to the invoker.

3.1.3.4 Except as noted in 3.2.2.11, checks for invalid parameters or for other conditions
that can cause a report of ‘negative result’ should be performed in the order in which
diagnostics are listed in the descriptions of the operations, and the di agnost i ¢ parameter
should be set to the value defined for the first problem found.

3.1.3.5 In the case that an implementation does not adhere to the sequence of checks as
specified by the sequence of diagnostic values, such implementation shall specify the sequence
in which checks are actually performed.

3.1.4 ACCESS CONTROL

3.1.4.1 The Forward CLTU service shall implement access control based on the identity of
the initiator and responder. Access control is performed at two levels:

a) the initiator must be registered at the responder and the responder must be registered
at the initiator;

b) the initiator and responder must be authorized for the given service instance.

3.1.4.2 The initiator shall have access to a registry of authorized responders and the
responder shall have access to a registry of authorized initiators. These registries shall be
maintained by SLE Complex Management and SLE Utilization Management, respectively.

3.1.4.3 Service management shall specify the authorized initiator and responder for each
service instance.
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3.1.4.4 The initiator and responder shall indicate their identity by setting the parameters
initiator-identifier and responder-identifier in the CLTU-BIND
operation to the values assigned by service management.

3.1.5 AUTHENTICATION

NOTE — Requirements for security depend on the application and on the SLE system
environment (e.g., whether closed or public networks are used or if access is only
from physically restricted areas). In many environments, security may be provided
by the communications service transparently to the SLE application. This
Recommendation does not preclude the use of security features that are provided
by the communications service or the local environment, nor does it assume the
availability of such features.

3.1.5.1 The Forward CLTU service shall provide the following options with respect to level
of authentication:

a) ‘all’—all Forward CLTU invocations and returns, except the invocation of CLTU-
PEER-ABORT, shall be authenticated;

b) ‘bind’—only the CLTU-BIND invocation and return shall be authenticated;

¢) ‘none’—no Forward CLTU invocations or returns shall be authenticated.

3.1.5.2 SLE Complex Management and SLE Utilization Management shall agree on the
level of authentication to be required for an association between a user and the Forward
CLTU service provider and configure both entities accordingly.

3.1.5.3 SLE Complex Management and SLE Utilization Management shall agree on the
algorithms used to generate and check credentials parameters and make these algorithms
known to the service user and provider, together with associated parameters such as
passwords or keys as necessary for the adopted algorithms.

NOTES

1 The specification of the algorithms themselves is outside the scope of this
Recommendation.

2 Theinitiator-identifier and responder-identifier parameters of

the CLTU-BIND operation identify the user and provider, respectively, and therefore
the applicable authentication level and the algorithms necessary to generate and check
credentials.

3.1.5.4 For operations for which authentication of credentials is required by terms of the
agreement between SLE Complex Management and SLE Utilization Management:
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a) invocations shall include an i nvoker-credenti al s parameter to permit the
performer to authenticate the invocation; and

b) returns shall include a per f or mer - cr edent i al s parameter to permit the invoker
to authenticate the return.

3.1.5.5 For operations for which authentication of credentials is not required, the
i nvoker-credentials or perforner-credential s parameter should be set to
the value ‘unused’ to signify that the invocation or return does not carry credentials.

3.1.6 THREADED APPLICATIONS
NOTES

1 Multi-threading has evolved to a widely used technique to optimize systems’
performance. To support applications that may be implemented using multiple threads
of execution, the parameter i nvoke- | D is specified for all confirmed operations
except CLTU-BIND and CLTU-UNBIND.

2 The i nvoke- | D parameter allows the invoker to correlate a particular return to the
invocation that prompted it.

3 Confirmed operations that include the i nvoke-| D parameter are non-blocking
operations; those that do not are blocking operations. Unconfirmed operations are
always non-blocking.

3.1.6.1 After invoking a blocking operation, the invoker shall not invoke another operation
for the same service instance until the return from the blocking operation is received; except
that, if the return is not received in a timely manner, the invoker may invoke CLTU-PEER-
ABORT to terminate the association.

3.1.6.2 After invoking a non-blocking operation, the invoker may invoke another operation
without waiting for the return from the first invocation.

3.1.6.3 The value of the i nvoke- | D parameter shall be an invoker-supplied arbitrary
integer value that shall be returned, unchanged, by the performer.

3.1.6.4 The invocation of a non-blocking operation shall be rejected with the di agnosti c
‘duplicate invoke-ID’ if it includes an i nvoke- | D whose value is the same as that of another
invocation that is awaiting confirmation within the context of the same service instance.

3.1.6.5 To ensure that the Forward CLTU service behaves in a predictable manner, the
effects of operations shall be as though the operations were performed in the order that their
invocations were received by the performer.
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3.1.6.6 The invoker may choose not to exploit the non-blocking capability and always wait
for the return from a non-blocking operation before invoking another operation.

NOTE - An invoker wishing to operate in blocking mode (i.e., to invoke a new operation
only after the return from the previous operation has been received) may use a
constant value for the i nvoke-| D parameter. As long as a return is still
outstanding, the performer will reject any further invocations.

3.1.6.7 Compliance with this Recommendation does not require the performer to process
invocations concurrently; however, the performer must accept invocations from a non-
blocking invoker and buffer and serialize them by local means not visible externally.

3.1.7 MANDATORY PARAMETERS

All providers shall be able to accept and respond to parameters specified as mandatory in
annex D.

NOTE — All parameters of operations are mandatory except where stated differently in
annex D. The actual presence of a parameter in a particular invocation or return
may be conditional based on the value of another parameter in the same
invocation or return. For some parameters, a value of ‘null’ is allowed, as
discussed in the description of the relevant operations.

3.1.8 TIME

3.1.8.1 The time reference for all parameters containing a time value shall be based on
Coordinated Universal Time (UTC).

3.1.8.2 The type of parameters containing a time value shall be the CCSDS Day Segmented
(CDS) time code format (reference [5]) with a resolution of microseconds, an epoch of 1958-
01-01 and a 16-bit day segment.

3.1.8.3 All time values shall be expressed to a precision of at least one-tenth (0.1) of a
second.

3.1.8.4 All time value shall be accurate to within one-tenth (0.1) of a second or better.

3.1.9 DELIVERY MODES
3.1.9.1 Forward Online Delivery

3.1.9.1.1 Forward online delivery service provision shall occur at the same time as service
production, i.e., during a space link session.
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3.1.9.1.2 CLTUs supplied by the service user shall be buffered by the service provider until
they are processed.

3.1.9.1.3 The timing of CLTU processing shall be determined by the order of CLTUs in the
buffer and any annotation data provided with the CLTUs.

NOTE — The forward online delivery mode is defined in this Recommendation.

3.1.9.2 Forward Offline Delivery
3.1.9.2.1 Service provision and service production shall not overlap.

3.1.9.2.2 CLTUs supplied by the service user during service provision shall be buffered by
the provider in persistent storage until service production.

NOTE — The forward offline delivery mode is outside the scope of this version of this
Recommendation.
3.1.10 SETTING OF PARAMETERS

3.1.10.1 A Forward CLTU provider shall permit setting of the service configuration
parameters as specified in table 3-1.

3.1.10.2 The range or set of values a parameter may assume is constrained by specification of
its data type (see annex A).

3.1.10.3 Service management may further constrain the allowed values for a given service
instance.

3.1.11 PROVIDER BUFFERING REQUIREMENTS

3.1.11.1 The service package shall specify the amount of buffering the provider must
maintain.

3.1.11.2 The amount of buffer space shall be specified in terms of the number of octets that
can be stored.

3.1.11.3 The service provider shall buffer only complete CLTUs.

3.1.12 ACCOUNTING SUMMARY

Statistical information to be collected over a period of time shall always refer to the service
instance provision period.
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Table 3-1: Setting of Forward CLTU Service Configuration Parameters

Parameter Service CLTU- CLTU- CLTU-
Management START SCHEDULE- THROW-
Operation STATUS- EVENT

REPORT Operation
Operation (NOTE 3)

bit-lock-required X

delivery-mode X

expected-cltu-identification X

expected-event-invocation- X

identification

maximum-cltu-length X

modulation-frequency X

modulation-index X

notification-mode X

plop-in-effect X

protocol-abort-mode X

reporting-cycle X

return-timeout-period X

rf-available-required X

subcarrier-to-bit-rate-ratio X

NOTES
1 Further details on protocol-abort-mode are discussed in 4.1.5. The notification-mode

parameter is described in 3.7.2.3. Other parameters are presented and described in
table 3-11. A complete list of parameters that may affect service production may be
found in references [E5] and [E6].

2 The user can ascertain the current value of the parameters presented in table 3-11 by

means of the CLTU-GET-PARAMETER operation.

3 The ability to modify selected service configuration parameters using the CLTU-
THROW-EVENT operation is allowed but not mandated in this Recommendation.
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3.2 CLTU-BIND
3.2.1 PURPOSE

3.2.1.1 The initiator shall invoke the CLTU-BIND operation to establish an association
between the initiator and responder as defined in 1.6.1.7.2.

3.2.1.2 The responder shall confirm the CLTU-BIND operation.

3.2.1.3 Except as provided in 3.2.1.4, the initiator shall not invoke any further CLTU
operations on this service instance until the bind is confirmed.

3.2.1.4 If the return from the invocation of CLTU-BIND is not received after a sufficiently
long time (to be determined by service management), the initiator may attempt to recover by
invoking the CLTU-PEER-ABORT operation (see 3.12) followed by another CLTU-BIND.

3.2.1.5 The CLTU-BIND operation is valid only in state 1 (‘unbound’) and shall be invoked
only by the user.

3.2.2 INVOCATION, RETURN, AND PARAMETERS

3.2.2.1 General

The parameters of the CLTU-BIND operation shall be present in the invocation and return as

specified in table 3-2.

Table 3-2: CLTU-BIND Parameters

Parameter Invocation Return
i nvoker-credential s M
performer-credentials M
initiator-identifier M
responder-identifier M

responder-port-identifier M
service-type M
ver si on- nunber M C
servi ce-instance-identifier M
resul t M
di agnostic C
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3.2.2.2 invoker-credentials

The i nvoker-credential s parameter shall provide information that enables the
performer to authenticate the CLTU-BIND invocation (see 3.1.5).

3.2.2.3 perforner-credentials

The performer-credential s parameter shall provide information that enables the
invoker to authenticate the return from the performance of CLTU-BIND (see 3.1.5).

3224 initiator-identifier

Theinitiator-identifier parameter shall identify the authority on whose behalf the
SLE application is initiating an association.

NOTES

1 Theinitiator-identifier parameter permits the responding SLE application
to determine if this user is registered at this responder and which authentication
scheme is to be applied.

2 In case authentication based on credentials is used, this information may be redundant
since the i nitiator-identifier value is normally one constituent of the
i nvoker - credenti al s parameter. However, its encoding may differ and it may
be convenient to have this parameter also available in ‘clear text’ form.

3.2.2.5 responder-identifier

The r esponder -i denti fi er parameter shall identify the authority on whose behalf the
responding SLE application is acting.

NOTES

1 The r esponder -i denti fi er parameter permits the initiator to determine if the
responder from which the CLTU-BIND return originates is registered at this initiator.

2 The initiator uses this parameter, if applicable, after having successfully authenticated
the CLTU-BIND return to determine if this return originates from the intended
responder.
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3.2.2.6 responder-port-identifier

The responder -port-identifier parameter shall specify the port identifier of the
responding SLE application entity with which the initiator seeks to establish an association.

NOTES

1 The value of the r esponder -port-identifier parameter is a logical name
that can be translated into the technology-specific addressing information required to
establish a connection with the responder using the agreed upon communications
service. See 2.6.4.6 for more information.

2 SLE Complex Management and SLE Utilization Management must have previously
agreed on the responder-port-identifier and its translation that is
applicable to a particular instance of service.

3 The responder - port-identifier parameter is included in the CLTU-BIND
invocation to support its possible use by particular kinds of gateways.

3.2.2.7 service-type

The servi ce-t ype parameter shall specify the type of service that will be present if the
bind operation succeeds.'

3.2.2.8 versi on-nunber

3.2.2.8.1 The versi on- nunber parameter shall identify the version number of the
Forward CLTU service specification that is to govern this association if the CLTU-BIND
succeeds.

3.2.2.8.2 version-nunber is conditionally present in the return based on the r esul t
parameter:

a) if the value of r esul t is ‘positive result’, ver si on- nunber shall be present in the
return;

b) ifthe value of r esul t is ‘negative result’, ver si on- nunber shall not be present.

3.2.2.8.3 Ifthe value of r esul t is ‘positive result’, the responder shall either:

For the CLTU-BIND operation, the S€r vice-t YPE€ parameter is redundant, because the only valid value of
servi ce-type is ‘fwdCltu’. However, it is anticipated that future work by CCSDS will result in CLTU-BIND
being superseded by a generic SLE-BIND operation that is invoked with any one of several SLE service types. The
CLTU-BIND Ser vi ce-t Y P€ parameter is provided in an attempt to facilitate such a change.
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a) accept the version proposed by the initiator by putting the same version number into
the positive return; or

b) if the responder implementation supports version negotiation, propose a lower (earlier)
version number by putting the lower version number in the positive return.

3.2.2.8.4 If the responder implementation does not support the requested version and does
not support a lower version (or does not support version negotiation), the responder shall
reject the bind with the di agnost i ¢ parameter set to ‘version not supported’.

3.2.2.8.5 If the responder proposes a lower version in the return than supported by the
initiator, the initiator shall unbind the association.

3.2.2.8.6 The ver si on- nunber value of the Forward CLTU service defined by this issue
of this Recommendation shall be ‘1°.

NOTE - The version negotiation process as outlined above is only feasible as long as a
future version of the Forward CLTU service retains the specification of the
CLTU-BIND operation.

3.2.2.9 service-instance-identifier

The service-instance-identifier parameter shall uniquely identify this service
instance within the scope of the service-providing SLE Complex.

NOTE - The service-instance-identifier parameter takes the form of a
Distinguished Name (see reference [8]). The attributes of the Distinguished Name
should include the SLE service agreement and the SLE service package applicable
to this instance of service. More details on the way the ser vi ce-i nst ance-
i denti fi er is built can be found in reference [E5].

3.2.2.10 resul t

3.2.2.10.1 Ther esul t parameter shall specify the result of the CLTU-BIND invocation and
shall contain one of the following values:

a) ‘positive result’—the CLTU-BIND invocation is accepted by the responder and the
association is established;

b) ‘negative result’—the CLTU-BIND invocation is rejected by the responder for the
reason specified in the di agnost i ¢ parameter.
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3.2.2.11 di agnosti c

3.2.2.11.1 If resul t is ‘negative result’, di agnost i c shall be present and shall contain
one of the following values:

a)

b)

d)

g)

h)

)

‘access denied’—an initiator with the i ni ti ator-identi fi er value presented in
the CLTU-BIND invocation is not registered at the responder;

‘service type not supported’—the service-type value in the CLTU-BIND
invocation does not identify a service type supported by the responder;

‘version not supported’—
1) the responder does not support the requested version, and

2) the responder implementation does not permit version negotiation or the responder
does not support any version of the service lower than the one requested by the
initiator;

‘no such service instance’—the requested service instance is not defined by any agreed
upon service package known to the responder;

‘already bound’—the service instance is already bound via a different association;

‘service instance not accessible to this initiator’—the service instance identified by the
value of the service-instance-identifier parameter has not been created for use by the
initiator specified in the initiator-identifier parameter;

‘inconsistent service type’—the service-type value in the CLTU-BIND invocation is
not consistent with the service type of this service instance; i.e., it is not ‘fwdCltu;

‘invalid time’—the CLTU-BIND operation was invoked outside the service instance
provision period agreed to in the service package;

‘out of service’—the responder has been taken out of service for an indefinite period
by management action, i.e., production-status is ‘halted’;

‘other reason’—the reason for the negative result will have to be found by other
means.

NOTE - Initiators should consider that, under some conditions, CLTU-BIND might fail

with no return, e.g., if responder - port-identifier has an incorrect
value.

3.2.2.11.2 Ifresul t is ‘positive result’, di agnost i ¢ shall not be present.

3.23

EFFECTS

3.2.3.1 Ifresult is ‘positive result’:

CCSDS 912.1-B-1 Page 3-12 April 2002



CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

a) an association between the user and the provider shall be established;
b) the provider shall transition from state 1 (‘unbound’) to state 2 (‘ready’);

c) upon receipt of the positive return, the user may proceed to invoke other Forward
CLTU service operations to initialize the service and enable data transfer (e.g., CLTU-
SCHEDULE-STATUS-REPORT and CLTU-START).

3.2.3.2 Ifresul t is ‘negative result’:
a) the association between the user and the provider shall not be established,
b) the provider shall remain in state 1 (‘unbound’);
¢) upon receipt of the negative return:
1) the initiator should examine the di agnost i ¢ parameter for the cause;

2) the initiator may attempt to re-invoke the CLTU-BIND.
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3.3 CLTU-UNBIND
3.3.1 PURPOSE

3.3.1.1 The initiator shall invoke the CLTU-UNBIND to release an association previously
established by CLTU-BIND (see 0).

3.3.1.2 The responder shall confirm the CLTU-UNBIND operation.

3.3.1.3 Except as provided in 3.3.1.4, the initiator shall not invoke any further Forward
CLTU operations for this service instance until the return from CLTU-UNBIND is received;
nor shall it perform any further operations invoked by the responder; nor shall it return to the
responder any further reports of the outcome of operations invoked by the responder.

NOTE — The initiator may invoke the CLTU-UNBIND operation even if it did not yet
receive all returns from previously invoked operations. The initiator should be
aware that the responder may choose not to send any further returns as soon as it
has received the CLTU-UNBIND invocation. It may then happen that the CLTU-
UNBIND return is not received before one of the missing returns causes a
‘missing return’ timeout (see 4.1.3).

3.3.1.4 If the return from the CLTU-UNBIND invocation is not received after a sufficiently
long time (to be determined by service management), the initiator shall invoke the CLTU-
PEER-ABORT operation (see 3.12).

NOTE — The ‘sufficiently long time’ as determined by service management can be
estimated by invoking the CLTU-GET-PARAMETER operation and selecting
‘return-timeout-period’ as the value of cl t u- par anet er.

3.3.1.5 The CLTU-UNBIND operation is valid only in state 2 (‘ready’) and shall be invoked
only by the user.

3.3.2 INVOCATION, RETURN, AND PARAMETERS

3.3.2.1 General

The parameters of the CLTU-UNBIND operation shall be present in the invocation and return
as specified in table 3-3.
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Table 3-3: CLTU-UNBIND Parameters

Parameter Invocation Return
i nvoker-credential s M
performer-credentials M
unbi nd-reason M
result M

3.3.2.2 invoker-credentials

The i nvoker-credential s parameter shall provide information that enables the
performer to authenticate the CLTU-UNBIND invocation (see 3.1.5).

3.3.2.3 perforner-credentials

The performer-credential s parameter shall provide information that enables the
invoker to authenticate the return from the performance of CLTU-UNBIND (see 3.1.5).

3.3.2.4 unbi nd-reason

The unbi nd- r eason parameter shall specify why the CLTU-UNBIND operation is being
invoked and shall contain one of the following values:

a) ‘end’—the initiator has completed the transfer of its data and is releasing the
association normally: the provider may end the service instance and release its
resources allocated to this service instance;

NOTE - Further invocation of the CLTU-BIND operation is not permitted even if the
service instance provision period has not expired, since the service provider
may release the resources allocated to that service instance.

b) ‘suspend’—the initiator is suspending this service usage for an unspecified period of
time: the initiator may attempt to re-bind to the responder to continue data transfer at
any time prior to the end of the provision period scheduled for this service instance;

c) ‘version not supported’—the initiator does not support the version of the Forward
CLTU service proposed by the responder in the return from CLTU-BIND: this value
of unbind-reason shall be used only if the CLTU-UNBIND is the first operation
invoked following the CLTU-BIND;

d) ‘other reason’—the reason for the release will have to be found by other means.
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3.3.2.5 result

The r esul t parameter shall specify the result of the CLTU-UNBIND invocation and shall
always contain the following value: ‘positive result’—the CLTU-UNBIND invocation is
accepted by the responder and the association is released.

NOTE - The result parameter is returned for the CLTU-UNBIND operation even
though the only permitted value is ‘positive result’, for consistency with other
confirmed operations.

3.3.3 EFFECTS

3.3.3.1 The CLTU-UNBIND operation shall have the following effects:

a) the association between the initiator and the responder shall be released, and the
initiator and the responder shall cease to communicate with each other;

b) the provider shall transition to state 1 (‘unbound’).

3.3.3.2 If unbi nd-reason is ‘end’, the provider may terminate the service instance and
release its resources.

3.3.3.3 Ifunbi nd-reason is not ‘end’:

a) the initiator may attempt to re-bind at any time prior to the end of the provision period
scheduled for this service instance;

b) the provider shall maintain accumulated statistics such as are reported in CLTU-
STATUS-REPORT for the duration of the service instance provision period;

c) parameters that serve to relate notifications on an activity to operations that triggered
that activity shall not be altered when the association is released.
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3.4 CLTU-START
3.4.1 PURPOSE

3.4.1.1 The user shall invoke the CLTU-START operation to request that the Forward
CLTU service provider prepare to receive CLTU-TRANSFER-DATA invocations (see 3.6).

3.4.1.2 The Forward CLTU service provider shall confirm the CLTU-START operation.

3.4.1.3 The CLTU-START operation shall allow the Forward CLTU service provider to
return to the user the times scheduled for start and stop of production.

3.4.1.4 CLTU-START is valid only in state 2 (‘ready’) and shall be invoked only by the
user.

3.4.2 INVOCATION, RETURN AND PARAMETERS

3.4.2.1 General

The parameters of the CLTU-START operation shall be present in the invocation and return

as specified in table 3-4.

Table 3-4: CLTU-START Parameters

Parameters Invocation Return
i nvoker-credentials M
performer-credentials M
i nvoke-I1D M M
first-cltu-identification M

start-production-tine

st op- producti on-tine

resul t

OO0

di agnostic

3.4.2.2 invoker-credentials

The i nvoker-credential s parameter shall provide information that enables the
performer to authenticate the CLTU-START invocation (see 3.1.5).
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3.4.2.3 perforner-credentials

The performer-credential s parameter shall contain information that enables the
invoker to authenticate the return from the performance of CLTU-START (see 3.1.5).

3.4.2.4 invoke-I1D

The Forward CLTU service provider shall return unchanged the user-supplied value of the
i nvoke- | Dparameter (see 3.1.6).

3425 first-cltu-identification

3.4.25.1 Thefirst-cltu-identification parameter shall contain the cl t u-
i denti fi cati on that the Forward CLTU service provider shall expect to
receive in the first CLTU-TRANSFER-DATA operation after the CLTU-START.

3.4.2.5.2 Ifthe user invokes a CLTU-START after re-binding to the provider following a
protocol abort when the protocol-abort-mode parameter specified ‘continue’ (see
4.1.5.5), the value of the first-cltu-identification parameter must be
greater than the cl t u-i denti fi cati on ofany CLTU remaining in the buffer.

Otherwise, the provider returns ‘negative result” with a diagnostic of ‘invalid cltu-
ID’.

NOTE - Following certain exceptions (e.g. ‘sldu expired’, see 3.7.2.3), it is necessary to
invoke CLTU-STOP followed by CLTU-START. A CLTU that was being
processed when CLTU-STOP was invoked may still cause a notification to be
invoked after the new CLTU-START invocation. The value of the fi r st -
cltu-identification parameter in the new CLTU-START invocation
should be chosen such that a CLTU for which processing did not yet complete can
be uniquely identified.

3.4.2.6 start-production-tinme

3.4.2.6.1 Thestart-production-ti me parameter shall be returned when the value of
the r esul t parameter is ‘positive result’.

3.4.2.6.2 Ifthe producti on- st at us is not yet ‘operational’:

a) start-production-tine shall be the estimated time at which the Forward
CLTU service provider will be able to start radiating CLTUs;

b) in this case start-production-tinme shall be determined from the schedule,
with allowance for completion of the uplink acquisition sequence.
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3.4.2.6.3 If the producti on- st at us is ‘operational’ and the provider is ready to start
radiating CLTUs, st art - producti on-ti me shall contain the time the pr oduct i on-
st at us changed to ‘operational’.

3.4.2.6.4 If there is a subsequent CLTU-START operation within a service instance, the
start-production-tinme parameter shall contain the latest time the provider became
ready to radiate; i.e., the most recent time the production status changed to ‘operational’.

3.4.2.7 stop-production-tine

3.4.2.7.1 The st op-production-ti nme parameter shall be returned when the value of
resul t is ‘positive result’.

3.4.2.7.2 stop-production-tinme shall be the estimated time at which the provider
will stop radiating CLTUs.

3.4.2.7.3 If the estimated stop time is not available to the provider, the st op-
producti on-ti me parameter shall contain a value of ‘null’.

3.42.8 result

The r esul t parameter shall be used by the Forward CLTU service provider to specify the
result of the CLTU-START invocation and shall contain one of the following values:

a) ‘positive result’—the user may start invoking CLTU-TRANSFER-DATA operations;

b) ‘negative result’—the CLTU-START invocation is rejected by the provider for the
reason specified in the di agnost i ¢ parameter; the provider cannot accept CLTU-
TRANSFER-DATA invocations.

3.4.2.9 diagnostic

3.4.29.1 Ifresult is ‘negative result’”, di agnosti c shall be present and shall contain
one of the following values:

a) ‘duplicate invoke-ID’—the value of the i nvoke- | D parameter is the same as the
i nvoke- | Dvalue of a previous, outstanding operation;

b) ‘out of service’—the provider has been taken out of service for an indefinite period by
management action; i.e., pr oduct i on- st at us is ‘halted’;

c) ‘unable to comply’—the provider is unable to accept data at this time because of a
possibly temporary fault condition affecting the provider; ie., producti on-
st at us is ‘interrupted’;
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d) ‘production time expired’—the time period scheduled for production of CLTUs is
already past;

e) ‘invalid cltu-ID’—the first-cltu-identification parameter value is less
than that of a CLTU already in the buffer;

f) ‘other reason’—the provider cannot accept CLTU-TRANSFER-DATA operations for
unspecified reasons.

3.4.2.9.2 Ifresult is ‘positive result’, di agnost i ¢ shall not be present.

3.4.3 EFFECTS

3.4.3.1 Ifresult is ‘positive result’:

a) the provider shall transition to state 3 (‘active’);

b) in the ‘active’ state, the provider shall accept CLTU-TRANSFER-DATA invocations.

3.4.3.2 Ifresult is ‘negative result’:
a) the provider shall remain in state 2 (‘ready’);
b) ifdi agnosti c is ‘unable to comply’:

1) the user may re-invoke the CLTU-START operation at a later time, within the
constraints of the service instance provision period;

2) if the provider’s complex management determines that being ‘unable to comply’ is
more than a transient problem, it should set the producti on-status
parameter to ‘halted’.
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3.5 CLTU-STOP
3.5.1 PURPOSE

3.5.1.1 The user shall invoke the CLTU-STOP operation to inform the provider that the
user is stopping the sending of CLTUs and to request that the provider stop production, i.e.,
stop radiation, of CLTUs already received but not yet radiated.

NOTE - Within the constraints of the service instance provision period, the user may re-
enable the reception and production of CLTUs on the provider side by invoking
the CLTU-START operation.

3.5.1.2 The provider shall confirm the CLTU-STOP operation.

3.5.1.3 The CLTU-STOP operation is valid only in state 3 (‘active’) and shall be invoked
only by the user.

3.5.2 INVOCATION, RETURN AND PARAMETERS

3.5.2.1 General

The parameters of the CLTU-STOP operation shall be present in the invocation and return as

specified in table 3-5.

Table 3-5: CLTU-STOP Parameters

Parameters Invocation Return
i nvoker-credential s M
performer-credentials M
i nvoke-1D M M
result M
di agnostic C

3.5.2.2 invoker-credentials

The i nvoker-credential s parameter shall provide information that enables the
performer to authenticate the CLTU-STOP invocation (see 3.1.5).

3.5.2.3 perforner-credentials

The performer-credential s parameter shall provide information that enables the
invoker to authenticate the return from the performance of CLTU-STOP (see 3.1.5).
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3.5.2.4 invoke-ID

The provider shall return unchanged the user-supplied value of the i nvoke- | D parameter
(see 3.1.6).

3.5.2.5 result

The resul t parameter shall specify the result of the CLTU-STOP operation and shall
contain one of the following values:

a) ‘positive result’—the CLTU-STOP invocation is accepted, and the user may invoke a
CLTU-UNBIND operation or a new CLTU-START operation;

b) ‘negative result’—the CLTU-STOP invocation is rejected by the provider for the
reason specified in di agnosti c.

3.5.2.6 diagnostic

3.5.2.6.1 Ifresult is ‘negative result’”, di agnosti c shall be present and shall contain
one of the following values:

a) ‘duplicate invoke-ID’—the value of the i nvoke- | D parameter is the same as the
i nvoke- | Dvalue of a previous, outstanding operation;

b) ‘other reason’—the reason for the negative result will have to be found by other
means.

3.5.2.6.2 Ifresult is ‘positive result’, di agnost i c shall not be present.

3.5.3 EFFECTS

3.5.3.1 Ifresult is ‘positive result’:

a) the provider shall transition to state 2 (‘ready’) and shall no longer accept CLTU-
TRANSFER-DATA invocations;

b) for CLTUs already buffered:
1) the provider shall discard any CLTUs for which radiation has not yet begun;

2) the provider shall not discard, but shall complete radiation of, a CLTU in the
process of being radiated,;

NOTE - An additional CLTU could be radiated after the provider receives the
CLTU-STOP invocation, depending on implementation specifics.
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c) if a report has been requested by the user for a CLTU that is already being radiated,
the report shall be generated upon completion of processing and sent to the user by
means of a CLTU-ASYNC-NOTIFY operation.

3.5.3.2 Ifresul t is ‘negative result’:
a) processing shall continue;

b) the provider state shall remain unchanged;

c) any buffered CLTUs shall not be discarded.
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3.6 CLTU-TRANSFER-DATA
3.6.1 PURPOSE

3.6.1.1 The user shall invoke the CLTU-TRANSFER-DATA operation to transmit data to
the provider.

3.6.1.2 The provider shall confirm the CLTU-TRANSFER-DATA operation.

3.6.1.3 The CLTU-TRANSFER-DATA operation is valid only in state 3 (‘active’) and shall
be invoked only by the user.

3.6.2 INVOCATION, RETURN, AND PARAMETERS

3.6.2.1 General

The parameters of the CLTU-TRANSFER-DATA operation shall be present in the invocation

and return as specified in table 3-6.

Table 3-6: CLTU-TRANSFER-DATA Parameters

Parameters Invocation Return
i nvoker-credential s M
performer-credentials M
i nvoke- 1D M M
cltu-identification M M
earliest-radiation-tine M
| atest-radiation-tine M
del ay-tinme M
report M
dat a M
cl tu-buffer-avail abl e M
result M
di agnostic C

3.6.2.2 invoker-credentials

The i nvoker-credential s parameter shall provide information that enables the
performer to authenticate the CLTU-TRANSFER-DATA invocation (see 3.1.5).
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3.6.2.3 perforner-credentials

The performer-credential s parameter shall contain information that enables the
invoker to authenticate the return from the performance of CLTU-TRANSFER-DATA (see
3.1.5).

3.6.2.4 invoke-I1D

The provider shall return unchanged the user-supplied value of the i nvoke- | D parameter
(see 3.1.6).

3.6.2.5 cltu-identification

3.6.2.5.1 The cltu-identification parameter shall contain a monotonically
increasing sequence number placed in all CLTU-TRANSFER-DATA operations.

NOTE — The number is used to reference the CLTU in all subsequent notifications relating
to this CLTU.

3.6.2.5.2 The value of cl tu-identification returned shall be the sequence number
expected in the next CLTU-TRANSFER-DATA operation:

a) if the transfer invocation is accepted, the cl t u-i dentificati on in the return
shall be one greater than the value in the invocation;

b) if the transfer invocation is rejected, the cl tu-identificati on in the return
shall contain the value expected by the Forward CLTU service provider:

1) in the case of the first CLTU-TRANSFER-DATA operation following a CLTU-
START, it is the value specified in the first-cltu-identification
parameter of the CLTU-START operation;

2) otherwise, the value is one greater than the value of the cltu-
i dentification parameter of the last accepted CLTU-TRANSFER-DATA
operation.

NOTE - It is assumed that the supported range of this parameter is sufficiently large that
no two CLTUs within the CLTU buffer will have the same cltu-
identification.

3.6.2.6 earliest-radiation-tine

3.6.2.6.1 The earliest-radiation-time parameter shall be used to specify the
earliest time that the provider shall start processing this CLTU.
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3.6.2.6.2 The earliest-radiation-tinme parameter shall either be unspecified, i.c.,
contain a value of ‘null’, or shall specify the earliest time at which the leading edge of the first
bit of the CLTU may begin to be radiated.

3.6.2.6.3 If the earliest-radi ation-ti me parameter is unspecified, the provider
shall begin processing immediately after any delay associated with the previous CLTU has
timed out, provided the pr oduct i on- st at us parameter is ‘operational’.

3.6.2.7 |l atest-radiation-tine

3.6.2.7.1 Thel atest-radi ati on-ti me parameter shall either contain a value of ‘null’
or specify the latest time at which the leading edge of the first bit of the CLTU may begin to
be radiated.

3.6.2.7.2 If the parameter contains a value of ‘null’, the CLTU shall be radiated, as long as
radiation occurs before the production process is halted.

3.6.27.3 If latest-radiation-tinme equals earliest-radiation-tine,
radiation shall occur at this time.

3.6.2.7.4 If radiation has not begun at or before | at est-radi ati on-ti ne, an ‘sldu
expired’ exception shall be notified to the user, and the CLTU shall not be radiated.

3.6.2.8 delay-tine

3.6.2.8.1 The del ay-ti me parameter shall contain the minimum radiation delay, in
microseconds, between the CLTU transferred in this operation and the next CLTU.

3.6.2.8.2 The delay shall be measured from the trailing edge of the last radiated bit of this
CLTU to the leading edge of the first bit of the next CLTU.

3.6.2.8.3 Ifdel ay-ti me contains a value of zero, radiation of the next CLTU may occur
immediately.

3.6.2.8.4 The effect of del ay-ti me varies depending on the setting of the pl op-i n-
ef f ect parameter (see 3.1.10).

a) when the PLOP in effect is PLOP-1 (reference [2]),

1) command modulation shall be dropped between CLTUs for the period of time
specified by del ay-ti ne,

2) the acquisition sequence shall be transmitted prior to radiation of the next CLTU,

3) time for radiation of the acquisition sequence shall be in addition to the time
specified by del ay-ti ne;
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b) when the PLOP in effect is PLOP-2 (reference [2]),

1) an idle sequence shall be radiated between CLTUs, for the period of time specified
by del ay-ti ne,

2) the time specified by del ay- t i me shall be increased to an integral number of bit
times.

3.6.2.9 report

The r eport parameter shall specify whether the provider shall invoke the CLTU-ASYNC-
NOTIFY operation upon completion of the radiation of the CLTU, and shall contain one of
the following values:

a) ‘produce report’—invoke a CLTU-ASYNC-NOTIFY operation upon completion of
the radiation;

b) ‘do not produce report’—do not invoke the CLTU-ASYNC-NOTIFY operation.

3.6.2.10 data

The dat a parameter shall contain a CLTU for radiation to the space element of a mission.

3.6.2.11 cl tu-buffer-avail abl e

The cl t u- buf f er - avai | abl e parameter shall specify the remaining number of octets
available for buffering CLTUs.

3.6.2.12 resul t

The r esul t parameter shall specify the result of the CLTU-TRANSFER-DATA operation
and shall contain one of the following values:

a) ‘positive result’—the CLTU-TRANSFER-DATA invocation has been accepted by the
provider and the data will be buffered until processing is due;

b) ‘negative result’—the CLTU-TRANSFER-DATA invocation is rejected by the
provider, for the reason returned in the di agnost i ¢ parameter.

3.6.2.13 di agnostic

3.6.2.13.1 If resul t is ‘negative result’, di agnosti c shall be present and shall contain
one of the following values:
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a) ‘duplicate invoke-ID’ —the value of the i nvoke- | D parameter is the same as the
i nvoke- | Dvalue of a previous, outstanding operation;

b) ‘unable to process’—the provider cannot process CLTUs for one of the following
reasons:

1) the provider has been taken out of service for an indefinite period by management
action, i.e., pr oduct i on- st at us is ‘halted’;

2) the production-status is ‘interrupted’, and the provider has reported the
fault condition to the user via a CLTU-ASYNC-NOTIFY operation containing a
notification-type of ‘production interrupted’;

NOTE - The provider may defer notifying the user when the pr oduct i on- st at us

becomes ‘interrupted’, until a CLTU becomes ready to radiate. In this case,
the provider continues to accept CLTU-TRANSFER-DATA operations so
long as the notification has not been sent. See annex G.

3) the producti on- st at us is ‘operational’, but the provider is blocked due to

an expired CLTU: the provider has reported the fault condition to the user via a
CLTU-ASYNC-NOTIFY operation containing a notification-type of
‘sldu expired’;

4) the producti on-status is ‘operational’, but the provider has temporarily
suspended production to process a CLTU-THROW-EVENT invocation: no fault
condition has been reported to the user;

c) ‘unable to store’—there is not enough buffer space available to store this CLTU;

d) ‘out of sequence’—the value of the cltu-identification parameter is not equal to the
value expected by the provider, which is one of the following:

1) in the case of the first CLTU-TRANSFER-DATA operation following a CLTU-
START, the value specified by the wuser in the first-cltu-
i denti ficati on parameter of the CLTU-START invocation;

2) otherwise, the value of the cl t u-i denti fi cati on parameter specified by the
provider in the last CLTU-TRANSFER-DATA return;

e) ‘inconsistent time range’—the time specified in the earliest-radiation-time parameter is
later than the time specified in the latest-radiation-time parameter;

f) ‘invalid time’—the radiation window is invalid, for one of the following reasons:

1) the period from earliest-radi ation-tinme to | atest-radiation-

ti me does not overlap with the range of times for which radiation service is
scheduled;
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2) the service instance does not allow the user to specify a radiation window, but the
earliest-radiation-tine and/or | atest-radi ation-tinme
parameters contain values other than null;

g) ‘late sldu’—Ilatest-radiation-time is earlier than the time the CLTU-TRANSFER-
DATA operation is received by the provider;

h) ‘invalid delay time’—the value of the delay-time is outside the range set in the service
package;

i) ‘CLTU error’—the provider has performed error checks as provided in the service
agreement and has determined that this CLTU is in error; for example the CLTU
exceeds the maximum size allowed for this service instance;

j) ‘other reason™— the reason for the negative result will have to be found by other
means.

3.6.2.13.2 Ifresul t is ‘positive result’, di agnost i ¢ shall not be present.

3.6.3 EFFECTS

3.6.3.1 Ifresult is ‘positive result’:
a) the provider shall buffer the CLTU until it is due to be processed;

b) the provider shall process CLTUs in the sequence received and according to the
radiation time and delay parameters.

3.6.3.2 If result is ‘negative result’,the CLTU contained in the CLTU-TRANSFER-
DATA invocation shall not be buffered.

3.6.3.3 The provider shall remain in state 3 (“active’).
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3.7 CLTU-ASYNC-NOTIFY
3.7.1 PURPOSE

3.7.1.1 The provider shall invoke the CLTU-ASYNC-NOTIFY operation to notify the user
of an event affecting the production of the Forward CLTU service.

3.7.1.2 CLTU-ASYNC-NOTIFY shall be an unconfirmed operation.

NOTE - Notifications from the provider are delivered to the user asynchronously to the
flow of CLTU-TRANSFER-DATA operations from the user to the provider.

3.7.1.3 The CLTU-ASYNC-NOTIFY operation is valid in states 2 (‘ready’) and 3 (‘active’)
and shall be invoked only by the provider.

3.7.2 INVOCATION AND PARAMETERS

3.7.2.1 General

The parameters of the CLTU-ASYNC-NOTIFY operation shall be present in the invocation

as specified in table 3-7.

Table 3-7: CLTU-ASYNC-NOTIFY Parameters

Parameters Invocation
i nvoker-credentials M
notification-type M
event-thrown-identification C
cl tu-1ast-processed M
cltu-last-K M
cltu-status C
radi ation-start-tine C
radi ati on-stop-tine C
producti on- st at us M
upl i nk- st at us M

3.7.2.2 invoker-credentials

The i nvoker-credential s parameter shall provide information that enables the
performer to authenticate the CLTU-ASYNC-NOTIFY invocation (see 3.1.5).
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3.7.2.3 notification-type

The noti fication-type parameter shall describe the event being notified to the user
and shall contain one of the following values:

a) ‘cltu radiated’—the CLTU identified by the value of the cl t u- | ast - pr ocessed
parameter successfully completed radiation. This value of noti fi cati on-type
shall be used only if the value of report in the associated CLTU-TRANSFER-
DATA invocation was ‘produce report’.

b) ‘sldu expired’—radiation of the CLTU identified by the value of the cl t u-1 ast -
processed parameter did not begin by the time specified in the | at est -
radi ation-time parameter of the associated CLTU-TRANSFER-DATA
mvocation. No further CLTUs shall be radiated; buffered CLTUs shall be discarded;
and further CLTU-TRANSFER-DATA invocations shall be blocked, i.e., rejected with
an ‘unable to process’ diagnostic.

NOTE - After the ‘sldu expired’ event, the service user has to clear the blocking by
invoking a CLTU-STOP operation. In order to resume the transfer and
radiation of CLTUs, the user must successfully invoke CLTU-START.

c) ‘production interrupted’—the production process has stopped due to a condition that
may be temporary. No further CLTUs shall be radiated; buffered CLTUs shall be
discarded; and, in state 3 (‘active’), further CLTU-TRANSFER-DATA invocations
shall be blocked, i.e., rejected with an ‘unable to process’ diagnostic.

NOTES

1 After the ‘production interrupted’ event, the service user has to clear the blocking
by invoking a CLTU-STOP operation. After the condition causing the ‘production
interrupted’ event is corrected, the provider notifies the user by means of a
‘production operational’ notification. The user can resume the transfer and
radiation of CLTUs after successfully invoking CLTU-START.

2 When the value of the notification-mode parameter is ‘immediate’, the provider
sends the ‘production interrupted’ notification immediately on occurrence of a
production fault. When the value of the notification-mode parameter is ‘deferred’,
the provider waits until a CLTU is ready to be radiated before sending the
‘production interrupted’ notification. The notification-mode parameter (see
annex G) documents the notification method supported by the provider
implementation.

d) ‘production halted’—the production process has been stopped by management action.
No further CLTUs shall be radiated; buffered CLTUs shall be discarded; and, in state 3
(‘active’), further CLTU-TRANSFER-DATA invocations shall be blocked, i.e.,
rejected with an ‘unable to process’ diagnostic.
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NOTES

1 The production process enters the halted state by service management decision, for
example in case of malfunctioning equipment.

2 After the ‘production halted’ event, the service user has to clear the blocking by
invoking a CLTU-STOP operation. After management action to remove the
‘halted’ production status, the user can resume the transfer and radiation of
CLTUs by successful invocation of CLTU-START.

e) ‘production operational—the production process is ready to radiate CLTUs and
producti on- st at us has changed to ‘operational’.

NOTE - The production process achieves operational status after initial establishment
of the uplink channel or following actions to restore production to operational
status after a halt or an interruption.

f) ‘buffer empty’—the provider has no further CLTUs buffered for this service instance.
This event shall not be notified if the empty buffer is the result of a CLTU-STOP
operation or a CLTU-ASYNC-NOTIFY operation with a notification of ‘production
interrupted’ or ‘production halted’.

g) ‘action list completed’—all actions initiated by the CLTU-THROW-EVENT operation
identified by the event -t hr own-i denti fi cat i on parameter have successfully
completed.

h) ‘action list not completed’—at least one of the actions initiated by the CLTU-
THROW-EVENT operation identified in the event -t hr own-i denti fi cati on
parameter did not complete.

1) ‘event condition evaluated to false’—a required condition was false for the event that
the CLTU-THROW-EVENT operation identified by the event-thrown-
i dentification parameter attempted to trigger. The actions associated with this
event have not been performed.

3.7.2.4 event-thrown-identification

3.7.2.4.1 Ifnotification-type is ‘action list completed’, ‘action list not completed’,
or ‘event condition evaluated to false’, the event - t hr own-1i denti fi cati on parameter
shall be present and indicate the event - i nvocati on-i denti fi cati on value of the
CLTU-THROW-EVENT invocation that triggered the actions whose results are reported.

3.7.2.4.2 For all other notifications, this parameter shall not be present.
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3.7.2.5 cltu-Ilast-processed

For all notifications, the cl t u- | ast - pr ocessed parameter shall be present. Its value
shall be set as follows:

a) 1if the provider has processed (i.e., attempted to radiate) no CLTUs during this service
instance, the value of the cl t u- | ast - pr ocessed parameter shall be set to ‘null’;

b) otherwise, the cl tu-| ast-processed parameter shall specify the sequence
number of the CLTU that the provider most recently processed or attempted to
process, whether the CLTU was successfully radiated or an exception occurred.

3.7.2.6 cltu-Ilast-OK

For all notifications, the cl t u- | ast - OK parameter shall be present. Its value shall be set as
follows:

a) if no CLTUs have been successfully processed (i.e., radiated completely) during this
service instance, the value of the cl t u- | ast - OK parameter shall be set to ‘null’;

b) otherwise, the cl t u- | ast - OK parameter shall specify the sequence number of the
CLTU that most recently was successfully radiated.

3.7.2.7 cltu-status

3.7.2.7.1 For all notifications, if the value of the cl t u-| ast - pr ocessed parameter is
‘null’, the cl t u- st at us parameter shall not be present.

3.7.2.7.2 Whenever the value of the cl t u-1 ast - pr ocessed parameter is not ‘null’, the
cl t u- st at us parameter shall be present and shall contain one of the following values
representing the processing state of the CLTU identified by cl t u- | ast - pr ocessed:

a) ‘radiated’—radiation of the CLTU completed without aborting: the CLTU is
guaranteed to have been radiated nominally;

b) ‘expired’—the | atest-radi ati on-time of the CLTU was reached before
beginning radiation: the CLTU is guaranteed not to have been radiated;

c) ‘interrupted’— radiation of the CLTU started but did not complete because the
producti on- st at us became ‘interrupted’;

d) ‘radiation started’—radiation of the CLTU started but processing is not yet complete;

e) ‘undefined’— the provider attempted to process the CLTU but could not start
radiation because the pr oduct i on- st at us was ‘interrupted’.
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3.7.2.8 radiation-start-tine

3.7.2.8.1 For all notifications, if the cltu-|ast-processed is ‘null’, the
radi ation-start-ti me parameter shall not be present.

3.7.2.8.2 Whenever cl t u-1 ast - processed is not ‘null’, the radi ati on-start -
t i me parameter shall be present and shall contain the time at which radiation of the CLTU
identified by cl t u- | ast - pr ocessed started, subject to the following stipulations:

a) nominally, the r adi at i on- st art -ti me parameter shall contain the radiation time
of the leading edge of the first radiated bit of the CLTU;

b) if the cl t u- st at us value is ‘expired’ or ‘undefined’, the value of r adi ati on-
start-ti nme shall be set to ‘null’.

3.72.9 radiation-stop-tine

3.7.2.9.1 For all notifications, if the cl t u-| ast - OK is ‘null’, the r adi ati on- st op-
t i me parameter shall not be present.

3.7.2.9.2 Whenever cltu-last-OK is not ‘null’, the radiation-stop-tine
parameter shall be present and shall contain the time at which radiation of the CLTU identified
by cl t u- | ast - OK completed, i.e., the time of the trailing edge of the last radiated bit.

3.7.2.10 producti on-status

The producti on- st at us parameter shall describe the current status of the production
process and shall contain one of the following values:

a) ‘configured’—equipment has been assigned to support the service instance, but the
production process is not yet capable of radiating CLTUs;

b) ‘operational’—the production process has been configured for support, has completed
the acquisition sequence, and is capable of radiating CLTUs;

c) ‘interrupted’—the production process is stopped due to a fault;

d) ‘halted’—the production process is stopped and production equipment is out of
service due to management action.

3.7.2.11 upl i nk- st at us

3.7.2.11.1 The upl i nk- st at us parameter shall report to the user the state of the forward
link obtained from the CLCW present in the return telemetry stream from the spacecraft.
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3.7.2.11.2 The upl i nk- st at us parameter shall contain one of the following values:

a) ‘uplink status not available™—no CLCWs from the spacecraft have been received by
the provider;

b) ‘no rf available™—the provider has received at least one CLCW; in the last CLCW
received by the provider, the bit that flags ‘No RF Available’ was set to ‘1°;

c) ‘no bit lock’—the provider has received at least one CLCW; in the last CLCW
received by the provider, the bit that flags ‘No RF Available’ was set to ‘0’, and the bit
that flags ‘No Bit Lock’ was set to ‘1’;

d) ‘nominal’—the provider has received at least one CLCW; in the last CLCW received
by the provider, the bit that flags ‘No RF Available’ was set to ‘0’°, and the bit that
flags ‘No Bit Lock’ was set to ‘0’.

3.7.3 EFFECTS

3.7.3.1 If notification-type indicates ‘sldu expired’, ‘production interrupted’, or
‘production halted’:

a) no further CLTUs shall be radiated;
b) buffered CLTUs shall be discarded; and
c) further CLTU-TRANSFER-DATA invocations shall be rejected.

3.7.3.2 There shall be no effect for any other values of noti fi cati on-type.

3.7.3.3 The provider shall remain in its original state, i.e., state 2 (‘ready’) or state 3
(‘active’).

CCSDS 912.1-B-1 Page 3-35 April 2002



CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

3.8 CLTU-SCHEDULE-STATUS-REPORT
3.8.1 PURPOSE

3.8.1.1 The user shall invoke the CLTU-SCHEDULE-STATUS-REPORT operation to
request that the provider do one of the following:

a) send a status report immediately (see 3.9);
b) send periodic status reports (see 3.9); or

c) stop sending periodic status reports.
3.8.1.2 The provider shall confirm the CLTU-SCHEDULE-STATUS-REPORT operation.

3.8.1.3 For periodic reporting, the user may change the reporting period by invoking
another CLTU-SCHEDULE-STATUS-REPORT operation.

3.8.1.4 The CLTU-SCHEDULE-STATUS-REPORT operation is valid only in states 2
(‘ready’) and 3 (“active’) and shall be invoked only by the user.

3.8.2 INVOCATION, RETURN, AND PARAMETERS

3.8.2.1 General

The parameters of the CLTU-SCHEDULE-STATUS-REPORT operation shall be present in

the invocation and return as specified in table 3-8.

Table 3-8: CLTU-SCHEDULE-STATUS-REPORT Parameters

Parameters Invocation Return
i nvoker -credenti al s M
performer-credentials M
i nvoke-1D M M
report-request-type M
reporting-cycle C
resul t M
di agnostic C

3.8.2.2 invoker-credentials

The i nvoker-credential s parameter shall provide information that enables the
performer to authenticate the CLTU-SCHEDULE-STATUS-REPORT invocation (see 3.1.5).
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3.8.2.3 perforner-credentials

The performer-credential s parameter shall contain information that enables the
invoker to authenticate the return from the performance of CLTU-SCHEDULE-STATUS-
REPORT (see 3.1.5).

3.8.2.4 invoke-ID

The performer shall return unchanged the invoker-supplied value of the i nvoke-1D
parameter (see 3.1.6).

3.8.2.5 report-request-type

3.8.2.5.1 The report-request-type parameter shall specify how reporting shall be
done and shall contain one of the following values:

a) ‘immediately’—send a single status report immediately;
b) ‘periodically’—send a status report every r epor ti ng-cycl e;

c) ‘stop’—do not send further status reports.

3.8.2.5.2 Ifreport-request-type is ‘immediately’,
a) the provider shall send a status report immediately;

b) the provider shall stop sending status reports after the immediate status report has
been sent.

NOTE — Periodic reporting may be (re-)started by means of another CLTU-
SCHEDULE-STATUS-REPORT invocation.
3.8.2.6 reporting-cycle

3.8.2.6.1 If the value of the report-request-type parameter is ‘periodically’, then
the r epor ti ng- cycl e parameter shall be present and shall specify the requested interval
between status reports in seconds.

3.8.2.6.2 If the value of the report-request-type parameter is not ‘periodically’,
the r epor ti ng- cycl e parameter shall not be present.

3.8.2.7 result

The result parameter shall specify the result of the CLTU-SCHEDULE-STATUS-
REPORT invocation and shall contain one of the following values:
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a) ‘positive result’—the CLTU-SCHEDULE-STATUS-REPORT invocation is accepted,
and the provider will send the requested status report(s) or stop sending periodic
status reports;

b) ‘negative result’—the CLTU-SCHEDULE-STATUS-REPORT invocation is rejected
by the provider for the reason specified in the di agnost i ¢ parameter; the previous
setting for status reporting remains in effect.

3.8.2.8 di agnostic

3.8.2.8.1 Ifresult is ‘negative result’”, di agnosti c shall be present and shall contain
one of the following values:

a) ‘duplicate invoke-ID’—the value of the i nvoke- | D parameter is the same as the
i nvoke- | Dvalue of a previous, outstanding operation;

b) ‘already stopped’—the provider is not currently providing periodic reports (when
report-request-type is ‘stop’);

c) ‘invalid reporting cycle’—the r epor ti ng- cycl e value is outside the range agreed
upon by management arrangement;

d) ‘other reason’—the reason for the negative result will have to be found by other
means.

3.8.2.8.2 Ifresult is ‘positive result’, di agnost i c shall not be present.

3.8.3 EFFECTS

3.8.3.1 Ifresult is ‘positive result’:
a) ifreport-request-type is ‘immediately’:

1) a status report shall be sent immediately, i.e., the provider shall invoke a CLTU-
STATUS-REPORT operation;

2) the sending of any previously requested periodic status reports shall cease;
b) ifreport-request-type is ‘periodically’:

1) a status report shall be sent immediately, i.e., the provider shall invoke a CLTU-
STATUS-REPORT operation;

2) subsequent status reports shall be sent at the interval specified in the
reporting-cycl e paraneter;

c) ifreport-request-type is ‘stop’, periodic reporting shall cease.
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3.8.3.2 Ifresult is ‘negative result’, the previous setting for reporting shall remain in effect.

3.8.3.3 The provider shall remain in its original state, i.e., state 2 (‘ready’) or state 3 (‘active’).
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3.9 CLTU-STATUS-REPORT
3.9.1 PURPOSE

3.9.1.1 The provider shall invoke the CLTU-STATUS-REPORT operation to send a status
report to the user.

3.9.1.2 CLTU-STATUS-REPORT shall be an unconfirmed operation.

3.9.1.3 Status reports shall be sent (or not sent) in accordance with user requests conveyed
by means of the CLTU-SCHEDULE-STATUS-REPORT operation (see 3.8).

3.9.14 The CLTU-STATUS-REPORT operation is valid in states 2 (‘ready’) and 3
(‘active’) and shall be invoked only by the provider.

3.9.2 INVOCATION AND PARAMETERS

3.9.2.1 General

The parameters of the CLTU-STATUS-REPORT operation shall be present in the invocation

as specified in table 3-9.

Table 3-9: CLTU-STATUS-REPORT Parameters

Parameters Invocation
i nvoker -credential s

<

cl tu-1ast-processed
cltu-last-OK
cl tu-status

radi ati on-start-tinme

radi ati on-stop-tine

producti on- st at us

upl i nk- st at us

nunber - of - cl t us-r ecei ved

nunber - of - ¢l t us- processed

nunber - of - cl t us-r adi at ed

|| E|IE|I0|0|0IZ|L

cltu-buffer-avail abl e

3.9.2.2 invoker-credentials

The i nvoker-credential s parameter shall provide information that enables the
performer to authenticate the CLTU-STATUS-REPORT invocation (see 3.1.5).
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3.9.2.3 cltu-Ilast-processed

3.9.2.3.1 If the provider has processed (i.e., attempted to radiate) no CLTUs during this
service instance, the value of the cl t u- | ast - pr ocessed parameter shall be set to ‘null’.

3.9.2.3.2 Otherwise, the cl t u-| ast - pr ocessed parameter shall specify the sequence
number of the CLTU that the provider most recently processed or attempted to process,
whether the CLTU was successfully radiated or an exception occurred.

3.9.2.4 cltu-last-OK

3.9.2.4.1 If no CLTUs have been successfully processed (i.e., radiated completely) during
this service instance, the value of the cl t u- | ast - OK parameter shall be set to ‘null’.

3.9.2.4.2 Otherwise, the cl t u-| ast - OK parameter shall specify the sequence number of
the CLTU that most recently was successfully radiated.

3.9.2.5 cltu-status

3.9.2.5.1 If the value of the cl t u-| ast - pr ocessed parameter is ‘null’, the cl t u-
st at us parameter shall not be present.

3.9.2.5.2 Whenever the value of the cl t u-1 ast - pr ocessed parameter is not ‘null’, the
cl t u- st at us parameter shall be present and shall contain one of the following values
representing the processing state of the CLTU identified by cl t u- | ast - pr ocessed:

a) ‘radiated’—radiation of the CLTU completed without aborting: the CLTU is
guaranteed to have been radiated nominally;

b) ‘expired’—the | atest-radi ati on-tinme of the CLTU was reached before
beginning radiation: the CLTU is guaranteed not to have been radiated;

c) ‘interrupted’—radiation of the CLTU was aborted when the production status
changed from ‘operational’ to ‘interrupted’: status information available to the
provider indicates that the CLTU started radiating and aborted prior to nominal
completion;

d) ‘radiation started’—radiation of the CLTU started but processing is not yet complete;

e) ‘undefined’— the reported CLTU did not start radiation: the CLTU was blocked
because of the ‘interrupted’ status of the production process.
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3.9.2.6 radiation-start-tine

3.9.2.6.1 If the cltu-I|ast-processed is ‘null’, the radi ation-start-tine
parameter shall not be present.

3.9.2.6.2 Whenever cl t u-1 ast - processed is not ‘null’, the radi ati on-start -
t i me parameter shall be present and shall contain the time at which radiation of the CLTU
identified by cl t u- | ast - pr ocessed started, subject to the following stipulations:

a) nominally, the r adi at i on- st art -ti me parameter shall contain the radiation time
of the leading edge of the first radiated bit of the CLTU;

b) if the cl t u- st at us value is ‘expired’ or ‘undefined’, the value of r adi ati on-
start-ti nme shall be set to ‘null’.

3.9.2.7 radiation-stop-tine

3.9.2.7.1 Ifthe cl tu-I| ast-OKis ‘null’, the r adi ati on- st op-ti me parameter shall
not be present.

3.9.2.7.2 Whenever cltu-last-OK is not ‘null’, the radiation-stop-tine
parameter shall be present and shall contain the time at which radiation of the CLTU identified
by cl t u- 1 ast - OK completed, i.e., the time of the trailing edge of the last radiated bit.

3.9.2.8 production-status

The producti on- st at us parameter shall describe the current status of the production
process and shall contain one of the following values:

a) ‘configured’—equipment has been assigned to support the service instance, but the
production process is not yet capable of radiating CLTUs;

b) ‘operational’—the production process has been configured for support, has completed
the acquisition sequence, and is capable of radiating CLTUs;

c) ‘interrupted’—the production process is stopped due to a fault;

d) ‘halted’—the production process is stopped and production equipment is out of
service due to management action.

3.9.2.9 uplink-status

3.9.2.9.1 The upl i nk- st at us parameter shall report to the user the state of the forward
link obtained from the CLCW present in the return telemetry stream from the spacecraft.

3.9.2.9.2 The upl i nk- st at us parameter shall contain one of the following values:
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a) ‘uplink status not available™—no CLCWs from the spacecraft have been received by
the provider;

b) ‘no rf available™—the provider has received at least one CLCW; in the last CLCW
received by the provider, the bit that flags ‘No RF Available’ was set to ‘1°;

c) ‘no bit lock’—the provider has received at least one CLCW; in the last CLCW
received by the provider, the bit that flags ‘No RF Available’ was set to ‘0’, and the bit
that flags ‘No Bit Lock’ was set to ‘1’;

d) ‘nominal’—the provider has received at least one CLCW; in the last CLCW received
by the provider, the bit that flags ‘No RF Available’ was set to ‘0’°, and the bit that
flags ‘No Bit Lock’ was set to ‘0’.

3.9.2.10 nunber-of -cltus-recei ved

3.9.2.10.1 The nunber - of - cl t us-r ecei ved parameter shall specify the total number
of CLTUs received during this service instance.

3.9.2.10.2 Only CLTUs that are checked successfully and buffered shall be counted in the
total.

3.9.2.10.3 Ifno CLTUs have been received, the value of this parameter shall be zero.

3.9.2.11 nunber-of -cl t us- processed

3.9.2.11.1 The nunber - of - cl t us- processed parameter shall specify the number of
CLTUs that the provider attempted to radiate during this service instance, including

— CLTUs that radiated successfully;
— CLTUs that expired;
— CLTUs that aborted;

— a CLTU in the process of being radiated.

3.9.2.11.2 Ifno CLTUs have been processed, the value of this parameter shall be zero.

3.9.2.12 nunber -of -cl tus-radi at ed

3.9.2.12.1 The nunber-of -cltus-radi at ed shall contain the count of CLTUs
successfully radiated during this service instance.

3.9.2.12.2 A CLTU in the process of being radiated shall not be included in this count.
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3.9.2.12.3 Ifno CLTUs have been radiated, the value of this parameter shall be zero.

3.9.2.13 cl tu-buffer-avail abl e

3.9.2.13.1 The cl t u- buf f er - avai | abl e parameter shall specify the remaining number
of octets available for buffering CLTUs.

3.9.2.13.2 Once the provider starts to process a CLTU, it shall be considered removed from
the buffer.

3.9.3 EFFECTS
3.9.3.1 Status information shall be delivered to the user.

3.9.3.2 The provider shall remain in its original state, i.e., state 2 (‘ready’) or state 3
(‘active’).
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3.10 CLTU-GET-PARAMETER
3.10.1 PURPOSE

3.10.1.1 The user shall invoke the CLTU-GET-PARAMETER operation to ascertain the
value of a Forward CLTU service parameter.

3.10.1.2 The provider shall confirm the CLTU-GET-PARAMETER operation.

3.10.1.3 The CLTU-GET-PARAMETER operation is valid only in states 2 (‘ready’) and 3
(‘active’) and shall be invoked only by the user.

3.10.2 INVOCATION, RETURN, AND PARAMETERS

3.10.2.1 General

The parameters of the CLTU-GET-PARAMETER operation shall be present in the invocation

and return as specified in table 3-10.

Table 3-10: CLTU-GET-PARAMETER Parameters

Parameters Invocation Return
i nvoker -credenti al s M
performer-credentials
i nvoke-1D M
cl t u- par anet er M

par anet er - val ue

resul t

oZ|o|olg|

di agnostic

3.10.2.2 i nvoker-credential s

The i nvoker-credential s parameter shall provide information that enables the
performer to authenticate the CLTU-GET-PARAMETER invocation (see 3.1.5).

3.10.2.3 perforner-credential s

The performer-credential s parameter shall provide information that enables the
invoker to authenticate the return from the performance of CLTU-GET-PARAMETER (see
3.1.5).
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3.10.2.4 i nvoke-1D

The performer shall return unchanged the invoker-supplied value of the i nvoke-1D
parameter (see 3.1.6).

3.10.2.5 cl t u- par anet er

3.10.2.5.1 The cl t u- par amet er parameter shall specify the Forward CLTU service

parameter whose value is to be returned to the user, and its value shall be one of the values
listed in table 3-11.

3.10.2.5.2 cl t u- par anet er is conditionally present in the return based on the r esul t
parameter:

a) if the value of r esul t is ‘positive result’, cl t u-par anet er shall be present in the
return;

b) if the value of r esul t is ‘negative result’, cl t u- par anet er shall not be present
in the return.

3.10.2.6 par anet er-val ue

3.10.2.6.1 The par anet er - val ue parameter shall contain the value for the parameter
specified by cl t u- par anet er as described in 3.10.2.5.

3.10.2.6.2 par anet er - val ue is conditionally present in the return based on the r esul t
parameter:

a) ifthe value of r esul t is ‘positive result’, par anmet er - val ue shall be present;

b) if the value of result is ‘negative result’, par amet er-val ue shall not be
present.

3.10.2.7 resul t

The r esul t parameter shall specify the result of the CLTU-GET-PARAMETER invocation
and shall contain one of the following values:

a) ‘positive result’—the CLTU-GET-PARAMETER invocation is accepted by the
provider, and the value of the specified CLTU parameter is provided in the positive
return;

b) ‘negative result’—the CLTU-GET-PARAMETER invocation is rejected by the
provider for the reason specified in the di agnost i ¢ parameter.
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Table 3-11: Forward CLTU Parameters

Parameter Description

bit-lock-required If the value is ‘yes’, the ‘No bit lock’ flag in the CLCW must
be false in order for the provider to set the production status
to ‘operational’.

delivery-mode ‘fwd online’

expected-cltu-identification The expected value of the cltu-identification parameter to be
received in the next CLTU-TRANSFER-DATA invocation. If
no CLTU-START has been received, zero shall be returned
as the default value of this parameter.

expected-event-invocation- The expected value of the event-invocation-identification
identification parameter to be received in the next CLTU-THROW-EVENT
invocation. The initial value of this parameter is zero.

maximume-cltu-length The size, in octets, of the maximum-length CLTU that will be
accepted by the provider for this service instance.

modulation-frequency The frequency of the primary modulation of the RF carrier,
expressed in tenths of Hertz. Primary modulation means the
subcarrier frequency, when applicable, otherwise the
frequency of direct data modulation.

modulation-index The angle by which the RF carrier is phase shifted with
respect to the un-modulated RF carrier, expressed in milli-
radians (10-3 rad).

plop-in-effect The physical layer operation procedure (PLOP) being used:
‘PLOP-1" or ‘PLOP-2'.

reporting-cycle ‘null’ if cyclic reporting is off, otherwise the time (in seconds)
between successive CLTU-STATUS-REPORT invocations
(see 3.8.2.6).

return-timeout-period Maximum time period (in seconds) permitted between the

invocation of a Forward CLTU operation and the receipt by
the invoker of the return (for confirmed operations). (See
4.1.3).

rf-available-required If the value is ‘yes’, the ‘No RF available’ flag in the CLCW
must be false in order for the provider to set the production
status to ‘operational’.

subcarrier-to-bit-rate-ratio When subcarrier modulation is used, the value represents
the ratio of the subcarrier frequency to the uplink data rate
(i.e., the bit rate). A value of one indicates that data will be
directly modulated onto the carrier.
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3.10.2.8 di agnostic

3.10.2.8.1 If resul t is ‘negative result’, di agnost i c shall be present and shall contain
one of the following values:

a) ‘duplicate invoke-ID’—the value of the i nvoke- | D parameter is the same as the
i nvoke- | Dvalue of a previous, outstanding operation;

b) ‘unknown parameter’—the parameter specified by the value of cl t u- par anet er is
not known to the service provider;

c) ‘other reason’—the reason for the negative result will have to be found by other
means.

3.10.2.8.2 Ifresul t is ‘positive result’, di agnost i ¢ shall not be present.

3.10.3 EFFECTS

3.10.3.1 If resul t is ‘positive result’, the value of the parameter specified by the cl t u-
par anmet er parameter shall be returned to the user in the positive return.

3.10.3.2 If resul t is ‘negative result’, the value of the parameter specified by the cl t u-
par anmet er parameter shall not be returned to the user.

3.10.3.3 The provider shall remain in its original state, i.e., state 2 (‘ready’) or state 3
(‘active’).
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3.11 CLTU-THROW-EVENT
3.11.1 PURPOSE

3.11.1.1 The user shall invoke the CLTU-THROW-EVENT operation in order to cause the
provider to forward to SLE Complex Management an event that requires management action.

NOTE — An example of such an event is change of the uplink bit rate. This will typically
require sending a telecommand that reconfigures the onboard commanding system
to the new bit rate. When this command is executed, the uplink bit rate can be
changes by throwing the associated event.

3.11.1.2 The performer shall confirm the CLTU-THROW-EVENT operation.

NOTE — The return will only show whether the invocation itself has been accepted or
rejected, but not if the actions associated with the event have been performed
successfully. The provider will invoke a CLTU-ASYNC-NOTIFY operation to
inform the user as to the effect the event.

3.11.1.3 The CLTU-THROW-EVENT operation is valid in states 2 (‘ready’) and 3 (‘active’)
and shall be invoked only by the user.

3.11.2 INVOCATION, RETURN, AND PARAMETERS

3.11.2.1 General

The parameters of the CLTU-THROW-EVENT operation shall be present in the invocation
and return as specified in table 3-12.

3.11.2.2 i nvoker -credenti al s

The i nvoker-credential s parameter shall provide information that enables the
performer to authenticate the CLTU-THROW-EVENT invocation (see 3.1.5).

3.11.2.3 perforner-credential s

The performer-credential s parameter shall provide information that enables the
invoker to authenticate the return from the performance of CLTU-THROW-EVENT (see
3.1.5).

3.11.2.4 i nvoke-1D

The performer shall return unchanged the invoker-supplied value of the i nvoke-1D
parameter (see 3.1.6).
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Table 3-12: CLTU-THROW-EVENT Parameters

Parameters Invocation Return
i nvoker -credenti al s M
performer-credentials M
i nvoke-1D M M
event -i nvocati on-identification M M
event-identifier M
event-qualifier M
resul t M
di agnostic C

3.11.2.5 event-i nvocation-identification

3.11.2.5.1 The event-invocation-identification parameter shall contain a
monotonically increasing sequence number and shall be

a) set to zero for the first CLTU-THROW-EVENT invocation following the first
successful CLTU-BIND to the service instance;

b) incremented for each CLTU-THROW-EVENT invocation accepted by the provider.

3.11.2.5.2 The provider shall set the value of the event-invocation-
identification parameter to the sequence number expected in the next CLTU-
THROW-EVENT invocation:

a) if the invocation is accepted, the value of event-invocation-
identification in the return shall be one greater than the value i n the
i nvocati on paraneter;

b) if the invocation is rejected, the event -i nvocati on-identificati on in the
return shall contain the value expected by the Forward CLTU service provider:

1) in the case of the first CLTU-THROW-EVENT operation following a successful
CLTU-BIND operation, it is zero (‘0°);

2) otherwise, the value is one greater than the value of the event - i nvocat i on-
identification parameter of the last accepted CLTU-THROW-EVENT
operation.

3.11.2.5.3 The user shall set the value of event-i nvocation-identification in
the next CLTU-THROW-EVENT invocation to the value returned by the provider.

3.11.2.5.4 The value expected by the provider shall not be altered when the association
between user and provider is reestablished after being released or aborted.
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3.11.2.5.5 The provider shall use the user-supplied value of event-invocation-
i dentification toreference the respective event in all subsequent reports.

3.11.2.6 event-identifier

The event -identifier parameter shall identify the event to be forwarded to SLE
Complex Management by the service provider.

3.11.2.7 event-qual i fier

The event - qual i fi er parameter may be used to provide additional information about
the event identified by this CLTU-THROW-EVENT invocation. The provider does not verify
the contents of the event-qualifier parameter, but forwards the contents to SLE
Complex Management together with the event.

3.11.2.8 resul t

The r esul t parameter shall specify the result of the CLTU-THROW-EVENT invocation
and shall contain one of the following values:

a) ‘positive result’—the CLTU-THROW-EVENT invocation is accepted by the provider;
the event and the event qualifier will be forwarded to SLE Complex Management;

b) ‘negative result’—the CLTU-THROW-EVENT invocation is rejected by the provider
for the reason specified in the di agnosti ¢ parameter. The provider will not
forward the event.

3.11.2.9 di agnosti c

3.11.2.9.1 If resul t is ‘negative result’, di agnosti c shall be present and shall contain
one of the following values:

a) ‘duplicate invoke-ID’—the value of the i nvoke- | D parameter is the same as the
i nvoke- | Dvalue of a previous, outstanding operation;

b) ‘operation not supported’—the CLTU-THROW-EVENT operation is not supported
by the provider;

c) ‘out of sequence’—the value of the event-i nvocation-identification
parameter is not equal to the value expected by the provider;

d) ‘no such event’—the event-identifier specified by the user through this
CLTU-THROW-EVENT invocation is not in the set of event-identifiers
recognized by SLE Complex Management;
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e) ‘other reason’—the reason for the negative result will have to be found by other
means.

3.11.2.9.2 Ifresul t is ‘positive result’, di agnost i ¢ shall not be present.

3.11.3 EFFECTS

3.11.3.1 Ifresul t is ‘positive result’:

a) the event-identifier and the event-qualifier parameters shall be
forwarded, with minimum delay, to the event handler within SLE Complex
Management;

b) the provider shall pass notifications received from the event handler to the user by
invoking the CLTU-ASYNC-NOTIFY operation.

NOTES

1 In order for the CLTU-THROW-EVENT to have an effect, there must be prior
agreement between SLE Complex Management and SLE Utilization Management
regarding the definition of event identifiers and the interpretation of any accompanying

qualifying parameter.

2 The CLTU-THROW-EVENT operation is asynchronous with respect to the radiation
of CLTUs. If synchronism is required between the CLTU-THROW-EVENT and the
radiation of a particular CLTU, it is the user’s responsibility to ensure this by means of
the radiation control and notification capabilities provided by the service.

3 The effects of the event thrown may consist of preparations made for a change to be
triggered by a later CLTU-THROW-EVENT invocation.

4 Checking of the event -qualifier parameter may be performed within SLE
Complex Management. If an error is found, CLTU-ASYNC-NOTIFY is sent to the
user with the notification ‘action list not completed’.

3.11.3.2 If resul t is ‘negative result’, the event shall not be forwarded to SLE Complex
Management.

3.11.3.3 The provider shall remain in its original state, i.e., state 2 (‘ready’) or state 3
(‘active’).
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3.12 CLTU-PEER-ABORT
3.12.1 PURPOSE

3.12.1.1 The user or provider shall invoke the CLTU-PEER-ABORT operation to notify the
peer system that the local application detected an error that requires that the association
between them be terminated abnormally.

3.12.1.2 CLTU-PEER-ABORT shall be an unconfirmed operation.

3.12.1.3 The CLTU-PEER-ABORT operation is valid in states 2 (‘ready’) and 3 (‘active’)
and may be invoked in these states by either the user or the provider.

3.12.1.4 The CLTU-PEER-ABORT operation may be invoked by the user in state 1
(‘unbound’) subsequent to invocation of the CLTU-BIND operation, when the return is not
received within the specified time limit (see 4.1.3).

3.12.2 INVOCATION AND PARAMETERS

3.12.2.1 General

The parameters of the CLTU-PEER-ABORT operation shall be present in the invocation as
specified in table 3-13.

Table 3-13: CLTU-PEER-ABORT Parameters

Parameters Invocation
di agnostic M

3.12.2.2 di agnosti c

The di agnosti ¢ parameter shall specify why the CLTU-PEER-ABORT is being issued
and shall contain one of the following values:

a) ‘access denied’—a responder with an identity as presented in the r esponder -
i denti fi er parameter of the CLTU-BIND return is not registered at the initiator;

b) ‘unexpected responder ID’—the value of the r esponder -i denti fi er parameter
in the CLTU-BIND return does not match the identify of the authorized responder for
this service instance as specified by service management;

c) ‘operational requirement’—the local system had to abort the association to
accommodate some other operational need;
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d) ‘protocol error’—the local application detected an error in the sequencing of CLTU
operations;

e) ‘communications failure’—the communications service on the other side of the
gateway was disrupted;

NOTE - This di agnosti c value is only applicable when the SLE applications are
communicating via a gateway.

f) ‘encoding error’—the local application detected an error in the encoding of one or
more operation parameters or did not recognize the operation;

g) ‘return timeout’—the local application detected that a return of a confirmed operation
was not received within the time specified by the return-timeout-period parameter (see
4.1.3);

h) ‘end of service instance provision period’—the local application detected that the
period scheduled for provision of service for this service instance has ended, and the
initiator has not invoked an UNBIND operation;

1) ‘unsolicited invoke-ID’—the local application received a return with an invoke-ID that
does not match with the invoke-ID of any of the operations for which the return is
pending;

j) ‘other reason’—the local application detected an unspecified error during the
processing of one or more operations.

NOTE - CLTU-PEER-ABORT does not carry an i nvoker - cr edent i al S parameter.
Although it is conceivable that an intruder might use the CLTU-PEER-ABORT
operation for a denial-of-service attack, such an attack would require that the
intruder succeed in breaking into an existing connection. If an intruder has this
capability, then a denial-of-service attack can be much more easily accomplished
by disrupting communications at a layer lower than the application layer.
Therefore, authentication of the CLTU-PEER-ABORT operation would not
provide improved protection against such attacks.

3.12.3 EFFECTS

The CLTU-PEER-ABORT operation shall have the following effects:

a) the association between the initiator and the responder shall be aborted, and the
initiator and the responder shall cease to communicate with each other;

b) the provider shall transition to state 1 (‘unbound’);
c) the provider shall discard buffered CLTUS;

d) the provider shall stop production, except for a CLTU in the process of being radiated;
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e) the initiator may attempt to re-bind at any time prior to the end of the provision period
scheduled for this service instance;

f) the provider shall maintain accumulated statistics such as are reported in CLTU-
STATUS-REPORT for the duration of the service instance provision period;

g) parameters that serve to relate notifications on an activity to operations that triggered
that activity shall not be altered when the association is aborted.

NOTE — In a well-behaved implementation of the protocol, the CLTU-PEER-ABORT
operation is truly abortive. The transfer of the SLE-PDU carrying this invocation
will not be delayed by other invocations submitted earlier and possibly being
buffered by the underlying communications service. This objective needs to be
considered when the mapping onto the underlying communications services is
decided. For instance, when mapping to TCP-IP, it would be appropriate to use
the Urgent Data mechanism to send the CLTU-PEER-ABORT invocation.
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4 CLTUPROTOCOL

NOTE — This section specifies the handling of invalid SLE-PDUs and other failures
affecting the protocol.

4.1 GENERIC PROTOCOL CHARACTERISTICS
4.1.1 UNEXPECTED PROTOCOL DATA UNIT

If the peer application invokes an operation not allowed in the current state of the performer,
the performer shall abort the association by invoking the CLTU-PEER-ABORT operation
with the di agnost i ¢ parameter set to ‘protocol error’.

4.1.2 INVALID OR UNDECODABLE PROTOCOL DATA UNIT

If the application receives an invocation or return that contains an unrecognized operation
type, contains a parameter of a wrong type, or is otherwise not decodable, the application
shall abort the association by invoking the CLTU-PEER-ABORT operation with the
di agnost i ¢ parameter set to ‘encoding error’.

4.1.3 MISSING RETURN

For confirmed operations, if the invoker does not receive the return from the performer within
a timeout period specified by service management, the invoker shall abort the association by
invoking the CLTU-PEER-ABORT operation with the di agnosti ¢ parameter set to
‘return timeout’.

NOTES

1 The timeout period shall be chosen taking into account performance of user and
provider applications as well as the delays introduced by the underlying
communications service.

2 In order to provide responsive service and short timeout periods, the generation of the
return from an operation must not depend on any human interaction.

3 After invoking the CLTU-UNBIND operation, the initiator must not invoke any
further operations nor send any returns. The responder is not required to send any
pending returns after having received the CLTU-UNBIND invocation. Therefore,
following a CLTU-UNBIND invocation, the ‘missing return’ event may occur.

4.1.4 UNSOLICITED RETURN

If the application receives a return with an i nvoke- | D parameter value that does not
correspond to any invocation for which the return is still pending, the association shall be
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aborted by means of the CLTU-PEER-ABORT operation with the di agnost i ¢ parameter
set to ‘unsolicited invoke-ID’.

4.1.5 COMMUNICATIONS FAILURE

4.1.5.1 Every SLE entity (i.e., every SLE user or provider) that is in an association (bound)
with a peer SLE entity shall maintain knowledge of the health of the communications interface
with the peer.

4.1.5.2 Every SLE implementation shall provide that the user and the provider have a
consistent view of the health of the communications interface.

4.1.5.3 If an SLE entity determines that communications with the peer SLE entity have been
disrupted (e.g., due to a communications service fault), then the SLE entity shall consider that
the association with the peer has been aborted.

NOTE — The exact criteria for determining when communications have been disrupted may
depend on the characteristics of the underlying communications service and may
be specific to a given implementation. However, every RAF user and provider
implementation shall provide for monitoring the health of the communications
interface and for ensuring that the user and the provider have a consistent view of
the health of the communications interface. If the underlying communications
service does not intrinsically provide such a capability, the transmission of a
periodic ‘heartbeat’ indicator or equivalent may need to be implemented.

4.1.5.4 Occurrence of the communications failure event described above shall be referred to
as a ‘protocol abort’.

4.1.5.5 Following a ‘protocol abort’ event:
a) the provider shall transition to state 1 (‘unbound’);
b) the provider shall complete processing a CLTU in the process of being radiated;

c) if the value of the protocol-abort-mode parameter (see 3.1.10) is ‘flush’, all buffered
CLTU s shall be discarded;

d) if the value of the protocol-abort-mode parameter is ‘continue’, buffered CLTUs shall
not be discarded, and CLTUs shall continue to be processed as though the association
had not been aborted;

e) neither the user nor the provider shall attempt further communications with the peer
except that the user may attempt to re-establish the association by invoking the CLTU-
BIND operation.
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NOTES

1 When the CLTU buffer is not flushed following occurrence of a protocol abort, any
notifications (e.g., ‘cltu radiated’) generated while the association is not available shall
not cause the invocation of a CLTU-ASYNC-NOTIFY operation. Neither shall such
CLTU-ASYNC-NOTIFY operations be buffered such that they can be invoked if the
user should later re-BIND to the service instance. It is recommended, but not required,
that such notifications be logged and thus available to the user via Service
Management. The user, on the basis of the information conveyed by a CLTU-
STATUS-REPORT when the association is re-established, can determine which
CLTUs were successfully radiated.

2 In addition, when the CLTU buffer is not flushed following a protocol abort, if the
user subsequently re-BINDs to the service instance, it is the user’s responsibility to
choose a first-cltu-identification value in the CLTU-START that is
greater than the cl t u-i denti ficati on of any CLTU that remains in the buffer.

4.1.5.6 Statistical information required for the generation of the status report shall be
retained during the service instance provision period, regardless of a “protocol abort’ event.

4.1.5.7 Parameters that serve to relate notifications on an activity to operations that
triggered that activity (such as cl t u-i denti fi cati on) shall not be altered in the event
of'a ‘protocol abort’.

4.1.6 ACCESS CONTROL

4.1.6.1 The initiator of an association shall present its own identity in the i ni ti at or -
i denti fi er parameter of the CLTU-BIND invocation.

4.1.6.2 If the CLTU-BIND operation is invoked with a value of initiator-
i denti fier that is not known to the responder, the responder shall not make any attempt
to authenticate that invocation. Instead, the responder shall generate a CLTU-BIND return
with result set to ‘negative result’, di agnostic set to ‘access denied’, and
performer-credential s setto ‘unused’.

4.1.6.3 If the initiator is known to the responder, the responder shall attempt to authenticate
the CLTU-BIND invocation (see 3.1.5) as required for the given initiator. If authentication
succeeds, but the initiator is not authorized for the service instance indicated in the
service-instance-identifier parameter of the CLTU-BIND invocation, the
responder shall generate a CLTU-BIND return with resul t set to ‘negative result’ and
di agnost i c set to ‘service instance not accessible to this initiator’.

NOTE - If authentication fails, the responder shall behave as specified in 4.1.7. If
authentication is not required for the given initiator, it shall be as if authentication
was successful.
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4.1.6.4 If the initiator receives a CLTU-BIND return with a r esponder -i denti fi er
value that is not known to the initiator, the initiator shall not make any attempt to authenticate
this return but shall abort the association by invoking CLTU-PEER-ABORT with
di agnost i c set to ‘access denied’.

4.1.6.5 If the responder is known to the initiator, the initiator shall attempt to authenticate
the CLTU-BIND return (see 3.1.5) as required for the given responder. If authentication
succeeds, but the responder-identifier value is different from the expected
responder identity, the initiator shall abort the association by invoking CLTU-PEER-ABORT
with di agnost i c set to ‘unexpected responder ID’.

NOTE — If authentication fails, the initiator shall behave as specified in 4.1.7. If
authentication is not required for the given responder, it shall be as if
authentication was successful.

4.1.7 FAILING AUTHENTICATION

4.1.7.1 An incoming invocation or return shall be ignored if the cr edent i al s parameter
cannot be authenticated when, by management arrangement, credentials are required.

4.1.7.2 If an invocation is ignored, the operation shall be neither confirmed nor performed.

4.1.7.3 If a return is ignored, it shall be as if no report of the outcome of the operation has
been received.

4.1.8 REDUNDANT BIND INVOCATION

Once the association is established, if a CLTU-BIND invocation for a new association with
the same value of the ser vi ce-i nstance-i dentifier parameter is received, it shall
be rejected with a CLTU-BIND return where the r esul t parameter is ‘negative result” and
the di agnosti c parameter is ‘already bound’. This event shall not affect the association
already in place.

NOTE - Once the association is established, if a CLTU-BIND invocation for a different
service instance is received, the performer shall abort the association by invoking
the CLTU-PEER-ABORT operation with the di agnosti ¢ parameter set to
‘protocol error’.

4.2 CLTU SERVICE PROVIDER BEHAVIOR

4.2.1 GENERAL REQUIREMENTS

4.2.1.1 The behavior of the Forward CLTU service provider shall conform to the state
transition matrix specified in table 4-1.
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NOTE - The state table specified in table 4-1 represents one instance of service, and thus

one association.

4.2.1.2 All actions including state transitions specified for given state and a given event shall
be performed before a subsequent event is considered.

4.2.1.3 SLE-PDUs shall be sent in the sequence specified in table 4-1.

4.2.1.4 Implementations shall ensure that events are not lost while an earlier event is being
processed but are buffered in first-in first-out order for processing as soon as processing of
the earlier event has completed.

4.2.2 STATE TABLE

NOTES

1

The state table specifies operation interactions and state transitions for the service
provider.

The leftmost column simply numbers the rows of the table.

The second column lists all incoming events. Where these events correspond to the
arrival of an incoming SLE-PDU, the ASN.I type defined for this SLE-PDU in
annex A is indicated in parentheses, ().

Where an event is internal to the provider, its description is put in quotation marks,  ’.
These events are defined in table 4-2.

The three columns (one column per state) on the right side of the table specify the
behavior the provider will exhibit, which depends on the current state and the
incoming event. In some cases, the behavior in addition depends on Boolean
conditions, also referred to as predicates. Such predicates are put in double quotation
marks, “ . The predicates are defined in table 4-3. Predicates that are simple Boolean
variables set only by the state machine itself, are referred to as Boolean flags and
specified in table 4-4. The dependency on a predicate is presented in the form of an ‘IF
<condition> THEN <action> [ELSEIF <condition> THEN <action>] ELSE <action>’
clause.

If the action given in the table is simply to send a specific SLE-PDU, that is indicated
by the appearance of the name of the ASN.1 type of the SLE-PDU to be sent in
parentheses, ( ). If that SLE-PDU is a return, the name may be preceded by the plus
symbol (‘+’) to indicate that r esul t is ‘positive result’, or by the negative symbol (-
’) to indicate ‘negative result’. Where several actions are to be taken (referred to as a
‘compound action’), the name of the compound action is put in curly braces { }. The
individual actions making up each compound action are identified in table 4-5.

CCSDS 912.1-B-1 Page 4-5 April 2002



10

11

CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

‘Not applicable’ is stated where the given event can only occur in the given state
because of an implementation error on the provider side.

Where the consequences of an incoming event are not visible to the user because the
provider does not send any SLE-PDU in reaction to the given event, the action is put
in square brackets, [ ].

State transitions are indicated by an arrow and the number of the state that will be
entered; for example, > 1 indicates the transition to state 1.

The actions to be taken and the state transition are considered to be one atomic action.
The sequence shown in the table is irrelevant except that SLE-PDUs shall be sent in
the sequence stated in the table.

Whenever the provider invokes a confirmed operation with i nvoke- | Dset to <n>, it
starts an associated return <n> timer. Should this timer expire before the return <n> is
received, the provider shall invoke CLTU-PEER-ABORT.
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Table 4-1: Behavior of Provider

Incoming Event

Unbound ( State 1)

Ready (State 2)

Active (State 3)

(cltuBindInvocation)

IF “positive result”

THEN (+cltuBindReturn) > 2

IF “same service instance”

THEN (-cltuBindReturn (‘already bound))

IF “same service instance”

THEN (-cltuBindReturn (‘already bound’))

ELSE (-cltuBindReturn) ELSE {peer abort (‘protocol error’)} > ELSE {peer abort (‘protocol error’)} > 1
1
‘end of service instance provision period’ {clean up} {peer abort (‘end of service instance {peer abort (‘end of service instance
provision period’)} provision period’)} 2>1
>1
(cltuUnbindInvocation) [ignore] (cltuUnbindReturn) > 1 {peer abort (‘protocol error’)} 2>1
stop reporting-cycle timer
IF “end”
THEN release resources
ELSE [ignore]
(cltuStartinvocation) [ignore] IF “positive result” {peer abort (‘protocol error’)} 2>1
THEN (+cltuStartReturn) >3
ELSE (-cltuStartReturn)
(cltuStoplnvocation) [ignore] {peer abort (‘protocol error’)} - | IF “positive result”
! THEN {initiate stop} >2
ELSE (-cltuStopReturn)
(cltuTransferDatalnvocation) [ignore] {peer abort (‘protocol error’)} > | IF “positive result” .AND. (.NOT. “service

1

instance blocked”)

THEN buffer CLTU
(+cltuTransferDataReturn)

ELSE discard CLTU

(-cltuTransferDataReturn)
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Incoming Event

Unbound ( State 1)

Ready (State 2)

Active (State 3)

7. (cltuScheduleStatusReportinvocation) [ignore] IF “positive result” IF “positive result”
THEN (+cltuScheduleStatusReportReturn) THEN (+cltuScheduleStatusReportReturn)
IF “immediately” IF “immediately”
THEN {immediate report} THEN {immediate report}
ELSE IF “periodically” ELSE IF “periodically”
THEN {periodic report} THEN {periodic report}
ELSE stop reporting-cycle timer ELSE stop reporting-cycle timer
ELSE (-cltuScheduleStatusReportReturn) ELSE (-cltuScheduleStatusReportReturn)
8. | ‘reporting-cycle timer expired’ Not applicable {periodic report} {periodic report}
9. | ‘return-timeout-period timer <n> expired’ Not applicable {peer abort (‘return timeout’)} - | {peer abort (‘return timeout’) 2>1
1
10. | (cltuGetParameterinvocation) [ignore] IF “positive result” IF “positive result”
THEN (+cltuGetParameterReturn) THEN (+cltuGetParameterReturn)
ELSE (-cltuGetParameterReturn) ELSE (-cltuGetParameterReturn)
11. | (cltuThrowEventlnvocation) [ignore] IF “positive result” IF “positive result”
THEN (+cltuThrowEventReturn) THEN (+cltuThrowEventReturn)
forward event to Complex Management forward event to Complex Management
ELSE (-cltuThrowEventReturn) ELSE (-cltuThrowEventReturn)
12. | ‘cltu radiated’ [ignore] IF “report” IF “report”
THEN {notify(‘cltu radiated’)} THEN {notify(‘cltu radiated’)}
ELSE [ignore] ELSE [ignore]
13. | ‘sldu expired’ IF “continue” Not applicable {notify(‘sldu expired’) and block}
THEN clear CLTU buffer
ELSE [ignore]
14. | ‘production interrupted’ IF “continue” {notify(‘production interrupted’) and clear} {notify(‘production interrupted’ and block}

THEN clear CLTU buffer
ELSE [ignore]

HIOIAYES NLTO AIVMIOT 1S 404 NOLLVANANINODHE SASDD



[-4-1'Cl6 SASDD

6-1 93ed

2002 Tudy

Incoming Event

Unbound ( State 1)

Ready (State 2)

Active (State 3)

15. | ‘production halted’ IF “continue” {notify(‘production halted’) and clear} {notify(‘production halted’) and block}
THEN clear CLTU buffer
ELSE [ignore]
16. | ‘production operational’ [ignore] {notify(‘production operational’)} {notify(‘production operational’)}
17. | ‘buffer empty’ [ignore] Not applicable {notify(‘buffer empty’)}
18. | ‘action list completed’ Not applicable {notify(‘action list completed’)} {notify(‘action list completed’)}
19. | ‘action list not completed’ Not applicable {notify(‘action list not completed’)} {notify(‘action list not completed’)}
20. | ‘event condition evaluated to false’ Not applicable {notify(‘event condition evaluated to false’)} {notify(‘event condition evaluated to false’)}
21. | (cltuPeerAbortinvocation) [ignore] {clean up} > {clean up} 2>1
1
22. | ‘protocol abort’ [ignore] {clean up} > IF “continue”
1
THEN stop reporting-cycle timer 2>1
ELSE {clean up} 2>1
23. | ‘unsolicited invoke-ID’ [ignore] {peer abort (‘unsolicited invoke-ID")} > {peer abort (‘unsolicited invoke-ID")} > 1
1
24. | ‘invalid SLE-PDU’ [ignore] {peer abort (‘encoding error’)} > {peer abort (‘encoding error’)} 2>1
1
25. | ‘unexpected SLE-PDU’ [ignore] {peer abort (‘protocol error’)} > {peer abort (‘protocol error’)} 2>1
1
26. | ‘not authenticated SLE-PDU’ [ignore] [ignore] [ignore]
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Table 4-2: Event Description References

Event Reference

‘action list completed’ 3.7.2.3
‘action list not completed’ 3.7.2.3
‘buffer empty’ 3.7.2.3
‘cltu radiated’ 3.7.2.3
‘end of service instance provision period’ 3.12.2.2
‘event condition evaluated to false’ 3.7.2.3
‘invalid SLE-PDU’ 4.1.2
‘not authenticated SLE-PDU’ 4.1.7
‘production halted’ 3.7.2.3
‘production interrupted’ 3.7.2.3
‘production operational’ 3.7.2.3
‘protocol abort’ 4154
‘reporting-cycle timer expired’ 3.8.2.6
‘return-timeout-period timer <n> expired’ 41.3
‘sldu expired’ 3.7.2.3
‘unexpected SLE-PDU’ 411
‘unsolicited invoke-ID’ 3.12.2.2

Table 4-3: Predicate Definitions

‘periodically’

Predicate Evaluates to TRUE if

“continue” the prot ocol - abort - mode parameter value is ‘continue’

“end” all checks on the (cltuUnbindInvocation) PDU are passed and the
unbi nd- r eason parameter value is ‘end’

“immediately” all parameter checks on the (cltuScheduleStatusReportinvocation) PDU
are passed and the r epor t - r equest - t ype parameter value is
‘immediately’

“periodically” all parameter checks on the (cltuScheduleStatusReportinvocation) PDU

are passed and the r epor t - r equest - t ype parameter value is

“positive result”

all checks on the given invocation PDU are passed

“report” the r epor t parameter value in the associated
(cltuTransferDatalnvocation) PDU is ‘produce report’

“same service
instance”

the servi ce-i nstance-i dentifi er valueinthe
(cltuBindInvocation) PDU denotes a service instance that is already bound
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Table 4-4: Boolean Flags

Flag Name Initial Value

“service instance blocked”

FALSE

Table 4-5: Compound Action Definitions

Name

Actions Performed

{clean up}

stop reporting-cycle timer

reset reporting-cycle

clear CLTU buffer

set “service instance blocked” to FALSE

{immediate report}

(cltuStatusReportinvocation)
stop reporting-cycle timer

{initiate stop}

clear CLTU buffer
set “service instance blocked” to FALSE
(+cltuStopReturn)

{notify(‘xxxx’)}

(cltuAsyncNotifylnvocation) with not i fi cat i on-t ype set to ‘xxxx’;
i.e., to the value corresponding to the incoming event

{notify(‘xxxx’) and
clear}

a)

(cltuAsyncNotifylnvocation) with not i fi cati on-t ype setto

‘xxxx’; i.e., to the value corresponding to the incoming event
clear CLTU buffer

{notify and block}

(cltuAsyncNotifylnvocation) with not i fi cati on-t ype setto
‘xxxx’; i.e., to the value corresponding to the incoming event

set “service instance blocked” to TRUE

clear CLTU buffer

{peer abort (‘xxxx’)}

(cltuPeerAbortinvocation) with di agnost i € set to ‘xxxx’
stop reporting-cycle timer

reset reporting-cycle

clear CLTU buffer

set “service instance blocked” to FALSE

{periodic report}

(cltuStatusReportinvocation)

set reporting-cycle timer to the r epor t i ng- cycl e value in the
most recent (cltuScheduleStatusReportinvocation)

start reporting-cycle timer
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ANNEX A

DATA TYPE DEFINITIONS

(This annex is part of the Recommendation)

Al INTRODUCTION
Al.l1 GENERAL

This annex defines the data types that are used by the Forward CLTU service. It is intended
to provide a clear specification of these data types and to avoid ambiguity. It is not intended
to constrain how these data types are implemented or encoded. These definitions are suitable
for inclusion in any type of ASN.1 based protocol that implements the Forward CLTU
service.

The data type definitions are presented in six ASN.1 modules.

Al1.2 Subsection A2.1 contains basic data types that are common with other SLE transfer
services. As additional services are specified by CCSDS, further data types may be added to
this module or existing types may be extended. . However, that eventuality is not expected to
invalidate the module in its present form because it is expected that an implementation
compliant with a future extended version of this module will be interoperable with an
implementation based on its present version.

Subsection A2.2 specifies the SLE-PDUs exchanged between an SLE user and an SLE
provider application in order to establish, release, or abort an association. They are common
among SLE transfer service types.

Subsection A2.3 specifies SLE-PDUs related to invocations and returns that are common to
SLE transfer service types.

Subsection A2.4 specifies data types specific to the Forward CLTU service. In part, these
specific types are derived from types specified in A2.1 by means of subtyping.

Subsection A2.5 specifies all incoming SLE-PDUs of the Forward CLTU service, as seen
from a provider point of view. Where applicable, these SLE-PDUs are mapped to the generic
SLE-PDUs defined in A2.2 and A2.3.

Subsection A2.6 specifies in the same way all outgoing SLE-PDUs.

Although A2.2, A2.3, A2.5 and A2.6 define the SLE-PDUs that will be exchanged between
the SLE provider and user applications, they shall not be interpreted as requiring that these
SLE-PDUs be completely mapped to the user data field of the underlying communications
protocol. For example, depending on the communications protocol(s) used, part of the SLE-
PDUs may be used to determine the appropriate setting of protocol control information.

CCSDS 912.1-B-1 Page A-1 April 2002



CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

A2 CLTU DATA TYPE SPECIFICATION

A2.1 SLE TRANSFER SERVICE COMMON TYPES

CCSDS- SLE- TRANSFER- SERVI CE- COMON- TYPES

{ iso org(3) standards-produci ng-organi zation(112) ccsds(4)
space- | i nk-extension(3) sle-transfer-services(1)
forward-cltu-service(2) version-one(1l) asnl-conmon-types(1)

}

DEFI NI TI ONS

| MPLICI T TAGS

= BEG N

EXPORTS Condi tional Ti ne

, Credential s

, Del i ver yMbde

, Di agnostics

, Dur ati on

, For war dDuSt at us

, I nt PosLong

, | nt PosShort

, I nt Unsi gnedLong

, I nt Unsi gnedShort

, | nvokel d

, Par anet er Nanme

, Sl duSt at usNot i fication

, Spaceli nkDat aUni t

, Ti me

Condi ti onal Ti ne = CHAO CE

{ undefi ned [0] NULL
, known [1] Ti e
}

-- |If credentials are used, it will be necessary that

-- the internal structure of the octet string is known

-- to both parties. Since the structure will depend on

-- algorithmused, it is not specified here. However,

-- the peer entities may use ASN. 1 encoding to nmake the

-- internal structure visible.

Credential s = CHA CE
{ unused [ 0]

, used [1]
STRING (SI ZE (8 .. 256))

}

Del i ver yMode = | NTECGE
{ rtnTi mel yOnli ne (0)

, rtnConpl eteOnl i ne (1)

, rtnOfline (2)

, fwdOnl i ne

, fwdO fline (4)

}

Di agnosti cs = | NTEGE
{ dupl i cat el nvokel d (100)

CCSDS 912.1-B-1 Page A-2
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, ot her Reason (127)
}

-- The Duration is expressed in mcroseconds
Dur ati on ii=
I nt Unsi gnedLong

For war dDuSt at us S | NTEGER
{ radi at ed (0)
, expi red 1
, i nterrupted 2
, acknow edged (3) -- FSP
, productionStarted (4) -- CLTU: “radiation
started’
undefi ned (5) --
CLTU
, unsupport edTransni ssi onvbde (6) -- FSP

-- 1to (2"32)-1
I nt PosLong
4294967295)

| NTEGER (1 ..

-- 1to (2716)-1
| nt PosShor t
65535)

| NTEGER (1 ..

-- 0to (2732)-1
| nt Unsi gnedLong = | NTEGER (O ..
4294967295)

-- 0to (2716)-1
I nt Unsi gnedShort = | NTEGER (0 .. 65535)

| nvokel d =
I nt Unsi gnedShort

Par anet er Name L= | NTEGER
{ aggregat i onTi meout Peri od (0)
, aggregat i onUsage
(1)
, api dLi st
| (2)
, bi t LockRequi r ed
(3)
, bufferSi ze (4)
, del i ver yMode
(9 |
directivel nvocation (7)
expectedDirectivel dentification (8)
expect edEvent | nvocati onl dentification (9)
expect edSl dul dentification (10)
fopSli di ngW ndow (11)
fopState

(12)
, idl ePattern
(13)
, | at encyLi m t (15)
, mapli st
(16)
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, mapMuxCont r ol
(17)
, mapMixSchene
(18)
, nmaxi munfr ameLengt h
, nmaxi numPacket Lengt h
, maxi munsl duLengt h
(21)
, nodul at i onFr equency
(22)
, nodul at i onl ndex
(23)
, permttedGvci dSet
(24)
, pl opl nEf f ect
(25)
, reportingCycle
(26)
, request edFraneQual ity
, requestedGvcid
(28)
, returnTi meout Peri od
(29)
, rfAvail abl e
(30)
, rf Avai | abl eRequi red
(31)
, segnent Header
(32)
, subcarrier ToBit Rat eRati o
(34)
, ti meout Type
(35)
, timerlnitial
(36)
, transm ssi onLi nit
(37)
, transm tter FraneSequenceNunber
, vcMuxCont r ol
(39)
, vcMuxSchene
(40)
, vi rt ual Channel

(41)
}

Sl duSt at usNoti fi cation
{ produceNotification
, doNot ProduceNot i fi cation

}

Spaceli nkDat aUni t
65536) )

Ti me
CHO CE
{ ccsdsFor mat

}
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Ti meCCSDS
STRI NG (Sl ZE(8))

-- P-fieldis inplicit (not present, defaulted to 41 hex

-- T-field:

-- 2 octets: nunber
-- 4 octets: nunber
-- 2 octets: nunber
-- (set to O if not

of days since 1958/ 01/01 00:00: 00
of mlliseconds of the day

of mcroseconds of the nmllisecond
used)

CCTET

-- This definition reflects exactly the format of the CCSDS defi ned

-- time tag as used in spacelink data units (see reference [5]).

END
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A2.2 SLE-TRANSFER SERVICE BIND TYPES

CCSDS- SLE- TRANSFER- SERVI CE- Bl ND- TYPES

{ iso org(3) standards-produci ng-organi zation(112) ccsds(4)
space- | i nk-extension(3) sle-transfer-services(1)
forward-cltu-service(2) version-one(1l) asnl-bind-types(2)

}
DEFI NI TI ONS
I MPLICI T TAGS
pi= BEA N
EXPORTS Sl eBi ndl nvocati on
, Sl eBi ndRet urn
, Sl ePeer Abort
, Sl eUnbi ndl nvocat i on
, Sl eUnbi ndRet urn
| MPORTS Credential s
, | nt PosShort
FROM CCSDS- SLE- TRANSFER- SERVI CE- COVMON- TYPES
-- The first part of the nodule definition contains the SLE-PDUs
Sl eBi ndl nvocati on = SEQUENCE
{ i nvoker Credenti al s Credential s
, initiatorldentifier Aut horityldentifier
, responder Portldentifier Portld
, servi ceType
Applicationldentifier
, ver si onNunber Ver si onNunber
, servi cel nstancel dentifier Servi cel nstancel dentifier
}
Sl eBi ndRet urn = SEQUENCE
{ perfornmer Credential s Credential s
, responder | dentifier Aut horityldentifier
, result
CHO CE
{ positive [0]
Ver si onNunber
, negative [ 1]
Bi ndDi agnosti c
}
}

Sl ePeer Abor t =
Peer Abor t Di aghosti c

S| eUnbi ndl nvocat i on = SEQUENCE

{ i nvoker Credenti al s Credential s

, unbi ndReason Unbi ndReason
}
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Sl eUnbi ndRet urn D= SEQUENCE
{ responder Credenti al s Credential s
, result
CHO CE
{ positive [ 0] NULL
}

-- The second part of the nodule definition contains the types
-- used by the SLE-PDUs declared in the first part.

rtnAl | Frames (0)
rtnlnsert (1)
rt nChFranes (2)
- rtnChFranes incl udes rtnMFranes and rtnVcFranes
, rt nChFsh (3)
-- rtnChFsh includes rtnMcFsh and rtnVcFsh
, rt nChCef (4)
-- rtnChCcf includes rtnMcCcf and rtnVeCcf
, rtnBitstr (5) --
s

Applicationldentifier = | NTEGER
{

, rt nSpacePkt (6)

, f wdAos SpacePkt (7)

, f wdAosVca (8)
, fwdBi tstr (9)
, f wdPr ot oVcdu (10)

, fwdl nsert (1)
, f wdCvcdu (12)
, f wdTcSpacePkt (13) --
conventional telecomand

, fwdTcVca (14) --
conventional telecomand

, fwdTcFrane (15)

, fwdd tu (16)

}

ATTRI BUTE .= CLASS
{ &attributeld OBJECT

| DENTI FI ER UNI QUE

, &At tri but eType

}
Attri but eTypeAndVal ue 1= SEQUENCE
{ attributeldentifier ATTRI BUTE. &attri butel d
({ServManagenent Attri but eSet})
, attribut eVal ue
ATTRI BUTE. &At tri but eType
({ ServManagenent Attri but eSet }
{@ttributeldentifier})
}
Aut horityldentifier = IdentifierString (SIZE (3
16))
Bi ndDi agnostic = | NTEGER
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{ accessDeni ed (0)

, servi ceTypeNot Support ed (1)

, ver si onNot Support ed (2)

, noSuchSer vi cel nst ance (3)

, al readyBound (4)

, si Not Accessi bl eToThi sl nitiator (5)

, i nconsi st ent Servi ceType (6)

, i nval i dTi e (7)

, out O Servi ce (8)

, ot her Reason (127)

}

IdentifierString = VisibleString (FROM (ALL

EXCEPT " "))

Logi cal Port Nane = IdentifierString (SIZE (1
128))

Peer Abor t Di agnosti c = | NTEGER

{ accessDeni ed (0)

, unexpect edResponder | d (1)

, oper at i onal Requi r enent (2)

, pr ot ocol Error (3)

, conmmuni cati onsFai l ure (4)

, encodi ngError (5)

, ret ur nTi meout (6)

, endCf Ser vi ceProvi si onPeri od (7)

, unsol i ci tedl nvokel d (8)

, ot her Reason (127)

-- The range of this |INTEGER shall be (0 .. 255).

-- (128 .. 255) is reserved for diagnostic codes

-- that are specific to the conmmuni cations technol ogy used.

}
Portld

Logi cal Port Nane

RDNSequence = SEQUENCE OF
Rel ati veDi st i ngui shedNane

Rel ati veDi st i ngui shedNare SET SIZE (1) OF Attribut eTypeAndVal ue

Servi cel nstancel dentifier = RDNSequence

ServManagenent At t ri but eSet ATTRIBUTE ::= {...}

-- For a real inplenentation, the above type definition nust

-- be replaced by inporting the correspondi ng i nfornation object set
-- specification fromthe applicable service managenent specification
-- It is assuned that all attributes are of the type VisibleString

-- See also [F4].

Unbi ndReason = | NTEGER

{ end (0)
, suspend (1)

, ver si onNot Support ed (2)

, ot her (127)

}

| nt PosShort

Ver si onNunber

END

CCSDS 912.1-B-1 Page A-8 April 2002



CCSDS RECOMMENDATION FOR SLE FORWARD CLTU SERVICE

A2.3 SLE TRANSFER SERVICE COMMON PDUS

CCSDS- SLE- TRANSFER- SERVI CE- COMMON- PDUS

{ iso org(3) standards-produci ng-organi zation(112) ccsds(4)
space- | i nk-extension(3) sle-transfer-services(1l)
forward-cltu-service(2) version-one(1l) asnl-conmon-pdus(3)

}

DEFI NI TI ONS
I MPLICI'T TAGS
1= BEGN

EXPORTS ReportingCycle

, Sl eAcknow edgenent

, Sl eSchedul eSt at usReport | nvocati on
, Sl eSchedul eSt at usReport Ret urn

, Sl eSt opl nvocati on

| MPORTS Credentials
, Di agnostics
, I nvokel d
FROM CCSDS- SLE- TRANSFER- SERVI CE- COVMON- TYPES

Sl eAcknowl edgenent .= SEQUENCE
{ credentials Credential s
, invokeld I nvokel d
, result CHA CE
{ positiveResult [0] NULL
, negativeResult [1] Diagnostics
}
}
Sl eSchedul eSt at usReportlnvocation ::= SEQJUENCE
{ invokerCredentials Credential s
, invokeld | nvokel d
, reportRequest Type Report Request Type
}
Sl eSchedul eSt at usReport Return ::= SEQUENCE
{ performerCredentials Credential s
, invokeld | nvokel d
, result CHO CE
{ positiveResult [0] NULL
, nhegativeResult [1] DiagnosticSchedul eSt at usReport
}
}
Sl eSt opl nvocati on .= SEQUENCE
{ invokerCredentials Credential s
, invokeld I nvokel d
}
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-- The second part of the nodule definition contains the types
-- used by the SLE-PDUs declared in the first part.

Di agnosti cSchedul eSt at usReport ::= CHO CE
{ common [0] Diagnostics
, specific [1] | NTEGER
{ not Support edl nThi sDel i ver yMode (0) -- not used for
-- version 1 forward transfer
-- services
, al readySt opped (1)
, i nval i dReportingCycl e (2)
}
}
-- The cycle duration is expressed in seconds
ReportingCycl e ;.= |INTEGER (2 .. 600)
Repor t Request Type ;.= CHA CE
{ imediately [0] NULL
, periodically [1] ReportingCycle
, stop [2] NULL
}
END
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A2.4 CLTU TRANSFER STRUCTURES

CCSDS- SLE- TRANSFER- SERVI CE- CLTU- STRUCTURES

{ iso org(3) standards-produci ng-organi zation(112) ccsds(4)
space- | i nk-extension(3) sle-transfer-services(1l)

forward-cltu-service(2) version-one(1l) asnl-transfer-structures(4)

}

DEFI NI TI ONS
I MPLICI'T TAGS
1= BEG N

EXPORTS BufferSize
, d tuDat a

, d t uGet Par anet er

, Cltuldentification

, d tuLast Processed

, d tulLast &

, CltuNotification

, d t uPar anet er Name

, d t uSt at us

, Di agnosti cd t uGet Par anet er
, Di agnosticC tuStart

, Di agnosti cd t uThr owkEvent

, Di agnosticC tuTransferData
, Event | nvocati onl d

, Nunmber O d t usPr ocessed

, Nunmber O d t usRadi at ed

, Nunmber O d t usRecei ved

, Pr oducti onSt at us

, Upl i nkSt at us

I

MPORTS Conditional Ti ne
, Del i ver yMode

, Di agnostics

, For war dDuSt at us

, I nt PosLong

, | nt PosShort

, I nt Unsi gnedLong

, Par anet er Nane

, Spaceli nkDat aUni t
, Ti e

FROM CCSDS- SLE- TRANSFER- SERVI CE- COMON- TYPES

ReportingCycl e

FROM CCSDS- SLE- TRANSFER- SERVI CE- COMMON- PDUS

-- Avail able buffer in octets

Buf ferSi ze ;.= IntUnsignedLong
Cl tubData ::= SpaceLi nkDat aUni t
Cl tubel i ver yMode ::= DeliveryMde

( fwdOnline

)
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d t uGet Par anet er

{
{

. e A e

par Bi t LockRequi red
par anmet er Nanme

par anet er Val ue

{ yes

, ho

}

pard tul dentification
{ paraneterNanme
, paraneterVal ue

par Event I nvocationldentification [2]

{ paraneterNane

, paranet er Val ue

}

par Subcarri er ToBi t Rat eRati o

{ paranet er Nanme
, paranet er Val ue

par Del i ver yMode
{ paranet er Nanme
, paraneterVal ue

par Maxi munmCl t uLengt h
{ paranet er Nane
, paraneterVal ue

par Modul at i onFr equency
{ paranet er Nanme
, paraneter Val ue

par Modul at i onl ndex
{ paranet er Nanme
, paraneterVal ue

}

par Pl opl nEf f ect

{ paranet er Nanme
, paraneterVal ue
pl opl

pl op2

}

par ReportingCycl e
par anmet er Name
par anet er Val ue

par Ret ur nTi meout
{ paranet er Name
, paraneterVal ue

}

par Rf Avai | abl eRequi red
par amet er Nane

par anet er Val ue

{ yes

, ho

}

CCSDS 912.1-B-1

1= CHACE

[0] SEQUENCE
Par anet er Nanme (bit LockRequi r ed)
| NTEGER

(0)

(1

[1] SEQUENCE
Par anet er Name (expectedS| dul denti ficati on)
Cltuldentification

SEQUENCE

Par anmet er Nane

(expect edEvent | nvocati onl dentification)
Event I nvocationld

[3] SEQUENCE
Par anet er Nane (subcarrier ToBi t Rat eRati 0)
Subcarri er Di vi sor

[4] SEQUENCE
Par anet er Nane (del i veryhbde)
d tubel i veryMde

[5] SEQUENCE
Par anet er Nanme ( maxi munsl duLengt h)
| NTEGER (12 .. 4098)

[6] SEQUENCE
Par amet er Nanme (nodul at i onFr equency)
Modul at i onFr equency

[7] SEQUENCE
Par anet er Nane (nodul ati onl ndex)
Modul at i onl ndex

[8] SEQUENCE
Par amet er Nanme ( pl opl nEf f ect)
| NTEGER

(0)

(1)

[9] SEQUENCE
Par amet er Nanme (reportingCycle)
Current ReportingCycle

[ 10] SEQUENCE
Par amet er Nanme (ret ur nTi neout Peri od)
Ti meout Peri od

[11] SEQUENCE
Par anet er Nane (rf Avai | abl eRequi r ed)
| NTEGER

(0)

(1)
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Ctuldentification

Cl tuLast Gk

{ nodtuCk

, cltuCk

{ cltuldentification
, radiationStopTine

}
}

d tuLast Processed

{ nod tuProcessed

, cltuProcessed

{ cltuldentification
, radiationStartTinme
, cltuStatus

}

}

CltuNotification
{ cltuRadi ated

, sl duExpired

, productionlnterrupted
, productionHalted

, productionQOperationa

, bufferEnpty

, actionListConpl eted

, actionLi st Not Conpl et ed
, event Condi ti onEvFal se
, productionConfigured

}

d t uPar anet er Nane
bi t LockRequi r ed
del i ver yMode

expect edSl dul denti fication

——

I nt Unsi gnedLong

CHO CE

: :[0] NULL

[1] SEQUENCE
Cltuldentification
Ti e

CHO CE
0] NULL
1] SEQUENCE
Cltuldentification
Condi ti onal Ti ne

d t uSt at us
;1= CHO CE
[0] NULL
[1] NULL
[2] NULL
[3] NULL
[4] NULL
[5] NULL

[6] Eventlnvocationld
[7] Eventlnvocationld
[8] Eventlnvocationld
[9] NULL

.. = Paranmet er Nane

expect edEvent | nvocati onl dentification

(

|

|

| maxi nunsl duLengt h

| rmodul ati onFrequency
| rnodul ati onl ndex

| ploplnEffect

| reportingCycle

| returnTi neout Peri od
| rfAvail abl eRequired
|

)

subcarrierToBi t Rat eRati o

Cl tuSt at us

( radiated

| expired

| interrupted

| productionStarted
| undefined

)

Current Reporti ngCycl e
{ periodi cReportingCrf
, periodi cReportingOn

CCSDS 912.1-B-1

' =[0] NULL
[1]

For war dDuSt at us

CHO CE

ReportingCycl e
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}
Di agnosti cd t uGet Par anet er = CHO CE
{ common [0] Diagnostics
, specific [1] | NTEGER

{ unknownPar anet er (0)

}
}
Di agnosticC tuStart = CHA CE

common [0] Diagnostics
, specific [1] | NTEGER

{ outO Service (0)

, unabl eToConpl y (1)

, productionTi neExpi red (2)

, invaliddtuld (3)

}
}
Di agnosti cd t uThr owkEvent .= CHO CE
{ comon [0] Diagnostics
, specific [1] [INTEGER

{ operationNot Supported (0)

, eventlnvocl dQut O Sequence (1)

, hoSuchEvent (2)

}
}
Di agnosti cC tuTransferDat a = CHA CE
{ comon [0] Diagnostics
, specific [1] [INTEGER

{ wunabl eToProcess (0)

, unabl eToStore (1)

, out Of Sequence (2)

, inconsistentTi reRange (3)

, invalidTinme (4)

, lateSldu (5)

, invalidDel ayTi e (6)

, cltuError (7)

}
}
Event I nvocationld .= IntUnsignedLong
-- either the subcarrier frequency, or,
-- in case of direct nodulation, the bit rate,
Modul at i onFr equency .= IntPosLong
-- nodul ati on i ndex angl e expressed in 1/1000 radi ans
Modul at i onl ndex .= | ntPosShort

Number O O t usProcessed

Nurber Of Cl t usRadi at ed ;= IntUnsignedLong
Nurber Of Cl t usRecei ved ;= IntUnsignedLong
Producti onSt at us i1 = | NTEGER
CCSDS 912.1-B-1 Page A-14
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{ operational (0)
, configured (1)
, interrupted (2)
, halted (3)
}

-- Divisor of the subcarrier frequency
-- |f direct carrier nodulation, the value is 1
Subcarri er D vi sor ::= I ntPosShort

-- nmeasured in seconds
Ti meout Peri od

I NTEGER (1 .. 600)
Upl i nkSt at us s | NTEGER
upl i nkSt at usNot Avai | abl e
noRf Avai | abl e

noBi t Lock

nom nal

~—~—~— |l

0)
: 1)
: 2)
: 3)
}
END
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A2.5 CLTUINCOMING PDUS

CCSDS- SLE- TRANSFER- SERVI CE- CLTU- | NCOM NG- PDUS

{ iso org(3) standards-produci ng-organi zation(112) ccsds(4)
space- | i nk-extension(3) sle-transfer-services(1)
forward-cltu-service(2) version-one(1l) asnl-incom ng-pdus(5)

}

DEFI NI TI ONS
I MPLICI'T TAGS
1= BEG N

| MPORTS Conditional Tine

, Credential s

, Dur ati on

, I nt PosShor t

, I nvokel d

, Sl duSt at usNoti fication

FROM CCSDS- SLE- TRANSFER- SERVI CE- COVWWON- TYPES

Sl eSchedul eSt at usReport | nvocati on
Sl eSt opl nvocati on
FROV CCSDS- SLE- TRANSFER- SERVI CE- COMVON- PDUS

C tuDat a
, Cltuldentification
, d t uPar anet er Nanme
Event | nvocati onl d
FRC]\/I CCSDS- SLE- TRANSFER- SERVI CE- CLTU- STRUCTURES

Sl eBi ndl nvocati on
, Sl ePeer Abor t
Sl eUnbi ndl nvocati on
FRO\/I CCSDS- SLE- TRANSFER- SERVI CE- Bl ND- TYPES

-- The first part of the nodule definition contains the CLTU type
-- that contains all the possible PDUs the provider nmay receive.

Cl t uUser ToPr ovi der Pdu (1= CHO CE

{ cltuBindlnvocation [100] Sl eBindlnvocation

, ¢l tuUnbi ndl nvocati on [102] Sl eUnbi ndl nvocati on

, cltuStartlnvocation [ 0] CtuStartlnvocation

, cltuStoplnvocation [1] Sl eSt opl nvocati on

, cltuTransferDatal nvocation [2] A tuTransf er Dat al nvocati on

, cltuSchedul eSt at usReport | nvocation [3]
Sl eSchedul eSt at usReport | nvocati on

, cltuGetParaneterlnvocation [ 4] C t uGet Par anet er | nvocati on
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, cltuThrowEvent | nvocation [ 5] Cl tuThr owEvent | nvocati on
, cltuPeerAbortlnvocation [104] Sl ePeer Abort
}

-- The second part of the nodule definition contains the types
-- used by the CLTU-PDUs declared in the first part.

O tuGet Paraneterlnvocation ::= SEQUENCE

{ invokerCredentials Credential s

, invokeld | nvokel d

, cltuParaneter C t uPar anmet er Nane

}

CtuStartlnvocation .. = SEQUENCE

{ invokerCredentials Credential s

, invokeld | nvokel d

, firstdtuldentification Cltuldentification

}

d tuThrowEvent I nvocati on .= SEQUENCE

{ invokerCredentials Credential s

, invokeld | nvokel d

, eventlnvocationldentification Eventlnvocationld

, eventldentifier | nt PosShor t

, eventQualifier COCTET STRING (SIZE (1 .. 128))
}

A tuTransf er Dat al nvocati on .= SEQUENCE

{ invokerCredentials Credential s

, invokeld | nvokel d

, cltuldentification Cltuldentification

, earliestTransni ssionTinme Condi ti onal Ti nme

, latestTransni ssionTine Condi ti onal Ti nme

, delayTi ne Dur ati on

, Sl duRadi ati onNotification Sl duSt at usNot i fication

, cltuData Cl tubData

}

END
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A2.6 CLTU OUTGOING PDUS

CCSDS- SLE- TRANSFER- SERVI CE- CLTU- QUTGO NG PDUS

{ iso org(3) standards-produci ng-organi zation(112) ccsds(4)
space- | i nk-extension(3) sle-transfer-services(1)
forward-cltu-service(2) version-one(1l) asnl-outgoi ng-pdus(6)

}

DEFI NI TI ONS
I MPLICI'T TAGS
1= BEG N

| MPORTS Condi ti onal Ti ne
, Credential s
, I nvokel d
Ti e
FRC]\/I CCSDS- SLE- TRANSFER- SERVI CE- COMVON- TYPES

Sl eAcknow edgenent
Sl eSchedul eSt at usReport Ret urn
FROM CCSDS- SLE- TRANSFER- SERVI CE- COVVON- PDUS

Sl eBi ndRet ur n
, Sl eUnbi ndRet urn
Sl ePeer Abor t
FRC]\/I CCSDS- SLE- TRANSFER- SERVI CE- Bl ND- TYPES

Buf f er Si ze

, d t uGet Par anet er
, Cltuldentification

, C tuLast Processed

, d tulLast &

, CltuNotification

, C t uSt at us

, Di agnosti cd t uGet Par anet er

, Di agnosticd tuStart

, Di agnosti cd t uThr owEvent

, Di agnosti cC tuTransferData

, Event | nvocati onl d

, Nunmber O d t usPr ocessed

, Nunmber O d t usRadi at ed

, Nunmber O d t usRecei ved

, Pr oducti onSt at us

, Upl i nkSt at us

FRO\/I CCSDS- SLE- TRANSFER- SERVI CE- CLTU- STRUCTURES

-- The first part of the nodule definition contains the CLTU type
-- that contains all the possible PDUs the provider may send.

C t uProvi der ToUser Pdu c:= CHOCE
{ cltuBindReturn [101] Sl eBindReturn
, cltuUnbi ndRet urn [103] Sl eUnbi ndRet urn
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cltuStartReturn
cl tuSt opReturn
cl t uTr ansf er Dat aRet ur n

cl tuAsyncNot i fyl nvocati on

[0]
[1]
[2]
[3]

cl t uSchedul eSt at usReport Ret urn [ 4]

cl tuSt at usReport | nvocati on
cl tuGet Par anet er Ret urn
cl tuThr owEvent Ret ur n

cl t uPeer Abort | nvocati on

[ 5]
[7]
[ 8]

CltuStartReturn

Sl eAcknow edgenent

C tuTransf er Dat aRet urn

Cl tuAsyncNot i fyl nvocati on

Sl eSchedul eSt at usReport Ret urn
C tuSt at usReport | nvocati on

Cl t uGet Par anet er Ret urn

C tuThr owEvent Ret ur n

[104] Sl ePeer Abort

-- The second part of the nodule definition contains the types
used by the CLTU-PDUs declared in the first part.

Cl tuAsyncNot i fyl nvocati on

{
)

i nvoker Credenti al s
cltuNotification
cl t uLast Processed
cl tuLast &
producti onSt at us
upl i nkSt at us

d t uGet Par anet er Ret ur n

{

}

per former Credential s
i nvokel d

result

{ positiveResult

, negativeResult

}

CtuStartReturn

{

{

}

perfornerCredential s

i nvokel d

result

positiveResult
{ radiationStartTine
, radiationStopTine

}

, negativeResult

C tuSt at usReport | nvocati on

{

i nvoker Credenti al s
cl tuLast Processed

cl tulLast &

cl t uProducti onSt at us

CCSDS 912.1-B-1

SEQUENCE

Credential s
CltuNotification
d t uLast Processed
d tuLast &

Pr oduct i onSt at us

Upl

i NkSt at us

SEQUENCE

Credential s
I nvokel d
CHO CE

[0] dtuGetParaneter
[1] Diagnosticd tuGetParaneter

SEQUENCE

Credential s
| nvokel d
CHO CE

[0]

[1]

SEQUENCE
Ti e
Condi ti onal Ti ne

Di agnhosticC tuStart

SEQUENCE

Credential s

Cl tuLast Processed
C tulLast &

Pr oducti onSt at us

Page A-19
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, uplinkStatus Upl i nkSt at us
,  hunber O d t usRecei ved Nunmber O d t usRecei ved
,  nhunber O d t usProcessed Nunmber & d t usPr ocessed
,  nhunber O d t usRadi at ed Nunmber O d t usRadi at ed
, cltuBufferAvail able Buf ferSi ze
}
d tuThr onEvent Ret urn .= SEQUENCE
{ performerCredentials Credential s
, invokeld | nvokel d
, eventlnvocationldentification Eventlnvocationld
, result CHA CE
{ positiveResult [0] NULL
, hegativeResult [1] DiagnosticdtuThrowEvent
A tuTransf er Dat aRet urn .= SEQUENCE
{ performerCredentials Credential s
, invokeld | nvokel d
, cltuldentification Cltuldentification
, cltuBufferAvail able Buf fer Si ze
, result CHA CE
{ positiveResult [0] NULL
, nhegativeResult [1] DiagnosticdtuTransferData
}
}
END
CCSDS 912.1-B-1 Page A-20
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ANNEX B

INDEX TO DEFINITIONS

(This annex is not part of the Recommendation)

This annex provides an index to the terminology defined in the references.

Term

(data) type

(data) value

abstract binding

abstract object

abstract port

abstract service

abstract syntax

Abstract Syntax Notation One (ASN.1)
acquisition sequence

application entity

application layer

association

Carrier Modulation Mode (CMM)
CLTU channel

Command Link Control Word (CLCW)
Command Link Transmission Unit (CLTU)
communications service

confirmed operation

distinguished name (DN)

flow control

Forward CLTU service

idle sequence

initiator

invocation

invoker

Mission Data Operation System (MDOS)
Mission User Entity (MUE)

object identifier

CCSDS 912.1-B-1 Page B-1

Reference
reference [6]
reference [6]
reference [1]
reference [1]
reference [1]
reference [1]
reference [7]
reference [6]
reference [2]
reference [7]
reference [7]
1.6.1.7.2

reference [2]
reference [1]
reference [3]
reference [2]
1.6.1.7.3

1.6.1.7.4

reference [8]
reference [7]
reference [1]
reference [2]
1.6.1.7.5

1.6.1.7.6

reference [1]
reference [1]
reference [1]

reference [6]
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Term

offline delivery mode

online delivery mode

Open System Interconnection (OSI)
operation

parameter

performance

performer

physical channel

Physical Layer Operations Procedure (PLOP)
port identifier

real system

relative distinguished name (RDN)
responder

return

service access point (SAP)
service instance provision period
service provider (provider)
service user (user)

SLE Complex

SLE Complex Management

SLE data channel

SLE functional group (SLE-FG)
SLE protocol data unit (SLE-PDU)
SLE service data unit (SLE-SDU)
SLE service package

SLE System

SLE transfer service instance
SLE transfer service production
SLE transfer service provision
SLE Utilization Management
space link

space link data channel

space link data unit (SL-DU)
space link session

unconfirmed operation

CCSDS 912.1-B-1 Page B-2
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reference [1]
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reference [1]
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reference [1]
reference [1]
reference [1]
reference [1]
reference [1]
reference [1]
reference [1]
reference [1]
reference [1]
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ANNEX C

ACRONYMS

(This annex is not part of the Recommendation)

This annex expands the acronyms used throughout this Recommendation.

ASDC

ASN.1

C

CCSDS

CDS

CLCW

CLTU

CLTU-

CMM

COP

DN

FG

FWD

IEC

1P

ISO

MDOS

M-P

M-U

CCSDS 912.1-B-1

Abstract Service Definition Conventions
Abstract Syntax Notation One

Conditional

Consultative Committee for Space Data Systems
CCSDS Day Segmented (time code)
Command Link Control Word

Command Link Transmission Unit

Forward CLTU service (operation prefix)
Carrier Modulation Mode

Command Operation Procedure

Distinguished Name

Functional Group

Forward

International Electrotechnical Commission
Internet Protocol

International Organization for Standardization
Mandatory

Mission Data Operation System

Management Provider Service Port
Management User Service Port
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MUE

OCF

OSI

PDU

PLOP

RDN

RF

SAP

SDU

SLE

SLE-FG

SLE-PDU

SLE-SDU

SL-DU

TC

TCM

TCP

T-P

UTC

CCSDS 912.1-B-1

Mission User Entity

Operational Control Field

Open System Interconnection
Protocol Data Unit

Physical Layer Operations Procedure
Relative Distinguished Name

Radio Frequency

Service Access Point

Service Data Unit

Space Link Extension

SLE Functional Group

SLE Protocol Data Unit

SLE Service Data Unit

Space Link Data Unit

Telecommand

Terminology, Conventions and Methodology
Transmission Control Protocol
Transfer Provider Service Port
Transfer User Service Port

Universal Time Coordinated

Page C-2
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ANNEX D

CONFORMANCE OPTIONS MATRIX

(This annex is part of the Recommendation)

This annex provides the Conformance Matrix for implementations of SLE Forward CLTU
Service systems. An SLE Forward CLTU Service system will be considered to be
‘conformant’ if the mandatory elements identified in the matrix are implemented as described

i this Recommendation.

Table D-1: Conformance Matrix for CLTU Service (Operations)

Service Operations and their Parameters

Optional / Mandatory

CLTU-ASYNC-NOTIFY
CLTU-SCHEDULE-STATUS-REPORT
CLTU-STATUS-REPORT
CLTU-GET-PARAMETER

CLTU-BIND These operations are mandatory. All parameters are
also mandatory with the exception of:
CLTU-UNBIND ) )
i nvoker-credential s
performer-credentials
Support of the ver si on- nunber negotiation as
part of the CLTU-BIND operation is optional.
CLTU-START These operations are mandatory. All parameters are
CLTU-STOP also mandatory with the exception of:
i nvoker-credentials
CLTU-TRANSFER-DATA

per f ormer - credent i al

st op- production-tine

CLTU-THROW-EVENT

This operation is optional.

CLTU-PEER-ABORT

This operation is mandatory. The di agnosti c
parameter is also mandatory.

CCSDS 912.1-B-1
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Table D-2: Conformance Matrix for CLTU Service (Other Requirements)

Other Sections Optional / Mandatory
Protocol Abort Mode Parameter (see table 3-1 The parameter is optional. The default behavior of
and 4.1.5.5) the provider in event of protocol abort shall be as

described for the ‘flush’ value of the protocol-abort-
mode parameter.

Notification-mode Parameter (see table 3-1 and | This parameter is optional; its purpose is only to

3.7.2.3) document the behavior of the provider.

Provider Buffering Requirements (see 3.1.11) Mandatory minimum size is 1024 maximum sized
CLTUs.

State transition table (see table 4-1) Mandatory.

ASN.1 Protocol Specification (annex A) All data types are mandatory. Implementations

may vary as described in the annex.
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ANNEX E

INFORMATIVE REFERENCES

(This annex is not part of the Recommendation)

[E1] Procedures Manual for the Consultative Committee for Space Data Systems. CCSDS
A00.0-Y-7. Yellow Book. Issue 7. Washington, D.C.: CCSDS, November 1996.

[E2] Telecommand Summary of Concept and Rationale. Report Concerning Space Data
System Standards, CCSDS 200.0-G-6. Green Book. Issue 6. Washington, D.C.:
CCSDS, January 1987.

[E3] Standard Terminology, Conventions, and Methodology (TCM) for Defining Data
Services. Report Concerning Space Data Systems Standards, CCSDS 910.2-G-1.
Green Book. Issue 1. Washington, D.C.: CCSDS, November 1994.

[E4] Cross Support Concept — Part 1: Space Link Extension Services. Report Concerning
Space Data System Standards, CCSDS 910.3-G-2. Green Book. Issue 2. Washington,
D.C.: CCSDS, April 2002.

[ES] Space Link Extension—Service Management Specification. Draft Recommendation for
Space Data System Standards, CCSDS 910.5-R-2. Red Book. Issue 2. Washington,
D.C.: CCSDS, September 2001.

[E6] Space Link Extension—Service Management—Space Link Physical Layer Managed

Object Specification. Draft Recommendation for Space Data System Standards,
CCSDS 910.7-R-1. Red Book. Issue 1. Washington, D.C.: CCSDS, October 2001.
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ANNEX F

THROW EVENT DEFINITIONS

(This annex is not part of the Recommendation)

This annex provides several examples of event-identification and event-
qual i fier for the CLTU-THROW-EVENT operation. These examples are non-binding
on implementations of the SLE Forward CLTU Service system; however, they may serve as
models for implementations when the matching functionality is supplied.

In the following table the event-qualifier Contents column defines the string passed in the
event-qual i fier parameter. Values such as ‘on’ and ‘mi’ are literal. Values such as
<BR> represent an alphanumeric quantity. At least one white space must separate values in
the event - qual i fi er string.

Table F-1: Throw Event Examples

event-
identification event-qualifier EventD -
Name ID Contents [Range] vent Description
Set Mod 1 | on|off Enable or disable command
modulation of the carrier. See
NOTE 1.
Change Rate 2 | br<BR>[7.8125 - Change bit rate to new bit rate
4000.0] defined by <BR> (requested new
bit rate is the value of <BR> in
bits/second). See NOTE 2.
Change 3 | mi <MI> [1 - 1570] Change modulation index to new
Index modulation index angle defined
by <MI> (requested new
modulation index is the value of
<MI> in milli-radians). See NOTE
2.
Change 4 | br <BR> mi <MI> Change both bit rate and
Rate/Index modulation index as described
above. See NOTE 2.
NOTES
1 The following condition is required for the Set Mod event with the event -

qual i fi er parameter value set to ‘on’: production status must be operational.
If this condition is not met, CLTU-ASYNC-NOTIFY is invoked with the notification-
type ‘event condition evaluated to false’.
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The following conditions are required for the Change Rate, Change Index, and Change
Rate/Index events: no CLTUs may currently be radiating, and the CLTU buffer must
be empty. If these conditions are not met, CLTU-ASYNC-NOTIFY is invoked with

the notification-type ‘event condition evaluated to false’.
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ANNEX G

PRODUCTION STATUS

(This annex is not part of the Recommendation)

This annex describes the states and transitions of the forward physical channel, and presents in
tabular form the effect of production status on the processing of invocations of the Forward
CLTU transfer service.

The possible transitions of production status of the Forward CLTU service are shown in
figure G-1 below.

Configured

Interrupted

Operational

Figure G-1: CLTU Production Status Transitions

Changes in production status occur for reasons outlined in table G-1.
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Table G-1: Production Status Changes and Notifications

Start Status | End Status Cause of Status Change Notification

Configured Operational Management action to make the production process | ‘production
operational; typically includes: completion of Uplink | operational’
Sweep, and radiation of the Acquisition Sequence.

Optionally, bit-lock and/or rf-lock may be required
before pr oduct i on- st at us can change to
‘operational’. See table 3-11.

Operational Interrupted Occurrence of a production fault detected by the ‘production
provider. interrupted’;

but see NOTE

Interrupted Operational Maintenance action typically is required to correct a | ‘production
production fault. The CLTU pr oducti on-status | operational’
returns to ‘operational’ when the provider detects
that the fault is corrected.

[Any] Halted Direct management action is required, such as an ‘production
operator directive causing the provider to halt halted’
production.

Halted Configured Direct management action is required, such as an ‘production
operator directive restoring the desired configuration | configured’
and setting the pr oduct i on- st at us to
‘configured’.

NOTE - This Recommendation does not require that a production interruption be notified

immediately to the user (see 3.7.2.3). If a fault affecting production can be
corrected before the provider attempts to process a CLTU, the ‘production
interrupted’ notification need not be sent. It is an implementation choice whether
always to send the ‘production interrupted’ notification immediately on
occurrence of a production fault, or to wait until a CLTU is ready to be radiated
before sending the notification. The implementation choice is documented in the
service table via the notification-mode parameter, which may have a value of
‘immediate’ or ‘deferred’, corresponding to immediate or deferred notification in
event of a production interruption.

The effect of production status on the processing of Forward CLTU transfer service
invocations is specified in 0 through 3.12 and in table 4-1. The effects are summarized in table

G-2 for convenient reference.

CCSDS 912.1-B-1
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Table G-2: Effect of Production Status on Operations

Production Operation Effect
Status Diagnostic

Halted CLTU-BIND Rejected ‘out of service’
CLTU-START Rejected ‘out of service’
CLTU-TRANSFER- Rejected ‘unable to process’
DATA
Other operations None specified N/A

Configured All operations None specified N/A

Operational All operations None specified N/A

Interrupted CLTU-START Rejected ‘unable to comply’
CLTU-TRANSFER- Rejected; but see ‘unable to process’
DATA NOTE
Other operations None specified N/A

NOTE — When the value of the notification-mode parameter is ‘deferred’, only after the
provider notifies the user that a production interruption has occurred are CLTU-
TRANSFER-DATA invocations rejected. See 3.7.2.3.
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