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Foreword

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

non-g
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The main task of technical committees is to prepare International Standards. Draftyinternation

adop
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Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

This [second edition cancels and replaces the first edition (1IS0)15396:1998), which has bee
revised.

ISO 1

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies fer'.voting. Publi
ational Standard requires approval by at least 75 % of the member bodies casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.

5396 was prepared by the Consultative Committee for Space Data Systems (

Part 2.

al Standards
cation as an
ect of patent

n technically

CCSDS) (as

CCSDS 910.4-B-2, October 2005) and was adopted (without modifications except those stated in Clause 2 of

this Ipternational Standard) by Technical Committee-1SO/TC 20, Aircraft and space vehicles, S
SC 1B, Space data and information transfer systems:

ubcommittee
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Bcope
International Standard defines a cross support reference model which provides ajcomm
inating the development of CCSDS Recommended Standards for space link extension (
fications and serves as a reference to maintain the consistency of these Recommended Sta

cope and field of application are furthermore detailed in subclauses 1.2 and 1.3 of the encl
cation.

Requirements

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

DS 910.4-B-2, October 2005, Cross support reference model — Space link extension service

es and paragraphs of publication CCSDS:910.4-B-2.

s itov

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

1-8

he following information to the reference indicated:

Document CESDS 132.0-B-1, September 2003, is equivalent to ISO 22645:2005.
DocumentyCCSDS 131.0-B-1, September 2003, is equivalent to ISO 22641:2005.

Doecument CCSDS 732.0-B-1, September 2003, is equivalent to ISO 22666:2005.

on basis for
SLE) service
ndards.

psed CCSDS

iced on the

S.

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

[4]

Page

Document CCSDS 231.0-B-1, September 2003, 1s equivalent to 150 22042:20005.
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Add the following information to the reference indicated:

[5]
[6]
[10]
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Document CCSDS 232.0-B-1, September 2003, is equivalent to ISO 22664:2005.

Document CCSDS 133.0-B-1, September 2003, is equivalent to ISO 22646:2005.

ISO/IEC 8824:1990 has been cancelled and replaced by ISO/IEC 8824:2002, Information technology —
Abstract Syntax Notation One (ASN.1).
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3 Revision of publication CCSDS 910.4-B-2

It has been agreed with the Consultative Committee for Space Data Systems that Subcommittee
ISO/TC 20/SC 13 will be consulted in the event of any revision or amendment of publication
CCSDS 910.4-B-2. To this end, NASA will act as a liaison body between CCSDS and ISO.
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AUTHORITY
Issue: Recommended Standard, Issue 2
Date: October 2005

Location: Washington, DC, USA

Tlhis document has been approved for publication by the Management Council of the
(onsultative Committee for Space Data Systems (CCSDS) and representsythe consgnsus
t¢chnical agreement of the participating CCSDS Member Agencies. Ahe procedure for
r¢view and authorization of CCSDS Recommendations is detailed in the Procedures Mgnual
for the Consultative Committee for Space Data Systems, and-the record of Agency
p

S

articipation in the authorization of this document can be aobtained from the C{SDS
ecretariat at the address below.

Tlhis Recommendation is published and maintained by;

CCSDS Secretariat
Office of Space Communication (Code:M-3)

National Aeronautics and Space Administration
Washington, DC 20546, USA
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STATEMENT OF INTENT

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

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

o Whenever a member establishes a CCSDS-related standard, this standard will be in
accord with the relevant Recommended Standard. Establishing such a standarnd
does not preclude other provisions which a member may develop:

ol Whenever a member establishes a CCSDS-related standard, that member wifll
provide other CCSDS members with the following inforination:

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

o| Specific service arrangements shall_be made via memoranda of agreement. Neith¢
this Recommended Standard nér any ensuing standard is a substitute for [a
memorandum of agreement.

o]

No lpter than five years from its\date of issuance, this Recommended Standard will be
revieved by the CCSDS to determine whether it should: (1) remain in effect without changg;
(2) be changed to reflect, the impact of new technologies, new requirements, or new
direcfions; or (3) be retired-or canceled.

In those instances,'when a new version of a Recommended Standard is issued, existing
CCSDS-related smiember standards and implementations are not negated or deemed to he
non-CCSDS-compatible. It is the responsibility of each member to determine when sugh
standards tet* implementations are to be modified. Each member is, however, strongly
encopiraged to direct planning for its new standards and implementations towards the lat¢r

. £ .1 1] Qeon do .
versionmor e necommenaca-stanaara:

CCSDS 910.4-B-2 Page ii October 2005
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FOREWORD

This document is a technical Recommended Standard for use in developing ground
systems for space missions and has been prepared by the Consultative Committee for
Space Data Systems (CCSDS). The Cross Support reference model described herein is
intended for missions that are cross supported between Agencies of the CCSDS.

This Recommended Standard establishes a common framework and provides a common
bpsis for the specification of dafa services that extend the space to ground communidation
services previously defined by CCSDS. It allows implementing organizations within|each

gency to proceed coherently with the development of compatible derived Standards for the
ground systems that are within their cognizance. Derived Agency Standards may implgment
oply a subset of the optional features allowed by the Recommended Standard and| may
ificorporate features not addressed by the Recommended Standard.

etails of the relationship of this SLE Reference Model with theset of other SLE services
pcuments are presented in subsection 2.3 of this document.

(ol w|

Tlhrough the process of normal evolution, it is expeCted that expansion, deletiqn or

odification to this document may occur. This Recommended Standard is therefore sybject
E[ CCSDS document management and change control procedures, as defined in referenge the
Hrocedures Manual for the Consultative Committeefor Space Data Systems.

CCSDS 910.4-B-2 Page iii October 2005
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Member Agencies
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— British National Space Centre (BNSC)/United Kingdom.

— Canadian Space Agency (CSA)/Canada.

- Centre National d Etudes Spatiaies (CINES )/France.

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

- Federal Space Agency (Roskosmos)/Russian Federation.

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

- Japan Aerospace Exploration Agency (JAXA)/Japan.

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

Observer Agencies

- Austrian Space Agency (ASA)/Austria.

- Belgian Federal Science Policy Office (BFSPO)/Belgium.

- Central Research Institute of Machine Building (IsNIIMash)/Russian Federation.
< Centro Tecnico Aeroespacial (CTA)/Brazil.

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

- Commonwealth Scientific and Industrial Research Organization (CSIRO)/Australia.
< Danish Space Research Institute (DSRI)/Denmark.

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

< European TelecommunicationsSatellite Organization (EUTELSAT)/Europe.

- Hellenic National Space €ommittee (HNSC)/Greece.

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

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

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

- Korea Aerospace Research Institute (KARI)/Korea.

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

- Ministry\of Communications (MOC)/Israel.

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

- ClNational 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 910.4-B-2 Page iv October 2005
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INTRODUCTION
1 PURPOSE OF THIS RECOMMENDED STANDARD

1.1 BASELINE AND REFERENCE FOR SLE SERVICE SPECIFICATIONS

This Recommended Standard defines a Cross Support reference model which provides a
common basis for coordinating the development of CCSDS Recommended Standards for

SpacetmkExtenstomtStEE)service spectficationsamd serves as a Teference to mamtain the

O

2 a0

1

pnsistency of these Recommended Standards.

s
W
npt carry information needed to configure and operate the ground systems that link num
g

1.2 RELATIONSHIP TO SPACE LINK RECOMMENDED STANDARDS

CSDS Space Link Recommended Standards (Advanced Orbiting System (AOS), P
elemetry, and Telecommand, references [2]-[7]) define formats~and protocols fo
ansfer of data between data sources and sinks on board a space<yehicle and data sink]
purces on the ground as shown in figure 1-1. These Spaced.ink protocols are design
ork efficiently in the noisy, high-delay environment of space/ground radio links; so th

round stations with the ground sinks and sources of data.

ncket
r the
5 and
ed to
by do
ETOUS

On-board data H On-board data 41} Ground data H Ground data

source/sink system system source/sink

T

Figure 1-1: (CCSDS Space Mission Data System

he SLE Recommended Standards complement the CCSDS Space Link Recommg

ground data systems:

= =

tandards with a range of services that are required to configure, operate, and supervis

he SLE Recommended Standards apply to data systems that are able 1) to receive C(

ace Link data structures from a spacecraft via a Space Link, or 2) to send CCSDS §
ink data.structures to a spacecraft via a Space Link, or 3) to transfer such CCSDS §
ink.data structures between ground-based entities.

nded
e the

[SDS
bpace
bpace

T4

heTetationstipbetween SEE services and - CESDS—Space Limk protocots 15 describ

Cross Support Concept — Part 1: Space Link Extension Services, reference [10].

ed in

CCSDS 910.4-B-2 Page 1-1 October 2005
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1.1.3 SLE SERVICES

SLE services comprise:

a) SLE transfer services, which are concerned with the ground part of the data transfer
described in 1.1.2. This transfer is either within the ground data system or between
the ground data system and the ground data sources/sinks.

b) SLE management services, which control the scheduling and provision of SLE
transfer services by ground systems.

1.1.4 SLE SYSTEMS

Ground systems providing services that comply with the CCSDS Recommended Standards
for SLE service specifications are called SLE systems.

1.1.5f FRAMEWORK FOR SLE SERVICES

This | Recommended Standard provides the framework for definition of SLE servide
speciffications to be used in support of space missions. This framework comprises:

a) the identification of an SLE system and of its‘€nvironment;
b) an architectural model of an SLE system including:

1) a functional view;

2) amanagement view;

c) the common characteristics ‘of SLE services and the template for SLE servige
specifications:

1) each individual SLE service specification expresses its requirement on supporting
telecommunication services in a respective quality-of-service clause;

2) it is assumed that the provider and user of a given SLE service ensure that
appropriate telecommunication facilities are in place;

theadentification of the SLE transfer services.

specification will be provided in a separate Recommended Standard.

CCSDS 910.4-B-2 Page 1-2 October 2005
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1.2 SCOPE

The scope of this Recommended Standard is the definition of all concepts and terms that
establish a common basis for coordinating the development of CCSDS Recommended
Standards for SLE services specifications. In defining these concepts and terms the
following assumptions are made:

a) the context is that of a single space mission;

b) within this space mission a single spacecraft is considered,

c) this spacecraft’s telemetry and telecommand are compliant with CCSDS $pace
Link Recommended Standards;

d) all ground end-users (i.e., data sinks or sources) are affiliated witlha single mission
management entity.

—

he following points are not covered by this Recommended Standard:

a) Although sharing ground systems between multiplé. space missions or between
multiple spacecraft of the same space mission/is not explicitly modeled) this
Recommended Standard does not in any way preclude sharing ground systems.

b) Ground systems and/or services that are notdirectly concerned with the transprt of
data compliant to CCSDS Space Link . Recommended Standards are not desctibed.
Processing data held within the datdZfields of Source Packet Protocol Data [Units
(PDUs) described in CCSDS, Packet Telemetry, Telecommand, and [AOS
Recommended Standards (references [2]-[7]) is outside the scope of]| this
Recommended Standard.

¢) This reference model,assumes that ground communications services are us¢d in
conjunction with the-SLE services to support a space mission, but does not explficitly
model these communiications services.

113 APPLICABILITY
1}3.1 APPLICABILITY OF THIS RECOMMENDED STANDARD

Tihis .Recommended Standard serves as a guideline for the development of compatible
Agency standards for SLE systems. Systems embraced by this Recommended Standard
inctade manmred-and-unmanred-free=ftymg-spacecratt-amd-space-transportatronsystems— This
Recommended Standard is particularly relevant to the SLE systems that are involved in cross
support.

1.3.2 LIMIT OF APPLICABILITY

This Recommended Standard is neither a specification of, nor a design for, real SLE systems
that may be implemented for the control and monitoring of existing or future missions.
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1.4 RATIONALE

The primary goal of CCSDS is to increase the level of interoperability among Agencies.
This Recommended Standard furthers that goal by establishing the basis for a set of SLE
services to be used in the area where most cross support activity occurs: between the
tracking stations or ground data handling systems of various Agencies and the mission
specific components of a mission ground system. Reference [10], Cross Support Concept —
Part 1: Space Link Extension Services, provides further discussion of the rationale for this
Recommended Standard.

1.5 | DOCUMENT STRUCTURE

This Recommended Standard is organized as follows:

a) Section 1 provides purpose, scope, applicability and rationale of this Recommenddd
Standard and lists the definitions, conventions, and references-used throughout the
document.

b) Section 2 provides the context of cross support;) presents the cross suppoft
documentation structure, and shows how this Recammended Standard fits into that
framework. It expands on the scope of this documerit to provide an overview.

c) Section 3 defines the SLE system environment, data handled by an SLE system, arnld
introduces SLE services.

d) Section 4 defines an architectural «thodel for the SLE system. This architecturfl
model comprises two views:

1) A functional view which“defines the system concepts, including functions and
data, from which the.SLE services are derived. In this functional view, the SLIE
system is decomposed into SLE Functional Groups (SLE-FGs), which implement
and augment the ‘ground side of the Space Link protocols described in CCSDS
Packet Telemetry, Telecommand, and AOS Recommended Standards (referencgs

[2]-[7D.

2) A cross support management view, which defines the management interactions
between the entities involved in the provision of SLE services and provides tHe
baseline for the SLE Service Management Specification. In this managemcqg

view, the SLE system is decomposed into SLE Complexes and the notion of S
Service Package is introduced

e) Section 5 defines the common characteristics of SLE services, provides the template
for SLE transfer services specifications, and provides an initial description of each
SLE service including operations and parameters at the corresponding ports.

f) Annex A expands upon the description, in section 3, of the data handled in SLE
systems.

CCSDS 910.4-B-2 Page 1-4 October 2005

16 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=bb133b037307def435ab1968612d21b9

ISO 15396:2007(E)

CROSS SUPPORT REFERENCE MODEL—PART 1: SPACE LINK EXTENSION SERVICES

1.6 DEFINITIONS

This Architecture Model is composed of objects with ports, through which they provide
services to other objects.

a) Port Types. Ports that are involved in providing different services are said to be of
different types.

b) Symmetric/Asymmetric Ports. Two ports (of two objects) involved in the provision
of a service may be either symmetric ports or asymmetric ports. The porfs are
symmetric if each offers all of the operations associated with the service. ~Fhe [ports
are asymmetric if each offers different operations; in this case, one porti.is called a
consumer, and the other is called a supplier.

c) Service User/Provider. An entity that offers a service to anothet"by means of gne or
more of its ports is called a service provider (provider). Thelother entity is called a
service user (user). An entity may be a provider of some-services and a uger of
others.

NOTE — ‘Provide’ is used in the sense of ‘make available to be used’ and dogs not
necessarily imply that the service is being:used.

d) Binding. When two ports of the same type‘have an association established between
them such that a service can be provided, the two ports are said to be bound. The act
of establishing such an association is called binding.

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

f) 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 assocjation
to exist between the two objects.

g) Operation. An operation is a procedure that one entity (the invoker) can requgst of
another (the'performer) through a port pair bound within the terms of an agreemgnt.

NOTES

1 The relationships among the terms user/provider, supplier/consumer,| and
invoker/performer are explained in reference [10].

2 The terms user and provider distinguish the roles of two interacting objects.
Usually these terms are applied to indicate which object (the provider) is
performing a function on behalf of the other object (the user). In this
Recommended Standard, when two objects are involved in provision of a service,
the object 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, regardless
of the direction of data flow.
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3 The terms consumer and supplier are used to distinguish the roles of two ports,
each attached to one of two objects, that are bound. In this Recommended
Standard, these terms indicate direction of transfer of data: from the supplier port
to the consumer port.

4 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, which is performed by the other. For most services, each object,
whether consumer of suppliier, INVOKEs SOME Operations and performs others.

h) Return Data. For the purposes of this Recommended Standard, Return Data)is afll
data that is sent from the space element to the ground element (e.g., telemetry):

i] Forward Data. For the purposes of this Recommended Standard, Ferward Data |s
all data that is sent from the ground element to the space “element (e.g.
telecommand).

-

j] User Data. For the purposes of this Recommended Standard, User Data is dafa
contained in a field that is neither a header nor a trailer.
1.7 | CONVENTIONS

1.7.1f STYLE

Withjn this Recommended Standard, each formal statement stands in a paragraph by itself
and ik identified uniquely by a subsection namber or by a combination of subsection numbgr
and ljst item number.

1.7.2] NOTES

Notep are not formally past.of this Recommended Standard. They are isolated from the
formal statements and afesintroduced by the word NOTE.

NOT|E — This is;an’example of a note.

1.7.3] USE.OF CAPITAL LETTERS

Namgs-of system components, data units, and other elements of the reference model are
shown with the first letter of each word capitalized.

1.7.4 DRAWING CONVENTIONS

In figures illustrating this reference model, the following conventions are used.
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a) A type of (abstract) object is shown as a round-cornered box. The type-name is
shown at the bottom of the box, preceded by the word ‘Type’ and a colon; see
figure 1-2. The initial letter of the type-name is always upper case. The ports and

services associated with an object type are also types.

h Service B

Service A -
Service C
/} 2ot —
Type: Alpha 4
Types of
Services Types©f
used by this Services
type of Object provided by this
Types of service-user Types of service-provider  type of Object
ports that this type of ports that this type of
object may have object may have

Figure 1-2: Drawing Conventions forlan‘Object-Type

b) An instance of an object is shown as a round*cornered box. The type-name is

hgain

shown at the bottom of the box, but is notpreceded by the word ‘Type’ and a golon;

see figure 1-3. The ports and services;associated with an instance of an objec
are also instances.

1 type

Service B
Service A <
4 Service C
Z
Alpha
An instance-of
Service A Instances of
used)by this Services B
Object and C provided
An instance of a Instances of by this Object
service-user port service-provider ports

Figure 1-3: Drawing Conventions for an Object-Instance

c) If a figure shows two or more instances of the same type of object, each is given a
name by showing the type-name followed by a colon and the name of the instance.

The initial letter of the instance-name is always lower case. See figure 1-4.
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d) Instances of a port type are distinguished by the names of the service instances that
are provided at the port. Multiple instances of a single service are permitted. See
example instances 1 and 2 of service D in figure 1-4.

Y

Service D Instance 1

Service B

K K Service D Instance 2

| b

Beta:
sum1

Sefvice A EJ
Service C Service E

Alpha:
num1

Beta: jZ Service F

sum2

Figure 1-4: Drawing Conventions for Multiple Object-Instances

1.8 | REFERENCES
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time fof publication, the editions.ndicated were valid. All documents are subject to revisiot
and gpisers of this Recommended Standard are encouraged to investigate the possibility ¢f
applying the most recent editions of the documents indicated below. The CCSDS Secretariat
mainfains a register of currently valid CCSDS Recommended Standards.
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2 OVERVIEW
2.1 PURPOSE OF THIS SECTION

Section 2 of this Recommended Standard provides the context for reading this
Recommended Standard. Subsections 2.2 and 2.3 introduce the Cross Support Context and
the associated SLE services documentation tree.

212 CROSS SUPPORT CONTEXT

Tlhe term Cross Support is applied when one Agency uses part of another Ageney’s resoprces
dp complement its own for the purpose of operating a spacecraft.

=+

2{2.1 CROSS SUPPORT SERVICES

ross Support Services is a generic term that encompasses all setvices that can be proyided
y one Agency to support another Agency in operating a spacecraft. On the ground, [cross
hpport services are of three kinds:

[oxllan)

|72]

a) SLE services: defined to extend CCSDS Space Link services as defined in C¢SDS
Space Link Recommended Standards (references [1]-[6]);

b) ground communications services: to.provide ground communications support, elg., to
relay operational data;

¢) ground domain services: whieh cover all services which handle data relatgd to
spacecraft operations but-not directly ‘mappable’ to Space Link data strudtures
defined in CCSDS Space Link Recommended Standards. Examples of gfound
domain services are-fracking a spacecraft, exchanging spacecraft data bases, mission
planning.

2{12.2 CROSS SUPPORT DOCUMENTATION

—

he cross support documentation is divided according to the kinds of services listed in 2{2.1:

a) _Part 1 of the Cross Support Recommended Standard will address SLE services;

b)" Part 2 of the Cross Support Recommended Standard will address gfound
communications Services;

c) Part 3 of the Cross Support Recommended Standard will address ground domain
services.
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2.3 SLE SERVICES DOCUMENTATION SET

This document constitutes the root of the SLE services documentation tree shown in figure 2-1.
Directly related to it are:

a) SLE Executive Summary: A high-level summary of the features and benefits of SLE.

b) Cross Support Concept — Part 1: Space Link Extension Services: a Report
introducing the concepts of cross support and SLE services. Those considering
adopting SLE should read this high-level document.

(¢]

c) SLE Transfer Service Specifications: Recommended Standard(s) will rprovid
specification of all SLE transfer services. Those implementing the SLE ‘transfgr
services should read this set of documents.

d) SLE Service Management suite: a set of Recommended Standards that defines the
management services required for the provision of one or more SLE transfer services.
Those implementing SLE’s service management capabilitiesishould read this set ¢f
documents.

NOTE - It is anticipated that a similar document approach will be adopted for Part |2
and 3 of this Recommended Standard«(for the ground communications
services and ground domain services).

Space Link Extension

Cross Support
Reference Model
Rart 1: SLE Services

| |
Cross.Support Concept : SLE Executive :
Part 1: SLE Services | Summary |
| |

| |

————— e — o

SLE Transfer Services

Forward SLE Service Return SLE Service SLE API for SLE Service
Specifications Specifications Transfer Services Management Suite

Legend

Recommendation

Report (Green)

Figure 2-1: SLE Services Documentation Set
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2.4 CROSS SUPPORT SECURITY

The CCSDS has identified six security areas that all CCSDS Recommended Standards must
address: data privacy, data integrity, authentication, access control, availability of resources,
and auditing. This section identifies the effect of each of these areas on SLE services and
what provisions are made in the SLE Recommended Standards.

2.4+ DATAPRIVA

7X X ASKE V71X

C\L
~ K

ata privacy (also known as confidentiality) ensures that the contents of communications are
uhderstandable to only the authorized participants in that communication. Failure '6f thq SLE
services to protect the privacy of mission data could result in a hostile party reading and
processing confidential data (which could reveal spacecraft operations infofmation that ¢ould
b used in subsequent attacks on the spacecraft).

he SLE data transfer specifications do not define capabilities to. ensure data privacy.|Data
privacy is expected to be ensured outside of the SLE layer, by the mission applidation
processes that communicate over the SLE service, in.the¢ communication servicel that
derlies the SLE service, or some combination of both.

n option for ensuring data privacy is to encrypt the SLE protocol data unit and, for| SLE
ervice Management, consider the use of XML gheryption, so that only authorized users can
¢cognize the data and process it correctly.

a2 >

o]

4.2 DATA INTEGRITY

he SLE data transfer service requires that the data is transferred in sequence, completely
nd with integrity, without.duplication and with flow control. However, this doey not
pcessarily provide the .desired protection against alterations to the data content Hy an
mtermediary process. One’way to avoid any such alterations is for the user and provider to
bree to produce credentials based on the contents of the entire PDU.

5 85 & —

o

[

he use of sequience numbers supports data integrity in SLE service management servicgs.

e

ailure of SLE services to protect the integrity of data could allow a hostile party to
hbstitute commands in the data stream, to corrupt telemetry data prior to delivery tp the
uper; and to degrade or eliminate the ability to establish and operate SLE services.

|72]

The SLE services define and enforce a strict sequence of operations that constrain the ability
of a hostile party to inject operations into the association between a service user and
provider. This constrains the ability of a hostile party to seize control of an active service
without detection.
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2.4.3 AUTHENTICATION

Authentication is the process of verifying that an entity (person, computer, etc.) is what it
identifies itself to be. Failure of SLE services to authenticate the source of SLE data units
could, for example, allow a hostile party to masquerade as a legitimate user to establish the
communication link to the spacecraft via the SLE transfer service in order to command the
spacecraft and receive telemetry data.

The § datatransferservicespecifrcationsdefmeauthentrcatron require nrentsmyvotvine

computation and subsequent verification of credentials that are carried as part of the transf¢

e Cross Support Concept (reference [9]). However, the specific algorithms by whig
d credentials are computed and verified are outside the scope of the SLE transfer serviq
ifications.

A fufther consideration for SLE data transfer is the distribution of secfet keys in a secufe
mantjer.

SLE gervice management recommends the use of digital signatures for authentication.

2.4.4 ACCESS CONTROL

Access control is the process of permitting accessionly to entities that have been explicitly
granted access privileges. Failure of the SLE sgtvices to control access can allow a party fo
establlish a connection for which they are nef authorized, for example, allowing that party fo
comipand the spacecraft and receive the spacecraft’s telemetry data.

The BLE transfer service specifications define access control requirements involving the uge
of initiator-identifierand responder-identifier parameters of the servige
opergtion invocations and returns. The process by which access control is performed |s
desciibed in annex F of the-Cross Support Concept (reference [9]).

SLE [service management uses unique identification parameters to control access to the CM.
The CM managessthe access to provider resources using parameter values that are creatqd
initiallly by the UM and which are carried in each message from the UM to the CM.

2.4.5| AAVAILABILITY OF RESOURCES

The provision of SLE services depends upon the availability of resources such as network
bandwidth allocation, processor speed, mass storage, etc. Actions taken by hostile parties to
reduce or eliminate the resources available to the provision of SLE services (in what is
commonly known as ‘denial of service’) may cause the loss of mission data, the ability to
command a spacecraft, and possibly the loss of the mission itself.

The SLE data transfer service specifications do not define capabilities to ensure availability
of resources, although they do define the configuration files needed to manage the resources
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that the CM declares will be available. Such capabilities are assumed to depend upon the
technologies used in the underlying communication service and the security environment in
which the transfer service user and provider operate.

SLE service management is able to accept or reject Service Requests, depending on the
availability of resources in the CM. Guarding against denial of service attacks at the service
management level is assumed to be handled by the underlying communication service e.g., at
routers and firewalls.

>

q

L

Iq

c
bilaterally between the spaceflight mission and the.service provider. However, it
S
p

4.6 AUDITING

uditing the execution of SLE services can provide valuable information-about attg
pcognize unauthorized access attempts in a timely manner may allowsuch parties to

pw to exploit vulnerabilities in the system and eventually to explgitythese vulnerabilit
bmpromise mission safety.

hpabilities. Security auditing functions are expected:to- be negotiated and implem|

andard feature of the SLE API to log attempts at@ccess. This is additional to inform
rovided in firewall logs.

3LE service management does not define-the audit requirements that users and proy

o g

ust meet. It is assumed that implementing agencies will maintain an audit trail g
essages conveyed by service management and of any attempts to breach security.

4.7 POTENTIAL THREATS AND ATTACK SCENARIOS

ppropriate service specification.

4.8 CONSEQUENCES OF NOT APPLYING SECURITY

[l

pEeVious paragraphs, specific consequences of not applying security are addressed withf
appropriate service specification

mpts

uccessful and unsuccessful) to access the services by unauthorized ‘parties. Failure to

learn
es to

he SLE data transfer service specifications do not define security auditing requirements or

ented
1S a
ation

iders
f the

otential threats and attack scenarios specific to particular services are addressed within the

addifion to the general consequences of not applying security that are mentioned in the

n the

CCSDS 910.4-B-2 Page 2-5 October 2005

©180

2007 — All rights reserved

27


https://standardsiso.com/api/?name=bb133b037307def435ab1968612d21b9

ISO 15396:2007(E)

(blank page)

28

© ISO 2007 — All rights reserved


https://standardsiso.com/api/?name=bb133b037307def435ab1968612d21b9

3

3.

ISO 15396:2007(E)

CROSS SUPPORT REFERENCE MODEL—PART 1: SPACE LINK EXTENSION SERVICES

SLE SYSTEM ENVIRONMENT, DATA, AND SERVICES

1 PURPOSE OF THIS SECTION

Section 3 of this Recommended Standard defines the SLE system environment, data, and
services. It introduces terms and concepts of the SLE System Architectural Model that will
be formally defined in section 4.

3

A
d
c

Z

2 SLE SYSTEM ENVIRONMENT—SPACE MISSION DATA SYSTEM

Space
Link

Space Ground
Element @ Element

\ s/ . J/

Figure 3-1: Space Mission Data System

system iHustrated in figure 1-1.

repreSents a single spacecraft and comprises the platform
payloads/instruments of this spacecratft.

NOTES

Space Mission Data System, as illustrated in figure 3-1, is the set of on-board.and gi
pta systems that support a mission. It consists of a space element and a,‘ground elg
pnnected via the Space Link. The space element and ground element exchange retur
forward data.

OTE — The Space Mission Data System corresponds to the CCSDS AOS/Packet

a) Space Element. The space element acts as a source of return data and as a sir
forwatrd data. From the viewpoint of this Recommended Standard, the space elg

and

ound
ment
n and

data

k for
ment
all

1 The space vehicles in a multi-spacecraft mission are treated as individual space

elements, from the SLE point of view.

2 Platform and payloads/instruments are considered here only for their capability of
generating or receiving data. Processing they perform on this data is not within

the scope of this Recommended Standard.
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b) Physical Channel. A physical channel is the capability to transfer a single stream of
bits, in a single direction (space to ground or ground to space).

c) Space Link. The exchange of forward and return data is performed over a Space
Link. A Space Link (SL) consists of one or both of a forward RF carrier channel
and/or a return RF carrier channel, each of which may provide one or more physical
channels. The simultaneous coexistence of several forward and several return links
with a given spacecraft is possible.

dl) Space Link Session. A Space Link Session is a continuous period during which an SUE
system provides the capability to use one or more physical channels on a space link:

e) Ground Element. The ground element of a Space Mission Data System\includes|a
Mission Data Operation System (MDOS) and an SLE system. It may-also contajn
other components, but these are not within the scope of this Recommended Standargl.
See figure 3-2.

( ) 'a N\
Groundément
R
Space Link Mission Data
Space Extension Operations
Space Element Link System System
S
N\ / L
N\ J G J
Legend

[E Other Ground Element Components

Figure 3-2:" Ground Element of a Space Mission Data System

NOTE — Thetground element may perform other functions, such as instrument dafa
processing or archiving.

—

Space Link Extension System. The Space Link Extension (SLE) System extends
the transfer and deliverv of forward and return data between a qur‘P Link grou d
termination point and the MDOS. For a given mission, an SLE system provides its
services according to specifications that have been prepared and issued by the
respective MDOS.

NOTE - Transfer and delivery involve implementing the ground processing of the
protocol described in CCSDS Packet Telemetry, Telecommand, and AOS
Recommended Standards (references [1]-[6]).
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g) Mission Data Operation System. The Mission Data Operation System (MDOS)
acts as a source of forward data and as a sink of return data. For a given SLE system,
the MDOS selects SLE services and specifies respective service detail as necessary.

h) Mission User Entities (MUEs). Within the MDOS, the MUEs are sources of
forward data or sinks of return data. The SLE system provides the forward and return
data in the form of transfer services to these MUEs. Several transfer service
instances may be provided to a single MUE.

1) Service selection and specification are based on the requirements of the\MUEs
that are affiliated with the MDOS.

2) In order to cover all requirements, a given MDOS may cooperatéowith sdveral
SLE systems; it is the responsibility of the MDOS to harmonizg its coopefation
with several SLE systems. (See figure 3-3.) The MDOS contains one|SLE
Utilization Management and one or more MUEs.

NOTES

1 The MDOS may not be the ultimate source® of forward data or sink of rfeturn
data on the ground element, but from the.perspective of this Recommgnded
Standard it acts as if it is.

2 The MDOS negotiates and manages the services provided by the SLE system
for a space mission.

3 This model of an MDOS-1s not intended to represent physical aspects of a
space mission. For example, the MUEs may be distributed geographically or
belong to several Agencies.

1) SLE Utilization Mafiagement. Within the MDOS, the SLE Utilization Managgment
negotiates with the;SLE system the provision of transfer services and control$ and
monitors the proyision of these services.

NOTES

1 The SLE Utilization Management (SLE-UM) is responsible only fof the
management of the MDOS related to the SLE system (and is not resporsible
for the management of the complete MDOS) or the space element.

a) T1 QI 1 ITINA B 4+ Tt Hu 4+ +la AW ARYaYal 41 i i h
THC O LUV COUTUIIIACS,  THICTIIAll y  tU - UHICV - IVIIUAS, - LIV PIUVISIULL 1 t c

transfer services of forward and return data transfer to the MUEs.

3 The management of the SLE system by the SLE-UM is the subject of a
separate management service specification.
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3.3 SLE SYSTEM DATA AND SERVICES—DATA EXCHANGE

The MDOS utilizes the SLE to transfer return and forward data to/from the space element.
In addition the MDOS and the SLE system exchange management data for the purpose of
managing the data transfer. These information exchanges are illustrated in figure 3-3.

Space element

\é’nanagement data

/ SLE management &"m“"c
data exchange V\

Space Space Mission
Element Link Data

Extension Operation

System System

forward and return
data exchange

Figure 3-3: Data;Exchange

NOTEE - The management data exchanged)between the space element and the MDOS

illustrated for the sake of completeness; however, it is outside the scope of th
Recommended Standard and'will not be further discussed. It is simply part of th
total data being forwarded to and returned from the space element. Owing to th
lack of a pertinent standard it can not be recognized or interpreted by the SLj
system.

O o o v v

a) Space Link Data Unit. The SLE system exchanges with the space element streanjs
of Space Link‘Data Units (SL-DUs). SL-DUs are either Return SL-DUs or Forwaid
SL-DUs.

b) ReturmSpace Link Data Unit. A return SL-DU is a data structure defined by tHe
CCSDS Packet Telemetry and AOS Recommended Standards (references [1]-[3]).
The types of return SL-DUs are provided in tables A-1 and A-3 of annex A.

NOTE - Examples of return SL-DUs are: a Space Packet; a TM Transfer Frame, as
defined in the above references.

c) Forward Space Link Data Unit. A Forward SL-DU is a data structure defined by
the CCSDS Telecommand or AOS Recommended Standards (references [3]-[6]).
The types of Forward SL-DUs are provided in tables A-2 and A-3 of annex A.

CCSDS 910.4-B-2 Page 3-4 October 2005

32 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=bb133b037307def435ab1968612d21b9

ISO 15396:2007(E)

CROSS SUPPORT REFERENCE MODEL—PART 1: SPACE LINK EXTENSION SERVICES

NOTE - Examples of Forward SL-DUs are: a Telecommand Packet; a Telecommand
Frame, as defined in the above references.

d) Space Link Data Channel. A Space Link data channel is a uniquely identifiable
stream of SL-DUs of the same type received from, or sent to, a space element. Annex
A explains the relationship between SL-DUs and the Space Link protocols.

NOTE - Examples of Space Link data channels are: a Return Space Packet channel

with a Qppr‘iﬁr‘ qpp]ir‘aﬁnn iﬂpnﬁﬁpr; a Return VC Frame channel with a

specific virtual channel identifier.

e) Space Link Extension Service Data Unit. An SLE Service Data Unit (SLE-$DU)
contains an annotated SL-DU and/or control information related to the processing and
transfer of SL-DUs by the SLE System.

To extend the Space Link protocols described in CCSDS Packet Telenpetry,
Telecommand, and AOS Recommended Standards (references [1]-[6]), the|SLE
System transfers streams of SL-DUs, encapsulated in ‘SLE-SDUs. The mapping
between SL-DU and SLE-SDU is illustrated in figure3-4 for return data and in figure
3-5 for forward data.

v I I N --- e
Stream .
X

4\
xO
Stream Al *®*
Time >
C {-SLE Control A | SLE Annotation of
Information SL-DU

Figure 3<4: An Illustration of Mapping Return SL-DUs to Return SLE-SDUs
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srem N B B N

SLE-S
Stream B ---
—W—

SLE Control SLE Annotation of
Information SL-DU

Fiigure 3-5: An Illustration of Mapping Forward SLE-SDUs to Forward SL-DUs

NOTES

1 Examples of annotation are: ground reception time; qualityindication (return datg)
and requested transmission time, uplink path (forward.data). Examples of contr¢l
are: loss-of-service indication; recovery-of-service ‘indication (return data) arld
directives related to the Communications Operation-Procedure (forward data).

2 In the case of return and forward RF signals) the SLE-SDUs are identical to the
SL-DUs, i.e., they contain no annotation or control information. They arg
nevertheless, referred to as SLE-SDUszin this Recommended Standard.

-

—

3 Figures 3-4 and 3-5 are not meant to specify the order in which SLE contr
information, SLE annotation oftan SL-DU, or the SL-DU appear in an SLE-SDUJ

4 Figures 3-4 and 3-5 (like the reference model) do not address the PDUs that mqy
be used to implement:the transfer of SLE-SDUs across ground networks.

5 Figure 3-4 illustrdtes the concept of deriving a stream of Return SLE-SDUs from|a
stream of Retutn/'SL-DUs. The top line shows a stream of SL-DUs. The lower lije
shows the~corresponding stream of SLE-SDUs, where each SL-DU has begn
‘wrapped up’ with annotation, and sometimes with control information, and whete
some.control information has been provided in an SLE-SDU that contains no SIL-
DU.) 'Thus one kind of SLE-SDU is derived from a specific SL-DU, while anothg¢r
kind of SLE SDU provides supplementary control information that does not pertajn
to a specific SL-DU.

6 Figure 3-5 above illustrates the concept of deriving a stream of Forward SL-DUs
from a stream of Forward SLE-SDUs. The lower line shows a stream of SLE-
SDUs, where each SL-DU has been wrapped up with annotation and sometimes
with control information. An SLE-SDU also may carry control information alone
(i.e., no Space link-DU). Such an SLE-SDU might result in generation of an
Space link-DU (e.g., a TC COP directive to send an ‘Unlock’ command to the
space element), or might be relevant only within the SLE System (e.g., a TC
COP directive to set values of ground-end parameters).
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f) Space Link Extension Data Channel. An SLE data channel is a uniquely
identifiable stream of SLE-SDUs of the same type derived from a Space Link data
channel. The types and identification are the same as for space data channels. SLE
data channels are the streams of data processed and transferred by an SLE System.
The types of Space Link Extension Data Channels are listed in tables A-4 and A-5 of
annex A.

NOTE — Formally speaking, an SLE data channel cannot be transferred by an SLE
System. It is the SLE-SDUS belonging 1o an SLE data channel ihgt are
transferred by an SLE System.

he detailed structure and semantics of each component of an SLE-SDU, as well-as the|rules
r their composition into SLE-SDUSs, are defined in the pertinent SLE seryice-specifications.

=

3l4 SPACE LINK EXTENSION SERVICES

SILE services are provided by an SLE system to an MDOS. SEE services comprise:

a) the SLE transfer services, which transfer SLE‘data channels from/to the $pace
element to/from the MDOS through the SLE system;

b) the SLE management service, which centrols the scheduling and provisign of
instances of SLE transfer services by the'SLE system.

NOTES

1 In the realm of a specific mission, one speaks of instances of SLE sdrvice
provided by the SLE system and not of SLE services. The distinction between
SLE service and instances of SLE service is discussed in sections 4 and 5.

2 In the realm(of"a specific mission, there may be several instances of|SLE
managemefit)service and of SLE transfer service at any time provided by anf SLE
system toah MDOS.

3l4.1 OVYERVIEW OF SLE TRANSFER SERVICES

a) +Each of the SLE transfer services delivers one type of SLE data channel.

b) The following subsections identify the baseline Return SLE transfer seryices,
Forward AOS SLE transfer services, and Forward Telecommand SLE transfer
services, respectively. This baseline may be modified in the future through the
addition or deletion of SLE services. These service identifications do not address the
details of the services. Subsection 4.3.2 of this document provides more detail on
each of the services listed below. For each service listed below, its corresponding
description in 4.3.2 is identified.
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3.4.1.1 Return SLE transfer services

Return SLE transfer services include:

a) Return All Frames (RAF) service, which delivers the RAF SLE data channel resulting
from a single physical channel (4.3.2.1.1 a) 1));

b) Return Insert service, which delivers the Return Insert SLE data channel decom-
mutated from a single physical channel (AOS only) (4.3.2.1.1 a) 2));

c) Return Master Channel (MC) Frame service, which delivers a Master Channg¢l
(Master SLE data channels) demultiplexed from an RAF channel (4.3.2.1.2 a)1));

d) Return Master Channel Operational Control Field (MC-OCF) service, which delivets
an Operational Control Field SLE data channel decommutated fromyJits associatdd
Master Channel (4.3.2.1.2 a) 2));

e) Return Master Channel Frame Secondary Header (MC-FSH)service, which delivef
a Frame Secondary Header SLE data channel decommutated from its associatdd
Master Channel (Packet Telemetry only) (4.3.2.1.2 a) 3));

7]

v
—_

f] Return Virtual Channel Frame (VC Frame) service,-which delivers a Virtual Channg
(Virtual SLE data channel) demultiplexed from an MC channel (4.3.2.1.2 a) 4));

7]

g) Return Virtual Channel Operational Control, Freld (VC-OCF) service, which delivet
an Operational Control Field SLE data_channel decommutated from its associatdd
Virtual Channel (4.3.2.1.2 a) 5));

h) Return Virtual Channel Frame Secondary Header (VC-FSH) service, which delivers|a
Frame Secondary Header SLE-data channel decommutated from its associated Virtugl
Channel (Packet Telemetry only) (4.3.2.1.2 a) 6));

1] Return Bitstream serviceé, which delivers a Bitstream SLE data channel decomp
mutated from its assoeiated virtual channel (AOS only) (4.3.2.1.3 a) 1)); and

j]1 Return Space Packet (RSP) service, which delivers a set of RSP SLE data channe|s
demultiplexed from a Version-1 or Version-2 virtual channel (4.3.2.1.3 a) 2)).

3.4.112 Ferward AOS SLE Transfer Services

ForwjatdyAOS SLE transfer services include:

a) Forward Bitstream service, which receives a Bitstream SLE data channel from the
MDOS (4.3.2.2.1 a) 1));

b) Forward VCA service, which receives a VCA SLE data channel from the MDOS
(4.3.2.2.1 a) 2));

¢) Forward Space Packet service, which receives Forward Space Packet data channels
from the MDOS (4.3.2.2.1 a) 3));
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d) Forward Proto Transfer Frame service, which receives a proto Transfer Frame SLE
data channel (4.3.2.2.2 a) 1)) (A proto Transfer Frame is an AOS Transfer Frame that
does not yet have data in its insert zone and has not yet been coded);

e) Forward Insert service, which receives a Forward AOS Insert SLE data channel
(4.3.2.2.2 2) 2)); and

f) Forward Coded Transfer Frame service, which receives Coded Transfer Frame SLE
data channels (4.3.2.2.2 a) 3)).

3{4.1.3 Forward Telecommand SLE Transfer Services

Forward Telecommand SLE transfer services include:

a) Telecommand VCA (TC-VCA) service, which receives a TC-VCA SLE data channel
(4.3.23.1a) 1));

b) Forward Space Packet service, which receives Forward Space Packet SLE| data
channels (4.3.2.3.1 a) 2));

¢) Telecommand Frame service which receives Forward Telecommand Frame SLH data
channels (4.3.2.3.2 a));

d) Communications Link Transmission Unit*(CLTU) service which receives Foiward
CLTU SLE data channels (4.3.2.3.3 a)).

314.2 SLE TRANSFER SERVICE DELIVERY MODES

—

here are three modes of delivery for SLE transfer services: complete online, timely opline,

hd offline.

o

[)

4.2.1 Online Delivery Mode

—

he online delivery mode is employed to transfer a stream of SLE service data through pll or
art of the SEE system during the time that the associated Space Link session is active.

so)

@»

4.2:1:1 Forward Online Delivery

a) On-line delivery for forward data 1s provided during a forward space link session, i.e.,
the period of time when application processes at the sending and receiving ends of the
forward link are physically and/or logically interconnected for the purpose of
delivering forward link data.

b) The basic quality of on-line delivery is characterized by the types of services
available: 1) complete and in-sequence and 2) expedited.
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¢) The complete and in-sequence service guarantees that the service data are delivered
according to routing control instructions (e.g., multiplexing scheme) with the
sequence preserved for a given space packet, with no ground-induced errors, with no
data omitted and with no data duplicated.

d) The expedited service delivers the service data in the sequence received, with no
ground-induced errors but does not guarantee complete delivery (i.e., data may be
lost).

e) The on-line delivery of forward data cannot extend beyond the end of the spaceAdink
session.

3.4.211.2 Return Online Delivery

a) The quality of online delivery is characterized by two factors: the¢ completeness ¢f
data delivery, and the timeliness of data delivery.

b) Complete Online. Unless otherwise constrained for timegliness considerations (sge
item d), below), Return SLE services provide completedelivery, in which the servige
data are delivered in the sequence received, with no\gtound-induced errors, and with
no data omitted. Completeness is guaranteed, even if the rate at which the data |s
received by the SLE system is greater than the rate at which it is delivered to the usef.

NOTE - Completeness of delivery from a-high-rate source to a lower-rate sink |s
dependent on the availability ef*sufficient buffering capability in the SLIE
system. The guarantee of such’completeness therefore requires that sufficient
resources have been reserved by the SLE system.

c) The online delivery of return-data may extend beyond the end of the Space Link
session.

NOTE - Complete, in-sequence delivery may result in large delays between the time|a
data itenris‘received by the SLE system and the time it is delivered to the
user. ®eturn online services support this situation by allowing the delivery ¢f
the,data to the user to extend beyond the end of the Space Link session.

d) Timely Online. The large delays resulting from complete, in-sequence delivery mqy
resultin the delivery of data past the point of its usefulness. The SLE online servics
provide two mechanisms for dealing with timely data (that is, data that are desired ¢r
required to be delivered within a certain delay from the time of receipt by the ST
system):

w2

1) Delay notification: When the delay in delivery exceeds a user-specified
notification delay, Tgeiay-notity> the Return SLE service notifies the user. If and
when the delay subsequently shortens to be within Tgejay-notiry, the Return service
notifies the user that the delay has been recovered.
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2) Data deletion: When the delay in delivery exceeds a user-specified deletion
delay, Tgeees the return SLE service deletes the outstanding queue of SLE-SDUs
for that service and notifies the user of the deletion and the number of SLE-SDUs
deleted.

e) The Return SLE services allow the notification and deletion features to be disabled
by the service user.

314.2.2 Offline Delivery Mode

Tlhe offline delivery mode is employed to transfer sets of SLE service data througlhrall of part
of the SLE system, and this transfer typically occurs outside the associated Space |Link
sgssion.

NOTE - It is possible to provide a finer granularity of service delivery than one data set
per Space Link session. CCSDS may define such mechanisms in future releases
of this Recommended Standard. However, one data-set per Space Link sgssion
will always be a legitimate subset of the offline délivery selection criteria.

314.2.2.1 Forward Offline Delivery

a) The offline delivery mode is employed.to transfer a set of forward SLE servicqd data
through all or part of the SLE systefi: This transfer must be complete before the
transmission of that data set to the Space element during the associated Space|Link
session.

b) Offline delivery is providéd,in the form of a data set containing all SLE-SDUs|(that
is, SL-DUs, annotation data, control information, and control messages), conjplete
and in sequence, to betransmitted during the Space Link session.

¢) The complete and-in-sequence service guarantees that the service data are deliyered
according toCthe routing control instructions (e.g., multiplexing scheme) with the
sequence _preserved for a given data set, with no ground-induced errors, with nd data
omitted; ‘and with no data duplicated.

d) Proyvisioning for offline delivery includes the reservation of sufficient storage in the
SLE system. The reservation of such storage by the MDOS occurs concurrently] with
the reservation of SLE system resources to receive the user data to be stored.

e) The offline delivery service includes delivery to the space element at a time defined
by the associated SLE management.
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3.4.2.2.2 Return Offline Delivery

a) The offline delivery mode is employed to transfer a set of return SLE service data
through all or part of the SLE system once the acquisition of that data set from the
space element is complete. This transfer occurs during or after the associated Space
Link session.

b) Offline delivery is provided in the form of a data set containing all SLE-SDUs (that
is, SL.-DUs. annotation data, control information, and control messages), complete
and in sequence, stored during the Space Link session.

c) Provisioning for offline delivery includes the reservation of sufficient storage in the
SLE system. The reservation of such storage by the MDOS occurs concusrently with
the reservation of SLE system resources to receive the user data to be stored.

d) In general, storage for subsequent offline delivery is reserved by(the SLE system {n
one of two ways:

1) User data storage: Storage of the full set of user data that'is received by the SLIE
system for the Space Link session. Storage of the yser data allows the MDOS {o
defer the selection of offline data sets until the time at which those data sets aj
retrieved by the MDOS.

o

2) User service data storage: Storage of th&.complete set of service data that h:
been extracted from the user data that.has been received by the SLE system f
the Space Link session. Storage of\user service data requires that the MDO
establish, concurrent with the resenvation of resources needed to receive the us¢
data, the exact service data sets/to be subsequently delivered offline.

= N =R wn

NOTES

1 From the perspéctive of the MDOS, user data storage is usually the preferre
option, because’it allows the user to defer deciding the exact sets of servig
data to be'delivered offline. However, as the ratio of data to be deliverg
offline’to-the amount of user data decreases, the relative cost of storing th
user‘data increases for the SLE system. Therefore, real SLE systems m4
oconstrain or disregard altogether storing offline data at the user data level.

< o a0 a

2 There may be multiple data sets (corresponding to multiple services) extractdd
from the user data corresponding to a single Space Link session.

3 Even if the MDOS arranges for offline storage in terms of user service data,
an implementation of the SLE system may actually implement the storage at
the user data level (or even in some intermediate form). The issue relevant to
cross support (and therefore to this Recommended Standard and the
specifications of the various SLE services) is the context in which the MDOS
and the SLE system arrange for the data to be stored.
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e) The MDOS arranges for the offline delivery of stored service data as a separate
activity from the reception and capture of the user data.

NOTE - The mechanism for arranging for online and offline service delivery and the
associated resources and processing is called the SLE Service Package (see

44.1.2).
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4 SLE ARCHITECTURE MODEL
4.1 INTRODUCTION TO SLE ARCHITECTURE MODEL
4.1.1 PURPOSE AND SCOPE OF ARCHITECTURE MODEL

The purpose of the Architecture Model is to provide the functional and management concepts
of the framework for specifications of SLE services. These functional and management
cprceptsare etaborated T the tontext of the-SEE systenrenvironmment mtroduced rsection 3.

This Architecture Model provides an abstract model of an SLE system. This absfract model
iy refined in two ways: one to provide a functional view of an SLE system, and-thé second to
rovide a cross support view.

p

Tlhe functional view, presented in 4.3, defines the functions (and theirrmanagement) tha may
be performed by an SLE system, without regard to the way these.functions are allocated to
vprious management authorities in real systems. The functional:view decomposes the| SLE
system into elementary functions, called SLE Functional Gfeups (SLE-FGs), that trgnsfer
and deliver return and forward data between the space element and the MUEs.

—

he cross support view, presented in 4.4, provides‘the means to model allocation df the
fiinctions identified in the functional view to real.Systems under independent managgment
ithorities, which are named SLE Complexes., The cross support view also describgs the
anagement interactions between SLE Complexes and the SLE Utilization Management on
behalf of the MDOS.

o

he relationship between the functienal and cross support view is covered in 4.4.2, which
scusses how SLE-FGs relate to SLE Complexes.

41.2 MODELING TECHNIQUE

a) The functional‘and cross support views of the architecture model are based on object-
oriented analysis, which models real systems through functional entities dalled
objects.

b) A given port has identical structure and behavior independent of the level wher¢ it is
exposed. Port characteristics at SLE-System level are described in 4.2.3;
characteristics at SLE-Complex level are described in 4.4.2.2, 4.4.2.3 and 4.4.2.4;
characteristics at SLE-FG level are described in 4.3.1.2 and 4.3.1.3.

4.2 TOP-LEVEL ARCHITECTURE MODEL
4.2.1 ABSTRACT SLE SYSTEM ENVIRONMENT

4.2.1.1 The Space Mission Data System, described in section 3, can be modeled as an
abstract-object which is decomposed into a central abstract-object, the SLE system, and two
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peripheral abstract-objects, the space element and the MDOS. The SLE system interacts
with both the space element and the MDOS by means of a number of different ports, as
illustrated in figure 4-1.

NOTES

1 It is not within the scope of this Recommended Standard to describe the functionality
of the space element or of the MDOS.

2 The SLE system interacts with the space element and with the MDOS through the
ports which it exposes. These ports are described in 4.2.3.

3 In this Recommended Standard, the MDOS represents the mission-speeific ground

systems that are directly involved with the day-to-day operations—of a missiqn
spacecraft, and specifically, with the transfer of Space Link data to or from the
spacecraft via the SLE system. Thus the MDOS includes the sgurces of forward data
(e.g., telecommand packets), and the sinks of return data (eig., telemetry packets)).
Although it is modeled as a single entity, in a real ground system the MDOS could
comprise many separate systems, including control cenfers or data processing centef
that handle CCSDS SL-DUs. However, other.systems that process, catalog
distribute, or archive mission data are not consideféd'in this discussion.

72}

>

Type:

Space
Element

Type:MDOS

Type: SLE System Environment

Figure 4-1: Abstract Model of the SLE System Environment

4.2.1
of the data transfer between the space element and the MDOS. This data transfer is an
extension of the Space Link data transfer, which is specified in Recommended Standards
(references [1]-[6]).
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2.2 PROVISION AND PRODUCTION OF SLE TRANSFER SERVICES

4.2.2.1 Definition: SLE Transfer Service Provision. An SLE system is said to provide
an SLE transfer service when it exposes the operations necessary to obtain the service.
Provision of an SLE transfer service implies making available to the service user the
capability to obtain the service. Provision involves the interface between the service user
and the service provider, and is characterized by what SLE data channels are transferred,
when they are transferred, and the quality of service with which they are transferred (e.g.,

C

4
t1

t1
t1

>

¢

4

A

pmplctely, reliably).

2.2.2 Definition: SLE Transfer Service Production. In order to provide’ an
ansfer service, an SLE system must perform the necessary transformations between th
hrrier channel and the SLE data channels(s) to be transferred to/from thé>yser of the
ansfer service. Performance of these transformations is called produetion of the
ansfer service.

2.3 PORTS OF AN SLE SYSTEM

n SLE system has Transfer Ports and Management Rofts. Through its Transfer Pd
pceives or sends one or more space data channels. TFhe service provided by an SLE sy
a Transfer Provider Port is called an SLE transfet’service. The SLE System Manage
orts provide SLE management services, which expose the operations requireq
pgotiation, monitoring and control of the preduction and provision of SLE transfer ser
y the MDOS.

a) All SLE services are provided by asymmetric ports.

(output) to indicate the'direction of space data flow.

c) Although ASDC terminology allows a service to be provided via several ports,
SLE service is(defined as being provided at an interface of a single pair of ports
provided from' a single port (instance) of one object to a single port (instand
another object.

2.3.1 —Transfer Ports

nCSLE system may have multiple Transfer Ports of multiple Transfer Port types. It ug

SLE
e RF
SLE
SLE

rts it
r'stem
ment
| for
vices

b) In describing SLE services, ports are designated as consumer (input) or supplier

each
) 1.e.,
e) of

ually

h

as at Ieast one return KE-signal port and/or one forward KE-signal port. A Iransier

ort is

either a service-user port, denoted T-U (for Transfer User Port), or a service-provider port,

d

enoted T-P (for Transfer Provider Port), but can not be both.
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4.2.3.1.1 Transfer User Port

At a Transfer User Port, an SLE-System uses an SLE transfer service provided by the space
element. If the SLE transfer service used is a return SLE transfer service, the port is a
consumer of a return space data channel. If the SLE transfer service used is a forward SLE
transfer service, the port is a supplier of a space data channel.

4 2 3 I ! I l:anc"‘nv ProviderPort
ol e JFET T FovIaer—=01+

At a|provider port, an SLE-System provides an SLE transfer service. If the SLE fransfer
servige provided is a return SLE transfer service, the port is a supplier of a returnspace daga
channel. If the SLE transfer service provided is a forward SLE transfer service;'the port is|a
consyimer of a space data channel.

4.2.311.3 Transfer Port Type

A Transfer Port type is named for the type of space data channel that it transfers.

4.2.312 Management Ports

4.2.312.1 An SLE system may have multiple instances of Management Ports. The SLE
Systgm Management Port Type is discussed.further in the cross support view of the
Archjtectural Model (4.4).

4.2.312.2 Through its Management:.Ports, an SLE system exchanges management
information such as set-up or configuration related to the supervision of the SLE transfgr
serviges provided by the SLE system-at its Transfer Provider Ports.

NOTE — As described in 1.6.3, the convention in this Recommended Standard is that for
any abstract-0bject, one service-provider port provides one (and only ong)
abstract serviee.

4.3 | ARCHITECTURE MODEL—FUNCTIONAL VIEW

4.3.1] FUNCTIONAL VIEW CONCEPTS

4.3.1.T Functional Decomposition of SLE System

4.3.1.1.1 This reference model functional view is a decomposition, or abstract refinement,
of an SLE system that focuses on the functions that provide SLE transfer services. In this
view, the SLE data transfer is implemented within the SLE system by abstract-objects called
SLE-FGs. Each SLE-FG performs a related set of functions that provide one or more related
SLE transfer services.
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4.3.1.1.2 Definition: SLE-FG Object. An SLE-FG performs the functions that transform
SLE-SDUs from an SLE data channel of a given type to produce and provide a related group
of SLE transfer services.

4.3.1.1.3 SLE-FGs are of one of eight types of abstract-object, which fall into three
categories: return SLE-FGs (listed in table 4-1), forward AOS SLE-FGs (listed in table 4-2),
and forward telecommand SLE-FGs (listed in table 4-3). The management, such as set-up
and configuration, of SLE-FGs is performed by the SLE system.

NOTES

1 The eight SLE-FG types are described in more detail in 4.3.2. The seryices proyided
by the SLE-FGs are described in section 5. The rationale for the breakdown of the
SLE system into the eight specific SLE-FG types is provided in anniex B.

2 The relationship between the management of SLE-FG and.the cross support vigw of
the SLE System Architectural Model is discussed in 4.4.

Table 4-1: Return SLE Functional Groups

Return Space Link Processing SLE-FG
Return Frame Processing SEE-FG
Return Frame Data Extraction SLE-FG

Table 4-2:-Forward AOS SLE-FG

Forward AOSVC Data Insertion SLE-FG

Forward AOS Space Link Processing SLE-FG

Table 4-3: Forward Telecommand SLE-FG

Forward TC VC Data Insert SLE-FG
Forward CLTU Generation SLE-FG
Forward TC Space Link Processing SLE-FG

4.3.1.2 Ports of an SLE-FG

An SLE-FG may have multiple instances of multiple types of Transfer Ports through which it
provides one or more SLE transfer services. An SLE-FG has one Function-Management
Port through which it exchanges management information such as set-up or configuration
relative to the supervision of the SLE transfer services provided by the SLE-FG at its
Transfer Provider Ports. An illustration of an SLE-FG is given in figure 4-2.
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NOTES

1

4.3.1

Ata
FG,

servi
used

4.3.1

As described in 1.6.3, the convention in this Recommended Standard is that for any
abstract-object, one service-provider port provides one (and only one) instance of
abstract service.

Because the focus of this section is on the functions that produce SLE transfer
services, there is no further discussion of service management here. Management of

QI M M b Ih 41 at M £ 41 lasi 4+ h G 4]

DL/ SULIVIUUS IS UISUUSSULU 11T UITU CIUSS bu}Jl)UlL VICWOT trcarcnriecture modacT 11T tc
SLE Service Management specification and in section 5, Specification ofSLE
services.

Transfer Provider port Transfer User port
Function-Management
Provider port

Figure 4-2: Ports of an SLE-FG

2.1 SLE-FG Transfer User Port

Transfer User Port, an SLE-FG uses an SLE transfer service provided by another SLE
pr by the spae€ element. If the SLE transfer service used is a return SLE transfé¢r
Ce, the port(is a consumer of a return space data channel. If the SLE transfer servige
is a forward SLE transfer service, the port is a supplier of a space data channel.

Z.2 SLE-FG Iransier Frovider rort

At a provider port, an SLE-FG provides an SLE transfer service. If the SLE transfer service
provided is a return SLE transfer service, the port is a supplier of a return space data channel.
If the SLE transfer service provided is a forward SLE transfer service, the port is a consumer
of a space data channel.
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4.3.1.3 Binding Rules of SLE-FG Transfer Ports

Pairs of (instances of) SLE-FG Transfer Ports may be bound, as illustrated in figure 4-3, in
the following ways:

a) a Transfer User Port (of a given type) is bound to a Transfer Provider Port (of the
same type) of another SLE-FG, or to the space element;

b) a Transfer Provider Port (of a given type) is bound to a Transfer User Port (of the
same type) of another SLE-FG, or of a MUE within the MDOS;

c) each instance of service is provided on a separate pair of (instances of)’SLE-FG
Transfer Ports.

Both type

Both type

o n
/ \ / \ Type:
SLE-FG
Type: or
SLE-FG T)tpe.:
or Type: Mission
Element Type: SLE-FG

LCegend

Transfer Provider port m Transfer User port

FM-P] Function Management Provider port

Figure 4-3: -Interconnection of SLE-FGs Ports

43.2 INTRODUCTION TO SPECIFIC SLE FUNCTIONAL GROUPS

4,3.2.1 RETURN SLE Functional Groups

a) There are-thtee Functional Groups (FGs) that provide return SLE services:
1) Return Space Link Processing;

2)~ Return Frame Processing;

3) Return Frame Data Extraction.

b) These are illustrated in figure 4-4, below, and are described in the three subsections
that follow. In figure 4-4, all services exposed between FGs are available to the
MDOS, including the two services used for cross support between FGs (RAF and
Return VC Frames).

c) In each subsection, the services provided by that FG are identified, followed by the
functions performed by that FG in order to produce those services. Each FG is
formally defined as providing all of the services listed and performing all of the
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functions listed. Real implementations of the FGs may provide all or only a subset of
these services, and consequently may perform all or only a subset of the functions
identified. The applicable SLE service specifications define the relationship between
services implemented and functionality required to produce those services.

f ' ( \ :lT_P Rtn MC Frames f \
=l Rtn VCFrames =
Rtn — L Rtn
:lT'P Al Frames |:T'U T-pRin VC-FSH TP Bitstream
Tu 7] Rtn VC-OCF Type:
Type: w Type: Return
Return Insert Return T-P |___Rtn MC-FSH Frame {T-P |___Rtn
Space Link Frame Rtn MC-OCF Data Space Packet
Processing Processing Ei Extraction
From Space Link (N\e®

Figure 4-4: Return Functional Groups

4.3.211.1 Return Space Link Processing SLE-FG
a) The Return Space Link Processing SLE-FG,provides the following services:

1) RAF service, which delivers the RAF SLE data channel resulting from a single
physical channel;

2) Return Insert service, whieh:delivers the Return Insert SLE data channel from|a
single physical channel. -Return Insert service is delivered in online mode only.

b) The Return Space Link(Processing SLE-FG performs the following functions:

1) utilizes the underlying antenna steering capabilities of the ground element and
acquires the\RF carrier channel;

2) demodulates the RF carrier channel into one or more physical channels, each ¢f
whiclreonsists of a digital symbol stream,;

3) «frame synchronizes and extracts CCSDS frames from each physical channel;

4) error-decodes the frames and corrects the correctable errors: error decodirg
includes convolutional decoding (optionally applied), bit derandomization
(optionally applied), Reed-Solomon decoding (optionally applied) and cyclic
redundancy check (CRC) decoding (optionally applied);

NOTES

1 Depending upon the implementation, convolutional decoding may be applied
before or after frame synchronization.
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2 SLE Return Space Link Processing requires that at any given time, the coding
options must be the same for all frames on the physical channel. In some
cases, this is more restrictive than the constraints imposed by the
corresponding Space Link Recommended Standards. In particular, Reed-
Solomon coding must be present or absent on all of the frames on the physical
channel; that is, there cannot be a concurrent mix of some frames with Reed-
Solomon coding and some frames without.

G
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6) injects the resulting RAF SLE-SDU into the RAF channel associated\with the
physical channel from which the frame was originally extracted;

NOTE — The RAF channel also contains service control information not carried in
the RAF SLE-SDUs.

7) for an RAF channel containing a Return Insert Spaee Link data chgnnel,
decommutates the complete insert zone from every frame within the physical
channel, annotates each insert zone to form a Return Insert SLE-SDU, and ipjects
the resulting Return Insert SLE-SDUs into the Return Insert SLE data channel
identified by the RAF Channel ID;

8) stores sufficient data to subsequently re¢onstruct the RAF SLE data for delivery
through one or more offline SLE service instances;

9) retrieves stored data and reconstructs the RAF SLE data channel for delivery
through one or more offline SLE service instances;

10) performs telecommunication functions necessary to supply the Return Space|Link
Processing SLE data ‘ehannels (RAF, Return Insert) through both onling and
offline SLE serviee instances.

43.2.1.2 Return Erame Processing SLE-FG
a) The ReturtiFrame Processing SLE-FG provides the following services:

1) Return Master Channel (MC) Frame service, which delivers one Master Channel
(Master SLE data channel) demultiplexed from a particular RAF channel;

2) Return Master Channel Operational Control Field (MC-OCF) service, which

delivers one Operational Control Field SI.E data channel decommutated fram its
associated Master Channel,;

3) Return Master Channel Frame Secondary Header (MC-FSH) service, which
delivers one Frame Secondary Header SLE data channel decommutated from its
associated Master Channel;

4) Return Virtual Channel Frame (VC Frame) Service, which delivers one Virtual
Channel (Virtual SLE data channel) demultiplexed from a particular MC channel;
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5) Return Virtual Channel Operational Control Field (VC-OCF) service, which
delivers one Operational Control Field SLE data channel decommutated from its
associated Virtual Channel;

6) Return Virtual Channel Frame Secondary Header (VC-FSH) service, which
delivers one Frame Secondary Header SLE data channel decommutated from its
associated Virtual Channel; and

b) The Return Frame Processing SLE-FG performs the following functions:

1) consumes a single RAF SLE data channel;

2) demultiplexes the RAF channel into its component Master Chann¢ls, eadh
identified by its Master Channel ID (MCID = Frame Version Number;and SCID|
annotates each MC Frame in the Master Channel to form an MO Frame SLE
SDU, and injects the resulting MC Frame SLE-SDUs into the Master Chann
SLE data channels;

-

N2
—_—

3) demultiplexes each Master Channel into its component-Virtual Channels, eagh
identified by its Global Virtual Channel ID (GV.CID = MCID and VCID)),
annotates each VC Frame in the Virtual Channel t6. form a VC Frame SLE-SDUJ,
and injects the resulting VC Frame SLE-SDUs-into the Virtual Channel SLE data
channels;

4) for a Master Channel containing an® MC-OCF Space Link data channdl,
decommutates the OCF field from each MC Frame, annotates the OCF field data
to form an MC-OCF SLE-SDU, (injects the resulting MC-OCF SLE-SDUs info
their respective MC-OCF SLE-.data channels;

5) for a Master Channel ‘containing an MC-FSH Space Link data channd|,
decommutates the FSH\field from each MC Frame, annotates the FSH field data
to form an MC-FSH)SLE-SDU, and injects the resulting MC-FSH SLE-SDUs
into their respective’ MC-FSH SLE data channels;

6) for a Virtual Channel containing a VC-OCF Space Link data channdl,
decommutates the OCF field from each VC Frame, annotates the OCF field data
to formy’a’VC-OCF SLE-SDU, and injects the resulting VC-OCF SLE-SDUs info
thetr fespective VC-OCF SLE data channels;

7)for a Virtual Channel containing a VC-FSH Space Link data channdl
decommutates the FSH field from each VC Frame, annotates the FSH field data
to form a VC-FSH SCE-SDU, and injects the tesulting VC-FSH SCE-SDUs imo
their respective VC-FSH SLE data channels;

-

8) stores sufficient SLE data to support the subsequent reconstruction of one or more
space data channels of the following types:

— Master Channel,
— Virtual Channel,
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—  MC-OCF,
— MC-FSH,
—  VC-OCF,
— VC-FSH;

storage of SLE data may be performed relative to the source RAF SLE data

chan
TIreriT

nelorrelative-to-the-individual product- SEE-datachannels;
NOTE - Storage of SLE data relative to the source RAF SLE data channel|does
not require the MDOS to specify the specific channels te:bé retrjeved
before the Space Link session occurs, and is therefore more flexibld than
storage relative to the individual product SLE data"channels (Which
requires the MDOS to identify at or before the execution of the $pace
Link session the specific SLE data channels that-are to be subsequently
delivered via offline service instance). However, some implementdtions
may not have sufficient resources to stofe the equivalent of conjplete
RAF SLE data channels, and may therefore only be able to storg the
product SLE data.

9) retrieves stored SLE data and reconstrycts specified Return Frame Procdssing
SLE data channels (MC Frame, VC Frame, MC-OCF, MC-FSH, VC-OCF VC-
FSH) for delivery through offline SEE service instances;

10) performs telecommunication functions necessary to supply the Return Hrame
Processing SLE data channels’(MC Frame, VC Frame, MC-OCF, MC-FSH] VC-
OCF, VC-FSH) through-beth online and offline SLE service instances.

4,3.2.1.3 Return Frame Data Extraction SLE-FG
a) The Return Frame Data Extraction SLE-FG provides the following services:

1) Returnc-Bitstream service, which delivers one Bitstream SLE data chpnnel
decommutated from its associated Version-2 VC Frame channel; and

2)< RSP service, which delivers a set of RSP SLE data channels demultiplexed ffom a
single Version-1 or Version-2 VC Frame channel. The RSPs are delivered in the
sequence in which they were put into the virtual channel frames by the $pace
element

b) The Return Frame Data Extraction SLE-FG performs the following functions:
1) The Return Frame Data Extraction SLE-FG consumes VC Frame channels.

2) For a VC Frame channel that carries Bitstream data, the Return Frame Data
Extraction SLE-FG extracts the Bitstream PDUs (B-PDUs) from each Version-2
VC Frame SLE-SDU, annotates each B-PDU to form a Bitstream SLE-SDU, and
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injects the resulting SLE-SDUs into the Bitstream SLE data channel identified by
the GVCID of the parent Virtual Channel.

3) Fora VC Frame channel that carries multiplexed packets, the Return Frame Data
Extraction SLE-FG demultiplexes Space Packets from the VC Frame SDUs of
that data channel.

4) For CCSDS Space Packets, the Return Frame Data Extraction SLE-FG annotates
the Space Packets to form RSP SLE-SDUs and injects the resulting RSP SLE-
SDUs into their respective RSP SLE data channels. The RSP SLE data channél |s
identified by its Space Packet Channel ID (SPCID), which is the combination ¢f
Frame Version Number, SCID, VCID, and APID. An RSP is defined as being:

N
—

— a Space Packet carried by a Packet Telemetry (Version-1) Virtual Chann
(reference [1]), or

— a Space Packet carried by an AOS (Version-2) Virtual Channel, with APID in
the range (0-2031, 2046) (reference [3]).

NOTE - In specifying the set of RSPs to be delivered via a single RSP servige
instance, the user will provide a list of SPCIDs to be delivered.

5) The Return Frame Data Extraction SLE-FGgstores sufficient SLE data to suppo
the subsequent reconstruction of one or more Return Bitstream or RSP SLE da
channels. Storage of SLE data for the teconstruction of RSP SLE data channe
may be performed relative to the source VC Frame channel or relative to th
resultant RSP SLE data channels:

o »n & &

NOTE - Storage of SLE data relative to the source VC Frame channel does n¢t
require the MDOSto specify the specific RSP channels to be retrievdd
before the Space Link session occurs, and is therefore more flexible thqn
storage relative to the resultant RSP SLE data channels (which requirgs
the MDOS to identify at or before the execution of the Space Link sessign
the specific RSP SLE data channels that are to be subsequently deliverdd
via“offline service instance). However, some implementations may n¢t
have sufficient resources to store the equivalent of complete VC Framje
channels, and may therefore only be able to store the resultant RSP SLE
data.

o) The Return Frame Data Extraction SLE-FG retrieves stored SLE data and

raocamctminte oo A D Aty Dototrnony o0 d DQD QT 0 Jdotn oo £ J 11
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through offline SLE service instances.

7) The Return Frame Data Extraction SLE-FG performs telecommunications

functions necessary to supply the Return Bitstream and RSP SLE data channels

through both online and offline service instances.
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4.3.2.2 FORWARD AOS SLE Functional Groups
a) There are two FGs that provide AOS Forward SLE services:
1) Forward AOS VC Data Insertion;
2) Forward AOS Space Link Processing.

b) These are illustrated in figure 4-5 below, and are described in the two subsections that

follow—In ficure 4 5 all carmncoc avnacad hotvyraan F(Ge ara avatlahla 10 the N[ )OS
TOO W sarc— 5 T DTV TT OO A PO T O Tt SO T IO o T v e it oo totH T rvr 5

including the Proto Transfer Frame service used for cross support between-th¢ two
FGs.

H H
TPl Fwd Proto -0l ) Fwd Space
L I Transfer Frames L— :i' Packet

T-U Fwd
Type:  fTP—r Type: —1 Fwd VCA
ype T-P Tnsert ype T-P

Forward Forward
AOS AQS.VC

Space Link TP Fwd Coded Data T p]_FWd
Processing |.-" I Transfer Frame Insertion R ['Bitstream
u u

To Space Link O

Figure 4-5: AOS Forward Functional Groups

4,3.2.2.1 Forward AOS VC Data Insertion SLE-FG
a) The Forward AOS V.€:Data Insertion SLE-FG provides the following services:

1) Forward Bitstream service, which receives a Bitstream SLE data channel fropn the
MDOS;

2) Forward VCA service, which receives a VCA SLE data channel from the MPOS;
and

3)»Forward Space Packet service, which receives Forward Space Packet| data
channels from the MDOS.

1) For each Forward Bitstream service instance, the Forward AOS VC Data
Insertion SLE-FG consumes one Bitstream SLE data channel, extracts the
Bitstream PDU (B-PDU) from each Bitstream SLE-SDU in the data channel,
creates a Proto Transfer Frame encapsulating the B-PDU, and injects the resulting
Proto Transfer Frame into the Proto Transfer Frame SLE data channel. A Proto
Transfer Frame contains the Transfer Frame Primary Header (without Frame
Header Error Control) and the Transfer Frame Data Field.
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2) For each Forward VCA service instance, the Forward AOS VC Data Insertion
SLE-FG consumes one Forward VC Frame SLE data channel, extracts the VCA-
SDU from each VCA SLE-SDU in the data channel, creates a Proto Transfer
Frame encapsulating the VCA-SDU, and injects the resulting Proto Transfer
Frame into the Proto Transfer Frame SLE data channel.

3) For each Forward Space Packet service instance, the Forward AOS VC Data
Insertion SLE-FG consumes one or more Forward Space Packet data channels

nnnnnnn tad ozt o ol NJata o] o]l Avtronts o Qo DPonlente o +Le
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Forward Space Packet SLE-SDUs in each data channel, multiplexes the Spade
Packets into Proto Transfer Frames, and injects the resulting Proto Aransf¢r

Frames into the appropriate Proto Transfer Frame SLE data channel.

4) The Forward AOS VC Data Insertion SLE-FG performs~storage ard
telecommunications functions necessary to supply the Proto Transfer Frame SLIE
data channels to the Forward AOS Insert and Coding FG through both online arld
offline service instances.

4.3.212.2 Forward AOS Space Link Processing SLE-FG
a) The Forward AOS Space Link Processing SLE-FG provides the following services:

1) Forward Proto Transfer Frame service, which receives a Proto Transfer Framnje
SLE data channel;

2) Forward Insert service, which receives a Forward AOS Insert SLE data channg]l;
and

3) Forward Coded Transfer ‘Erame service, which receives Coded Transfer Frame
SLE data channels.

b) The Forward AOS Space Link Processing SLE-FG performs the following functions

1) for each Forward Proto Transfer Frame service instance, consumes one Profo
Transfer Frame SLE data channel,

2) for each forward Insert service instance, consumes one forward Insert SLE data
channel and extracts the Insert Zones from the forward Insert SLE-SDUS;

3)_‘for each Proto Transfer Frame SLE data channel destined for a forward physicil
channel carrying an Insert channel, synchronously commutates the Insert Zongs
destined for that physical channel into the Proto Transfer Frames;

4) performs Reed-Solomon and/or CRC error encoding (as required) on each Proto
Transfer Frame required for that virtual channel and multiplexes the resulting
Coded Transfer Frame into its respective forward All AOS Frames SLE data
channel,;
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5) if a Proto Transfer Frame is not available to carry a received Insert Zone,
generates a Idle Frame to carry the Insert Zone, performs the error encoding
required for that Fill virtual channel, and multiplexes the resulting Coded Transfer
Frame into its respective (fill) forward All AOS Frames SLE data channel;

6) for each forward Coded Transfer Frame service instance, consumes forward
Coded Transfer Frame SLE data channels;

7) multiplexes the Coded Transfer Frames into their respective Forward All AOS
Frames SLE data channel;

8) generates bit transitions (if required), attaches sync markers, and synchronpusly
multiplexes the Coded Transfer Frames in a forward All AOS Framés SLH data
channel into a physical channel;

£\
—_—

9) as required, convolutionally encodes the stream of bits on the physical chann

10) utilizes the underlying antenna steering capabilities, provided by the gjound
element;

11) modulates the bit/symbol stream onto an RE/carrier channel and radiates the
signal to the space element.

43.2.3 Forward TC SLE Functional Groups

a) There are three FGs that provide Forward TC SLE services:
1) Forward TC VC Data Insertion;
2) Forward CLTU Generation;
3) Forward TC Spaee:Link Processing.

b) These are illustrated in figure 4-6 below, and are described in the three subsedtions
that follow. Clir’figure 4-6, all services exposed between FGs are available tp the
MDOS, ideluding the services used for cross support between the FGs (Forward TC
Frameand CLTU).
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Figure 4-6: Forward Telecommand Functional Groups

4.3.213.1 Forward TC VC Data Insertion SLE-FG
a) The Forward TC VC Data Insertion SLE-FG provides'the following services:

1) Forward Telecommand VCA (TC-VCA) service, which receives a TC-VCA SLE
data channel. A TC-VCA SLE data channel carries user-defined Frame Data
Units (see 2.2.3.5 in reference [5]); and control information or annotatign
including GVCID of the Virtual Channel that is to be used to carry those Forwaid
Frame Data Units.

NOTE - The Forward TCLYCA service operates at a virtual-channel level. Arly
structuring of the-data within the Frame Data Unit (for example, the uge
of Multiplexer Access Points to provide segmentation for the user dafa
contained.in the Frame Data Unit) is part of the MDOS processing and |s
outside.the scope of the Forward TC-VCA service.

2) Forward-Space Packet service, which receives forward Space Packet SLE data
channgls.

b) The Forward TC VC Data Insertion SLE-FG performs the following functions:

). ‘For each forward TC-VCA service instance, the Forward TC VC Data Insertiqn
SLE-FG consumes one TC-VCA SI E data channel extracts the Frame Data Uniit
from each TC-VCA SLE-SDU in the data channel, creates a Telecommand
Transfer Frame encapsulating the Frame Data Unit, and supplies the TC Frame
SLE data channel in the form of blocks of one or more TC Transfer Frames. If
the Frame is to be sent using the Sequence-controlled service option of the
Communications Operation Procedure (COP), the Forward TC VC Data Insertion
SLE-FG sets the Frame Sequence Count and buffers a copy of the TC Transfer
Frame.
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2) For each Forward Space Packet service instance, the Forward TC VC Data
Insertion SLE-FG consumes one or more Forward Space Packet data channels,
extracts the Space Packets from the Forward Space Packet SLE-SDUs in each
data channel, blocks or segments the Space Packets into Telecommand Transfer
Frames, and supplies the TC Frame SLE data channel in the form of blocks of one
or more TC Transfer Frames. If the Frame is to be sent using the Sequence-
controlled service option of the Communications Operation Procedure, the TC
VC Data Insertion SLE-FG sets the Frame Sequence Count and buffers a copy of
the TC Transter Frame. Segmented packets cannot be sent without sequence
control.

NOTE - If both the Forward TC-VCA and Forward Space Packét)services are
active in a single virtual channel, only one can be sequeni¢econtrollegl.

3) The Forward TC VC Data Insertion SLE-FG consumes MC-OCF or VC{OCF
SLE data channels and extracts the Communications) Link Control Words
(CLCWs). Based on the values in the CLCW, the Forwward TC VC Data Insg¢rtion
SLE-FG retransmits or deletes buffered TC Transfér Frames.

4) The Forward TC VC Data Insertion. SLE-FG performs storage| and
telecommunications functions necessary(to." supply the TC Frame SLE| data
channels to the Forward CLTU Generation FG through both online and offline
service instances. In addition, it pfeépares and transmits buffers of TC| data
containing PDUs from the TC transfer sublayer (i.e., one or more TC trqnsfer
frames).

43.2.3.2 Forward CLTU Generation SLE-FG

a) The Forward CLTU Generation SLE-FG provides the Forward Telecommand Hrame
service, which receivesiat least one Forward TC Frame SLE data channel.

b) The Forward CLTU Generation SLE-FG performs the following functions:

1) consumes~Telecommand Frame SLE data channels supplied as blocks of ope or
more- FC Frames for transmission via a single CLTU;

2) optionally, randomizes the block of TC frames to ensure adequate zerg-one
transitions;

3) BCH-encodes each block of TC frames into a set of BCH Codeblocks;

4) forms a CLTU by appending Start and Tail sequences to the BCH Codeblocks
representing the block of TC frames;

5) injects the resulting CLTU into its respective CLTU SLE data channel; and

6) performs the necessary storage and telecommunication functions necessary to
supply the CLTU SLE data channel to the Forward TC Space Link Processing FG
through both online and offline service instances.
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4.3.2.3.3 Forward TC Space Link Processing SLE-FG

a) The Forward TC Space Link Processing SLE-FG provides the Forward CLTU
service, which receives one CLTU SLE data channel.

b) The Forward TC Space Link Processing SLE-FG performs the following functions:

1) for each Forward CLTU service instance, consumes a CLTU SLE data channel;

N SCORSHIRES “/fp ﬂf‘T—T oF ‘IF ﬂ{“l:‘ QTD Anfn f\]’\anﬁo]o ‘xr]fncl'\ nnnfa1n f‘T {“‘\le

= OIS T o o

based on the values in the CLCW, the Forward TC Space Link Processing SLE
FG determines whether the physical channel is available;

—_—

3) generates Acquisition and Idle Sequences on the asynchronous physieal channg
in accordance with the Physical Link Operations Procedure (PLOP}-in’ effect;

4) injects the CLTUs into the asynchronous physical channel;

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

6) modulates the resulting stream of bits to RF and radiates the signal to the spade
element.

4.4 | ARCHITECTURE MODEL—CROSS SUPPORT VIEW
4.4.1 CROSS SUPPORT VIEW CONCERTS

4.4.111 SLE Complexes

a) Real SLE systems are often made up of several physical systems that interoperate 1
provide SLE services~to' a space mission. These physical systems may
independently operatéd, by different Agencies or by different organizational elemen
within an Agency( In the cross support view, each such physical system is modelg
as an SLE ComplexX.

o wv o O

b) Definition;)SLE Complex. An SLE Complex is a set of SLE-FGs under a single
management authority. At the time of cross support, an SLE complex has a single
established relationship between the SLE system and the MDOS.

c) ~From a mission cross support view, the SLE system is composed of one or more SLE

Complesxecacilluctratad 10 Fioriea 4 7
comprexesasrustrateaii+t gure—a—-
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Figure 4-7: SLE Complexes

NOTES

1 From the management perspective of the MDOS, the SIJE)system appears {o be
decomposed into several (non-overlapping) SLE Complex&s.

2 An SLE Complex is a representation of a real system, as viewed by the MDOS]| of a
space mission. However, issues related to the.sharing of real systems shargd by
multiple missions are beyond the scope of this‘teference model.

3 None of the entities described above is inténded to imply particular implementdtions

or particular physical or administrative-atfiliations.

44.1.2 SLE Utilization Management

All SLE Complexes within an.SEE system interface to a single entity within the MDOS
cplled the SLE Utilization Management, as illustrated in figure 4-8. The SLE Utiliation
Management arranges for\forward and return SLE transfer services data with the|SLE
(omplexes and moniters:the transfer process. The SLE Utilization Management is part of
the Mission Managément Entity, which coordinates the activities of the space and gfound
elements on behalfof a mission.

NOTES
1 SLE Utilization Management is an abstraction of the entities within a real gfound

system that have a management interface with real SLE Complexes for a particular

on—ThisRecommen ded-Standard-doesnotmake—amy—assy how
this SLE Utilization Management is implemented in real systems.
2 SLE Utilization Management is identified to acknowledge that the Mission
Management Entity has many aspects that are outside the scope of SLE.
3 None of the entities described above are intended to imply particular implementations
or particular physical or administrative affiliations.
CCSDS 910.4-B-2 Page 4-19 October 2005

© 1SO 2007 — Al rights reserved 61


https://standardsiso.com/api/?name=bb133b037307def435ab1968612d21b9

ISO 15396:2007(E)

CROSS SUPPORT REFERENCE MODEL—PART 1: SPACE LINK EXTENSION SERVICES

( ) ( h
Ground Element
r .
Space Link Mission Data Operations System
Space Extension System
Space Element Link Mission Management Entity
— SLE Utilization
Management
A
N J N\ =\

Figure 4-8: Mission and SLE Utilization Management

4.4.112.1 Definition: SLE Transfer Service Instance. An SLE transfer service instande
is th¢ provision by an SLE Complex of the capability to transfer one’or more SLE data
chanpels of a given type, all of which are related to the same Space Izink Session.

4.4.112.2 Definition: SLE Service Package. An SLE Sg¢wvice Package is the set ¢f
instapces of SLE transfer services, together with the specification of the characteristics of the
prodyiction of those SLE Service Instances, that are provided by one SLE Complex to one ¢r
more| SLE transfer service users. The on-line SLE.ttansfer services are restricted to orfe
Spacg Link Session.

4.4.112.3 An SLE Service Package may contain multiple SLE service instances of multip
SLE [services. SLE Utilization Management and the SLE Complex prepare the mutuall
agregd SLE Service Package(s) to be:supported by the SLE Complex. The SLE Servig
Packhge contains a schedule for the ‘execution of the production of the SLE data channel
and for the provision of the SLE ttansfer service instances.

o< o

j72
-

NOTEES

1 SLE Service Uset’above is either another SLE Complex (belonging to the same SLE
system) or a-MUE.

2 ‘Provide’is used in the sense of ‘make available to be used’ and does not necessarily

imply:that the service is being used.

3 In"cases where the SLE system comprises two or more SLE complexes, an SLEE
Service Package specifies the characteristics of only part of the production of the SL
transfer services that are provided to the MDOS, namely, that subset of the
production that is performed by the SLE Complex that provides the SLE Service
Package. The remaining production is specified in other SLE Service Packages, and
is performed by other SLE Complexes.

4 Management, i.e., negotiation, scheduling, and control, of SLE Service Packages is
further discussed in the SLE Service Management specification.
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4.4.2 MODEL OF SLE COMPLEX
4.4.2.1 SLE Complex Objects

4.4.2.1.1 An SLE Complex comprises one or more instances of SLE-FGs, of one or more
SLE-FG types. An SLE Complex also contains a management entity, called SLE Complex
Management, which coordinates the activities of the SLE-FGs pertaining to the SLE Complex
on behalf of SLE Utilization Management. An SLE Complex is illustrated in figure 4-9.

44.2.1.2 Definition: @ SLE Complex Management. SLE Complex Managdment
negotiates the provision of SLE Service Packages with SLE Utilization Managemen} and
cpntrols and monitors the production and provision of SLE transfer service instances by the
E-FGs belonging to the SLE Complex. SLE Complex Management exchanges, withl SLE
tilization Management, set-up and configuration parameters required for the provisipn of
the SLE transfer service instances. SLE Complex Management distributes these paranjeters
td the SLE-FGs and coordinates their activities for the provision of the SLE transfer sdrvice
ipstances. SLE Complex Management collects from the SLE-FGs reporting informtion,

cpnsolidates it, and forwards it to SLE Utilization Managemefit.
NOTE - The interactions between SLE Complex--Management and SLE UtiliZation
Management are discussed in the SLE Servi¢e Management specification.
CM:P
( [ SLE Complex Management ] )
[ [ T
Return T-P
—»{T0| sigFe [ >
o SLE-FG | TP >
‘—C
Forward
<+—{FJ]| serc [ TP«
N~
S SLE Complex )
Legend
Transfer provider port Transfer user port
NP ;:j'\‘/’i;:’p";:”“”"m""f T e {ONEXpoSaaT POt
Transfer binding Management binding
Figure 4-9: An Example of SLE Complex Ports
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NOTE - The SLE Complex shown in figure 4-9 is assumed to interface with other SLE

Complexes or the Space Link to its left, and with other SLE Complexes or the
MDOS to its right. The SLE Complex can receive return data (through a user
port on the left) and can send that return data toward the MDOS, potentially via
other SLE Complexes (through a provider port on the right). It can receive
forward data (through a provider port on the right), and can send that forward
data toward the spacecraft, potentially via other SLE Complexes (through a user
port on the left).

4.4.2

The
least
Ports

2 Ports of an SLE Complex

one user port and one provider port) and a single Complex Managentent Port. TH
of an SLE Complex are illustrated in figure 4-9, above.

SLE Complex exposes two or more Transfer Ports (possibly of differentitypes, but at

4.4.213 Ports of an SLE Complex Management

4.4.213.1 The SLE Complex Management and the SLE UtiliZation Management function ¢f

the MDOS share a single Complex Management association via a Complex Management

port [pair. At the Complex Management Port, the SLE Complex Management expos¢s

manggement operations as required for negotiation, provision, monitoring and control of the

SLE transfer services being provided by the SLE €omplex.

NOTE - Because an SLE Complex is a virtual entity dedicated to a single space missiof,
by definition it has only a single instance of a Complex Management pot.
However, an SLE Complex is realized by a ‘real’ system (i.e., a ‘real SLE
Complex’) that may provide SLE services to multiple space missions. In sugh
cases, the management' entity for the ‘real SLE Complex’ exposes a dedicatgqd
Complex Management port for each space mission supported.

4.4.213.2 The SLE Complex Management also exposes (within the SLE Complex) one Ir

morel FG Management Ports. The SLE Complex Management FG Management Ports are ¢f

the spme type as¢the’ SLE-FG Management Ports and match, by pair, the SLE Complex|s

SLE{FG Management Ports.

4.4.213.3, Fhe Ports of an SLE Complex Management are illustrated in figure 4-9, above.

NOTE - At all SLE CUIIIPIICA }v{auagculcut PUI“-L, all SLE CUIII}J‘ICA CAPUDCD UPCI atiUllD tll t
can be invoked by SLE Utilization Management to exchange management
information.  Incoming management information carries information that
influences the behavior of the SLE Complex. Outgoing management information
carries information that reflects the status of the FGs.
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4.4.2.4 Transfer Ports of an SLE Complex

The SLE Complex Transfer Ports are defined as being the collection of the SLE Complex’s
SLE-FG Transfer Ports.

NOTE - Not all SLE-FG Transfer Ports of an SLE Complex need be exposed as SLE
Complex Transfer Ports. For instance, if an SLE-UM has negotiated an SLE
RtnSpacePkt service (based on an RF signal input) with an SLE Complex, within
t‘llC SLE CUIIIP}UA bCVCla} SLE'FGD alv bdbbddcd, but Ull}_y t}lC RF biélld and

RtnSpacePkt Transfer Port are exposed externally to the SLE Complex.

44.2.5 Binding Rules for SLE Complex Ports

SLE Complex ports may be bound as illustrated in figures 4-10 and4-11, in the follgwing
ways:

a) a user port (of a given type) is bound to a provider port (of the same type) of another
SLE Complex, or to the space element via the Space/bink;

b) a provider port (of a given type) is bound to a user port (of the same type) of anfother
SLE Complex, or of a MUE within the MDOS;

c¢) asingle SLE Complex Management port is'bound to a single management port jof an
SLE Utilization Management.

Ve N\
SLE Utilization
Management
e N
T-P T-U Mission
User Entity
T-P T-U my
SLE
Complex B
T-P T-U T-P T-U
. SLE T-P T-U Mission
Space Space Link Complex A _ User Entity
Element ¥p 0 TPl TU m,
SLE System MDOS
_ \ ) g

Figure 4-10: Binding SLE Complex Transfer Ports
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User
P— ,_IEI_ Entities

@ [

e N
‘ SLE Utilization ]

ManagemenM

Mission

4.4.3] SLE SERVICE AGREEMENT

An SLE Service Agreement specifiesithe SLE transfer and management services to he
provided to the MDOS by an SLE Complex, and the conditions under which those SLIE
transfer services will be provided: There is only one SLE Service Agreement in effe¢t
betwgen a particular SLE Cemplex and a particular mission (represented by an MDOS) at
any ¢ne time, but there couldbe more than one SLE Service Agreement over the lifetime ¢f
the npission.

NOTE -

oL
Complex B ‘iJ
Space Link
SLE
Space Complex A
Elegment
SLE System
S 3% ) § MDOS
Legend

Management provider port Management user port

Figure 4-11: Binding of SLE Complex Management Ports

Figure+4-12 shows an example of a mission supported by two SLE Complexep.
ThetMDOS thus has two SLE Service Agreements, one with each of the
supporting complexes. Through its management ports, the SLE Utilizatign
Management negotiates SLE service packages with each of the SLE Complexes

Thae ST E Caonmanlay mmanagamant ~f anoh QT B (A loy 1o ESe 3

CCSDS 910.

Q o
T O COMpIoA o sTIT T O CatiT O COTHPTIUA TS two

a) negotiates the provision of SLE service packages with the SLE Utilization
Management; and

b) sets up, monitors, and controls the production of the services specified in the
SLE service packages.
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Figure 4-12: Composite Example of SLE Management

45 TIME SPAN OF SLE AGREEMENTS'AND PACKAGES

45.1 DEFINITIONS

—

his subsection establishes the terminélogy used to describe an SLE service’s lifetime.

Z

OTE - The diagrams in this subsection reflect common cases of cross support to help the
reader understand the service management approach. They are not intended to
reflect or illustrate all possible cases.

4/5.1.1 SLE Service Agreement Period

The SLE Service Agreement period is the time during which an SLE Complex providgs the
E Utilization Management of an MDOS with the capability to create SLE sqrvice

%‘ckages and provides the SLE services defined by those packages, within the constraifits of

the-SLE Service Agreement. T

As illustrated by figure 4-13, many service packages may be provided over the course of an
SLE Service Agreement period. Some of these may be related to a single Space Link
session, while others may provide offline SLE transfer services related to two or more Space
Link sessions.
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: Service Agreement Period // }I

| Space Link | e | Space Linlf|
Session #3 Session #n

| Space Link || Space Link
| Session#1’ || Session #2

Service Package #a
|_ Lifetime (SLS #1) _’|
|_=S.emise_2ankage_£b_u.teﬂm.e=>l
(SLS #2 and offline) |

l Service Package #c Lifetime >
(offline only) |

Service Package #d
Lifetime (SLS #3)

Service Package #e >
Lifetime (SLS #4)

Figure 4-13: Example of Service Agreement Period

NOTE — The SLE Service Agreement period often eéncompasses the entire operationgl
lifetime of the supported spacecraft. The:case when a mission is designed to uge
ongoing support from an SLE Comiplex, with a long-term SLE Servide
Agreement established before launch: A situation such as this may involye
several service packages per day, and hundreds (or thousands) over thHe
agreement period. Other SLE“Service Agreements, however, may be mudh
shorter—as when a missionuses the services of a particular SLE Complex only
for launch support, during an orbit maneuver, or for emergency operationg.
Typically, the SLE ‘Setrvice Agreement period spans multiple Space Link
sessions.

4.5.1}2 SLE Service Package Lifetime

wn

The BLE service‘package lifetime spans the time during which the SLE Complex provids
the rhutually agteed-upon services defined in an SLE service package. Its contained SLIE
transfer serviee instances exist during this time.

4.5.1.3 Service Instance Provision Period

The service instance provision period is the time during which the capability to transfer one
or more SLE data channels of a given type is provided. Figure 4-14 shows examples of three
instances of the Return Space Packet (RSP) transfer service.
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} //// Service Package Lifetime >l

| RSP Service Instance N l I RSP Service Instance N l

Provision Period #1 Provision Period #3

RSP Service Instance N
l Provision Period #2 l

Figure 4-14: Example of Service Instance Provision Period

45.1.4 Online and Offline Services in SLE Service Packages

given SLE service package’s online SLE service instances are related to one single $pace
ink session, though they may begin before the start time and extend-beyond the end tifne of
he Space Link session.

= >

=+

Qffline SLE service instances may exist at any time during the SLE Service Agregment
period, subject to the conditions agreed upon in the SLE Service Agreement and in thel SLE
service package definition. A given package’s offline.SLE service instances may be rglated
t¢ a Space Link session provided as part of that package, or to Space Link sessions proyided
der one or more other SLE service packages.

Higure 4-15 shows an example of an SLE\service package that provides both onlin¢ and
offline services. In this example, the SLE service package #k is a set of one forward dnline
service instance and two return seryi¢e instances (one online and one offline), assodiated
with Space Link session #n.

#/ SLE Service Agreement Period /7 }l
Ii Space Link Session #n —>|
l / / SLE Service Package #k Lifetime >|

Return online Service
Instance Provision Period Return offline

Service Instance
' Provision Period !

Forward online Service A
Instance Provision Period

Figure 4-15: Online and Offline Services in One SLE Service Package
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4.5.2 PHASES OF SLE SERVICE PACKAGE LIFETIME

The SLE service package lifetime consists of two phases: a definition phase and a utilization
phase. Both phases occur for each SLE service package. Figure 4-16 shows an example of
the SLE service package lifetime phases.

I SLE Service Package Lifetime >
0\ o
\,6 3! ed \0 d \0(\@:\ e\_\)‘ ('\e’\
o © g O (e ot O\l\ GN a( (53 ot < ° o0
2) 0(\? 30\(‘6%0\ O‘e‘a’\g ((\al(&a{\o(\ o Oq\‘b\ s\!\\ Ges e (\\\(\ 4 o QD %\/% 0(\ 58‘\‘\0 \(\age ()
O‘e(\! e O o® (\\al\“eg NEA (\N S e 0\ N 9( SV o0® 9‘0 {\\ e 0e5 o2
2 |29 O o RS oS éo
((\3 0‘0\ 5@ ‘ ‘
* | | | | [ b

| ; ime
I ' Space link session I
| | |
' ' Possible dormant period: '

Y
Definition Phase Utilization:Phase

Figure 4-16: Example of Service Package Lifetime Phases

4.5.2l11 SLE Service Package Definition ‘Phase

Duripg the definition phase, SLE~ Utilization Management of an MDOS creates |a
servipePackage managed object, at an SLE Complex. Lower-layer managed objects
contdined in the servicePackagéate created at the same time. Parameter values for SLIE
transfer service instances are;-selected within the bounds specified in the SLE Servide
Agrepment. In particular;"the schedule parameters are defined. Interaction between SLIE
Utilization Management-and SLE Complex Management during the definition phase creat¢s
the JLE managed objects that define and control the SLE service package. The managdd
objeqts’ attributesprovide

a) selection of the SLE transfer services to be provided by the SLE Complex (within the
framework of the SLE Service Agreement);

bl adentification of the interfaces at which these SLE transfer services are to be made
available;

¢) identification of the SLE transfer services that must be provided to the MDOS by this
SLE Complex or by other SLE Complexes;

d) specification of mission-specific information needed by SLE Complex Management
to configure SLE service production within the SLE Complex;
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e) identification of the eventual users of SLE transfer services (i.e., Mission User
Entities or other SLE Complexes);

f) specification of the schedule for provision of
1) online instances of a given SLE transfer service;
2) offline instances of a given SLE transfer service,

a) _onecification of roenortinag kK
opTTIIroattor—oTr—Topo L

o) SLE—Complex—Management—to—SLE—U

L
TS Y STt tTo— 1= A=

T+
[
=
jamy

ization

Management.

dormant period may occur after creation is complete and before provision of SLE sdrvice
ackage instances begins.

igure 4-17 presents an example in which each of two SLE Complexes are requestgd to
rovide an SLE service package for a mission. The management opeétations that create [these
nckages are shown as steps 1 and 2 in the figure. The remaining steps in this figute are
dressed in the key to circled numbers.

(= se e ey D >

HOEOR

<+ — ——>

K.,

SLE Utilization
Management

)
|_| T.u| Mission
User
F——{ru] Entiy 1
& =
Element ‘ SLE |_| T.u| Mission

| Complex A — — User
TPHT-U T-P T-U[ Entity 2
N

SLE
Complex B

Space TU

\ J \_ SLE System ) L MDOS )

Key to Circled Numbers

ServicePackage created at Complex A through management operations
A second servicePackage is created at Complex B

Management control of SLE transfer services at both Complexes

Physical RF channel provided during space link session (this applies to all
data transfers between the space element and the Complex)

SLE transfer services provided to mission user entities within the MDOS
(this applies to all data transfers between the SLE system and the MDOS)
6. Debriefing reports from each Complex to SLE Utilization Management

Rl Sl

o

Figure 4-17: Example of Two Service Packages at Two SLE Complexes
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4.5.2

.2 SLE Service Package Utilization Phase

An SLE service package’s utilization phase is the period during which the SLE Complex
provides the mutually agreed-upon SLE transfer services. The utilization phase consists of
service instance provision periods, possibly separated by dormant periods during which no

service instances are provided.
Management with debrief reports following service instance provision periods.

may occur at any time following a service instance provision period.

SLE Complex Management provides SLE Utilization
Debriefs

SLE

Duripg the service instance provision period, the SLE Complex transfers the SLE da

chan
trans
perio
provi
servi
pack
Spac

The |
in tw
a

b

In th|
Utili
phys
missi

The
Utilig
durin

the njanagement operations that provide debrief reports on the two SLE service packages th

have

service instance provision periods occur as scheduled in the SLE service packag

hels. In the case of an SLE service package that includes one or more offline SL
fer service instances, there may be dormant periods between these offline’ provisiq
ds. There may also be dormant periods between an online SLE iservice instang
sion period provided at the beginning of the utilization phase, and_th¢ first offline SL
Ce instance provision period of the SLE service package. For.a’/given SLE servig
nge, there is only one period during which online SLE servicesyare provided (i.e., or
e Link session).

provision of the SLE transfer service instances to the Mission User Entities is controlle
O ways:

Mission User Entity can invoke control operations;

SLE Utilization Management can invoke thanagement operations.

e example shown in figure 4-17, step 3 shows the management operations that SL
ration Management uses to monitotr and control these packages, step 4 shows th
cal channel (RF) transfer, and step 5 shows the provision of SLE transfer services to tH
on user entities within the MDOS.

utilization phase ends‘-with a debrief during which the SLE Complex and SL
ration Management exchange information about the SLE services that were provide

g the SLE servieg package lifetime. In the example shown in figure 4-17, step 6 show

been provided for the mission.

d

(¢]

[sNlles]

'S
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5 SPECIFICATION OF SLE SERVICES
5.1 PURPOSE AND ORGANIZATION

5.1.1 This section provides direction for specification of the individual SLE services,
within the framework of the architecture model presented in section 4, in which SLE FGs
and SLE Complexes are modeled as abstract objects. The provision of SLE services is
formally described in terms of the abstract ports (ports) exposed by these objects and the
apsiract operations (operations) invoked at those ports.

5{1.2 Subsection 5.2 defines a model of an SLE service, including identification df the
types of operations that underlie SLE services.

N

1.3 Subsection 5.3 provides a template for writing SLE transfer sexvice specificafions.
hese specifications will be provided in separate Recommended Standands.

—

9]

1.4 Subsection 5.4 identifies the ports and operations associated with the SLE trqnsfer
ervices and defines the SLE Objects that contain them.

|72]

51.5 Subsection 5.5 identifies the ports and operations associated with the | SLE
npanagement service and defines the SLE Objects that'Contain them.

5{1.6 Subsection 5.6 defines the production of .cach SLE transfer service. As stated egrlier,
an SLE transfer service is produced by one orinore FGs and involves multiple Transfer [ports
apd one or more Management ports. The production of an SLE transfer service may of may
npt be carried out by a single SLE coniplex: it is an abstract specification of the elements
¢quired to bring the service to fruition:

—

N

2 ABSTRACT MODEL:OF SLE SERVICE
5{2.1 SLE SERVICEDESCRIPTION

2.1.1 An SLE>service is described by the set of operations that can be invoked and
erformed threpigh a pair of ports that constitute an interface between two objects. As hoted
1 1.6, the pairof ports must be bound, and to be bound, they must be of the same type] See
gure 5-1.

el =Sl MY |

SLE-Service S

SLE-Object:

SLE-Object: user X

provider A

Figure 5-1: Abstract Model of an SLE Service
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5.2.1.2 The types of operations that can be exposed at SLE transfer ports and SLE
management ports are defined below.

5.2.2 TRANSFER PORT OPERATION TYPES

5.2.2.1 Transfer port operations allow an SLE object to transfer space data channels at its
transfer ports. These operations also allow in-line control of the transfer process, including

auth(‘vv-'nfir\n anthantionti gy A 20 1o cfatiic roniact/rracianinca
111.4(4!.1\111, uutllvlltl\/ubl\lll, UVl 111111V otatuao 1\.4\1\4\./0&/ L\./L)IJUAAL)U.

5.2.212 The following types of operations may be invoked at the transfer ports of.an 'SLE
objeqt:

a) Transfer Data: transfers an SLE-SDU containing Space Link data between the us¢r
and the provider of the SLE transfer service.

b) Transfer Set: initializes or updates service data attributes and\Cenfiguration options
pertinent to that user’s service instance. A Transfer Set operation is invoked by tHe
SLE service user and performed by the SLE service proyider.

c) Transfer Get: retrieves service status and setvice configuration informatign
regarding an individual service instance. A Transfer Get operation is invoked by the
SLE service user and performed by the SLE servi¢e provider.

d) Transfer Notification: reports status (e.g., periodic or event) and accounting
information associated with the individual service instance carried by the Transfgr
port. A Transfer Notification operation is invoked by the SLE service provider.

5.3 | SLE SERVICE SPECIFICATION

5.3.1] Each SLE service is.defined in an SLE service specification. An SLE servige
specification includes the speeification of

a) the list of operations that may be performed in providing the SLE service:
1) the parameters of each operation are named and described;
2) théformat and content of the data units transferred are defined;

3). ‘these operations are defined in ASN.1 (reference [10]);

b) the behavior of the SLE system in reaction to these operations;

c) the identification of the prerequisite space data channel for production of the SLE
service;

d) the quality of service requirements on the underlying supporting communications
services;

e) the SLE service initialization or configuration parameters used to set up the service.
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5.3.2 The style and format of an SLE service specification shall conform to the CCSDS
Publications Manual (reference [8]).

5.4 SLE TRANSFER SERVICE PORTS

5.4.1 PURPOSE AND ORGANIZATION

pse gl 4 identi S ne Orma clements NOILS —and iOHS)
apsociated with the SLE transfer services named in 3.4, and allocates those porty and
operations to the SLE FGs named in 4.3.2. Identification of these elements proyidgs the
cpmmon framework upon which the individual SLE transfer service specifications are fto be
bjuilt.

5{4.1.2 Each SLE service is provided via a transfer port pair for that service. One pprt is
apsociated with the service user, and the other port is associated with-the service providgr. In
is document, these transfer ports are asymmetric—in each pairy one port assumes th¢ role
consumer, and the other, the role of supplier. The opetations invoked by the dbject
cpntaining the consumer port are different from those-that are invoked by the qbject
cpntaining the supplier port.

9]

4.1.3 Subsection 5.4.2 addresses the transfer potts associated with the provision qf the
eturn SLE services. Subsection 5.4.3 addresses the transfer ports associated with the
rovision of the Forward SLE services. In eagh of these subsections,

D =

— the SLE services are associated with the Transfer port types that support them;

— the relationship between thé consumer/supplier roles and User/Provider roles is
established;

— the SLE entities that-Contain each of the port types are identified;
— the operation types are named; and

— the relationship between port roles and invocation of operation types is defined.

5{4.1.4 There are two SLE transfer port types that are not directly associated with| SLE
services, the'Return RF Carrier port type and the Forward RF Carrier port type. For these
pprts, th€ notion of ‘user’ and ‘provider’ do not have meaning (or, at least, not the mefning
that-is _associated with the ports at which the SLE services are provided). Subsection |5.4.4
briefly describes these port types

5.4.2 RETURN TRANSFER PORTS

5.4.2.1 For the Return SLE transfer ports, the SLE-FG that provides the service (Service
Provider) assumes the role of supplier and the SLE Object (SLE-FG or MUE) that uses the
service (Service User) assumes the role of consumer.
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5.4.2.2 Table 5-1 identifies the Return SLE transfer port types, the SLE service that is
associated with each of them, the SLE-FG that provides the service, and the SLE Object(s)
(SLE-FG and/or MUE) that use the service.

Table 5-1: Return SLE Transfer Ports, SLE Services, Provider SLE-FGs, and User
SLE Objects
Associated-StE——Provider SEE-FG———User SEtEObject{s)—
SLE|Port Type Name Service (Supplier) (Consumer)
RIn-AF-Transfer Return All Frames Return Space Link Return Frame Processing),
(RAF) Processing MUE
Rtr}-Insert-Transfer Return Insert Return Space Link MUE
Processing
Rtn-MCF-Transfer Return Master Return Frame MUE
Channel Frames Processing
Rth-VCF-Transfer Return Virtual Channel Return Frame MUE
Frames Processing
Rtn-MCFSH-Transfer Return Master Return Frame MUE

RtnA

\VCOCF-Transfer

Channel Frame
Secondary Header

Frame Secondary
Header

Return Virtual Channel
Operational Control

Processing

Processing

Return Frame
Processing

Rtn-MCOCF-Transfer Return Master Return Frame Forward TC VC Data Insertion,
Channel Operational Processing Forward TC Space Link Processing,
Control Field MUE
Rtn{VCFSH-Transfer | Return Virtual Channel Reéturh Frame MUE

Forward TC VC Data Insertion,
Forward TC Space Link Processing,

Field MUE

REtn-Bit-Transfer Return BitStream Return Frame Data MUE
Extraction

R[n-SP-Transfer Return, Space Packet Return Frame Data MUE

Extraction

5.4.2

o

.3 For the-Service Provider Return SLE transfer ports:

the supplier (Service Provider) invokes the Transfer Data and Transfer Notificatio
operation types;

b) the names of the port-type-specific Iransfer Data operation types are formed Dy
appending ‘Data’ to the name of the port type, e.g., ‘Rtn-Bit-TransferData’;

c) the names of the port-type-specific Transfer Notification operation types are formed

by appending ‘Notification’ to the name of the port type, e.g., ‘Rtn-Bit-
TransferNotification’.
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5.4.2.4 For the Service User Return SLE transfer ports:

a) the consumer (Service User) invokes the Transfer Set and Transfer Get operation
types;

b) the names of the port-type-specific Transfer Set operation types are formed by
appending ‘Set’ to the name of the port type, e.g., ‘Ritn-Bit-TransferSet’;

c) the names of the port-type-specific Transfer Get operation types are formed by
appending “Get” to the name ot the port type, e.g., "Ritn-Bit-1ransterGet’.

5{4.3 FORWARD TRANSFER PORTS

4.3.1 For the Forward SLE transfer ports, the SLE-FG that provides,the service (Sqrvice
rovider) assumes the role of consumer and the SLE Object (SLE-FG or MUE) that usg¢s the
prvice (Service User) assumes the role of supplier.

v ilY )

N

4.3.2 Table 5-2 identifies the Forward SLE transfer port(types, the SLE service that is
ssociated with each of them, the SLE-FG that provides thie service, and the SLE Objgct(s)
BLE-FG and/or MUE) that use the service.

o

~

5{4.3.3 For the Service User Forward SLE transferports:

a) the supplier (Service User) invoké&s the Transfer Data, Transfer Set,| and
Transfer Get operation types;

b) the names of the port-type-specific Transfer Data operation types are formdd by
appending ‘Data’ to the name'of the port type, e.g., ‘Fwd-Bit-TransferData’;

c) the names of the post-type-specific Transfer Set operation types are formgd by
appending ‘Set’ to the'name of the port type, e.g., ‘Fwd-Bit-TransferSet’;

d) the names of the port-type-specific Transfer Get operation types are formegd by
appending ‘Get™to the name of the port type, e.g., ‘Fwd-Bit-TransferGet’.
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Table 5-2: Forward SLE Transfer Ports, SLE Services, Provider SLE-FGs, and
User SLE Objects

SLE Port Type
Name

Associated SLE
Service

Provider SLE-FG
(Consumer)

User SLE Object(s)
(Supplier)

Fwd-Coded Transfer
Frame-Transfer

Forward Coded Transfer
Frame

Forward AOS Space
Link Processing

MUE

L TU-Transter

Fwd-Proto Transfer

Frame-Transfer

Fwd-Insert-Transfer

TCFrame-Transfer

TICVCA-Transfer

Fwd-VCA-Transfer

Hwd-Bit-Transfer

Fwd-SP-Transfer

Forward CLTU
Forward Proto Transfer
Frame
Forward Insert
Forward Telecommand
Frame

Forward Telecommand
Virtual Channel Access

Forward Virtual Channel
Access

Forward Bitstream

Forward Space Packét

Forward 1C Space
Link Processing

Forward AOS Space
Link Processing

Forward AOS Space
Link Processing

Forward CLTU
Generation

Forward TC VCData
Insertion

Forward AGS VC Data
Insertion

Forward AOS VC Data
Insertion

Forward AOS VC Data
Insertion, Forward TC
VC Data Insertion

Forward CLTU
Generation, MUE

Forward AOS.VC/Data
Insertion; MUE
MUE
Forward TC VC Data
Insertion, MUE
MUE
MUE

MUE

MUE

NOTE - The Forward TC/V,€ Data Insertion and Forward TC Space Link Processing F(fs
also expose Rtn=MCOCF or Rtn-VCOCF consumer ports, as described in table 5-1

5.4.314 For the Service Provider Forward SLE transfer ports:

a) the consumer (Service Provider) invokes the Transfer Notification operation type;

b) the mames of the port-type-specific Transfer Notification operation types are formgd

by ‘appending ‘Notification’ to the name of the port type, e.g., ‘Fwd-Bif
TransferNotification’.

5.4.4

RF CARRIER TRANSFER PORTS

In addition to the port types directly associated with the provision of SLE transfer services,
the two RF Carrier port types serve as the interfaces with the space element.
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The Return RF Carrier Transfer port type (Rtn-RF-Transfer) transfers the RF carrier signal
from the space element (in the supplier role) to the SLE system (in the consumer role). This
port type has one operation, Rtn-RF-TransferData, which is invoked by the supplier and

performed by the consumer.

The Forward RF Carrier Transfer port type (Fwd-RF-Transfer) transfers the RF carrier signal
from the SLE system (in the supplier role) to the space element (in the consumer role). This
port type has one operation, Fwd-RF-TransferData, which is invoked by the supplier and

pgrformed by the consumer.
55 SLE MANAGEMENT SERVICE PORTS
This subsection identifies the relationships between the various SLE management ports| The
SLE-FG assumes the role of supplier and the Complex Management, assumes the rdle of
cpnsumer-.
NOTE - As described in 4.4.3, the SLE-UM is actually the,consumer, but this is redlized
via the SLE Complex Management port.
Hach SLE-FG has one management port associated with'it. Through that management|port,
the production of the services provided by that SLEsEG are configured and monitored Qy the
(Jomplex Management . Table 5-3 identifies th¢.SLE management ports and the SLH-FGs
that contain them.
Table 5-3: SLE Management Ports and Supplier SLE-FGs
SLE Management Port Name SLE-FG Assuming the Supplier Role
Rtn-SpLinkProc-Mgmt Return Space Link Processing
Rtn-FrameProc-Mgmt Return Frame Processing
Rtn-FrameDatasMgmt Return Frame Data Extraction
Fwd-AOSSpLinkProc-Mgmt Forward AOS Space Link Processing
Fwd-A@SData-Mgmt Forward AOS VC Data Insertion
TCSpLinkProc-Mgmt TC Space Link Processing
CLTUGen-Mgmt CLTU Generation
TCData-Mgmt TC VC Data Insertion
For the Service Provider SLE management ports:
a) the supplier invokes the Management Notification operation type;
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b) the names of the port-type-specific Management Notification operation types are
formed by appending ‘Notification’ to the name of the port type, e.g.,
‘Rtn-SpLinkProc-MgmtNotification’.

For the Service User SLE management ports:
a) the consumer invokes the Management Set and Management Get operation types;

b) the names of the port-type-specific Management Set operation types are formed by
appending ‘Set’ to the name of the port type, e.g., ‘Rtn-SpLinkProc-MgmtSet’;

c) the names of the port-type-specific Management Get operation types are formed Hy
appending ‘Get’ to the name of the port type, e.g., ‘Rtn-SpLinkProc-Mgmt(et’.

5.6 | SLE TRANSFER SERVICE PRODUCTION

In this subsection, the formal elements involved with the production of ¢ach SLE transfer servige
are identified. For each SLE transfer service, the SLE-FGs that patticipate in the production ¢f
that dervice are identified. For each SLE-FG, the port types and-their roles (consumer/supplie
are irjdicated. The SLE services were illustrated in figures 4-454-5, and 4-6.

—

5.6.1 SLE RETURN TRANSFER SERVICES

5.6.1}1 Return All Frames Service

a) The production of the Return All Frames (RAF) service involves the Return Spagde
Link Processing SLE-FG.

b) Return Space Link Processing SLE-FG ports:
1) consumer Rtn-RE-Transfer and supplier Rtn-AF-Transfer ports;

2) supplier Rtn.SpLinkProc-Mgmt port.

5.6.1{2 Return‘Insert Service

a) The_production of the Return Insert service involves the Return Space Link
Processing SLE-FG.

b Rotizrn Quano T 1l Drncoccing ST E B nAseta.
} P =ae u

I
IXCTOTTT O PavTT TS T TOTOOSTIT S o1 TpoTtsT

1) consumer Rtn-RF-Transfer and supplier Rtn-Insert-Transfer ports;

2) supplier Rtn-SpLinkProc-Mgmt port.
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5.6.1.3 Return Master Channel Frame (MCF) Service

a) The production of the Return MCF service involves the Return Space Link
Processing SLE-FG and the Return Frame Processing SLE-FG.

b) Return Space Link Processing SLE-FG ports:

1) consumer Rtn-RF-Transfer and supplier Rtn-AF-Transfer ports;

Lier Rin Sl 10l Prac Mot nart
Ler Rtn-SphinkProe-Mgmtport:
¢) Return Frame Processing SLE-FG ports:

1) consumer Rtn-AF-Transfer and supplier Rtn-MCF-Transfer ports;

2) supplier Rtn-FrameProc-Mgmt port.

5{6.1.4 Return Virtual Channel Frame (VCF) Service

a) The production of the Return VCF service involves the‘Return Space Link Procgssing
SLE-FG and the Return Frame Processing SLE-FG,

b) Return Space Link Processing SLE-FG:
1) consumer Rtn-RF-Transfer and suppliétRtn-AF-Transfer ports;
2) supplier Rtn-SpLinkProc-Mgmt port.

¢) Return Frame Processing SLE-FG:
1) consumer Rtn-AF-Transfer and supplier Rtn-VCF-Transfer ports;

2) supplier Rtn-FrameProc-Mgmt port.

5{6.1.5 Master Channel’Frame Secondary Header (MC-FSH) Service

a) The production of the MC-FSH service involves the Return Space Link Procgssing
SLE-FGrand the Return Frame Processing SLE-FG.

b) Return-Space Link Processing SLE-FG:

I) consumer Rtn-RF-Transfer and supplier Rtn-AF-Transfer ports;

2) supplier Rtn-SpLinkProc-Mgmt port.

¢) Return Frame Processing SLE-FG:
1) consumer Rtn-AF-Transfer and supplier Rtn-MCFSH-Transfer ports;

2) supplier Rtn-FrameProc-Mgmt port.
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5.6.1.6 Return Master Channel Operational Control Field (MC-OCF) Service

a) The production of the Return MC-OCF service involves the Return Space Link
Processing SLE-FG and the Return Frame Processing SLE-FG.

b) Return Space Link Processing SLE-FG:
1) consumer Rtn-RF-Transfer and supplier Rtn-AF-Transfer ports;

nort
o1t

P

N cunnlior Rin QaT 1nlePrac NMonmt
2)—supphier Rin-SpLinkProe-Mgmt
c) Return Frame Processing SLE-FG:
1) consumer Rtn-AF-Transfer and supplier Rtn-MCOCF-Transfer ports;

2) supplier Rtn-FrameProc-Mgmt port.

5.6.1{7 Return Virtual Channel Frame Secondary Header (VC-ESH) Service

a) The production of the Return VC-FSH service involves the Return Space Link
Processing SLE-FG and the Return Frame Processing SLE-FG.

b) Return Space Link Processing SLE-FG:

1) consumer Rtn-RF-Transfer and supplier Rtn-AF-Transfer ports;

2) supplier Rtn-SpLinkProc-Mgmt port.

c) Return Frame Processing SLE-FG:

1) consumer Rtn-AF-Transfer and supplier Rtn-VCFSH-Transfer ports;

2) supplier Rtn-FrameProc-Mgmt port.

5.6.118 Return Virtual Channel Operational Control Field (VC-OCF) Service

a) The production’ of the Return VC-OCF service involves the Return Space Link
Processing SLE-FG and the Return Frame Processing SLE-FG.

b) Return:Space Link Processing SLE-FG:

). ‘consumer Rtn-RF-Transfer and supplier Rtn-AF-Transfer ports;

2) supplier Rtn-SpLinkProc-Mgmt port.
¢) Return Frame Processing SLE-FG:
1) consumer Rtn-AF-Transfer and supplier Rtn-VCOCF-Transfer ports;

2) supplier Rtn-FrameProc-Mgmt port.
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