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— SUMMARY -

A concept for On Board Cross Support Scenarios is
presented. In this case, the cross support is characterized as a
Communication Service. To some extent, a basic specification, covering
aspects of Protocol, Service and Management is proposed for
structuring the c¢ross support communication service. The already
established CCSDS recommendations for Conventional and Advanced
Orbiting Systems, are commented as part of specific On Board Cross
Supporting Scenarios. The "complementary" nature of the proposed
concepts in this work 1s enchanced with respect to the already
existing scenarios, which are based on the current CCSDS
recommendations. Therefore, 1if judged appropriate, the concepts which
are presented 1in this work coukd be a start for development of new

CCSDS recommendations directed to On Board Cross Support for Space

Data Systems.






- SUMARIO -

Um concelto para Cenarios de Apoio Cruzado de Bordo €
apresentado. Neste caso, o apoio cruzado & caracterizado como sendo um
Servico de Comunicacao. Em certa extemsiao, uma especificacdo basica,
cobrindo aspectos de Protocolo, Servico e Gerenciamento e proposta
para estruturar o servigo de comunicacao para apoio «cruzade. As
recomendacoes ja estabelecidas pelo CCSDS, para Sistemas Orbitais
Convencionais e Avancadas sao comentadas como parte especifica de
Cenarios para Apoio de Bordo. A natureza "complementar" dos conceitos
propostos neste trabalho e realcada com respelto aos cenarlos ja
exlstentes e que sao baseados nas atuais recomendacoes do CCSDS.
Portanto, se for julgado aproprilado, os conceitos que sao apresentados
neste trabalho poderiam representar o comeco do desenvolvimento de
novas recomendacoes CCSDS, direciomadas ao Apolo Cruzado para Sistemas

Espacials de Dados.
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INTRODUCTION

The main purpose of thils work is the conception of basic

space data system on board cross support scenarios.

The on beard cross support scenarlo 1s defined by the

characterization of communication services between two facilities,

where one facility acts as the service provider and the other as its

User.

It is fundamentally important to notice that, in the
current concept, the user 1is characterized as such because 1t 1is
assumed that, for operational reasons, 1t must rely oun the
communication resource that may be avaible from the service provider
facility. More specifically, it d1s understoocd that the communication
resource avallable with the service provider may be needed for local
use, in the same on board communication environment, or remotely, by
means of space-to-space or space-to-ground links, which wmay extend the
service provision facilities to remote sites. Therefore, the service
provider facility may be a complex, multi hop or multi link compound
of facilities which may, as a whole, provide the basic communication

sevice in need by the requesting on board service user,

The connection  between the provider and the user

facility is defined as being the On Board Service Access Point (BSAP).

This work proposes, whith some degree of detall, the
basic concepts of architecture, protecol and management for data
commnication services which address on bord cross support scenarios.
The on board cross support scenario basic architecture considered in

this word is illustrated in Figure 1.



PROVIDER SERVICE
(5P) ON BOARD USER
SERVICE . (08sU)
ACCESS
POINT
(BS4AP)}

Figure 1., Basic architecture of the on board cross

support scenario.

The communication service provider is defined as the on
board facility which supports the communication service access to the

on board user facility.

The on board service user which 1s considered as typical
would be a facility which is in need of a Communication Service that
can be cross~supported by and/or through an on board service provider
facility. This type of cross support may put the on board service user
in connection to other users which may have access to the same local
on board service provision facility and/or to any remote access which
may be seen as an extension of the service provision facility complex.
It is out of the scope of this work to develop application level
concepts between the service provider and the on board service user.
However, it should be clear that the concept of cross support at
communication service 1level which is defined i4in this context is
intended for wuse by upper layers of protocol, where the application
layer is certalnly included. The application is actually the ultimate
motivation for obtalning this type of cross support.

The communication c¢ross support service defines the

execution of data communication between the on board service user and

the setrvice provider.



Three basic types of end-to-end service scenarios for on
board cross support are defined after the Introduction of the basic

architecture represented in Figure 1.

After definiton of the three scenarios, basic concepts
for the data communication protocol, services and management, referred
to the basic scenario iIntroduced iIn Figure 1, are proposed. A

preliminary, partial specification is also given, related to the same

concepts.

The characterization of the On Board Cross Support
concept 1s also introduced in the context of the CCSDS recommendations
for conventional and Advanced Orbiting Systems. A Scenario case is

commented for each one of the two possible Orbiting Systems.

Final comments are made, relating the detailed concepts
proposed for the basic scenario to the other three scenarigs which

were introduced earlier in the work.



END-TO-END BASIC CROSS SUPPORT SCENARIOS

The communication service provider can ve limited to anm
on board facility, or not. That is, the communication service provider
can be complemented by other external facilities which may be also
located not only on board but, alternatively, on éround, depending on
the location of the in the i.e., the user

service user other end,

which wants to have access to the on board service user. As a result,

two different, basic end-to-end service types can he concedlved.

Namely, they are:
.« Local Service
. External Service

The two basic architecture scenarlos which represent the

mentioned end-to~end service are i1llustrated in Figures 2 and 3.

— SCENARIO I —

Figure 2. Basic Local Service

ON BCGARD ON BOARD r ON BOARD
LOCAL, SERVICE SERVICE
SERVICE
USER 1LOCAL :SEQ;SER ON BOARD :;i;ﬂ
(BLSU) SERVICE SERVICE

PROVIDER ACCESS =

ACCESS POINT

POINT (BSAP)
iLSPA)

Provision Scenario.




— SCENARIO IT —

ON BOARD
EXTERNAL EXTERNAL LOCAL ON BOARD
SERVICE SERVICE 7 SERVICE
SERVICE
USER REMOTE | PROVIDER srovioer | on Boaro JUSER
(EXSU) service | (E5F/ SERVICE (08LP) seavice | (O8SY/
PROVIDER \eememmmmeccod PROVIDER ACCESS
ACCESS EXTERNAL POINT
POINT ACCESS (854P)
(RSFA) (SPEA}

Figure 3, Basic External Service Provision Scenario.

The external user which access the on board service user
may be alsoc located on board or on the ground. These two possibilities
result in two different basic service types which are conceived with

the following denominations:

. On Board External Service

« On Ground External Service

The basic service architecture scenarios which result
from the two types of external service are represented in Figures 4
and 5.

Othexr architecture scenarlos can be conceived if it is

considered that additional, intermediate external space based and/or

ground based service provision facllities may be dnvolved in the path



that may characterize the end-to-end users. It is also pertinent to
observe that more than one combination of end-to-end external service
provision wmay be configured with the same basic scenario. For
instauce, there may be pratical interest in wmore thai one combinations
of local and/or remote also on space and/or on ground user access
points to the service provision facilities, besides the on board
service user. However, without incurring in loss os generality, it is
not considered 4n the scope of this current current the exprapolation
of concepts beyond the cross support scenario which have alrteady been

introduced.



— SCENARION A—

ON BOARD ON BOARD ON BOARD
EXTERNAL EXTERNAL LOCAL
SFRVICE’. SERVICE Z SERVICE
USER REMOTE | prROVIDER SERVICE PROVIDER
(BESU) SERVICE |} (gesP) (BLSP)
PROVIDER PROVIDER
ACCESS POINT EXTERNAL
(RSPA} ACCESS
(SPEA)

ON BQARD
SERVICE

ON BOARD
SERVICE
USER
(08sy}

ACCESS

POINT
{854F)

Figure 4. Basic External On Bord Service Provision Scenario.

ON GROUND
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- SCENARIO I 5 =
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EXTERNAL

SERVICE
USER
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ACCESS POINT
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SERVICE
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SERVICE
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=

SERVICE
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ON BOARD
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SERVICE
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ON BOARD
SERVICE

EXTERNAL
ACCESS
{SPEA)

Figure 5. Basic External On Ground
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Service Provision Scenario,



BASIC FUNCTIONAL SPECIFICATIONS

Independently of the specific communication cross
support scenario which may be in consideration, there is some degree
of functional commonality that can be concelved among them. Three
aspects, related to the mentioned functional commonality of the

communication e¢ross support are specified:

. Protocol

» Services

. Management

The basic architecture of Figure 1 is used to develop

these three functional aspects.

The Protocol under consideration 1s restricted to that
is necessary to guaranteee the communication cross support through the

On Board Service Access Point and at End-to-End service level.

The Services are characterized as those which rely on
the Protocol, to formalize the sequence of actiong which are expected
between the Service Provider and the On Board Service User to
effectively execute the cross support. The Services are based on

Service Elements.

The Management aspects of the communication cross
support are basic for orienting the service conception and the

operations which result from their execution.



COMMUNICATION PRINCIPLES

The On Board Service User 1s considered as a facility
which must rely onm the Service Provider to obtain cross support in a

communication service, be it related to local and/or to remote access.

The Service Provider is conceived as having a self
contained and self sustained communication system. Communication
facilities which. are local and/or remote to the On Board Service User
may characterize the Service Provider. Although in a transparent
fgshion, different cross supporting agencies may characterize the
chain of facilities that cinstitute the Service Provider. Therefore,
on board data handling systems, on board local networks,
interconnected {or not) by gateways, space-to-space, space-to-ground
communication systems, ground networks, with possible internetworking
resources, may actually characterize the whole Service Provider
facility. The *front-end"™ faclility of the Service Provider which is
expected to be connected to the On Board Service Access Polnt is also
expected to be a host of the Service Provider facility. It can be

defined as being Service Provider Access Facility (SPAF).

The On Board Service User facility may have its own
communication system, 1if any, which 1s assumed to be not intrisically
compatible with the Communication System of the Service Provider. This
is identified as being the main motivation to define the On Board
Cross Support Scenarios which are the subject of thils current work. It
is a result from the natural assumption that the On Board Service User
may have the operational need to obtain cross support from the

Communication System available at the Service Provider facility.

The On Board Service User may be represented, for
instance, by a Platform loaded with Experiments which, in turn,

contain thelr respective Payloads. The user may also be a very simple,
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primitive Payload, On the other extreme, if a sophisticated platform
characterizes the On Board Service User, it may contain its own On
Board Data Handling Systems(s) and/or Local Network(s), for instance,
In the high end extreme of sSophistication the so called On Board
Service User could require the On Board Service Access Point only
temporarily, be it in periodic and/or on an eventual basis, for
operational reasons. In other words, this would be the case where the
On Board Service User i1s not permanently attached to the Service
Provider. Situations like this one may vesult from periodic or

eventual docking of spacecrafts.

Therefore, it is not discarded the possibility that the
On Board Service User wmay have, in fact, 1its own self-supporting
Communicatijions Service Provision, as well. This possibility is mnot in
conflict with the cross support concept being proposed in this work,
provided that proper operational management agreement between the
Service Provider and the On Board Service Access Point is adequately

settled to direct a proper use of the On Board Service Access Point.

To become eligible and compatible for behaving as an
acceptable host for recelving cross support from the Service Provider
facility, the On Board Service User mneeds an adaption. The term
Adapted On Board Service User (ABSU) would be a more precise
designation for this special type of host facility to be cross
supported, However, the "adaption" concept is implied and so, On Board
Service User 1s the adopted designation for the e¢ross supported
facility.

A natural consequence of the basilc concepts which have
been introduced for the basic cross support scenario represented in
Figure 1, concerns also the need for adoption of the concept of

Master-Slave Byerarchy ([1), [2]) between the Provider and the User
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facilities, respectively, when the Communication Service under
consideration is provided through the Service Access Point. Therefore,
it 1s considered that 1t is up to the Service Provider, as a Master,
the effective initialization of the c¢ross support communication
service. However, it is not discarded that the effective communication
service initialization may also be triggered by the Provider facility,
as the result of an initial request and placed by the On Board Service
which 1s, formally, counsidered as belong the Slave facility,

Independently of the Communicatlon Service level, it may
be conceived  that, at Application level, the acceptance of a
{Application)} Service request is mnot, necessarily, restricted to the
Sexvice Provider (Master) facility. That 1s, at Application level,
there may be instances where the On Board Service User 1s requested to
provide a speéific service. This type of conception, however,
extrapolates the context of the current work. In any case, it should
be noticed that, also at Application Jlevel, the successful service
operation is coditioned to previous agreement on compatible Service

ranagement xules between the parts which are envolved.

It is also conceived, as a communication principle, that
the same Service Provider may ve capable of cross supporting more than
one One Board Service User by means of one Board Service Access Point
dedicated to each one of the Service User facllitles. Service Access
redundancy is not treated in this context, although it may be also a

possible alternative of pratical interest,
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PROTOCOL

The communication principles which were proposed for the
basic scenario represented in Figure 1 form the background that
motivates the following conception of communicatfon protocol to be

considered for use by the so called On Doard Service Access Polnt.

The cenception of a communication protocol architecture
for the On Board Service Access Point 1s proposed 1in Figure 6.
Although this communication protocol 1s conceived for implementation
in the Service Provider, it is not meant, necessarily, for the already
defined Service Provilder Access Facility, as a whole. This will depend
on practical conveniences in the internal scenaric of the Service

Provider.

There are three distinct Jlayers that characterize the
communication protocol conceived for the On Board Service Access

Point. The related protocol architecture is represented in Figure 6.

SERVICE ON 8OARD
PROVIDER SERVICE USER
(SF) 085U}

Service Service ,
3 Layer Wz Packe ts ) Layer 3

2 Link Layer rmzm=znWords o= =>4 Link Layer {2
Physical " Physical 1
1 Layer Layer

On Bouard Service Access Point{85AF)

Flgure 6. On Board Service Access Point Communication

Protocol Architecture.
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The Physical Layer of the protocol is conceived as a
serial interface [1] to operate in full duplex communication. Although
current technology 1s well consolidated for realization of the
Physical layer with shielded twisted pair cables, it is also proposed,
as an alternative implementation option, the wuse of fiber optics
cableg, for the same purpose. The fiber optics technology 1s expected
to allow significant data transfer speed up (higher bandwidth),
whenever 1its application can be justified for a specific cross support
mission scenario. Due to the intrinsic bandwidth capabllities, besides
other advantages, the fiber optics technology may have a significant
impact in extending the types of service that may be offered by the On
Board Setvice Access Point. In this case, Volce, Video or ISDN based

services could be congidered for cross support.

The Link Layer is concelved to guarantee the poilnt-to-
point transport of WORDS of data accross the access point. These words
can also be ugsed to command the opening, the maintenance and the
closing of the point~to-point connection, Above all, the WORDS are to
be used in the transport of wuser data, through the access point, in
both ways. The link layer is expected to have some degree of error
protection, besides error recovery capability. It i1s also conceived
that the 1link layer may serve as a mean to provide time distribution
and synchronization between both ends of the On Board Service Access

Point.

The Service Layer of the communication protocol has two
basic assignments. The first assignment 1s to execute the transport of
PACKETS through the Ou Board Service Access Point. In this case, the
PACKET is characterized by the "ACCESS PACKET". The second assignment
of the Service Layer is to support the transport of PACKETS as an End-
to~End data entity. To comply with the conceived requirements for this
second case, the PACKET 4is characterized by the "SERVICE PACKET",
which 1s defined as data for the ACCESS PACKET. The SERVICE PACKET is
treated by the Service Layer as the data entity which has to be

transported between two end users, i.e., 1n one of the two possible
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directions, between the On Board Service User and the Local or
External Service User. It i1s up to the Service Layer the assignment
that executes the ACCESS PACKET segmentation and composition in and
from WORDS, respectively, Iin support to an adequate data transport

through the On Board Sexvice Access Point (BSAP).
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PHYSICAL LAYER

The contents of Table 1 express what is conceived as a
basic and partial proposal to specify the Physical Layer ([1], [2]) of

the communication protocol

Table 1. Physical Layer Specification.

® Point-10-Point lnterface ;

® Sarial Interface ;

® Full Duplex and Symmeltricol;
® Physical Components *

e 4) Metal Wire Implemeniation :
e Shiglded, Twisted Palr Cabile

® No.of Cables : 1 or 2(2 or 4 wires plus ground for
each poir)!?

® Electirical Coupling : Transformers |

o Electrical Driving ¢ Dilferential, Current Mode, Malched
to the Characteristic Impedance of
the cable ;

@ Connscfors ¢ T.B.D.~depends on wiring olternatives ;
® Speed or Bit Rate:

e Se/sctoble or Fixed t
o 1O Mbits/second( dalauit)

e Q5 Mbits /second ( secondary)
& Coble Characteristic /mpedance : 1.8.D,
o Coble Maximum lLength : T.B.Q,

e 8) Fiber Optics Implemantation: { Speclfications T.8.D.)
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LINK LAYER

The following proposed specifications are incomplete.
However, the current purpose 1is to introduce conceptual 1ideas,
desirebly consistent with the other layers of the protocol, to serve

as a basis for further, complete detailing, if it is decided to do so.

The contents of Table 2 present the basic concept for
the Link Layer. Some comments on the topics represented im that table

are discussed in the following text.

The WORD format ({1], [2]) to be used by the Link layer

has its basic structure represented by Figure 7.

| i ' ¥ synchronism when DATA FIELD contains an INSTRUCTION
'__ﬂ__‘ % Synchronism when DATA FIELD contains DATA

[}
— I ¥

} } : —{MSB Lse
SYNCHRONISM DATA FiELD PARITY
k——3 Bit Period ——ae 16,32 or 64 Bits —t— Bit—

o 20,36 or 68 Bit Periods

Figure 7. Basic Format for the Link Layer WORD.

It is conceived that a Link Layer WORD may have 16, 32
or 64 Bit long DATA FIELDS. It is certainly an open question 1if
a 3 Bit Period Field with one state transition wmay Dbe
considered as  acceptable for all the three WORD length
possibilities which are being considered. It can be
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considered, for instance, that  INSTRUCTION WORDS would be,
necessarily, 20 bit long, while DATA WORD could be 20, 36 or 68 bit
long, provided that the actual DATA WORD being communicated hasbeen
declared by an INSTRUCTION WORD which would have been previously
transmitted. If such possibility can be adopted, there would be
considerable decrease in the "overhead" of communication, which is
20%2; 11,127 and 5,88%, respectively, for 20, 36 and 68 bit long DATA
WORDs. Considerable advantage in communication speed up can be
achieved with longer words, specially if 32 bit, or even, 64 bit

processors are foreseen for the purpose.

It is alsco considered as an open question the use of a
unique one bit long PARITY Check in the three proposed WORD lengths,
i.e., for the 20,36 or 68 bit long WORDS. Longer Parity Chack fields
could be considered for the longer words, possibly with adoption of
the error control scheme already recommended for the CCSDS telecommand
codeblocks {6], consisting of seven (7) parity check bits plus omne (1)
appended filler ©bit, as an alternative. In any case, attention should
be paid to the effective "overhead" of communication that could
result, besides the fact that a fairly reliable link is expected from
the physical layer of this protocol.

The use of longer DATA WORDS, with 40 or 68 bits could
be very convenient to execute the transport of data which compose the
PACKETS which are associated to the SERVICE Layer of the protocol. If
the segmented PACKETS are transported with the use of DATA WORD
"bursts™, through the Link Layer protocol, a fairly higher throughput
of packets would be guaranteed. This would be particulary important
for services which naturally demand higher bandwidth, like wvoice,

video (or images) or ISDN related services, among other possibilities.

INSTRUCTION WORDS may be wused to exchange Information
not only at Link level of the protecocl. They may also conlbain data
information to be communicated to the wupper, Service Layer of the

protocol. For instance, one or more specific INSTRUCTION WORDS may
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Table 2. Link Layer Basic Specification.

* Encoding and Oacoding 1 MANCHESTER

® Bif Period ! Depends on the selected spaed or bit rate,

& Modulation opd Datection Principle + A YONE” bit ls chargelerized by o MARK “or ‘1"
to "SPACE “or “0" transition , neminaly,at a mid

bit perlod. The raversed transition at o mit bit
perlod Is detined s a “ZERQ" hit ;

® Unit of Information WORD 4

o Word Lengths: 20,36 or 68 Blia,
* Worgd Bosic Formot SYNC + DATA FIELD + PARITY, ordered left 1o right, from

Meost Significant 81t (M5B} 10 the Least Significant Bit L SB),;
® DAYA FIELD Carrisr Afributess * INSTRUCTION WORD
* DATA WORD 4

* SYNC Length : 3 Bil Periods ;
* SYNC Detection @ Bosed on MACHESTER Encoding }

* INSTRUCTION WORD SYNC + Defined when o logcol
love! fransition occurs from the “MaRK " or “1 " state
to the " SPACE " or "0 " slate, in tha mid of the secors?
blt period of ¢ totol of three,with 1clargnce TH.O

o DATA WORD SYNC : Dellnad whan g loglcal fevel
transition occurg from the “SPACE " or "0 viote 10
the “MARK “or 17 s1ate ,In the mid of the second
bl perlod of o total of thres,wilh tolerance T.B.D

o JATA FIELD Bits and Farity 81t detection + Based on MANCHESTER dacoding where, wiihin
o Bit Period,whare “MARK " or "1" 10 "SECE"
or *0" tronsltion means @ “OVE "y or “ZERO"In
the reversaed transition

® DATA FIELD Longths 1 Saleciable or fixed
* 15 Bits - usa by defoult
« 32 Gits - optionol use
« 5481 ~aprional use

s~y

* PARITY One Bt Period

A r]

Cad Pudity Check s proposad, Lo, DRIRITY it 12
arpscled o be wyut 0" " whon the sum of o mas
in the DATA FIELD Is odd ; otherwisa, It should be
equal o rero, to cortify that parlty error condition has
not occurred 4

® Errar Detection s
o Odd Forify check: with Pority Bty
o Mid Sit Error check ¢ If @ "burs? "srror occurs In the

mid bit period region,the Mid Bit Error check condition
should ba positlvay

© Tima Distridution or Corraction Moke use of spociol Instructions 1o be exchanged
through the On Board Service Access Point.
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precade and another specific group may follow a burst (sequence) of
DATA WORDS which may compose the many segments of a PACKET. In this
case, the mentioned INSTRUCTION WORDS may contailn opening and closing
data information which are passed from the Link to the Service layer
together with the sequence of PACKET segments, and they may specify

parameters related to: type of service, length of packet, error

checking, etc.

Although the Link layer protocol specification is out of
consilderation in this context, a brief concept on a type of dialogue
that would have to be analysed for lmplementation with INSTRUCTION
WORDs, would go as follows:

1) PROVIDER ("MASTER"™) te USER ("SLAVE"):

"I may have a packet to send if it Is announced with my next
INSTRUCTION, do you have any?";

2) USER to PROVIDER:

"This time I do mot have a packet; I will wait for your next

instruction";

3) PROVIDER to USER:

"This is the opening INSTRUCTION WORD that precedes a series
of DATA WORDS with segments of a packet';

4) PROVIDER to USER:

"This is a DATA WORD" (burst mode);



- 20 -

5) PROVIDER to USER:

“"This 18 an INSTRUCTION WORD that <closes a series of DATA
WORDS with segments of a packet";

6) VUSER to PROVIDER:

"I received without error your complete set of packet
segments and associated parameters; I am waiting for your
next INSTRUCTION WORD";

7) USER to PROVIDER:

"I received with error your complete set of packet segments
and associated parameters; send your set of packet segment

WORDs and related instructions, again.
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SERVICE LAYER

The Service Layer is a Protocol Layer which is conceived
as a two stage protocol to be embedded in an End-to-End cross
supporting protecol architecture scenario. An instance of this
scenarlo 1is  represented in a typical configuration whichk is

illustraded in Figure 8.

One stage of the Service Layer protocol is conceived to
characterize the transport of the so called ACCESS PACKETS between the
On Board Service User and the On Board Local Service Provider Access
Facility. This stage of the Service Layer Protocol 1s denominated

"Seyvice Access Protocol".

The other stage of the Service Layer Protocol 1is
concelved to characterize the End-to-End tramsport of the so called
SERVICE PACKETS between one End, represented by the On Board Service
User and the other End which i1s represented by the Local/External
Service User while support must be provided for Service Protocol
Mapping to be executed, in between hoth ends, by the On Board Local
Service Provider Access Facility. This other stage of the Service
Layer Protocol 1s denominated "End-to-End Service Protocol". This is
the highest level service to be cross supported by the On Board

Service Access Point Communication Protocol.

The schemes of Figure 9 introduce thz basic ifvrmats
proposed for the Service Access Protocol ACCESS PACKETS. While the
Data Transport ACCESS PACKET is conceived to transmit data through the
On Board Service Access Point, the Acknowledgement ACCESS PACKET is to
be used, on a mandatory basis, to confirm the reception ,of each packet
of the preceding type, i.e., containing data. Both types of ACCESS
PACKETS can be distinguished by the contents of the STATUS field. The
PACKET MUMBER is generated by the packet source as a serial number and

can be wused, optionally, for sequence contrel at the receiving end.
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The PACKET LENGTH designates the number of octets that form the whole
ACCESS PACKET and can be used for verification when the packet 1s
reconstituted from the WORD segments, besides belng useful for storage
allocation and management purposes. The ERROR CONTROL field is
concelved to transport the CRC code when this resource is utilized.
The ACCESS PACKET should be rejected by the "Service Access Protocol”
i1f CRC detects the ocurrence of error. The CRC code to be adopted can
be exactly the same specified for the CCSDS Packet Telemetry Transfer

Frame Error Detection, as described in Reference [4].

The scheme of Figure 10 Introduces the basic format
conceived for the End-to-End Service Protocol SERVICE PACKETS. It can
be noticed, by comparison with Figure 9, that the SERVICE PACKETS are
an extension of the ACCESS PACKETS, such that the first three
parameter fields of both packet formats are the same. However,
different segments of the STATUS word are to be manipulated separately
and independently by both Sages of the Service Layer Protocol. The
Data field of the SERVICE PACKET is counceived to contain a "slit
stream”, whose contents are intended to be known exclusively by the
(end) user who is being cross supported. A Bit stream could be formed,
for instance, by a Standard Formatted Data Unit (SFDU), as defined in
Reference [13].

The concept of SERVICE ELEMENT (SE) is related to the
End-to-End nature of the Protocol. A SERVICE ELEMENT is a specific and
unique End-to-End service which 1is expected to be executed with the
use of the SERVICE PACKET by the End-to-End Service Protocol. The
SERVICE PACKET has a specific field in its format to be used in the
assignement of the SERVICE ELEMENT which 1t is associlated with.
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It is consldered beyond the scope of this work the
proposal of a specific set of SERVICE ELEMENTS.However, the contents
of Table 3 furnish what are conceived to be the basic SERVICE ELEMENT
attributes, These  atributes would be sufficient to derive the
specification of what would be a complete set of SERVICE LELEMENTS that
could be partially or completely implemented for cross support,
depending on specific service requirements placed by the user and that
could be provided, in practice. The conception of the attributes of
Table 3 do not pretend to be exhaustive but there is, on purpose, the
intention to not extend the complexity of the service elements to be
cross supported, for the sake of simplicity and efficiency in the
process of implementation which mnaturally results.In principle, the
Service Elements (SEs) are intended for bidireectional implementation,
when they are applicable and necessary. For instance, this could be
the case for a SE that requires "On Line Delivery with Intermediate
Storage and with Delivery Time-out", for telecommand (one way) and

Telemetry (the other way) related bit streams.

It is noticed that under the point of wview of
compromising alleocation of physical resources, real time constraints
and Service Element management, the Service Provider Access Facility
would be the natural candidate to execute the management concept for!
Intermediate Storage, Intermediate Storage Retrieval Time-out (if any)

and Off Line Delivery, in the execution of a Service Element.
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-SERVICE PACKETS -
Field / No. of Octets
lS!atus/‘! Qctet

~Usage-
-mandatory

E Packet No./ 2 Octets

-mandatory

Packet Lenght/2 Octets

~mandatory

SERVICE ELEMENT /1 Octet

-moandatory

-mandatory

iSource User Address/ 3 Octets
Destination User Address/3 Qctets

~mandatory

Intermadiate Storage Address/3 Octlets

~optional

| Absolute Time=Out for Dalivery
from Intermediate Storage /<8 Octets

-optional™

Absoiute Time-Out for Delivery "
to LOCAL 7 EXTERNAL SERVICE USER/<8 Oct.

.. A&)
-optionai

Dgta/ < 2'SOcteis

>

, (n8)
-optional
j S

LError Control /7 2 Octlets

-optional

0OBS.

(¥)-Use of CCSDS Unsegmented Time Code (CUC) is

recommended ,with adopiion of 1958 January
epoch (Level 13-TAI Scals.

(% X%)-The "Data" field is NOT used in SERVICE PA
used for Acknowiedgement.

Figure 10. Basic Format of SERVICE PACKETS for

Layer Protocol.

1st,

CKETS

the Service
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Table 3, Basic SERVICE ELEMENT Attributes.

® On Line Delivery:

o with/without delivery acknowledgement
e with/without intermediate storage
o with/without time-out for delivery

o with/ without fime-out for infermediale
storage refrievals

o Off Line Delivery:

o with/without off line storage retrieval and
delivery acknowledgement

o with/without intermediate sforage

o with/without time-out for off line storage
retrieval and delivery

o with/without time -out for intermediate
storage retrieval.
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MANAGEMENT ASPECTS

The concept of inter-Agency '"cross-support” which relies
on the capability of one Space Agency to transfer information to

another Agency has inspired the concepts proposed in this context.

Another basic  concept that was explored to the
foreseeable extreme in this work is related to the conception of cross
supporting services which would cause minimum disturbance, to say the
least, to already existing or planned physical implementations of the

"Service Provider" facilities in the supporting Agency.
The two  premises wmenktioned  above have  direct
consequences in management aspects related to the On Board Cross

Support Scenario cencepts which are proposed in this work.

If Management Access Points (MAPs) are defined as those

whilch can support, whenever applicable:
. Service Set-up
. Service Execution
+ Service Reporting
. Service Closing
it can be derived from the End-to-End Cross Support Protocol

Architecture Scenario represented 1n Figure B the following management.

related aspects. They are:
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. The LOCAL/EXTERNAL SERVICE USER(s), the SERVICE

PROVIDER ACCESS FACILITY and the ON BOARD SERVICE
USER which are,  mnaturally, Management Access
Points (MAPs);

The SERVICE PROVIDER ACCESS FACILITY must provide an
interface, at Application Process level, to the

Service Layer which 1t cross supports;

The three mentioned MAPs rely on the Service Laver

Protocol to obtain Cross Supported Services;

The Service Manager, at each MAP, should be capable

.of obtaining from the process associated to the

Service Layer Protocol, whenever applicable, the SET-
UP, EXECUTION, REPORTING and CLOSING for each SERVICE
ELEMENT when it is allowed to be invoked;

A previous Inter-Agency agreement on a PLAN-QOF-
OPERATIONS should be settled to establish: rules,
routines and schedules for using each of the Service

Elements which will be utilized for cross-support at
each MAP;

Also, an inter—-Agency agreement and development must
be executed to implement the specific ©On Board

Scenario to be cross—supported;

The previously agreed upon PLAN-QF-OPERATIONS will
determine the operatrion rsutines for sach MAP manager

and/or operator.
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CONVENTIONAL ORBITING SYSTEMS SCENARIOS

The so called conventlonal orbiting systems are those
that observe CCSDS Recommendations specified in References [3] to [9],
CCSDS  Recommendations  which are being developed for  ground
internetworking would be also included in this context, as long as
they are independent fron space/ground or space/space Recommendations

wvhich are also being specified for Advanced Orbiting Systems.

The conventional orbiting systems are characterized by
complex free flying Spacecraft operating at: moderate data rates and
sérvicing; moderate number of users; limited on board and ground
computer networking and exploiting; somewhat limited opportunities for
international, inter-Agency c¢ross-support; asymmetric data transfer
configuration with the use of CCSDS Packet Telemetry and Telecommand

in the space to ground and ground to space communication channels.

An On Board Cross Support Scenario where the concelved
main protocol architecture layers are represented interfacing with
CCSDS  protocol  architecture, as recommended for the so called
Conventional Orbiting Systems, is illustrated im Figure 11. The CCSDS
protocol architecture, in this case, 1is concentrated in the
space/ground link segment of the scenario. In both ends of the
space/ground link segment, the interface with the continuing scenario
is conceived by means of specific application processes which would
"map” the information flowing through the end-to~end path, to be

properly carried by the service provider facilities.

More specifically, in the scenario illustrated in Figure
11, the On Board Cross Support SERVICE PACKETS would be carried, down
link, as bit streams, in the data field of CCSDS Telemetry Source
Packets. In the up link segment, the SERVICE PACKETS would be carried,
as bit streams, in the (user) data field of a telecommand packet, as
recommendad by CCSDS.
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ADVANCED ORBITING SYSTEMS SCENARIOS

The CCSDS Recommendations which specify the so called
Advanced Orbiting Systems (AOSs) are destribed in the latest versions
of References [10] to [12].

The CCSDS Recommendations [10] for Advanced Orbiting
Systems have their scope oriented for applications directed to:
complex intermational constellations of spacecraft, including manned
and man-tended space stations, unmanned space platforms, free flying
spacecraft and advanced space transportation systems operating for a
vefy wide range of users, data rates and serving options, extensive on
board and ground computer networking which are also expected to
extensively support the use of the "Open Systems Interconnection
(0SI)" standards,

The Recommendations for Advanced Orbiting Systems extend
the CCSDS Recommendations for Conventional Orbiting Systems without
ciclusion. It is, therefore, expected that "mixed" or “hybrid"
Orbiting Systems may be conceived and implemented by using the
Advanced and the Conventional concepts and their related CCSDS
recommendations. The concepts being introduced 1in the current work do
not exclude any of both, Conventional and Advanced Orbiting Systems
Concepts, In this sense, the on Board Cross Support Scenarios
introduced in this work are being structured based on a "complementary
nature'” to the already establlished CCSDS Conventional and Advanced

Orbiting Systems concepts and their recommendations.

The scheme of Figure 12 contains an On Board C(ross
Support Scenario where the CCSDS Recommendations for Advanced Orbiting
Systems are also part of the same scenario. Many other instances of On
Board Cross Support Scenarios based on Advanced Orbiting Systems could
be conceived. However the basic concept implied by Figure 12 1is a

sufficient introduction, without loss of generality.
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Analysing the scenario illustrated in Figure 12, the
following observations are pertinent to the On Board Cross Support

concept which 1s represented.

The On Board Service User would have its Service Access
Point connected to a host facility of the Extended On Board Network.
In this case, before the Service Access Point, this host facility
would act as the already defined "On Board Service Local Service
Provider Access Facility (SPAF)". This SPAF facility would, at
Application Process level, execute the Service Layer Protocol, as
already defined, to treat the Service Packets according to the Service
Elements which they invoke. It is reasonable to assume that the
Serﬁice Packets would flow through the intermediate subnetwork, which
include the CCSDS Principal Network (CPN), to and from the other End,
i.e., the Extwernal Service User, as a "Bit stream'". Therefore, the
SERVICE PACKETS would be a "Bit stream”" for the External On Board and
Ground Networks which, ia turn, would make use of the Tnternet Sorviece
or Path Service, (cross) supported by the CCSDS Principal Network
(CPN), depending whether the access to the CPN is done by means of an
interface using the protocol IS0 8473 or to the CCSDS Path Protocol,
respectilvely,

Depending on  timing related constraints, if any,
specified for the Service Elements being c¢ross supported and,
therefore, to be specified by the SERVICE PACKETS being tfanSported
End-to-End, the Extended On Board and Ground Networks, including the
CCSDS Principal Network must be  analysed, concerning  theilr
capabilities for ™"asynchronous" (and) or "isochronvus" data transfer.
The capability of sequence preserving in the SERVICE PACKET transport
is not being considered at this level of conception, in thils current
work. However, Service Elements could also be conceived, taking into

account the preservation of sequence in the transport of SERVICE
PACKETS.
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CONCLUSIONS

Some Space Data System On Board Cross Support Scenarios
which were considered basic are concelved 1n this work. Without
extending too much, related aspects to the proposed scenarios have
been introduced with different degrees of detalling, whenever it was

considered pertinent to the underlying scope.

The On Board Cross Support Scenario, as being conceived,
would extend considerably the possibilities of cross support not only
in the inter Agency domain but also.for those potential users within
the domain of a wunique Agency. For instance, if an On Board Service
Provider facility is "hosted" by a Conventional or an Advanced
Orbiting System based on CCSDS recommendations it may, ir prineciple,
provide communication service cross support to an "independent™ On
Board Service User which does not comply, in terms of interface, with

the menticned CCSDS recommendatiocns.

This concept work 13 an attempt to structure and
formalize the considered maln topics which could form a new CCSDS
recommendation, in this case, oriented for On Board Cross Support. The
approach which has been conceived suggests that such recommendation
would have a complementary nature, specified for use "on top" of
existing CCSDS Recommendations, if this is the case. In principle, it
could also be adapted to other space data systems which may be
exclusive of an specific Agency., More specifically, at the so called
On Board Service Access Point, the proposed recommendation for cross
support would have to be specified from the physical layer and up.
However, as an End-to-End cross support resource, the recommendation
would be, at Service Layer, related to interfaces ,at Application
Level, in order to comply its own service elements with other existing
service recommendations or standards, defined by the existing CCSDS

Recommendations or by other recommending Committee (IS0, CCYTT}, if
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any, and which may be in use by the Agencies envolved in the specific

¢cross=support scenario.

To develop a complete on board cross-support
recommendation, further detailing and consolidation of ideas will have
to be worked 9on, concerning  functlonal  specifications and
communication principles, in view of the scope of expected scenariops.
In a folllowing step: the Protocol, the complete set (or repertoire)
of Service Elements and related Management Procedures for Operations
would have to be specified, as well. A Testebed implementation would
follow to wvalidate what would be the recommendations, possibly
resulting from custom or semi-custom made hardware devices, which
might alsbd contain embedded firmware resources for rhe higher lavers
(e.g. Link Layer) of the protocol, with inclusion of their external
interfaces to what would be the immediate higher layer,

It is worth to mention, as a last observation, that the
physical layer of the Protocol, as proposed for the On Board Service
Access Point may have two implementation options. One with the already
classical twisted palr electrical cables. This is a convenient choice
for low data rates, up to one Megabits/Sec. The other implementation
option, for higher data rates, which may be related to digitized
voice, video (images) or, even, ISDN services, would make use of fiber

optics cables to comply with the requirement for higher (or much
higher) data rates.



ACRONYMS

ABSU - Adapted On Board Service User

ACAP - Acknoledgement Access Packet

ADS - Advanced Orbiting Systems

BESP ~ On Board External Service Provider
BESU ~ On Board External Service User
BLSP - On Board Local Service Provider
BLSU ~ On Board Local Service User

BSAP - On Board Service Access Point

CCITT - Consultative Committee for International Telephones and
felegraphs

CCSDS - Consultative Committee for Space Data Systems

CPN — CCSDS Principal Network

DTAP - Data Transport Access Packet

ESP - External Service Provider

EXSU - External Service User

GESP - On Ground External Service Provider
GESU - On Ground External Service User

GS ~ Ground Station

ISDN ~ Integrated Services Data Network
LSB - Least Significant Bit

LSPA - Local Service Provider Access Point
MAP ~ Management Access Point

MSB = Most Significant Bit

OBLP - On Board Local Service Provider
OBSP - On Board Service Provider

OBSU - On Board Service User

051 - Open Systems Interconnection

POCC - Payload Operations Control Center

RSPA - Remote Service Provider Access Point

s/c - Spacecraft
SE = Service Element
SFDU - Standard Formatted Data Unit
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SP — Service Provider

SPAF - Service Provider Access Facility
SPEA -~ Service Provider External Access
SYNC - Synchronism

T.B.D. = To Be Defined
TC «~ Telecommand

™ - Telemetry
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1986 or subsequent issue. (Note. Since this Reference
does not currently cover data relay satellites, the
following document shall be a substitutive Reference:
STDN 101.2, "Space Network (SN) Users' Guide",
(formerly titled "Tracking and Data Relay Satellite
System (TDRSS) Users' Guide"), Revision 6, September
1988 or later i1ssue, MNASA Goddard Space Flifgt

Center.)
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