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CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

5.3.8.1.3

5.3.8.1.3.a.

5.3.8.1.3.1.

5.3.8.1.3.1.a.

5.3.8.1.3.1.b.

5.3.8.1.3.1.c.

5.3.8.1.3.1.d.

5.3.8.1.3.2.

5.3.8.1.3.2.a.

BITSTREAM PROCEDURES

The Bitstream Procedures provide a "B _Pbu
Construction Function" for the Bitstream service
request primitive, and a "Bitstream Extraction
Function" for the Bitstream service indication
primitive.

B_PDU CONSTRUCTION FUNCTION

The B_PDU Construction Function is used to fill the
data field of the B_PDU with the Bitstream Data
supplied in BITSTREAM.request primitives. Each
B_PDU contains data for only one VC, identified by
the VCDU-ID parameter. Each bit 1is placed
sequentially, and unchanged, into the B _PDU data
field.

The B_PDU is fixed length for any VC: its 1length
is specified by management to match the data-
carrying space of the VC_PDU. When the Bitstream
Data have filled one particular B_PDU, the
continuation of the Bitstream Data is placed in the
next B _PDU on the same VC.

If, due to the constraints of the PDU release
algorithm, a B PDU 1is not completely filled by
Bitstream Data at release time, the B_PDU
Construction Function will fill the remainder of
the B _PDU with a 1locally-specified fill pattern.
The boundary between the end of the valid user data
and the beginning of the fill data is indicated by
setting a "Bitstream Data Pointer" in the B_PDU
header.

The B_PDU Construction Function uses the services
of the VCA sublayer for data transfer. The choice
of the Grade of Service is defined by management
for the VC being used.

BITSTREAM EXTRACTION FUNCTION

The Bitstream Extraction Function 1is wused to
extract Bitstream Data from B_PDUs. The B_PDU is
the SDU parameter received from the VCA sublayer.
The extracted Bitstream Data are delivered to the
Bitstream service user identified by the VCDU-ID
parameter. Any fill data inserted by the B_PDU
Construction Function are removed and discarded
prior to delivery, using the Bitstream Data Pointer
information.
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5.3.8.1.3.2.b.

5.3.8.2.

5.3.8.2.a

5.3.8.2.1.

5.3.8.2.1.a.

The Bitstream Extraction function may optionally

pass a Bitstream Data Loss Flag to the user of the

Bitstream service as a parameter;

the flag is

derived from the VCDU Loss Flag received from the
VCA sublayer.

STRUCTURE AND ENCODING OF VCLC PDUs

The VCLC_PDU may be either a Multiplexing PDU (M_PDU)

or a Bitstream PDU

(B_PDU) .

Encapsulation PDUs (E_PDUs).

The M PDU may contain

FORMAT OF THE ENCAPSULATION PROTOCOL DATA UNIT

The Encapsulation Procedures accept variable length,

delimited,

octet

aligned

E_SDUs from the

Encapsulation service interface and encapsulates each
of them within a wvariable
Protocol Data Unit

(E_PDU) .
format of the Version-1 CCSDS Packet.
is shown in Figure 5-4.

length Encapsulation
The E_PDU uses the

Its structure

FIGURE 5-4:

CCSDS 701.00-R-3

Cemmmmm PRIMARY HEADER -—--———---~—-——---- >
PACKET PACKET PACKET
IDENTIFICATION SEQUENCE LENGTH
CONTROL
———————————————————————————————————— E_PDU DATA
Vers|T|Sec. |Applic. |Sequence|Packet FIELD
-ion|y|Hdr. |Process|Flags Sequence
# p|Flag|ID or Count (one E_SDU)
e Packet
Channel
ID
3 1 1 11 14
000
2 2 2 n-octets
octets octets octets

ENCAPSULATION PROTOCOL DATA UNIT
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5.3.8.2.1.b. The utilization of the fields within the E_PDU is as
follows. :

5.3.8.2.1.1.

5.3.8.2.1.1.a.

5.3.8.2.1.2.

5.3.8.2.1.2.a.

5.3.8.2.1.3.

5.3.8.2.1.3.a.

5.3.8.2.1.4.

5.3.8.2.1.4.a.

5.3.8.2.1.4.b.

5.3.8.2.1.4.c.

5.3.8.2.1.4.4d.

5'3'8.2.1.5.

5.3.8.2.1.5.a.

CCSDS 701.00-R-3

VERSION (Bits 0 through 2)

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

TYPE (Bit 3)

The Type bit is not used. It may be set to value
"o" or "1" at the discretion of the Project
organization. '

SECONDARY HEADER FLAG (Bit 4)

No requirements have been 1identified for a
Secondary Header in the E_PDU. This bit shall be
set to value "“OU".

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

This 11-bit field identifies the Packet Channel
that is being used for the flow of encapsulated
data.

When the E_SDU contained in the User Data field of
the Packet is an ISO 8473 Internet packet, this
field shall be set to the reserved Packet Channel
value of "all ones minus one".

When the E_SDU contained in the User Data field of
the Packet contains only Project-specified "fill"
data, this field shall be set to the reserved
Packet Channel value of "all ones".

The assignment of other reserved values of this
field for use by the Encapsulation service are an
item for potential future extension of this
document.

SEQUENCE FLAGS (Bits 16,17)
No requirements for segmentation of E SDUs by the

E_PDU have been identified. These two bits shall
therefore be set to value "11".
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5.3.8.2.1.6.

5.3.8.2.1.6.a.

5.3.8.2.1.7.

5.3.8.2.1.7.a.

5.3.8.2.1.8.

5.3.8.2.1.8.a.

5.3.8.2.2.

5.3.8.2.2.a.

5.3.8.2.2.b.

5.3.8.2.2.c.

PACKET SEQUENCE COUNT (Bits 18 through 31)

This 14-bit field shall <contain a straight
sequential count (modulo 16384) which numbers each
E_PDU generated on each reserved Packet Channel.
The count shall be incremented independently for
each Packet Channel. If the Packet Channel
contains fill data, the count shall be set
permanently to the value "all zeros".

PACKET LENGTH (Bits 32 through 47)

This field contains a sequential 16-bit binary
count "C" of the length (in octets) of the E_PDU
excluding the Primary Header. The field is a count
of the total numnber of octets which occur in the
E PDU after the last bit of the Primary Header,
expressed as follows:

C = { (number of octets) - 1 )
E_PDU DATA FIELD

This field contains one E_SDU, which must be an
integer number of octets in length up to a maximum
of 65536.

FORMAT OF THE MULTIPLEXING PROTOCOL DATA UNIT

The Multiplexing Procedures accept CCSDS Packets
(E_PDUs or M_SDUs) respectively from the
Encapsulation Procedures and the Multiplexing service
interface, and multiplexes them into the Multiplexing
Protocol Data Unit (M_PDU).

The length of the M _PDU is fixed by management for
any particular Virtual Channel, since it is required
to fit exactly within the fixed length data space of
the VC_ PDU. Necessarily, the length of M PDUs
interfacing with a VCA service which supports the
Insert or SLAP procedures must take into account the
fixed length of the optional 1Insert and/or the
optional SILAP protocol control information. Once
the wvarious 1length parameters have been set by
management, they are static.

The format of the M_PDU, which consists of an M_PDU
Header followed by an M PDU Packet Zone, 1is shown in
Figure 5-5.
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//
M PDU HEADER M _PDU PACKET ZONE
. //

Spare|First end of start of
Header previous CCSDS CCSDS CCSDS
Pointer| CCSDS Packet Packet Packet

Packet #k #k+1 #m #m+1
(5) (11)
_//_

FIGURE 5-5: MULTIPLEXING PROTOCOL DATA UNIT, M_PDU

5.3.8.2.2.d. The utilization of the fields within the M_PDU is as
follows:

5.3.8.2.2.1. SPARE (Bits 0-4)

5.3.8.2.2.1.a. This five bit field is currently undefined by

CCSDS: by convention, it shall therefore be set to
the reserved value of "00000".

5.3.8.2.2.2. FIRST HEADER POINTER (Bits 5-15)

5.3.8.2.2.2.a. The purpose of the First Header Pointer field is to
facilitate delimiting of variable-length SDUs
contained within the M_PDU Packet Zone, by pointing
directly to a known reference location within the
first SDU from which its length may be determined.
The SDUs within the M_PDU may be either E_PDUs or
M SDUs, both of which are formatted as Version-1
CCSDS Packets.

5.3.8.2.2.2.b. Length delimiting is used to determine where the
boundaries of the CCSDS Packets occur within the
M_PDU Packet Zone. Packets may "spill over" into
the Packet Zone of the next consecutive M_PDU on a
particular Virtual Channel.

5.3.8.2.2.2.c. This 11-bit field contains a binary count "PpP"
(modulo 2048) which, when incremented by "1V,
points directly to the number of the octet within
the M _PDU Packet Zone (starting at octet number
one, which begins at the first bit of the Packet
Zone) that contains the first octet of the first
CCSDS Packet header. The count "P" is expressed
as:

P = { (Number of the octet) - 1 }
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5.3.8.2.2.3.

5.3.8.2.2.3.a.

CCSDS 701.00-R-3

If the M _PDU Packet Zone contains CCSDS Packet data
but no Packet header exists within the Zone, the
First Header Pointer shall be set to value "all
ones". This situation may occur if a long Packet
spills over across more than one M _PDU.

If the M_PDU Packet Zone does not contain any valid
user data (i.e., it contains a fill pattern) the
First Header Pointer shall be set to value "all
ones minus one".

Since CCSDS Packets may start at any octet boundary
within the M _PDU Packet Zone, it is possible that a
Packet header may be split between successive
M_PDUs on one Virtual Channel. The rules for
handling this situation are as follows:

if the first CCSDS Packet header starts at the
end of the Packet Zone within M PDU (x) and
spills over into M PDU (x+1) on that Virtual
Channel, the First Header Pointer in M_PDU (x)
shall be set to indicate the start of this Packet
header;

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

M_PDU PACKET ZONE (integral number of octets)

The M_PDU Packet Zone is a fixed number of octets
in length and contains the variable length E_ PDUs
or M SDUs, formatted as Version-1 CCSDS Packets.
The first and last Packets of the M PDU are not
necessarily complete, since the first CCSDS Packet
may be a continuation of a Packet begun in the
previous M _PDU and the last CCSDS Packet may
continue in the subsequent M_PDU.

PAGE 5-31 _ June 1989



CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

5.3.8.2.2.3.b.

insert a
of

it
Version-1

In the event that
"fill" Packet, a

is necessary to
CCSDS Packet

appropriate length shall be generated which has the
following characteristics:

Version: "ooo"

Type: Not used; set to either "o0" or
lllll .

Sec. Header Flag: "on

APID: "All ones"

Sequence Flags: "11" (unsegmented)

Sequence Count:
Packet Length:

"All zeroes"
The value of this field is a

5.3.8.2.3.

5.3.8.2.3.a.

5.3.8.2.3.b.

5.3.8.2.3.c.

CCSDS 701.00-R-3

binary count of the exact
number of octets in the User
Data Field of the Fill Packet,
minus one.

User Data Field: A Project-specified £fill
pattern, which must be an
integral number of octets,

shall be inserted.

FORMAT OF THE BITSTREAM PROTOCOL DATA UNIT

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

The length of the B PDU is fixed by management for
any particular Virtual Channel, since it is required
to fit exactly within the fixed length data space of
the VC_PDU. Necessarily, the length of B_PDUs
interfacing with a VCA service which supports the
Insert or SLAP procedures must take into account the
fixed length of the optional Insert and/or the
optional SLAP protocol control information and/or the
optional Reed-Solomon check symbols field. Once the
various 1length parameters have been set by
management, they are static.

The format of the B PDU, which consists of a B _PDU

Header followed by a B PDU Bitstream Data Zone, is
shown in Figure 5-6.
PAGE 5-32 June 1989
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//

B _PDU HEADER

5.3.8.2.3.d.

Spare|Bitstream
Data B _PDU BITSTREAM DATA ZONE
Pointer
(2) (14)
//
FIGURE 5-6: BITSTREAM PROTOCOL DATA UNIT, B_PDU

The utilization of the fields within the B PDU is as

follows:

5'3'8.2'3.1.

5.3.8.2.3.1.a.

5.3.8.2'3.2.

5.3.8.2.3.2.a.

5.3.8.2.3.2.b.

5.3.8.2.3.2.cC.

CCSDS 701.00-R-3

SPARE (Bits 0,1)

This field is currently undefined by CCSDS: by
convention, it shall therefore be set to the
reserved value of "00".

BITSTREAM DATA POINTER (Bits 2-15)

Recognizing that it may be necessary to insert fill
data if an insufficient number of Bitstream Data
bits have been received before a B PDU is released
for transmission, the Bitstream Data Pointer
indicates the location of the last valid user data
bit within B_PDU Bitstream Data Zone (i.e., the
boundary between user data and any inserted fill).

This 14-bit field contains a binary count "B"
(modulo 16384) which, when incremented by "1",
points directly to the number of the 1last wvalid
user data bit within the B _PDU Bitstream Data Zone
(starting at bit number one, which is the first bit
within the Bitstream Data Zone). The count "B" is
expressed as:

B = { (Number of the bit) - 1 }
If there are no fill data in the Bitstream Data
Zone (i.e., the B PDU contains only valid user

data), the Bitstream Data Pointer shall be set to
the value "all ones".
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5.3.8.2.3.2.d. If there are no valid user data in the Bitstream
Data Zone (i.e., the B PDU contains only fill), the
Bitstream Data Pointer shall be set to the value
"all ones minus one™".

5.3.8.2.3.3. B_PDU BITSTREAM DATA ZONE

5.3.8.2.3.3.a. The Bitstream Data Zone contains either a fixed
length block of the user Bitstream Data (possibly
terminated with fill data at a location delimited
by the Bitstream Data Pointer), or a fixed length
Project-specified fill pattern.

5.4. VIRTUAL CHANNEL ACCESS SUBLAYER
5.4.1. OVERVIEW

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

5.4.2. INTERNAL ORGANIZATION OF THE VCA SUBLAYER

5.4.2.a. The addressing mechanism at the VCA service interface is
the CCSDS Virtual cChannel identified by the VCDU-ID,
which is a concatenation of Spacecraft ID and the Virtual
Channel ID. Each VCDU-ID is bound by management onto one
specific Physical Channel. The Insert service uses "all"
VCDU-IDs associated with one Physical Channel as its
addressing mechanism.

5.4.2.b. The internal organisation of the VCA Sublayer is shown
in Figure 5-7.
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n"virtual nInsert nvirtual ce e e e e
Channel Servicen Channel : VCLC :
Data Unit ' Access : Sublayer :
Service" Service" T e e e .t

VCA_UNITDATA
service
VCDU/CVCDU, IN_SDU, VCA_SDU,
VCDU-ID All VCDU-IDs VCDU-ID
SLAP _SDU = VCA SDU
VCDU-1ID
SLAP (Grade-1 (Grade-2/3
PROCEDURES| VC) vQC)
SLAP_PDU,
VCDU-ID

’ VIRTUAL CHANNEL PROCEDURES

VC_PDU,
Physical Channel

CHANNEL ACCESS PROCEDURES

PCA_PDU,
Physical Channel

VCA SUBLAYE
Physical Channel Service

R

channel --->
bits

FIGURE 5-7: INTERNAL ORGANIZATION OF THE VCA SUBLAYER
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5.4.3. VCA SERVICES PROVIDED

5.4.3.a. The VCA Sublayer provides three services:

5.4.3.Db. a "VCA_UNITDATA service" provides transfer of VCA_SDUs
across the Physical Channel. The user of the
VCA_UNITDATA service is either the VCLC sublayer, or
the private Virtual Channel Access Service. 1Internal
to the VCA sublayer, an option exists to transfer
VCA_SDUs across the Physical Channel using a

retransmission control procedure known as a "Space Link
ARQ Procedure" (SLAP);

5.4.3.c. an "Insert service" may be used at low transmitted data
rates to provide isochronous transfer of fixed length
IN_SDUs across the Physical Channel. The Insert
service concurrently uses the same VCs as the other
services;

5.4.3.d. a "vVirtual Channel Data Unit service" provides transfer
of user-generated validated VC PDUs (VCDUs or CVCDUs)
across the Physical Channel.

5.4.3.e. In view of complex interactions with internal VCA error
control, the Virtual Channel Data Unit service and Insert
service shall not be simultaneously active on a

particular Physical Channel.

5.4.3.f. The types of data transfer service that are supported as
follows:
5.4.3.9. a VCA_SDU and/or an IN _SDU may be transferred using a

VC_PDU which does not incorporate Reed-Solomon coding
(i.e., a VCDU), thus providing SLS "Grade-3" service.
The VCA_SDU may not be an M_PDU if Grade-3 service is

used;
5.4.3.h. a VCA_SDU and/or an IN_SDU may be transferred using a
VC_PDU which incorporates Reed-Solomon coding (i.e., a

CVCDU) , thus providing SLS "Grade-2'" service;

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

5.4.3.7. a user-generated VC_PDU may be transferred which itself

internally supports either Grade-1, Grade-2 or Grade-3
service across the SLS.
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5.4.4. VCA SERVICES ASSUMED FROM THE PHYSICAL CHANNEL LAYER
5.4.4.a. The "“Physical Channel Service" required from the
Physical Channel layer 1is the capability to transfer
channel bits from point to point or point to multipoint
across the Space Link Subnet. The VCA Sublayer is capable
of using more than one Physical Channel at a time.
5.4.4.b. The service primitives are:
PC_UNITDATA.request (channel bit)
PC_UNITDATA.indication (channel bit)
5.4.5. VCA SERVICES ASSUMED FROM THE LOCAL ENVIRONMENT
5.4.5.a. The services assumed from the local environment are
unspecified.
5.4.6. VCA SERVICE INTERFACE SPECIFICATION
5.4.6.a. This section specifies the services provided by the CCSDS
Virtual Channel Access sublayer. The services described
do not imply any particular implementation.
5.4.6.1. OVERVIEW OF INTERACTIONS
5.4.6.1.1. VCA_UNITDATA SERVICE
5.4.6.1.1.a. This service is used by the VCA sublayer user (i.e.,
the VCLC sublayer or the private Virtual Channel
Access Service) to transfer VCA_SDUs across the Space
Link Subnet. The VCA sublayer user accesses the
sublayer at the VCA_SAP identified by the VCDU-ID.
The VCA sublayer entity constructs VC PDUs (VCDUs or
CVCDUs) from VCA SDUs, optionally (if Grade-1 service
is requested) invoking the internal SLAP procedures
to add the SLAP protocol. It serializes the
VC_PDUs, delimits them using Synchronization Markers,
and transmits them using the services of the Physical
Channel layer.
5.4.6.1.1.b. The service primitives associated with this service

are.:

VCA_UNITDATA.request
VCA _UNITDATA.indication
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5.4.6.1.1.c.

5.4.6.1.1.d.

5.4.6.1.2.

5.4.6.1.2.a.

5.4.6.1.2.b.

5.4.6.1.2.c.

5.4.6.1.2.d.

5.4.6.1.3.

5.4.6.1.3.a.

5.4.6.1.3.b.

The VCA_UNITDATA.request primitive 1is passed to the
Virtual Channel Access sublayer to request that a
VCA_SDU be sent.

The VCA_UNITDATA.indication primitive is passed from
the Virtual Channel Access sublayer to indicate the
arrival of a VCA_SDU.

INSERT SERVICE

This service is used to transfer isochronous Insert
SDUs (IN_SDUs) by carrying them within an Insert
field that is placed into every transmitted VC_PDU.
The presence/absence and length of the Insert field

is set by management. The service requires
isochronous IN_SDUs to be of fixed length on all
Virtual Channels; their length may be of any
constant value which is an integral number of

octets, between 1 octet and the maximum length of the
data-carrying space of the VC_ PDU.

There are two service primitives associated with this
service:

INSERT.request
INSERT.indication

The INSERT.request primitive is passed to the VCA
sublayer to request that an IN SDU be sent.

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

VIRTUAL CHANNEL DATA UNIT SERVICE

This service is used by a "trusted" VCA sublayer user
(i.e., an independent VCA sublayer entity which has
been certified during the design process to neet
Project-specified reliability and safety criteria)
to transfer preformatted VCDUs or CVCDUs across the
Space Link Subnet. The trusted VCA sublayer user
accesses the VCA sublayer at the VCA_SAP identified
by the VCDU-ID; this SAP is bound by management to
use the same Physical Channel service as the VCA
sublayer. The VCA sublayer nmultiplexes the user-
generated VC_PDUs (VCDUs/CVCDUs) with the
VCDUs/CVCDUs generated by itself, delimits them using
Synchronization Markers, and transmits them using the
services of the Physical Channel Layer.

The service primitives associated with this service
are:

VCA _VCDU.request
VCA_VCDU. indication
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5.4.6.1.3.c.

5.4.6.1.3.d.

5.4'6.2.

5.4.6.2.a.

5.4.6.2.b.

5.4.6.2.c.

5.4.6.2.d.

5.4.6.2.e.

5.4.6.2.f.

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

The VCA_VCDU.indication primitive is passed from the
Virtual Channel Access sublayer to the trusted
sublayer user indicate the arrival of a VCDU or
CvCDU.

VCA SERVICE PRIMITIVE PARAMETERS

The parameters for the VCA primitives are described
below. Unique uses of these parameters by any
primitive are described in the Additional Comments
section in the detailed description of that primitive.

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

IN_SDU The Insert Service Data Unit. An IN_SDU is
the service data unit passed to and from
users of the Insert service on all VCs. An

IN SDU is an isochronous, octet aligned data
unit of fixed 1length. Its 1length at the
request (source) interface is always equal to
its 1length at the indication (destination)
interface.

SLAP_SDU The SLAP Service Data Unit. A SLAP_SDU is a
special instance of a VCA_SDU, passed to and
from users of the VCA_UNITDATA service on a
VC which has been assigned by management to
support SLS Grade-1 service.

vCDU/ Virtual Channel Data Unit or Coded Virtual

CVCDU Channel Data Unit. Within the Virtual Channel
Data Unit service, a VCDU/CVCDU 1is the
service data unit which is passed between
trusted peer VCA sublayer entities.

VCDU-ID Virtual Channel Data Unit Identifier. The
VCDU-ID consists of a concatenation of the
Spacecraft Identifier (SCID) and the Virtual

Channel Identifier (VCID). It identifies the
VCA_SAP and therefore the SLS Grade of
Service (Grade-1, Grade-2 or Grade-3)

associated with the transfer. Each VCDU-ID
is bound by management onto one particular
Physical Channel.
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5.4.6.2.9.

5.4.7.

5.4.7.a.

5.4.7.b.

5.4.7.1.

5.4.7.1.a.

5.4.7.1.b.

5.4.7.1.c.

5.4.7.1.4d.

5.4.7.1.e.

5.4.7.2.

5.4.7.2.a.

VCDU The VCDU Loss Flag is an optional parameter
Loss which maybe used to notify the user at the
Flag destination end of the VCA service that a

sequence discontinuity has been detected and
that one or more VC_PDUs has been lost.
DETAILED VCA SERVICE SPECIFICATIONS
This section describes in detail the primitives and
parameters associated with the VCA_UNITDATA service, the
Insert service, and the Virtual Channel Data Unit
service.
The parameters, which are specified in an abstract sense,
specify the information to be made available to the
receiving entity. A specific implementation is not
constrained in the method of making this information
available.
VCA_UNITDATA.request
Function

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

Semantics
The primitive shall provide parameters as follows:

VCA_UNITDATA.request (VCA_SDU,
VCDU-1D)

When generated

This primitive is passed to the VCA sublayer to request
it to send the VCA SDU.

Effect On Receipt

Receipt of this primitive causes the VCA sublayer to
attempt to send the VCA_ SDU.

Additional comments
None.
VCA_UNITDATA.indication
Function

This primitive is the service indication primitive for
the VCA_UNITDATA service.
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5.4.7.2.b.

5.4.7.2.cC.

5.4.7.2.d.

5.4.7.2.e.

5.4.7.3.

5.4.7.3.a.

5.4.7.3.b.

5.4.7.3.C.

5.4.7.3.d.

5.4.7.3.e.

Semantics
The primitive shall provide parameters as follows:
VCA_UNITDATA.indication (VCA_SDU,

VCDU-ID,

VCDU Loss Flag [opt.])

When Generated

This primitive is passed from the VCA sublayer to the
VCA sublayer user to indicate the arrival of a VCA_SDU.

Effect on Receipt

The effect of receipt of this primitive by the VCLC
layer is described in section 5.3

Additional Comments

The optional VCDU Loss Flag may be used to signal a
detected discontinuity in the sequence of VC PDUs to
the VCA sublayer user.

INSERT.request

Function

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

Semantics
The primitive shall provide parameters as follows:

INSERT.redquest (IN_SDU,
VCDU-1D)

When generated

This primitive is passed to the VCA sublayer to request
it to send the IN_SDU.

Effect On Receipt

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

Additional comments

The VCDU-ID shall indicate "all", i.e., that the IN_SDU
must be inserted into all VC_PDUs. The Insert service
and the Virtual Channel Data Unit service are mutually
exclusive on a particular Physical Channel.
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5.4.7.4.

5.4.7.4.a.

5.4.7.4.b.

5.4.7.4.cC.

5.4.7.4.4d.

5.4.7.4.e.

5.4.7.5.

5.4.7.5.a.

5.4.7.5.b.

5.4.7.5.c.

INSERT.indication
Function

This primitive is the service indication primitive for
the Insert service.

Semantics
The primitive shall provide parameters as follows:
INSERT. indication (IN_SDU,

VCDU-1ID,

VCDU Loss Flag [opt.])
When Generated
This primitive is passed from the VCA sublayer to the
Insert service user to indicate the arrival of an
IN_SDU.
Effect on Receipt

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

Additional Comments

The VCDU-ID parameter indicates that the IN _SDU was
transferred in "all" Virtual Channels. The optional
VCDU Loss Flag may be used to signal a detected
discontinuity in the sequence of VC PDUs to the Insert
service user.

VCA_VCDU.request

Function

This primitive is the service request primitive for the
Virtual Channel Data Unit service.

Semantics

The primitive shall provide parameters as follows:
VCA_VCDU.request (VCDU/CVCDU)

When generated

This primitive is passed to the VCA sublayer to request
it to send the VCDU or CVCDU.
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5.4.7.5.4d. Effect On Receipt

Receipt of this primitive causes the VCA sublayer to
attempt to send the VCDU or CVCDU.

5.4.7.5.e. Additional comments

The Virtual Channel Data Unit service and the Insert
service are mutually exclusive on a particular Physical

Channel.
5.4.7.6. VCA_VCDU.indication
5.4.7.6.a. Function

This primitive is the service indication primitive for
the Virtual Channel Data Unit service.

5.4.7.6.b. Semantics
The primitive shall provide parameters as follows:
VCA VCDU.indication (VCDU/CVCDU)

5.4.7.6.cC. When Generated
This primitive is passed from the VCA sublayer to the
VCA sublayer user to indicate the arrival of a VCDU or
CvCDU.

5.4.7.6.4. Effect on Receipt

The effect of receipt of this primitive by the VCA
sublayer user is not specified.

5.4.7.6.e. Additional Comments
None.
5.4.8. INTERNAL VCA INTERFACE TO THE SLAP PROCEDURES
5.4.8.a. The SLAP procedures, although completely contained within

the VCA sublayer, are sufficiently complex and detailed
that they are described separately in section 6 of this
Recommendation. For this reason an unambiguous
interface is here defined to the SLAP procedures.

5.4.8.b. The architecture of the SLAP interfaces 1is shown 1in
Figure 5-8.
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5.4.8.d.

5.4.8.1

5.4.8.1.

5.4.8.1.
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VCA SUBLAYER USER

SLAP_SDU = VCA_SDU,
VCDU-ID

SLAP Procedures

SLAP_PDU,
VCDU-1ID

VCA UNITDATA service

FIGURE 5-8: INTERNAL VCA INTERFACES WITH THE SLAP

The services assumed from the SLAP consist of the
primitives:

SLAP_DATA.request
SLAP_DATA.indication

Services presented to the SLAP are those of the VCA
sublayer, and at the VCA service interface consist of the
primitives:
VCA_UNITDATA.request .
VCA UNITDATA.indication
SERVICES ASSUMED FROM THE SLAP SUBLAYER
1. SLAP_DATA.request

1.a. Function

This primitive is the service request primitive for
the SLAP service.
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5.4.8.1.1.Db.

5.4.8.1.1.c.

5.4.8.1.1.d.

5.4.8.1.1.e.

5.4.8.1.2.

5.4.8.1.2.a.

5.4.8.1.2.Db.

5.4.8.1.2.c.

5.4.8.1.2.d.

5.4.8.1.2.e.

Semantics
The primitive shall provide parameters as follows:

SLAP_DATA.request (SLAP_SDU,
VCDU~-1ID)

When generated

This primitive is passed to the SLAP sublayer to send
the SLAP_SDU.

Effect On Receipt

Receipt of this primitive causes the SLAP sublayer to
send the SLAP_ SDU.

Additional comments

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

Function

This primitive is the service indication primitive
for the SLAP service.

Semantics
The primitive shall provide parameters as follows:

SLAP_DATA.indication (SLAP_SDU,
VCDU-ID)

When Generated

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

Effect on Receipt

The effect of receipt of this primitive by the VvCa
sublayer user is unspecified.

Additional Comments
The SLAP_SDU 1is the VCA_SDU on a VC assigned by

managemeﬁt to support SLS Grade-1 service. The
SLAP_SAP is defined by the VCDU-ID.
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5.4.8.2. SERVICES PRESENTED TO THE SLAP SUBLAYER

5.4.8.2.a. The services presented to the SLAP sublayer are those
at the VCA_UNITDATA service interface. The SLAP has its
own numbering mechanism and is therefore independent of
the sequencing of VC PDUs.

5.4.9. VIRTUAL CHANNEL ACCESS PROTOCOL SPECIFICATION

5.4.9.1. VCA PROTOCOL PROCEDURES

5.4.9.1.a. The VCA sublayer is composed of three sets of protocol
procedures: "SLAP Procedures"; "Virtual Channel

Procedures"; and "Channel Access Procedures".

5.4.9.1.b. The internal functional organization of the SLAP
Procedures is described defined in section 6 of this
Recommendation, and is therefore not discussed here.

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

5.4.9.1.1. VIRTUAL CHANNEL PROCEDURES

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

5.4.9.1.1.Db. The Virtual Channel Procedures accept service data
units and build them into VC _PDUs for transmission at
the sending VCA sublayer entity, and extract and
deliver the service data units at the receiving VCA

sublayer entity. The procedures are composed of a
"VCDU Assembly Function™ and a "VCA_SDU Extraction
Function".

CCsDSs 701.00-R~3 PAGE 5-46 June 1989



CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

Virtual Channel Data Unit Service

VCA_UNITDATA Service

JInsert Service " B
SLAP
PROCEDURES v N
’ HAP‘_ % MAP'
— | =
VIRTUAL
CHANNEL
PROCEDURES
VCDU _ _ VCDU
Assembly _ _ Extraction
Function _ _ Function
I |
_ |
1 |
| |
0O 0O0O0oO O 000 O
VC_PDU ~ VC PDU
CHANNEL ACCESS
PROCEDURES v
o o
Fill VCDU VCDU Fill
Generation|Commutation Decommutation|Removal
Function Function Function Function
.—v— —_— —
Error Control Insert Insert Error Control
Encoding Injection Extraction Decoding
Function Function Function Function

Delimiting Function

PCA_PDU

Synchronization Function

“PCA_PDU

Physical Channel Service

FIGURE 5-9:
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5.4.9.1.1.1.

5.4.9.1.1.1.a.

5.4.9.1.1.1.b.

5.4.9.1.1.1.c.

5.4.9.1.1.2.

5.4.9.1.1.2.a.

5.4.9.1.2.

5.4.9.1.2.a.

5.4.9.1.2.b.

VCDU ASSEMBLY FUNCTION

This function is used to build the structure and
Primary Header of the VCDUs for transmission on
each Virtual Channel, using VCA SDUs (or SLAP_PDUs
if the VC supports Grade-1 service) which are each
received in a VCA_UNITDATA.request primitive.
There is one VCDU Assembly Function per Virtual
Channel.

VCDUs are assembled by placing a single VCA_SDU or
SLAP_PDU, unchanged, into the VCDU Data Unit Zone,
and generating the VCDU Primary Header fields. The
length of the VCA_SDU or SLAP_PDU must be equal to
the length of the Data Unit Zone for the Virtual
Channel identified by the VCDU-ID.

A VCDU-ID field is generated and placed into the
Primary Header. A sequential count is generated
independently for each VC and placed into the
Primary Header.

VCA_SDU EXTRACTION FUNCTION

This function extracts VCA_SDUs from the VCDUs, and
delivers them on individual Virtual Channels to
users of the VCA_UNITDATA service at VCA_SAPs
defined by the VCDU-ID. An extracted VCA_ SDU
(which may, for Grade-1 service, be a SLAP PDU) is
delivered in a VCA_UNITDATA.indication primitive.
There is one VCA_SDU Extraction Function per
Virtual Channel.

CHANNEL ACCESS PROCEDURES

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

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

5.4.9.1.2.d.

5.4.9.1.2.e.

5.4.9.1.2.1.

5.4.9.1.2.1.a.

5.4.9.1.2.1.b.

5.4.9.1.2.1.c.

5.4.9.1.2.2.

5.4.9.1.2.2.a.

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

The protocol data unit of the Channel Access
Procedures is the PCA PDU, which is a serial stream
of bits representing a continuous and contiguous
stream of CADUs.

The Channel Access Procedures are composed of ten

internal functions: a "VCDU Commutation Function"; a
"Fill Generation Function; an "Error Control Encoding
Function"; an "Insert 1Injection Function"; a
"Delimiting Function"; a "Synchronization Function";
an "Insert Extraction Function"; an "Error Control
Decoding Function"; a "VCDU Decommutation
Function"; and a "Fill Removal Function".

VCDU COMMUTATION FUNCTION

There 1is one VCDU Commutation entity for each
Physical cChannel in use. The VCDU Commutation
entity generates a queue of VCDUs (received from
either the Virtual Channel Procedures or from the
Virtual Channel Data Unit service interface) for
transmission over the Physical Channel in an
appropriate order that is set by management. If
necessary to preserve the continuity of the
transmitted stream, the VCDU Commutation Function
requests "Fill" VCDUs from the Fill Generation
Function.

The Virtual Channel Data Unit service interface
supports externally generated VC _PDUs: these may
be either VCDUs or <CVCDUs, as specified by
management. They are passed in a VCA VCDU.request
primitive.

The algorithm to be used to order the VC _PDUs is
not specified by CCSDS, but is defined by Project
organizations considering factors such as priority,
release rate, etc.

FILL GENERATION FUNCTION

In the event that there are no valid VC_PDUs
available for transmission at a release time that
is established by the VCDU Commutation Function,
this function creates a Fill VCDU which has its
VCID set to the reserved value of "all ones".
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5.4.9.1.2.3.

5.4.9.1.2.3.a.

5.4.9.1.2.3.b.

5.4.9.1.2.3.c.

5.4.9.1.2.3.d.

5.4.9.1.2.3.e.

5.4.9.1.2.3.f.

5.4.9.1.2.4.

5.4.9.1.2.4.a.

5.4.9.1.2.4.b.

CCsSDs 701.00-R-3

ERROR CONTROL ENCODING FUNCTION

Under control of management, three optional error
control fields may be generated by this function
and added to the VCDU, in support of different SLS
Grades of Service:

a "VCDU Header Error Control" field may be added
to the VCDU Primary Header to protect key header
data. This field is required in all VC_PDUs
associated with Grade-3 service, and in all
VC_PDUs associated with Grade-1/2 service where
the implementation of the receiving system is
such that the Primary Header must be processed
prior to Reed-Solomon decoding;

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

a block of "Reed-Sclomon Check Symbols" may be
appended to the end of the VCDU, thus forming a
CVCDU. This field 1is required in all VC_PDUs
associated with Grade-1/2 service.

Since VCDUs and CVCDUs are always of the same,
fixed length on a particular Physical Channel, the
Data Unit Zone of a CVCDU is shortened (relative to
a VCDU) by an amount equal to the length of the
Reed-Solomon check symbols.

Externally-generated VC_PDUs associated with the
Virtual Channel Data Unit service may bypass the
Error Control Encoding Function.

INSERT INJECTION FUNCTION

When the optional Insert service is activated, a
fixed length Insert Zone exists 1in every VC_PDU
(VCDU/CVCDU) that is transmitted on a particular
Physical Channel (including Fill VC_PDUs). The
Insert service and Virtual Channel Data Unit
service may not be activated simultaneously.

The IN_SDUs are timed to arrive at a constant
interval that corresponds to the release time of
the VC_PDUs onto the Physical Channel. The Insert
Injection function places the IN_SDU, received in
an INSERT.request primitive, into the Insert Zone
of the VC_PDU, preserving octet alignment.
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5.4.9.1.2.4.c.

5.4.9.1.2.5.

5.4.9.1.2.5.a.

5.4.9.1.2.5.b.

5.4.9.1.2.5.c.

5.4.9.1.2.6.

5.4.9.1.2.6.a.

5.4.9.1.2.7.

5.4.9.1.2.7.a.

5.4.9.1.2.8.

5.4.9.1.2.8.a.

CCSDS 701.00-R-3

Depending on whether or not error-protection of the
IN_SDUs is required, the Insert Injection function
may be performed either before or after the Error
Control Encoding Function.

DELIMITING FUNCTION

VC_PDUs are submitted to the Delimiting Function at
a data rate that is set by management; their
transmitted sequence is determined by the VCDU
Commutation Function.

The Delimiting Function creates the PCA_PDU, which
is clocked out synchronously at the transmitted bit
rate of the Physical Channel, by prefixing a
Synchronization Marker to each VC_PDU and thus
forming a continuous and contiguous stream of
CADUs. Each CADU occupies one synchronous time
slot on the Physical Channel.

The PCA_PDU is submitted one bit at a time to the
Physical Channel layer in the PC_UNITDATA.request
primitive.

SYNCHRONIZATION FUNCTION

The PCA PDU is received one bit at a time from the
Physical Channel layer in a PC_UNITDATA.indication
primitive. The Synchronisation Function determines
the boundaries of the fixed length VC_PDU by
recognition of the appended Synchronization Marker
of the CADU. The Synchronization Marker 1is
discarded once synchronization to the VC_PDU
boundaries has been achieved.

INSERT EXTRACTION FUNCTION

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

ERROR CONTROL DECODING FUNCTION
The sequence in which the various components of the
Error Control Decoding Function are performed is

set by management for a particular Physical
Channel.
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5.4.9.1.2.8.b.

5.4.9.1.2.8.cC.

5.4.9.1.2.8.d.

5.4.9.1.2.8.e.

5.4.9.1.2.9.

5.4.9.1.2.9.a.

5.4.9.1.2.10.

5.4.9.1.2.10.a.
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If the optional "VCDU Header Error Control" field
is specified by management to be present in the
VC_PDUs, it is examined by this function to attempt
to correct the Primary Header control information.
VC_PDUs which contain detected and uncorrectable
header errors are not required to be delivered in
cross support situations.

If the optional "VCDU Error Control" CRC field is
specified by management to be present in the
Trailer field of the VC_PDUs, this function
recomputes the field and compares the two to
determine if the VC_PDU contains a detected error.
The VC_PDU is not required to be delivered in cross
support situations when an error is detected.

If management specifies that CVCDUs are present,
this function decodes the block of Reed Solomon
check symbols to detect and correct errors occuring
in the VC_PDU. A VC_PDU containing detected and
uncorrectable errors 1is not required to be
delivered in cross support situations.

Externally-generated VC PDUs associated with the
Virtual cChannel Data Unit service use the Error
Control Decoding Function only to the extent
necessary to ensure the validity of their Primary
Header routing information: such VC_PDUs containing
detected and uncorrectable header errors are not
required to be delivered 1in cross support
situations. ’

VCDU DECOMMUTATION FUNCTION

This function examines the VCDU-ID in the incoming
stream of VC_PDUs and routes them to either the
VCA_SDU Extraction Function, the Virtual Channel
Data Unit service interface, or the Fill Removal
Function. At the Virtual Channel Data Unit service
interface, the VC PDU is delivered 1in a
VCA_VCDU.indication primitive.

FILL REMOVAL FUNCTION

This function recognizes "Fill" VCDUs by their
unique VCID value of "all ones", and discards them.
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5.4.9.2.

5.4.9.2.a.

5.4.9.2.1.

5.4.9.2.1.

CCSDS 701.

STRUCTURE AND ENCODING OF VCA SUBLAYER PROTOCOL DATA
UNITS

The protocol data units of the VCA sublayer are the

Virtual cChannel Protocol Data Unit
Protocol Data Unit

(VC_PDU), the SLAP

(SLAP_PDU) and the Physical Channel

Access Protocol Data Unit (PCA_PDU).

a.

FORMAT OF THE VC_PDU

The VC_PDU is implemented using the CCSDS Virtual
Channel Data Unit (VCDU). A VCDU is composed of a
VCDU Primary Header, an optional VCDU Insert Zone, a
VCDU Data Unit 2Zone, and an optional VCDU Trailer.
In support of Grade-1/2 Service, a block of Reed-
Solomon check symbols is internally appended to the
VCDU to form a Coded Virtual Channel Data Unit
(CVCDU). The structural relationships between the
VCDU and CVCDU are shown in Figure 5-10.

e VIRTUAL CHANNEL DATA UNIT ---~——=——-=————-— >
VCDU VCDU vCDU VvCDU
PRIMARY INSERT DATA UNIT TRAILER
HEADER ZONE ZONE
(optional)
<= CODED VIRTUAL CHANNEL DATA UNIT —-—-—--——-———-— >
REED-
VCDU vVCDU VCDU vCDU SOLOMON
PRIMARY INSERT DATA UNIT TRAILER CHECK
HEADER ZONE ZONE (optional) | SYMBOLS
(optional)

FIGURE 5-10:

00-R-3
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5.4.9.2.1.b. Since the VCDU and CVCDU have the same fixed length
on a particular Physical Channel, the Data Unit Zone
of a CVCDU is shortened to accommodate the Reed-
Solomon check symbols.

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

Cmmmm e VCDU PRIMARY HEADER -~—=———=--————————— >
Version vVCDU Virtual Signalling vVCDU
Number Identifier Channel Field Header
(VCDU-1ID) Data Error
------------------ Unit ———e——— Control
Spacecraft|Virtual Counter |Replay|Spare (opt.)
ID Channel Flag
ID
2 8 6 24 1 7 (16)
2 octets 3 octets 1 octet (2 octets)
/
/
........................................................ /
/
/
/
<=--- VCDU -->
TRAILER
(opt)
Oper. |VCDU CvVCDU
Ctrl. |Error |REED-
VCDU Field |Ctrl. SOLOMON
INSERT VCDU DATA UNIT ZONE (opt.) |Field |CHECK
ZONE (opt.) | SYMBOLS
(opt.) (opt.)
varies varies (4) (2) varies
octets|octets

FIGURE 5-11: VIRTUAL CHANNEL DATA UNIT FORMAT
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5.4.9.2.1.1. VCDU PRIMARY HEADER

5.4.9.2.1.1.a. The VCDU Primary Header contains the following
fields:
Field: Length (bits):
VERSION NUMBER 2
VCDU IDENTIFIER: 14

- Spacecraft ID (8)

- Virtual Channel ID (6)

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

- Reserved Spares (7)

VCDU HEADER ERROR CONTROL (optional): (16)

The total length of the VCDU Primary Header is 48
or 64 bits, depending on whether the optional VCDU
Header Error Control field is present.

5.4.9.2.1.1.1. VERSION NUMBER (Bits 0,1)
5.4.9.2.1.1.1.a. These two bits (which occupy the two most

significant bits of the VCDU Primary Header) are
reserved for 1identification of the VCDU

structure. At present two versions are
recognized:
5.4.9.2.1.1.1.b. Version-1 (Bits 0,1 = "00"): identifies the

CCSDS Telemetry Transfer Frame, specified in
Reference [2];

5.4.9.2.1.1.1.c. Version-2 (Bits 0,1 = "01"): identifies the
CCSDS Virtual Channel Data Unit, specified

herein.
5.4.9.2,1.1.1.d. The remainder of this document only discusses the
Version-2 structure. Note, however, that there

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

5.4.9.2.1.1.2. VCDU IDENTIFIER (Bits 2 through 15)

5.4.9.2.1.1.2.a. The purpose of the VCDU Identifier (VCDU-ID) 1is
to identify the operational spacecraft with which
the VCDU is associated, and to identify the
Virtual Channel in use. The field contains two
subfields:
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5.4.9.2.1.1.2.1.

5.4.9.2.1.1.2.1.a.

5.4.9.2.1.1.2.1.b.

5.4.9.2.1.1.2.2.

5.4.9.2.1.1.2.2.a.

5.4.9.2.1.1.2.2.b.

5.4.9.2.1.1.3.

5.4.9.2.1.1.3.a.

5.4.9-2:1.1.3.5.

CCSDS 701.00-R-3

Spacecraft Identifier (Bits 2 through 9)

The Spacecraft Identifier (SCID) identifies the
various logical entities that provide data to
(or receive data from) the VCA sublayer. It
also provides the naming domain for the Virtual
Channels.

For complex international constellations of
spacecraft, several SCIDs may be present in the
data stream transmitted on the same Physical

Channel. A single spacecraft may be assigned
more than one SCID. Different SCIDs will be
assigned for flight vehicles, for development
vehicles which are using ground networks
during prelaunch operations, and for simulated
streans. The Secretariat of the CCSDS

assigns SCIDs, using procedures defined 1in
Reference [1].

Virtual Channel Identifier (Bits 10 through 15)

The six-=bit Virtual cChannel Identifier (VCID)
field enables up to 64 Virtual Channels (VCs)
to be run concurrently in association with each
SCID that 1is authorized on a particular
Physical Channel.

If only one VC 1is used, these bits are set
permanently to value "all zeros". A VC used
for transmission of "Fill" data is indicated by
setting these bits to the reserved value of
"all ones": a Fill VC so identified may not
contain any valid user data within its Data
Unit Zone, but it must contain the Insert Zone
if Insert service is supported.

VIRTUAL CHANNEL DATA UNIT COUNTER (Bits 16
through 39)

The purpose of this field 1is to provide
individual accountability for each of the sixty
four Virtual Channels.

The 24-bit field represents a sequential count
(modulo 16,777,216) of the total number of VCDUs
which have been transmitted on each of the VCs;
it is used in association with the VCID field to
maintain a separate counter for each VC.
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5.4.9.2.1.1.4. SIGNALLING FIELD (Bits 40 through 47)

5.4.9.2.1.1.4.a.

The Signalling Field 1is wused to alert the

receiver of the VCDU with respect to functions
that: (a) may change more rapidly than can be
handled by management, or; (b) provide
significant <cross check against manual

automated setups, for use in VCA sublayer fault
detection and isolation. The Signalling Field

contains two subfields:

5.4.9.2.1.1.4.1. Replay Flag (Bit 40)

5.4.9.2.1.1.4.1.a.

Recognizing the need to store VCDUs during

periods when the Physical Channel

unavailable, and to retrieve

subsequent replay when the channel is restored,
this flag alerts the receiver of the VCDU with

respect to its "realtime" or "replay"

It main purpose is to discriminate between
realtime and replay data transmitted on a
particular Physical Channel when they both may

use the same VCID.

5.4.9.2.1.1.4.1.b. If the VCDU is being generated in
and therefore contains data which has not been
stored to accommodate a channel outage,

5.4.9.2.1.1.4.1.c.

Replay Flag shall be set to value "0".

"realtime"

VCDU has been retrieved from a storage device

and therefore contains non-current

"replay"

data (which may possibly duplicate realtime
data during overlap periods just prior to and
just after the outage), the Replay Flag shall

be set to value "1U,

and retrieval technology options,

Owing to the wide spectrum of onboard storage
the exact

interpretation of this Flag is necessarily the
subject of negotiation between Projects and
cross support organizations. For instance,
may be interpreted to indicate that the value
of the VCDU Counter field on the replayed VC
decreases rather than increases, as a function
of reverse playback. Note that if a Reed-
Solomon encoded CVCDU is stored, it must be re-
encoded if the status of the Replay Flag is

altered after retrieval.

5.4.9.2.1.1.4.2. Reserved Spares (Bits 41 through 47).

5.4.9.2.1.1.4.2.a.

This seven-bit field is reserved by CCSDS for

potential future signalling applications and in
the interim shall, by convention, be set to the

value "all zeros'".
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5.4.9.2.1.1.5. VCDU HEADER ERROR CONTROL (Bits 48 through 63,
optional)
5.4.9.2.1.1.5.a. The 2-bit Version Number field, the 14-bit VCDU

Identifier field, and the 8-bit Signalling field
may all be protected by an optional error
detecting and error correcting code, whose check
symbols are contained within this 16-bit field.

5.4.9.2.1.1.5.b. The VCDU Header Error Control field is optional
if the entire stream of VCDUs transmitted on the
Physical Channel is protected by Reed-Solomon
outer coding, i.e., the stream consists entirely
of Coded Virtual Channel Data Units (cvcDUs). If
VCDUs and CVCDUs are mixed on the Physical
Channel, the VCDU Header Error Control field is
mandatory only in the VCDUs.

5.4.9.2.1.1.5.c. The mechanism for generating the VCDU Header
Error Control field shall be to use a shortened
Reed-Solomon (10,6) code. The parameters of the
selected code are as follows:
(1) "J=4" bits per Reed-Solomon (R-S) symbol.

(1i) "E=2" symbol error correction capability
within a R-S code word.

(iii) The field generator polynomial shall be:

4
F(X) = xXx+ X + 1 over GF(2)
(iv) The code generator polynomial shall be:
6 7 8 9
g(x) = (x+a)(x+a)(x+a)x+a)
4
over GF(2 )
where F(a) = 0
5.4.9.2.1.2. VCDU INSERT ZONE
5.4.9.2.1.2.a. The presence or absence of the optional VCDU Insert
Zone 1is established by management. If the

VCDU/CVCDU supports the Insert service for transfer
of isochronous data, the Insert Zone shall exist in
every VCDU and/or CVCDU that 1is transmitted on a
particular Physical Channel, including Fill VCDUs.
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5.4.9.2.1.2.b.

5.4.9.2.1.2.c.

5.4.9.2.1.3.

5.4.9.2.1.3.a.

5.4.9.2.1.3.b.

5.4.9.2.1.3.c.

CCSDS 701.00-R-3

The 1length of the 1Insert Zone shall be set by
management to be equal to the constant length of
the Insert Service Data Unit  (IN _SDU) for that
Physical Channel. The Insert Zone shall contain
precisely one octet-aligned IN_SDU. There 1is no
CCSDS protocol data unit associated with the Insert
service within the VCA sublayer.

If the Insert Zone is present, management reduces
the length of the VCDU Data Unit Zone that is
available to VCA users by an amount equal to the
constant length of the Insert Zone. Once set by
management, the length and presence of the Insert
Zone 1is static.

VCDU DATA UNIT ZONE

The VCDU Data Unit Zone, which must exist as an
integer number of octets, has a length which varies
and is equal to:

(i) the fixed VCDU or CVCDU length which has been
selected for use on a particular Physical
Channel, minus;

(ii) the length of the VCDU Primary Header plus
the length of the VCDU Insert Zone and/or the
VCDU Trailer and/or the Reed-Solomon check
symbols (if any of these are present).

The VCDU Data Unit Zone contains higher 1layer
service data wunits associated with the SLS
Encapsulation, Multiplexing, Bitstream or Virtual
Channel Access service interfaces. It may
therefore contain one M_PDU, one B_PDU, one
SLAP_PDU, or one private data unit of unknown
internal format and structure.

When no valid higher layer data are available for
transmission at release time for a VCDU, the
Virtual Channel ID shall be set to the wvalue "all
ones" and a Project-specified "fill" pattern shall
be inserted into the VCDU Data Unit Zone.

PAGE 5-59 June 1989



CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

5.4.9.2.1.4.

5.4.9.2.1.4.a.

5.4.9.2.1.4.1.

5.4.9.2.1.4.1.a.

5.4.9.2.1.4.1.Db.

5.4.9.2.1.4.2.

5.4.9.2.1.4.2.a.

5.4.9.2.1.4.2.Db.

CCSDS 701.00-R-3

VCDU TRAILER

The VCDU Trailer 1is an optional component of
the VCDU. Its presence or absence, and
internal configuration, is pre-specified for a
particular Virtual Channel by managenment. I1f
present, it provides a mechanism for inserting
an "Operational Control Field", and/or a "VCDU
Error Control Field" 1into the trailing octets of
a particular VCDU.

Operational Control Field (32 bits) (optional)

The purpose of this field is to allow a Project
organization to support a mixed configuration
whereby a "Conventional" CCSDS system may be
operated in conjunction with an Advanced Orbiting
System. If present, this 32-bit field shall
contain a "Command Link Control Word", as
defined in the CCSDS Recommendations for Packet
Telemetry, Reference [2] and Telecommand,
Reference [5].

If the VCDU Error Control Field is not present
in the VCDU Trailer, this field occupies the
four trailing octets of the VCDU. If the VCDU
Error Control Field is present, this field is
displaced towards the beginning of the VCDU by
two octets.

VCDU Error Control Field (16 bits) (optional)

This field contains a 16-bit cyclic redundancy
code which provides a capability for
detecting errors that may have been introduced
into VCDUs that have been transmitted without the
protection of Reed-Solomon outer coding. Note
that since the VCDU Header Error Control field
independently protects key elements of the VCDU
Primary Header, the main use of the VCDU Error
Control Field is to detect errors occurring
elsewhere in the VCDU structure.

Use of the VCDU Error Control Field is
mandatory within Virtual Channels that are not
Reed-Solomon encoded: its presence 1is not
otherwise required. Presence or absence of the
field within a particular VCDU is pre-specified
by management as a setup parameter for the
receiving end of each Virtual Channel; it may
not be dynamically changed. If present, the
field occupies the two trailing octets of the
VCDU.
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5.4.9.2.1.4.2.c. The c¢yclic redundancy code contained within this
field shall be characterized as follows:
(1)- The generator polynomial shall be:
16 12 5

g(x) = X + X + X + 1

(ii) Both encoder and decoder shall be
initialized to the "all ones" state for
each VCDU.

(iii) Parity "P" generation shall be performed
over the data space "D" as shown in Figure
5-12, i.e., "D" covers the entire VCDU
excluding the final 16-bit VCDU Error
Control Field.

(iv) The generated parity symbols shall then be

inserted into the vVCDU Error Control
Field which occupies the final 16-bits of
the VCDU.

FIGURE 5-12:

VCDU FIELDS OVER WHICH PARITY IS GENERATED

5.4.9.2.1.4.2.d. The detailed procedure for generating the parity
. symbols 1is identical to that wused for the

Versio
thus s

CCSDS 701.00-R-3

n-1 CCSDS Telemetry Transfer Frame, and is
pecified in Reference [2].
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5.4.9.2.1.5.

5.4.9.2.1.5.a.

5'4'9'2'2'

5.4.9.2.2.a.

5.4.9.2.2.b.

5.4.9.2.2.c.

5.4.9.2.2.d.

REED-8SOLOMON CHECK SYMBOLS FIELD

This field contains the Reed-Solomon check symbols,
which shall be generated according to the
procedures specified in Reference [3]. The
presence or absence of this field is an attribute
of the Virtual Channel and 1is pre-specified by
management. A VCDU which has this field appended
becomes known as a Coded Virtual Channel Data Unit
(CVCDU) . In order to meet the requirement that
VCDUs and CVCDUs have the same (fixed) length on a
particular Physical Channel, the Data Unit Zone of
a CVCDU is shortened to accommodate the addition of
the Reed-Solomon check symbols.

FORMAT OF THE SLAP_PDU

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

The length of the SLAP_PDU is fixed by management for
any particular Virtual Channel since it 1is inserted
exactly into the fixed length VCDU Data Unit Zone of
a CVCDU. Necessarily, the management processes .
which fix the length of the SLAP SDU carried within
the SLAP_PDU must take into account the length of the
SLAP PDU protocol control information.

The format of the SLAP PDU is shown in Figure 5-13.

Link ARQ
one SLAP_SDU Control Word
(LACW)

(48 bits)

FIGURE 5-13: SLAP PROTOCOL DATA UNIT

The format and semantics of the "Link ARQ Control
Word" which supports the SLAP protocol are discussed
in section 6.
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5.4.9.2.3.

5.4.9.2.3.a.

5.4.9.2.3.Db.

RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

FORMAT OF THE PCA_PDU

The PCA_PDU consists of a continuous and contiguous
succession of equal length Channel Access Data Units
(CADU's) . The CADU consists of a VC_PDU (i.e., a
VCDU or a CvVCDU) that is prefixed by a
Synchronization Marker. Since the succession of CADUs
occur at fixed time intervals that are synchronized
with the transmitted channel bit rate, the CADUs
provide "channel access slots" into which individual
VC_PDUS are placed.

The format of the PCA_PDU is shown in Figure 5-14.

_r7 S

SYNC. channel access |SYNC. channel access |SYNC.
B B e MARKER slot MARKER slot MARKER s & &
(one VC_PDU) (one VC_PDU)

g IFa.

<-- Channel Access -->
Data Unit (CADU)
o PCA_ PDU —=—-—=—— - e e e >
FIGURE 5-14: PHYSICAL CHANNEL ACCESS PROTOCOL DATA UNIT

5.4.9.2.3.c.

CCSDS 701.00-R

The Synchronization Marker shall be the standard
CCSDS Attached Synchronisation Marker that is
specified in Reference [3]: it is a fixed 32-bit
pattern which may be represented in hexadecimal
notation as:

1ACFFC1D
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5.4.9.2.3.d. To ensure adequate bit transition density when the

PCA_PDU 1is modulated directly onto an uncoded
Physical Channel, a random sequence shall be
synchronously exclusively OR'ed with each bit of the
CADU, exclusive of the Synchronization Marker. The
random sequence shall be generated using the
following polynomial:

8 7 5 3
h(x) =x +x +x +x + 1

5.4.9.2.3.e. This sequence repeats after 255 bits and the sequence

generator is re-initialized to an all-ones state
during each Synchronization Marker period. The first
40 bits of the pseudonoise sequence are shown below:
the left-most bit is the first bit of the sequence
and 1is exclusively OR'ed with the first bit of the
VCDU or CVCDU.

1111 1111 0100 1000 0000 1110 1100 0000 1001 1010

5.4.9.2.3.f. If an inner convolutional coding scheme 1is

5.4.10.

5.4.10.a.

implemented, there is no requirement to add the bit
transition generator.

SUMMARY OF VCA DATA STRUCTURES

Figure 5-15 summarizes the overall relationship between
the Reed-Solomon Codeblock, the CVCDU, the VCDU, the CADU
and the PCA_PDU. Within the transmitted PCA_PDU, both
VCDUs and CVCDUs may appear 1in any order. The
information relative to whether a particular CADU
contains a VCDU or a CVCDU is inferred from the relevant
VCDU-ID.
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Cm===mme——— Reed-Solomon Codeblock ~-—----——---- >
(up to 10,200 bits)
R-S CHECK
Reed-Solomon Data Space SYMBOLS
up to 8920 up to 1280
Cmmm e Coded Virtual channel Data Unit ------ >
(VC_PDU)
VCDU (VCDU VCDU (VCDU R-S CHECK
PRIMARY | INSERT DATA UNIT TRATILER) SYMBOLS
HEADER |ZONE) ZONE
up to 8920 up to 1280
Cemm—— e ———— Virtual Channel Data Unit ---——------ >
(VC_PDU)
vCDhU (VCDU VCDU vCDhU
PRIMARY | INSERT DATA UNIT TRAILER
HEADER |ZONE) ZONE
up to 10,200
SYNC. channel access slot SYNC.
MARKER MARKER
| 32 up to 10,200 o
<——mmmm— Channel Access Data Unit -------—-—-- >
(CADU)
J)m——————— Physical Channel Access Protocol Data Unit --~-=v--——-- //
(PCA_PDU)

FIGURE 5-15: RELATIONSHIP BETWEEN THE VCDU, CVCDU, CADU AND PCA PDU
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5.4.10.1.

5.4.10.1.a.

5.4.10.1.b.

5.4.10.1.1.

5.4.10.1.1.a.

5.4.10.1.1.b.

STANDARD CADU/VCDU/CVCDU LENGTHS

In order to facilitate robust, reliable synchronization
processes within the Space Link Subnet, the CADU length
is fixed at a constant value for one given Physical

Channel. For very high rate systems, use of the
maximum standard length is recommended for reasons of
speed and efficiency. However, for lower rate

systems, shorter standard lengths are available to
decrease the potential delays experienced by "realtime"
data, and to improve synchronisation performance.

Since one VCDU or CVCDU is embedded synchronously
within each CADU, the standard CADU 1lengths map
directly into standard VCDU/CVCDU lengths. This
section defines the standard VCDU or CVCDU lengths:
note that the standard CADU lengths are 32-bits longer,
corresponding to the added length of the
Synchronization Marker. The length of the VCDU/CVCDU
is a managed parameter.

Two different types of space data links are considered.

LINKS SUPPORTING ONLY SLS GRADE-3 SERVICE.

On these links, where only VCDUs are transmitted (no
CVCDUs are present), all VCDUs shall have one size
only, until changed by management. The length of the
VCDU can be chosen to be any integer number of octets
as required by the using Project, within the
following range:

Minimum VCDU length: 124 octets (992 bits)
Maximum VCDU length: 1275 octets (10,200 bits)

Once selected, the VCDU length must be fixed on a
particular Physical Channel.
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5.4.10.1.2.

5.4.10.1.2.a.

5.4.10.1.2.Db.

5.4.10.1.2.c.

5.4.10.2

5.4.10.2.a.

LINKS SUPPORTING MIXED SLS GRADES OF SERVICE, OR
GRADE-1/2 ONLY.

Oon mixed links, where at least one Virtual Channel is
providing Grade-1 or Grade-2 service (i.e., VCDUs and
CVCDUs may both be present), or on 1links supporting
purely Grade-1/2 service, the recommended standard
lengths (which must be integer numbers of octets)
are derived by varying the Interleave Depth (I) of
the Reed-Solomon encoding as specified in Reference
[3]. For systems requiring only octet
compatibility, Projects may select a value from the
following five standard lengths:

Interleave Depth: VCDU/CVCDU Length:
I =1 255 octets (2040 bits)
I =2 510 octets (4080 bits)
I =3 765 octets (6120 bits)
I =4 1020 octets (8160 bits)
I =5 1275 octets (10200 bits)

For systems requiring 32-bit compatibility, the

technique of "virtual Fill", as specified in
Reference [3], may be used in addition to varying the
Reed-Solomon Interleave Depth. The Virtual Fill,
which 1s not transmitted, is used to shorten each
Reed-Solomon codeblock by "n" octets. (A Reed-
Solomon codeblock consists of "I" codewords, each of
length 255 octets. For example, if I=2 then the
codeblock length without the Virtual Fill is 510
octets.) If this technique is used, Projects may

select a value from the following five standard
lengths:

Interleave Standard VCDU/CVCDU Virtual Fill
Depth: length: octets/codeblock:
I =1 252 octets (2016 bits) n =3

I =2 508 octets (4064 bits) n=2

I =3 756 octets (6048 bits) n =29

I =4 1020 octets (8160 bits) n=20

I =25 1260 octets (10080 bits) n = 15

Once selected, the VCDU and CVCDU lengths must be the
same and must be fixed on a particular Physical
Channel.

SUMMARY OF CADU INTERNAL FORMATS

The various internal structures of the CADUs associated
with different Grades of Service within the Space Link
Subnet are summarized in the following diagrams.

CCSDS 701.00-R-3 PAGE 5-67 June 1989



CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

5.4.10.2.b¢ GRADE-ll

WITHOUT INSERT,

ALL SLS SERVICES

VCDU VCDU
PRIMARY HEADER DATA
UNIT ZONE
S |Ver[SCID|VCID|VCDU [Sig R-S
Y Count Check
N SLAP_SDU LACW|Symb.
C
32 2 | 8 6 24 8 var 48 | var
5.4.10.2.c. GRADE-1, WITH INSERT, ALL SLS SERVICES
VCDU VCDU VCDU
PRIMARY HEADER INSERT DATA
ZONE UNIT ZONE
S |Ver[SCID[VCID|[VCDU [Sig|I_SDU R-S
Y Count Check
N SLAP_SDU LACW|Symb.
C
32| 2 8 6 24 8 var var 48 var

5.4.10.2.d¢ GRADE-Z,

WITHOUT INSERT,

SLS MULTIPLEXING OR BITSTREAM

SERVICE
VCDU vVCDU
PRIMARY HEADER DATA
UNIT ZONE
S |Ver[SCID|VCID[VCDU [Sig|M_PDU M_SDU R-S
Y Count or or Check
N B_PDU Bits Symb.
c Hdr.
321 2 | 8 6 24 8 | 16 var
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5.4.10.2.e. GRADE-2, WITHOUT INSERT,

SLS VIRTUAL CHANNEL ACCESS

SERVICE
VCDU vCDU
PRIMARY HEADER DATA
UNIT ZONE
S |Ver[SCID|VCID|[VCDU |Sig R-S
Y Count Check
N Private data unit Symb.
C
32| ‘2 8 6 24 8 var var
5.4.10.2.f. GRADE-2, WITHOUT INSERT, "FILL" VC
VCDU VCDU
PRIMARY HEADER DATA
UNIT ZONE
S |Ver[ScCID[VCID|[VCDU [Sig R-S
Y Count Check
N Fill Pattern Symb.
C
32| 2 8 6 24 8 var
~— 111111

5.4.10.2.9. GRADE-2, WITH INSERT, SLS

MULTIPLEXING OR BITSTREAM

SERVICE
VCDU VCDU VCDU
PRIMARY HEADER INSERT DATA
ZONE UNIT ZONE
S |Ver[sSCID|[VCID[VCDU [Sig|I_SDU |M_PDU M_SDU R-S
b4 Count or or Check
N B _PDU Bits Symb.
C Hdr.
32| 2 8 6 24 8 var 16 var
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5.4.10.2.11. GRADE-ZI

WITH INSERT,

SLS VIRTUAL CHANNEL ACCESS

SERVICE
VCDU VCDU VCDU
PRIMARY HEADER INSERT DATA
ZONE UNIT ZONE
S |Ver[SCID[VCID|[VCDU [Sig|I_SDU R-S
Y Count Check
N Private data unit Symb.
C
32| 2 8 6 24 8 var var
5.4.10.2.i. GRADE~2, WITH INSERT, "FILL" VC
VCDU VCDU VCDU
PRIMARY HEADER INSERT DATA
ZONE UNIT ZONE
S |Ver[SCID|[VCID[VCDU [Sig|I_SDU R-S
Y Count Check
N Fill Pattern Symb.
C
32| 2 8 6 24 8 var var
— 111111
5.4.10.2.j. GRADE-3, WITHOUT INSERT, SLS BITSTREAM SERVICE
vVCDU VCDU VCDU
PRIMARY HEADER DATA TRLR.
UNIT ZONE
S |Ver[SCID[VCID[VCDU [Sig[VvCDU |B_PDU Bits VCDU
Y Count Hdr. |Hdr. Err.
N Err. Cctrl.
@ ctrl.
32 3] & 6 24 8 | 16 16 var 16
CCSDS 701.00-R-3 PAGE 5-70 June 1989




CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

5.4.10.2.k. GRADE-3, WITHOUT INSERT, SLS VIRTUAL CHANNEL ACCESS
SERVICE
VCDU VCDU VCDU
PRIMARY HEADER DATA TRLR.
UNIT ZONE
S |Ver[SCID|[VCID|[VCDU |[Sig][VCDU VCDU
Y Count Hdr. Err.
N Err. Private data unit Ctrl.
C Ctrl. :
32| 2 8 6 24 8 16 var 16
5.4.10.2.1. GRADE-3, WITHOUT INSERT, "FILL" VC
VCDU VCDU VCDU
PRIMARY HEADER DATA TRLR.
UNIT ZONE
S |Ver|[scID[VCID|vVCDU |[Sig|vcDuU VCDU
Y Count Hdr. Err.
N Err. Fill Pattern CErl,
C Ctrl.
32| 2 8 6 24 8 16 var 16
o 111111
5.4.10.2.m. GRADE-3, WITH INSERT, SLS BITSTREAM SERVICE
VCDU VCDU VCDU vCDU
PRIMARY HEADER INSERT DATA TRLR.
ZONE UNIT ZONE
S |Ver[scID[VCID[VCDU [Sig[vCDU |I_SDU |B_PDU Bits VCDU
Y Count Hdr. Hdr. Err.
N Err. ctrl:
C Ctrl.
32| 2 8 6 24 8 16 var 16 var 16
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5.4.10.2.n. GRADE-3, WITH INSERT, SLS VIRTUAL CHANNEL ACCESS
SERVICE
VCDU VCDU VCDU VCDU
PRIMARY HEADER INSERT DATA TRLR.
ZONE UNIT ZONE
S |Ver[scID|vCID|[VCDU [Sig[vcDU |I_SDU VCDU
Y Count Hdr. Err.
N Err. Private data unit ctrl.
C Ctrl.
32| 2 8 6 24 8 16 var var 16
5.4.10.2.0. GRADE-3, WITH INSERT, "FILL" VC
VCDU VCDU VCDU VCDU
PRIMARY HEADER INSERT DATA TRLR.
: 7ONE UNIT ZONE
S |Ver|SCID|[VCID|VCDU |Sig|[vCDU |I_SDU VCDU
Y Count Hdr. Err.
N Err. Fill Pattern Ctrl.
C Ctrl.
32 2 8 6 24 8 16 var var 16
T 111111
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5.5. MANAGEMENT OF THE SPACE LINK SUBNETWORK

5.5.a.

5.5.1.

5.5.1.1.

ora Ehanllg L s

In order to conserve bandwidth on the Physical Channel,
some parameters associated with SLS services are handled by
management rather than by inline communications protocol.
The managed parameters are those which tend to be static
for long periods of time, and whose change generally
signifies a major reconfiguration of the data
communications systems associated with a particular
Advanced Orbiting System. Through the use of a signalling
system, managment conveys the required configuration
information to the applicable protocol layers within the
SLS.

The managed configuration parameters for the VCA and VCLC
sublayers are listed below. These parameters are defined
in an abstract sense and are not intended to imply any
particular implementation of a management system.

VIRTUAL CHANNEL ACCESS CONFIGURATION PARAMETERS

VC_PDU SERVICE PARAMETERS

a. Each VCDU-ID has associated with it a 1list of
indicators which define:

1- the length of the VC FDU;

wGe the upper layer service interface (5: 1 - Fe

Multiplexing, Bitstream, Virtual Channel Access, or
Virtual Channel Data Unit) with which the VC_PDU is
associated;

.d. the Grade of Service being supported, i.e., the

presence or absence of the Reed-Solomon check symbols
and the SLAP protocol;

A=N the presence or absence of the VCDU Header Error

Control field;

. £ the presence or absence of the Insert Zone and (if

present) its length;

s the presence or absence of the VCDU Trailer, and its
contents;
s the Physical Channel(s) for which this VCDU-ID is

authorized for transmission.

S Management, via the signalling system, sends this

information to both the sending and receiving entities.
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5.5.1.2.

B:5:1-3vA:

5.5.1.3.

Dads ke Janlls

5:8.2.3.k.

B5s8uwls3as

5.8 +133 s

25 Heldis 385

VC_PDU RELEASE PARAMETERS

Each VCDU-ID has associated with it Project-unique
parameters which define when the VC_PDU must be
released for transmission. Management, via the
signalling system, sends this Project-unique
information only to the sending entity.

VC_PDU PROCESSING PARAMETERS

Each VCDU_ID has associated with it processing
parameters which define:

whether the contents of the VCDU Data Unit Zone are
to be extracted and delivered to the SIAP procedures,
to the VCLC sublayer (Multiplexing and Bitstream
service), or to the Virtual Channel Access service
interface;

whether the complete VC_PDU is to be delivered to the
Virtual channel Data Unit or to the Vvirtual Channel
Access service interface;

whether or not the VC_PDU is to be discarded because
it contains Fill data.

Management, via the signalling system, sends this
information to only the receiving entity.

5.5.2. VIRTUAL CHANNEL LINK CONTROL CONFIGURATION PARAMETERS

5.5.2.1.

5:B.2: 1.8

5 B 2w 2100

SeBed Tk

5B di1vd s

LOWER LAYER SERVICE PARAMETERS
Each VCLC entity has associated with it a 1list of
indicators which define the following service
parameters provided by the VCA sublayer below in
conjunction with a particular VC:

the Grade of Service provided;

the length to be used for the service data unit.

Management, via the signalling system, sends this
information to both the sending and receiving entities.
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5.5.2.2. VCLC PROCESSING PARAMETERS

5.5.2.2.a. Each VCLC entity has associated with it processing
parameters which define:

5.5.2.2.b. the type of service data unit being delivered by the
VCA sublayer (i.e., M_PDU or B_PDU);

5.5.2.2.c. to which service access points the user service data
units are to be delivered.

5.5.2.2.d. Management, via the signalling system, sends this
information to only the receiving entity.
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SPACE LINK ARQ PROCEDURE: SERVICE AND PROTOCOL SPECIFICATION

INTRODUCTION

This section of the Recommendation specifies the Space
Link ARQ Procedure (SLAP) which is used to provide "Grade-
1" data delivery service across the Space Link Subnetwork.
Grade-1 service is characterized by the transfer of higher
layer user service data units (SLAP SDUs) so that they are
delivered through the SLS in sequence, without duplication,
with a very high probability of being complete, and with a
very high probability that they are error free.

The SLAP, as described here, operates only within the Space
Link Subnetwork and can therefore be used in support of
both Path and Internet service. Extension of Grade-1
service across the entire CPN (sometimes described as "end-
to-end") would require Project organizations to either use
additional link layer ARQ protocols in each of the onboard
and ground subnetworks, or to augment the Internet service
by implementing a Transport layer which supports
retransmission control. Alternatively, a special
Application layer ARQ protocol could be used. It should be
noted that the SILAP has been designed to be conceptually
independent of the layer in which it operates, and thus
could potentially be extended in the future for use as an
Application layer ARQ protocol across the CPN: this usage
is not, however, currently part of this Recommendation, and
is not discussed further herein.

This section describes the operational concept for the
SLAP, and specifies the SLAP service interface. The
protocol itself is specified separately in Reference [16].

OPERATIONAL CONCEPT AND ORGANIZATION OF THE SLAP

As noted in section 5, the SIAP resides within the Virtual
Channel Access (VCA) sublayer of the Space Link Subnet. It
is an element of VCA procedure which supports the VCLC
procedures as well as the Virtual Channel Access service.
It relies upon the VCA UNITDATA service interface to
achieve data transfer through the Physical Channel, using
individual Virtual Channels which are dedicated to Grade-1
service.

The SLAP is defined to be a bidirectional procedure: two
dedicated Grade=-1 Virtual Channels, one in each direction
of SLS data flow (e.g., VC"x" forward and VC"y" return) are

paired to interconnect two symmetric SIAP entities. At
each end of the connection ("Point A" and "Point B"), the
SIAP entity is composed of both a "Sending Function" and a
"Acceptance Function", as illustrated in Figure 6-1.
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Space Channel

Input: =T -—> Output:
SLAP SDUs SLAP SDUs
for vchxn from vcrx"
\'4
SENDING SLAP PDUs with LACWs ACCEPTANCE
FUNCTION S=ss=sEEsEsEssSEEE === s==0 FUNCTION
SIpN on vC IIXII
Acknowledge- Acknowledge-
ments or re- ments or re-
transmission Reports of Reports of transmission
requests for sequence errors sequence errors requests for
SLAP_PDUs found in SLAP_PDUs found in SLAP_PDUs SLAP_PDUs
sent from sent from B to 3, sent from A to B, sent from
A to B, for inclusion for inclusion B to A4,
extracted in LACWs on VC"x" in LACWs on VC"y" extracted
from LACWs from LACWs
in SLAP PDUs in SLAP_PDUs
on VChUy" on VC"x"
L v Vv
ACCEPTANCE SLAP_PDUs with LACWs SENDING
FUNCTION |<=s===== = St e ESS S FUNCTION
IIAII on VC Hyll npn
Output: <=e= |;— Inpirk:
SLAP_SDUs SLAP_SDUs
from vCchy" for vchUy"
I I
POINT "aAmn POINT m"B"

FIGURE 6-1: SYMMETRIC SLAP OPERATION
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Note that, although shown in separate boxes in the figure,
the Sending and Acceptance Functions at Point A (and
likewise at Point B) are in fact both performed within a
single protocol state machine.

6.2.C. The SLAP_SDUs are received from the service interface with
a layer above (i.e., either the VCLC sublayer, or the
Virtual Channel Access service). The SLAP Sending Function

adds a Link ARQ Control Word (LACW) to each SLAP SDU to
produce a SLAP_PDU, which is transferred on a prespecified
dedicated Virtual cChannel by placing it within a Coded
Virtual Channel Data Unit (CVCDU) data structure. The
LACW contains numbering information which identifies each
SLAP_SDU flowing on VC"x", plus a report of the status of
acceptance of SLAP SDUs flowing on VC'"y",

6.2.d. The CVCDUs are protected'using Reed-Solomon encoding, which
provides the required very high probability that the
Grade-1 SILAP SDUs are error free. In the event that the

VCA sublayer 1is unable to correct a CVCDU, it will be
discarded and a discontiniuty will thus be introduced into
the sequence of SLAP_PDUs. Discontinuities may also be
introduced by momentary channel outages. The SLAP
therefore provides the necessary retransmission protocol
needed to ensure the completeness and sequencing of
delivered Grade-1 SLAP SDUs, by supplying the required
numbering, sending, reporting, and resending procedures.
The result is an hybrid system employing both powerful
forward error correction and ARQ-type retransmission
control.

6.2.e. Each LACW within a SLAP_PDU contains a sequence number that
is associated with the SLAP SDU to which it is appended.
These sequence numbers are generated by the SILAP Sending
Function, and are valid only within the SLAP: they are
independent of the numbering scheme used by either the

Virtual Channel procedures (i.e., the VCDU Counter in the
VCDU Primary Header), or by the layers above. It is these
ILACW sequence numbers that are used for SLAP PDU

acceptance checks and for retransmission control. The
sequence numbers assigned to SLAP_PDUs traveling in one
direction over the connections are independent of the
sequence numbers of SILAP PDUs traveling in the opposite
direction.

6.2.f. Certain LACWs may also be formatted to produce
"supervisory" SLAP PDUs, which are used to pass protocol
control data from the Sending Function to the Acceptance
Function, or vice versa. Supervisory SLAP PDUs are not
assigned sequence numbers by the Sending Function, and
therefore are not checked for correct sequencing by the
Acceptance Function.
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6.2.9. For the SLAP to operate, it is necessary for the Acceptance
Function to acknowledge receipt of SLAP PDUs, and to report
sequence errors when they occur. These reports are
carried in the LACWs that accompany data flowing in the
opposite direction, i.e., reports concerning receipt of
SLAP_PDUs transmitted from A to B are carried in the LACWs
that are attached to SLAP_PDUs flowing from B to A.

6.2.h If the LACW report received at Point A acknowledges that
all SILAP PDUs were received by the Acceptance Function at
Point B, normal operation occurs. However, 1if the LACW
report indicates that a sequence error has occurred, a
retransmission strategy is invoked within the Sending
Function at Point A to re-send the missing SLAP PDU(s).
If an unrecoverable error condition is encountered, a
service interruption is reported to management and the
Sending Function at Point A then reinitializes itself and
transmits a supervisory protocol control command to the
Acceptance Function at Point B, which causes
reinitialization there and enables service to be resumed.

6.2.1. In a symmetric manner, reports on data transmitted from
the Sending Function at Point B to the Acceptance Function
at Point A are carried in LACWs that accompany data flowing
from A to B, and are acted upon by the Sending Function at

Point B.
6.2.3. The general organization of the SLAP Sending and Acceptance
Functions is shown in Figure 6-2. For simplicity, only

half of the pair of procedures at each end of the
connection is shown.
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VCLC Sublayer or VCA SAP

SLAP_SDU SLAP_SDU
for vch'x" from vVC'"x"
v
LACW in PDUs on
SENDING FUNCTION vC"x", carrying ACCEPTANCE FUNCTION
—————————————————— seq. numbers for s e S i
Encapsulate SDUs SLAP 8= on VOYx" Reconstitute an
in SLAP_PDUs on and acceptance ordered set of
vchx", Add vc'x" reports for SDUs. Perform SDU
sequence numbers SLAP SDUs on VC"'y" sequence number
+ reports for SDUs |=========================> | acceptance and
on VC"y". Initiate validation checks.
PDU transmission, |<=========================|Report status of
monitor returned LACW reports acceptance via
LACWs, initiate for SLAP_SDUs returned LACWs.
retransmission on vc"x", Deliver extracted
if required. carried in and validated SDUs.
SLAP PDUs on
chyﬁ
SLAP_PDU SLAP_PDU
on Veoxv -- Local Acceptance Function on Ve xh
reports for SLAP_SDUs on VC'"y"
v

virtual Cchannel Procedures

FIGURE 6-2: ORGANIZATION OF THE SLAP SENDING/ACCEPTANCE FUNCTIONS
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6.3.b.

6.3.1,

6.3.1.a.

6.3.1.b.

6.3.1.1.

6.34L.1%
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SLAP SERVICE INTERFACE SPECIFICATION

This section defines the services provided by the SLAP to
the sublayer above (the VCLC sublayer, or the Virtual
Channel Access service interface) and the services required
by the SIAP from the Virtual Channel Procedures in the
sublayer below (referred to here as the "lower layer"). The
service specifications in this section are not intended to
imply any particular implementation. ‘

The SLAP service is connection oriented; it is

bidirectional and persists over time. Connection
establishment, reset, and termination are controlled by
management, as described in Reference [14]: the service

interfaces specified herein are only those that are used
for data transfer once a connection has been established.

In the service interfaces described below, the general
parameters "SN_SOURCE.address" and "SN_DESTINATION.address"
are used to represent the identification of the subnetwork
source and destination addresses for the data flowing over
the SLAP connection. Within the SLS, the specific address
parameters are provided by the VCDU-ID; however, the more
general parameter terminology 1is used to facilitate
potential future application of the SLAP within other
layers of the CPN architecture.

SLAP/UPPER LAYER SERVICE INTERFACE SPECIFICATION

This section specifies the services required of the SLAP
by the upper layer, and are described from the viewpoint

of the upper layer. These services allow a local upper
layer entity to exchange data units with remote peer
upper layer entities. The upper layer accesses the SLAP

via a "SLAP_SAP", which is associated with a particular
Virtual Channel by management.

The only service provided at this interface is data
transfer. The service primitives associated with data
transfer are:

SLAP DATA.request
SLAP_DATA.indication

SLAP_DATA.request
a. Function.

This primitive is the service request primitive for the
SLAP service.
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6.3.1.1.b.

6.3.1.1.c.

6.3.1.1.d.

6.3.1.1.e.

6.3.1.2.

6.3.1.2.a.

6.3.1.2.b.

6.3.1.2.c.

6.3.1.2.d.

Semantics
The primitive shall provide parameters as follows:

SLAP_DATA.request (SLAP_SDU,
SN_SOURCE.address)

When generated

This primitive is passed to the SLAP to request that a
SLAP_SDU be sent to the other end of the connection.

Effect On Receipt

Receipt of this primitive causes the SLAP to send the
SLAP_SDU, using the Virtual Channel identified by the
SN_SOURCE. address.

Additional comments

The EN_SOURCE.address parameter 1is specified by the
VCDU~ID. The length of the SLAP SDU on a given VC is
equal to the length of the CVCDU Data Unit Zone minus
the length of the LACW, and must remain fixed for the
duration of the connection.

SLAP_DATA.indication

Function

This primitive is the service indication primitive for
the SLAP service.

Semantics
The primitive shall provide parameters as follows:

SLAP_DATA.indication (SLAP_SDU,
SN_DESTINATION.address)

When Generated

This primitive is passed from the SILAP to the layer
above to indicate the arrival of a SLAP SDU on the
Virtual Channel indicated by the
SN _DESTINATION.address.

Effect on Receipt

The effect of receipt of this primitive by the layer
above is specified in section 5.
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6.3.1.2.e. Additional Comments

The SN_DESTINATION.address parameter 1is specified by
the vVCcDU-1ID. The SLAP _SDU is guaranteed to be
delivered 1in the same sequence in which it was
submitted to the SLAP, with a specified high
probability of being without omission or duplication,
and with a specified high probability of not containing
an error induced by the SLS.

6.3.2. SLAP/LOWER LAYER SERVICE INTERFACE SPECIFICATION
6.3.2.a. This section specifies the services required of the
lower layer by the SLAP. These services allow the

local SLAP entity to exchange SLAP PDUs with a peer SLAP
entity at the other end of a connection.

6.3.2.b. The service primitives at the lower layer interface are:

VCA_UNITDATA.request
VCA_UNITDATA.indication

6.3.2.1. VCA_UNITDATA.request
6.3.2.1.a. Function

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

6.3.2.1.b. Semantics
The primitive shall provide parameters as follows:

VCA_UNITDATA.request (SLAP_PDU,
SN_SOURCE.address)

6.3.2.1.c. When generated
This primitive is passed from the SLAP Procedures to
the Virtual Channel Procedures to request them to send
the SLAP PDU, using the Virtual Channel identified by
the SN_SOURCE.address parameter.

6.3.2.1.d. Effect On Receipt
Receipt of this primitive causes the Virtual cChannel

Procedures to encapsulate the SLAP PDU within a CVCDU
and to attempt to send it.
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6.3.2.1.e.

6.3.2.2.

6.3.2.2.a.

6.3.2.2.b.

6.3.2.2.c.

6.3.2.2.d.

6.3.2.2.e.

Additional comments

The SN_SOURCE.address parameter is specified by the
VCDU-ID. A dedicated Virtual cChannel must be used to
transmit the SLAP_PDU. The length of the SLAP_PDU on a
given dedicated Grade-1l VC is equal to the length of
the CVCDU Data Unit Zone, and must remain fixed for the
duration of the connection.

VCA_UNITDATA.indication
Function

This primitive is the service indication primitive for
the VCA_UNITDATA service.

Semantics
The primitive shall provide parameters as follows:

VCA_UNITDATA.indication (SLAP PDU,
SN _DESTINATION.address)

When Generated

This primitive is passed from the Virtual Channel
Procedures to the SLAP to indicate the arrival of a
SLAP _PDU on the Virtual Channel indicated by the
SN_DESTINATION.address.

Effect on Receipt

The effect of receipt of this primitive by the SLAP is
specified in Reference [16].

Additional Comments

The SN DESTINATION.address parameter 1s specified by
the VCDU-ID. The Virtual Channel Procedures must
provide a fixed length CVCDU Data Unit Zone for the
duration of the SLAP connection.
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6.4.1.

6.4.1.a.

6.4.1.b.

6.4.1.c.

6.4.1.d.

6.4.1.e.

6.4.1.f.

6.4.2.

6.4.2.a.

6.4.2.Db.

6.4.2.c.
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SLAP PROTOCOL SPECIFICATION.

The complete protocol specification for the SLAP 1is
contained in Reference [16]. This section presents an
overview of the functional requirements which must be
satisfied by the SLAP.

REQUIREMENTS FOR THE SLAP SENDING FUNCTION

The SLAP Sending Function shall receive SIAP SDUs and
corresponding address information from the 1layer above
the SLAP.

The SLAP Sending Function shall guarantee that the
SLAP_SDUs are delivered complete, in sequence, and
without duplication to the remote SILAP entity at the
other end of the connection.

The SLAP Sending Function shall utilize the underlying
services of the sublayer below for transfer of SLAP PDUs
to the remote peer SLAP entity.

The SLAP Sending Function shall deliver the SLAP_PDUs to
the sublayer below in a controlled flow as to avoid an
overflow of the remote peer SLAP entity's capacity to
receive.

The SLAP Sending Function shall, when requested by the
remote peer SLAP entity, retransmit all SLAP_PDUs that
have been transmitted since the 1last acknowledged
SLAP_PDU.

The SLAP Sending Function shall retransmit SLAP PDUs for
which an acknowledgement is not received from the remote
peer SLAP entity with a specified period of time.

REQUIREMENTS FOR THE SLAP ACCEPTANCE FUNCTION

The SLAP Acceptance Function shall establish a full
duplex connection with a remote peer SLAP entity when a
"connect request" 1is received from management, and
confirm to management that the connection has been
established.

The SLAP Acceptance Function shall report to management
when the remote peer SLAP entity establishes a
connection.

The SLAP Acceptance Function shall terminate a connection
(empty all buffers, reset all timers and counters, and
disconnect) with a remote peer SLAP entity when a
"disconnect request" 1is received from management, and
confirm to management that the connection has been
terminated.
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6.4.2.d. The SLAP Acceptance Function shall report to management
when the remote peer SLAP entity terminates the
connection:

6.4.2.e. The SLAP Acceptance Function shall perform a loop-back

test of the SLAP-to-SLAP connection when a "transmit test
request" is received from management, and report to
management the status of the connection upon completion
of the test.

6.4.2.f. The SLAP Acceptance Function shall perform a reset (empty
all buffers and reset all timers and counters) of the
connection when a "reset request" is received from
management, and confirm to management that the reset has
been performed.

6.4.2.9. The SLAP Acceptance Function shall report to management
when the remote peer SLAP entity issues a reset of the
connection.

6.4.2.h. The SLAP Acceptance Function shall report unrecoverable

error conditions to management.
6.4.2.1. The SLAP Acceptance Function shall process pending

management requests before pending SLAP DATA.requests or
VCA_UNITDATA. indications.
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7. CROSS SUPPORT OPTIONS

7a. This section defines the service options which may be selected
by a Project organization in order to be compatible with the
Advanced Orbiting Systems architecture defined within this

Recommendation. It also defines the relationship between the
selected services and the levels of cross support which may be
achieved.
7.1, CROSS SUPPORT CONCEPTS
7.1.a. . Cross support may occur between different organizations
within one Agency who are cooperating in the execution of a
space nmission, or between different Agencies. Cross

support takes place at the level of data structures that
are created by one party in the cooperative arrangement
and are handed over to another party for transmission
between ground and space systems, using transmission
resources that are supplied by the supporting party. As
defined in this Recommendation, cross support therefore
involves traversing the Space Link Subnetwork at some point
during the transfer of data.

7.1.b. Two types of cross support, as identified in Figure 7-1,
are possible. "Symmetric" cross support occurs when party
"A" submits a data structure "X" to party "B" at a sending
node, and receives the same data structure "X" back from
party "B" at a receiving node. "Asymmetric" cross support
occurs when party "A" submits a data structure "X" to party
"B" at a sending node, and receives a different data
structure "Y" (at a higher or lower layer) back from party
"B" at a receiving node.

7.1.c. When cross support is symmetric, only the data structure
itself needs to be agreed upon between the parties.

7 <194 When cross support is asymmetric, "interoperability"

(i.e., use of the same protocols within the unbalanced
layers) is required.
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FIGURE 7-1: CROSS SUPPORT CONFIGURATIONS

CPN SERVICE OPTIONS

Within the framework of this Recommendation, a particular
Project organization may select from a set of eight CCSDS
service options in response to its specific requirements.
Generally, the Project will select one or more data
transfer services across the CPN, plus one or more data
transfer services across the Space Link Subnetwork. Each
of the services may operate either unidirectionally or
bidirectionally, at the Project's choice.

The services available for use by Projects to transfer data
across the CPN are: the CCSDS Path service as specified in
section 3; and the CCSDS Internet service as specified in
section 4.

The services available use by Projects to transfer data
across the Space Link Subnetwork, all of which are
specified in section 5, are: the CCSDS Encapsulation
service; the CCSDS Multiplexing service; the CCSDS
Bitstream service; the CCSDS Virtual Channel Access

service; the CCSDS Virtual Channel Data Unit service; and
the CCSDS Insert service.
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GENERIC SERVICE PROFILE

Figure 7-2 presents a generic "options profile" of all of
the functions associated with CPN services. Note that
Path and Internet "gateway" functions are associated with
the relay of Path and Internet protocol data units which
originate outside of a CPN.

The generic CPN service options profile is used in the
following paragraphs to define the specific set of
options associated with each of the selected CCSDS
services. For full interoperability (i.e., maximum
asymmetric cross support of a particular CCSDS service) a
Project organization must conform to at 1least one
vertical path through the specific options profile for
that service.

PATH SERVICE OPTIONS PROFILE

The options profile for the CCSDS Path service is shown

in Figure 7-3. The user may interface via the Octet
String or Packet service options, as defined in Section
3. Alternatively, a "Path gateway" function may be

entered so that a Logical Data Path which originated
outside the boundaries of the CPN may traverse the CPN,
using the CCSDS Path protocol. Note that the Path
service requires use of Reed-Solomon coding during SLS
transfer.

INTERNET SERVICE OPTIONS PROFILE

The options profile for the CCSDS Internet service is
shown 1in Figure 7-4. The user may interface with the
Internet service as defined in Section 4. Alternatively,
an "Internet gateway" function may be entered so that an
Internet message which originated outside the boundaries
of the CPN may traverse the CPN, using the CCSDS Internet
protocol. Note that the Internet service requires use of
Reed-Solomon coding during SLS transfer.
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Internet Internet Path service Path
service gateway | | | |-=-———=|-—"--- gateway
Octet |Packet
String
VCLC
i Encapsulation i
‘ Multiplexing | ‘ Bitstream |
VCA
‘ SLAP ‘ ‘ No SLAP ‘
I No Insert } ' Insert ‘
VCDU Header
No Header Error Control Header Error Control
No VCDU Error Control VCDU Error Control
Reed-Solomon Coding No Reed-Solomon Coding
Channel Access Data Unit

Physical Channel

FIGURE 7-2: GENERIC CPN SERVICE OPTIONS PROFILE
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7.2.4. ENCAPSULATION SERVICE OPTIONS PROFILE

7.2.4.a. The options profile for the CCSDS Encapsulation service
is shown in Figure 7-5. Note that the Encapsulation
service requires use of Reed-Solomon coding during SLS
transfer.

7.2.5. MULTIPLEXING SERVICE OPTIONS PROFILE

7.2.5.a. The options profile for the CCSDS Multiplexing service is
shown in Figure 7-6. Note that the Multiplexing service

requires use of Reed-Solomon coding during SLS transfer.

7.2.6. BITSTREAM SERVICE OPTIONS PROFILE

7.2.6.a. The options profile for the CCSDS Bitstream service is
shown in Figure 7-7.

7.2.7. VIRTUAL CHANNEL ACCESS SERVICE OPTIONS PROFILE

7.2.7.a. The options profile for the CCSDS Virtual Channel Access
service is shown in Figure 7-8.

7.2.8. VIRTUAL CHANNEL DATA UNIT SERVICE OPTIONS PROFILE
7.2.8.a. The options profile for the CCSDS Virtual cChannel Data
Unit service is shown in Figure 7-9. The Header Error

Control and/or VCDU Error Control, if selected, must be
present in the data structure generated by the service
user. Reed-Solomon encoding may be applied by the
service user, or by the supporting SLS element.

7.2.8.b. Note that in order to avoid operational complexities
associated with error control and modification of the
user data structure, the Virtual Channel Data Unit
service and the Insert service are mutually exclusive on
a particular Physical Channel. '

7.2.9. INSERT SERVICE OPTIONS PROFILE

7.2.9.a. The options profile for the CCSDS Insert service is shown
in Figure 7-10. The Insert service may not be activated
simultaneously with the Virtual Channel Data Unit
service.
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Path Service User

I CCSDS Path service

Path
gateway

Octet |Packet
String

VCLC

Multiplexing ‘

VCA

’ SLAP l ‘ No SIAP }

| |
| |

| No Insert ‘ ' Insert ’

- |

VCDU Header

No Header Error Control ’ Header Error Control

No VCDU Error Control

Reed~-Solomon Coding

]

Channel Access Data Unit

Physical Channel

FIGURE 7-3: PATH SERVICE OPTIONS PROFILE
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Internet Service User

Internet
service

—

Internet
gateway

—

CCSDS Internet service

VCLC
‘ Encapsulation ‘
‘ Multiplexing ‘
VCA
‘ SLAP ‘ ‘ No SLAP ‘
‘ No Insert { ‘ Insert }
VCDU Header
No Header Error Control ‘ Header Error Control
No VCDU Error Control
Reed-Solomon Coding
Channel Access Data Unit
Physical Channel
FIGURE 7-4: INTERNET SERVICE OPTIONS PROFILE
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Encapsulation Service User

ORBITING SYSTEMS

VCLC
| Encapsulation i
\ Multiplexing |
VCA
| SLAP | ' No SLAP |
, No Insert ‘ ‘ Insert y
VCDU Header
No Header Error Control Header Error Control
No VCDU Error Control
Reed-Solomon Coding
Channel Access Data Unit
Physical Channel
FIGURE 7-5: ENCAPSULATION SERVICE OPTIONS PROFILE
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Multiplexing Service User

VCLC
\ Multiplexing ‘
VCA
‘ SLAP ‘ ‘ No SLAP ‘
’ No Insert ‘ . ‘ Insert ‘
VCDU Header
No Header Error Control ’ Header Error Control
No VCDU Error Control
Reed-Solomon Coding
Channel Access Data Unit

Physical Channel

FIGURE 7-6: MULTIPLEXING SERVICE OPTIONS PROFILE
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Bitstream Service User

| No Insert ‘ ‘ Insert {

VCDU Header

No Header Error Control

‘ Header Error Control

No VCDU Error Conhtrol ‘ ‘ VCDU Error Control

Reed-Solomon Coding ’ ‘No Reed-Solomon Coding

Channel Access Data Unit

VOLC
i Bitstream
VCA
|
‘ SLAP ‘ ‘ No SLAP
| ‘ |
| |

Physical Channel

FIGURE 7-=7: BITSTREAM SERVICE OPTIONS PROFILE
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VCA Service User

VCA

|
‘ SLAP ‘ { No SLAP |

| |

l No Insert ‘ ‘ Insert |
| | |
VCDU Header

No Header Error Control‘ ‘ Header Error Control
No VCDU Error Control ‘ ‘ VCDU Error Control
Reed-Solomon Coding ‘ ‘No Reed-Solomon Coding

Channel Access Data Unit

Physical Channel

FIGURE 7-8: VIRTUAL CHANNEL ACCESS SERVICE OPTIONS PROFILE
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~ VCDU Service User

VCA
VCDU or CVCDU
i No Insert |
‘ VCDU Header* ’
‘No Header Error Control‘ ‘ Header Error Control*
CVCDU / ' VCDU
i No VCDU Error Control { ‘ VCDU Error Control=* ‘
VCDU ‘ CVCDU or VCDU
Reed-Solomon Coding** rNo Reed-Solomon Coding
Channel Access Data Unit

Physical Channel

*
I

applied by service user
** = gpplied either by service user or supporting SLS element

FIGURE 7-9: VIRTUAL CHANNEL DATA UNIT SERVICE OPTIONS PROFILE
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Insert Service User

‘ Insert ‘

‘ VCDU Header

‘No Header Error Control‘ ‘ Header Error Control ‘

‘ No VCDU Error Control ’ ‘ VCDU Error Control ‘

Reed-Solomon Coding ‘ ‘No Reed-Solomon Coding

Channel Access Data Unit

VCA

Physical Channel

FIGURE 7-10: INSERT SERVICE OPTIONS PROFILE

CCSDS 701.00-R-3 PAGE 7-13 June 1989




CCSDS RECOMMENDATION FOR ADVANCED ORBITING SYSTEMS

CROSS SUPPORT PROTOCOL OPTIONS MATRIX

The relationship between the data structures that are
exchanged between cooperating parties in all possible
symmetric and asymmetric cross support configurations are
indicated in the matrix at the end of this section. Based
on its requirements for cross support, a Project may use
the matrix to select the particular symmetric or asymmetric
cross support data structure configurations which it will
use in conjunction with each of its selected data transfer
service options. For each unique configuration, the
required stack of agreed CCSDS protocols may then be
constructed.

The matrix is organized to show the input data structure
(handed by one party to a supporting party) on the vertical
axis, and to show the data structure received back from
the supporting party on the horizontal axis. The box at the

intersection of a row and column shows the stack of
protocols which are required in order to achieve the cross
support. The boxes on the diagonal are the symmetric

cross support configurations where only the data structure
itself must be agreed between the parties. The off-diagonal
boxes show the possible asymmetric cross support
configurations, and indicate the layers of protocol which
must be agreed and implemented interoperably in order for

the cross support to occur. Boxes indicated by a "-" are

invalid configurations. The key to the matrix is as

follows:

I = Internet protocol data unit

P = Path protocol data unit

E = Encapsulation protocol data unit

M = Multiplexing protocol data unit

B = Bitstream protocol data unit

v = Virtual Channel protocol data unit (VCDU or
CVCDU)

PCA = Physical Channel Access protocol data unit
(CADU)

(R) = Standard Reed-Solomon code - required for
Grade-1/2 Virtual Channel Data Unit service

s = Symmetric cross support

- = Not applicable

I_SDU = Internet service data unit

I_PDU = Internet protocol data unit

O_SDU = Octet String service data unit

P_SDU = Packet service data unit

CP_PDU = CCSDS Path protocol data unit

E_SDU = Encapsulation service data unit

M_SDU = Multiplexing service data unit

B_SDU = Bitstream service data unit

VCA_SDU = Virtual Channel Access service data unit

VCDU_SDU = Virtual Channel Data Unit service data unit

IN_SDU = 1Insert service data unit

RF = Radio Frequency signal
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OUT|I_SDU|I_PDU|O_SDU|P_SDU=|E_SDU|M SDU(B_SDU|(VCA_ |VCDU_|IN RF
IN CP_PDU SDU SDU SDU
I_SDU s | 1 = - i z, - T, £ - 1,
E E, E, E,
=, M M, M,
V(R) v,
PCA
I PDU T s - - I Ly - I, I, - L;
E E, E, E
M M, M,
V(R) ¥
PCA
0 SDU - - s P - P - P, P, - P,
M M, M,
V(R) v,
PCA
P_SDU = - p s = P = P, P, = P,
= M M, M,
CP PDU V(R) .
PCA
E SDU I I =) = S E = E, E, = E,
M M[ MI
V(R) v,
PCA
M SDU Ts I, 2 P E s - M M, - M,
E E V(R) s
PCA
B SDU - - - - - - s B B, - B,
V (R) 7,
PCA
vea . I, P, P, E, M B s V(R) - A7
SDU E, E, M M M PCA
M M
VCDU_ o I, B, P, E, M, B, | V(R) s - PCA
SDU E, E, M, M, M, | V(R)| V(R) (R)
M, M, V(R) | V(R) V (R)
V(R) | V(R)
IN SDU = - = = = - = = - s PCA
RF T, I, P, P, E, M, B, v, pcA | pca s
B, E, M, M, M, v, v, PCA
M, M, 7, - % PCA | PcA
%, v, PCA | PCA PCA
PCA PCA
e
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ANNEX A ACRONYMS AND TERMINOLOGY

This Annex, which is part of the Recommendation, summarizes the key
acronyms and terminology which are used throughout the document.

A.l. LIST OF ACRONYMS

APID: APPLICATION PROCESS IDENTIFIER
ARQ: AUTOMATIC REPEAT QUEUEING

B-: BITSTREAM

B SDU: BITSTREAM SERVICE DATA UNIT
B_PDU: BITSTREAM PROTOCOL DATA UNIT
CADU: CHANNEL ACCESS DATA UNIT

CCsSDS: CONSULTATIVE COMMITTEE FOR SPACE DATA SYSTEMS
CPN: CCSDS PRINCIPAL NETWORK

CP_SAP: CCSDS PATH SERVICE ACCESS POINT
CP_PDU: CCSDS PATH PROTOCOL DATA UNIT
CP_SDU: CCSDS PATH SERVICE DATA UNIT
CRC: CYCLIC REDUNDANCY CODE

CvcCDhu: CODED VIRTUAL CHANNEL DATA UNIT
dB: DECIBEL

E-: ENCAPSULATION

E PDU: ENCAPSULATION PROTOCOL DATA UNIT
E SDU: ENCAPSULATION SERVICE DATA UNIT
Eb/No: INFORMATION BIT ENERGY TO NOISE RATIO
G/W: GATEWAY

HDR: HEADER

L INTERLEAVE DEPTH OR INFORMATION
ID: IDENTIFIER

IN_SDU: INSERT SERVICE DATA UNIT

ISO: INTERNATIONAL ORGANIZATION FOR STANDARDIZATION
LACW: LINK ARQ CONTROL WORD

LDP: LOGICAL DATA PATH

M-: MULTIPLEXING

M PDU: MULTIPLEXING PROTOCOL DATA UNIT
M _SDU: MULTIPLEXING SERVICE DATA UNIT
MSAP: MANAGEMENT SERVICE ACCESS POINT
MSB: MOST SIGNIFICANT BIT

N/A: NOT APPLICABLE

O _SDhu: OCTET SERVICE DATA UNIT

OSTI: OPEN SYSTEMS INTERCONNECTION
PCA: PHYSICAL CHANNEL ACCESS

PCA_ PDU: PHYSICAL CHANNEL ACCESS PROTOCOL DATA UNIT
PCID: PACKET CHANNEL IDENTIFIER

PDU: PROTOCOL DATA UNIT

P_SDU: PACKET SERVICE DATA UNIT

R-S: REED-SOLOMON

SAP: SERVICE ACCESS POINT

SC: SPACECRAFT

SCID: SPACECRAFT IDENTIFIER
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SDhU: SERVICE DATA UNIT

SEC.: SECONDARY

SL: SPACE LINK

SLAP: SPACE LINK ARQ PROCEDURE

SLAP_PDU: SLAP PROTOCOL DATA UNIT

SLAP_SAP: SLAP SERVICE ACCESS POINT

SLAP_SDU: SLAP SERVICE DATA UNIT

SLS: SPACE LINK SUBNETWORK

SL_SAP: SPACE LINK SERVICE ACCESS POINT

SN: SUBNETWORK

SN_SAP: SUBNETWORK SERVICE ACCESS POINT

SN_SDU: SUBNETWORK SERVICE DATA UNIT

SYNC. : SYNCHRONIZATION

vC: VIRTUAL CHANNEL

VCA: VIRTUAL CHANNEL ACCESS

VC_PDU: VIRTUAL CHANNEL PROTOCOL DATA UNIT

VCA_SAP: VIRTUAL CHANNEL ACCESS SERVICE ACCESS POINT
VCA_SDU: VIRTUAL CHANNEL ACCESS SERVICE DATA UNIT

VCDU: VIRTUAL CHANNEL DATA UNIT

VCID: VIRTUAL CHANNEL IDENTIFIER

VCDU-1ID: VIRTUAL CHANNEL DATA UNIT IDENTIFIER (= SCID+VCID)
VCLC: VIRTUAL CHANNEL LINK CONTROL

VCLC PDU: VIRTUAL CHANNEL LINK CONTROL PROTOCOL DATA UNIT
VCLC_SAP: VIRTUAL CHANNEL LINK CONTROL SERVICE ACCESS POINT
VCLC_SDU: VIRTUAL CHANNEL LINK CONTROL SERVICE DATA UNIT
8473: ISO 8473 NETWORK LAYER PROTOCOL

SUMMARY OF TERMINOLOGY

ADVANCED ORBITING SYSTEM:

Those systems, located in space and on the ground, which
support Earth orbiting missions involving manned space
stations, manned and vunmanned platforms, and space

transportation systems.
AGENCY:

A national or international space organization which is a
Member or Observer of the Consultative Committee for Space
Data Systens.

APID QUALIFIER:

A Path service mechanism for supplementing the Application
Process ID in the header of a Version-1l CCSDS Packet so that
it may be locally discriminated from other CCSDS Packets
bearing the same APID.
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APPLICATION, USER APPLICATION:

The name given to the internal activities of a user of the
CPN who is located at an endpoint of the network.

APPLICATION PROCESS IDENTIFIER, APID:

An 11-bit field within the Primary Header of a Version-1
CCSDS Packet, which identifies a particular User Application
within a local naming domain.

APPLICATION SERVICES:

Upper layer communications services provided to interactive
space mission applications such as file transfers, electronic
messages, data base queries, etc.

ASYNCHRONOUS:

A data transfer technique which does not preserve precise
timing or structural relationships between the transmitted
signal and the transfer mechanism.

AUDIO:

A data stream containing digitized samples of human voice or
sound signals.

BITSTREAM DATA:

An undelimited string of bits, each having apparently equal
weight, which has no known structure to a service provider.

BITSTREAM SERVICE (B-SERVICE):

A service within the Space Link Subnet which allows Bitstream
Data to be transferred on a dedicated Virtual Channel.

CCSDS PACKET:

A variable length, delimited data unit whose structure and
header information is specified by the CCSDS.

CHANNEL ACCESS DATA UNIT:

A protocol data unit within the Virtual Channel Access
sublayer of the Space Link Subnet. A CADU consists of a VCDU
or a CVCDU that has been prefixed and delimited by a
Synchronization Marker.

CODED VIRTUAL CHANNEL DATA UNIT:

A Virtual Channel Data Unit to which a block of error-
correcting Reed-Solomon check symbols has been appended.
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CONNECTIONLESS:

A communications protocol which operates in a unidirectional
fashion, without handshaking from the receiving end, using a
data path which may dynamically vary.

CONNECTION-ORIENTED:

A communications protocol which operates in a closed-loop
fashion by receiving handshaking acknowledgements from the
receiving end, using a pre-established data path.

CONVENTIONAL:

Belonging to a class of (predominantly unmanned) missions as
typified by space missions flown during the 1960-1990
timeframe.

CROSS SUPPORT:

The capability for one CCSDS Agency to bidirectionally
transfer data from another CCSDS Agency between space and
ground systems, through the Space Link Subnetwork, using its
own transmission resources.

DATA UNIT ZONE:

That portion of a Virtual Channel Data Unit into which higher
layer data wunits may be placed for asynchronous or
isochronous transmission.

ENCAPSULATION PROTOCOL DATA UNIT:

The protocol data unit of the Encapsulation Function of the
Space Link Subnet, having the format of a CCSDS Packet.

ENCAPSULATION SERVICE, FUNCTION (E-SERVICE):

A service or function within the Space Link Subnet which
wraps incoming delimited data units (that are not in CCSDS
Packet format) into CCSDS Packets, during their transfer
through the Subnet.

END POINT, END SYSTEM:

The location on the CPN of a User Application, at which CPN
services are terminated.

GATEWAY:

The connecting point between two dissimilar subnetworks.
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GRADE OF SERVICE:

A selectable method of data transmission service within the
Space Link Subnet.

GRADE-1 SERVICE:

A Space Link Subnet data transmission service whereby user
data are delivered through the SLS with very high
probabilities of being complete (i.e. no omissions or
duplications), in sequence and error free.

GRADE-2 SERVICE:

A Space Link Subnet data transmission service whereby user
data are delivered through the SLS possibly incomplete (i.e.
with with omissions), possibly with duplications caused by
onboard storage and retrieval, but with a very high
probability of being error free.

GRADE-3 SERVICE:

A Space Link Subnet data transmission service whereby user
data are delivered through the SLS possibly incomplete,
possibly duplicated as a result of onboard storage and
retrieval, and possibly containing errors.

GROUND NETWORK:

The ground data distribution part of the CCSDS Principal
Network.

HEADER:

A standard 1label which 1dentifies a standard data
communications structure.

IDLE:

A mechanism for maintaining synchronous data transmission, in
the event that no user data are available, by inserting
"fill" data.

INSERT SERVICE, FUNCTION:

A service or function within the Space Link Subnet which
allows isochronous user data to share a Virtual Channel with
other types of data.

INSERT SERVICE DATA UNIT:

The data unit which is placed within the Insert Zone of the

Insert Protocol Data Unit during transfer through the Space
Link Subnet.
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INSERT 2ZO0NE:

That portion of a Virtual Channel Data Unit into which Insert
Service Data Units may be placed for 1isochronous
transmission.

INTERNET, INTERNET SERVICE:

The CCSDS service which supports protocol-driven data flow
from end-to-end through multiple, heterogenous subnetworks.

ISOCHRONOUS:

A data transfer technique which preserves the timing
characteristics and relationships of the transmitted signal.

LAYER:

A functional organization whereby a complex distributed
system may be broken into relatively simple modules of
service.

LEVEL ZERO PROCESSING:

A value-added service, performed at a CPN endpoint, which
prepares user data for delivery.

LIFETIME CONTROL:

A method of data transmission whereby data units are
discarded if the number of times that they pass through
intermediate nodes (such as routers and gateways) exceeds a
pre-established value. (The formal definition of this term
is contained in Reference [10].)

LOGICAL DATA PATH:

A pre-configured route between two wuser application
endpoints, through which data may flow without the need for
large communications headers. A Logical Data Path associates
the source, the destination and the route between them.

MANAGED OBJECT:

A parameter associated with a CPN service which is exposed to
network management for the purpose of network monitor and
control.

MANAGEMENT ¢

The set of functions and services provided within a network
to supervise, schedule and control network resources.
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MISSION:

An activity in space under the control of a Project.
MULTIPLEXING PROTOCOL DATA UNIT:

The protocol data unit of the Multiplexing Function of the
Space Link Subnet, having the format of a header followed by
a fixed length block of data that contains a piece of a
contiguous string of concatenated CCSDS Packets.

MULTIPLEXING SERVICE, FUNCTION (M=-SERVICE):

A service or function within the Space Link Subnet which
packs CCSDS Packets together so that they may efficiently
occupy the fixed length data field of a Coded Virtual Channel
Data Unit.

OCTET:

An eight-bit word.

OCTET STRING SERVICE:

A service option within the CCSDS Path service, whereby the
CPN creates the <CCSDS Packets which support the Path
protocol.

ONBOARD NETWORK:

The onboard data distribution part of the CCSDS Principal
Network.

PACKET:

A variable length, delimited data structure consisting of a
set of higher layer user data that are encapsulated within
standard header information. (Note: the term "packet" is
used generically in this Recommendation, while the term
"Packet" refers to the Version-1 CCSDS Packet.)

PACKET CHANNEL:
A mechanism used by the Multiplexing Function within the
Space Link Subnet to allow multiple users to share one
Virtual Channel.

PACKET CHANNEL ID:

The identifier for a Packet Channel, mechanized using the
APID field of a CCSDS Packet.
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PACKET SERVICE:

A service option within the CCSDS Path service, whereby users
create the CCSDS Packets which support the Path protocol.

PATH, PATH SERVICE:

The CPN service which, using Logical Data Paths, allows large
rates and volumes of space mission data to flow between
relatively static endpoints without requiring 1large
communications headers.

PATH ENTITY:

A CPN element which supports CCSDS Path service.

PATH ID, PATH IDENTIFIER:

An identifier for a Logical Data Path.

PHYSICAL CHANNEL:

The space/space or space/ground transmission mediumn.

PRIMITIVE:

An abstract model of the logical exchange of user data and
control information between network layers or sublayers.

PRINCIPAL NETWORK/CCSDS PRINCIPAL NETWORK:

A set of three subnetworks, clustered around special purpose
space data channels, which provide basic space mission data
communications services using techniques which are
standardized by the CCSDS.

PROJECT:

An organization which has the technical and funding
cognizance to execute a particular space mission.

PROTOCOL DATA UNIT:

A data structure which operates across a layer within a
distributed system in order to implement the service offered
by that layer.

RECOMMENDATION:

A CCSDS document which provides guidelines from which the
CCSDS Agencies may develop their own Standards.
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REED-SOLOMON:

A high performance block-oriented outer coding technigque
which provides powerful error correction capability: named
after its inventors, Reed and Solomon.

SECONDARY HEADER:

An optional field within a Version-1 CCSDS Packet, into which
supplementary information (e.g., a Time Code) may be placed
to facilitate value-added network service.

SERVICE:

A standard capability which is offered within a network
layer.

SERVICE ACCESS POINT:

An address on the CCSDS Principal Network where a particular
CPN service is exposed to a user.

SIGNALLING:

The set of functions and services provided within a network
to format and exchange management information between
management elements.

SPACE CHANNEL:

A space/space or space/ground data transmission path.
PHYSICAL CHANNEL LAYER:

The bottom layer of the Space Link Subnetwork.

SPACECRAFT IDENTIFIER, ID:

An identifier, contained within the Virtual Channel Data Unit
header, which identifies a local control authority.

SPACE LINK SUBNET (WORK) :

The central subnet within the CCSDS Principal Network, which
enables the transmission of data through space channels.
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SPACE LINK ARQ PROCEDURE:

A function within the Space Link Subnet that performs
retransmission control to ensure delivered completeness of
higher layer data.
SPACE LINK LAYER:

The top layer of the Space Link Subnet, composed of the
Virtual Channel Link Control and Virtual Channel Access
sublayers.
STANDARD:

A document which commits a CCSDS Agency resources to a
particular Project-independent data handling technique.

SUBLAYER:

An internal partitioning of a layered architecture into fine-
grained subdivisions of function.

SUBNET (WORK) :

A component of a network which provides local communications
services corresponding to O0SI Layers 1 and 2.

SYMBOL:

The encoded representation of space mission information as it
flows through space channels.

SYNCHRONIZATION MARKER:

A pattern used to delimit the boundaries of fixed length data
blocks as they are transmitted through a space channel.

TELEMETRY:

A term used to characterize the generation of more or less
continuous and predictable sets of space mission measurement
data at data rates and volumes which may be extremely high,
and which have a large interaction with overall
communications resources.

VIDEO:

A stream of data containing digitized samples of television
signals.

VIRTUAL CHANNEL:
A mechanism whereby a single Physical Channel may be shared

by different types of users by creating multiple apparently
parallel "virtual" paths through the channel.
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VIRTUAL CHANNEL ACCESS SERVICE:

A cross supported Space Link Subnetwork service which exposes
the Virtual Channel Access sublayer to users.

VIRTUAL CHANNEL ACCESS SUBLAYER:

A layer of the Space Link Subnetwork which transmits higher
layer data through the Physical Channel using constant-length
data blocks.

VIRTUAL CHANNEL DATA UNIT:

The protocol data unit of the Virtual Channel Access sublayer
of the Space Link Subnet, consisting of a fixed length CCSDS
data structure which 1is. used bidirectionally on space

channels within Advanced Orbiting Systems to implement an OSI
Layer 2 protocol.

VIRTUAL CHANNEL DATA UNIT IDENTIFIER (VCDU-ID):

An identifier, consisting of a Spacecraft ID concatenated
with a Virtual Channel ID, which uniquely identifies a
particular Virtual Channel.

VIRTUAL CHANNEL DATA UNIT SERVICE:

A cross support service within the Space Link Subnet that
allows independently created VCDU or CVCDUs to be transmitted
on a Physical Channel.

VIRTUAL CHANNEL LINK CONTROL SUBLAYER:

A layer of the Space Link Subnet which allows user data to be
placed on individual Virtual Channels.
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