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SPACE LINK ARQ PROCEDURE FOR RELIABLE,
ROBUST COMMUNICATIONS

FRED M. BROSI, JR.

1.   BACKGROUND

This program describes a protocol developed by the Consultive Committee for Space Data
Systems (CCSDS) to be used for transfer of data across space-to-ground and space-to-
space links. The CCSDS is a voluntary organization comprising most of the world’s space
agencies. The CCSDS develops recommendations for space data system standards which
serve as guidelines for member space agencies to use in developing their own internal
standards.  Over the past few years, the CCSDS has developed recommendations1

applicable to Advanced Orbiting Systems (AOS), such as the U.S. Space Station Freedom
and related space platforms and international space station elements. The Space Link ARQ
Protocol (SLAP) described here was developed as part of the AOS program.

2.   RATIONALE

The SLAP is designed to provide guaranteed “Grade- 1” delivery of data across data links
that interconnect the space and ground elements of a CCSDS Principal Network (CPN).
The location of the SLAP in the CPN is shown in Figure 1. Grade-1 service is
characterized by the transfer of data across space and data links so that (within guaranteed
probabilities) they are delivered to layers above complete, error free, in sequence, and
without duplication.

The SLAP was developed to meet the following requirements.

(a) Provide delivery of a single stream (in each direction) of input source data units
(SDUs) across a space/ground or space/space link.

(b) Provide delivery of SDUs in the order received, without omissions or duplication.

(c) Provide full duplex service using a pair of virtual channels (VCs) dedicated to
Grade 1 service.



(d) Once a connection is established (via CPN management), data transfer on the forward
and return links is asynchronous with respect to each other. Typically, unrelated
applications are using the two directions of transfer.

(e) Provide for automatic recovery from routine transmission errors.

(f) Provide for automatic re-establishment of the connection after an interruption, with
notification to CPN management.

(g) Provide the means to acknowledge one or more frames received at one end of a
connectionin a single frame travelling in the opposite direction.

(h) Provide the means to test the link before sending data.

(i) Provide the means to request the status of a remote receiver.

(j) Provide the opportunity for a receiver to report status to a sender at some minimum
period. This period is implementation dependent, but is related to the transmission
rate, frame size, and loop time.

The following constraints guided the development of the SLAP:

(a) Bandwidth must be conserved. This includes original transmission, retransmission and
transfer of supervisory and reporting data.

(b) The protocol should be designed to support transfers rates of 1 to 100 Mbps.

(c) Loop time (source to destination and return) will be in the range of 0.5 to 2.0 seconds.
This assumes use of one, or possibly two, data relay satellites, to communicate
between ground and space, or space to space.

These constraints make the use of conventional ARQ protocols impractical for the AOS
environment. HDLC/LAP-B  and ISOs Logical Link Control  (LLC) protocols provide the2     3

necessary sequence control, acknowledgement, and retransmission features, but are poorly
suited to the high data rate and long delay conditions encountered when using data relay
satellites.



The SLAP will be used to provide Grade-1 communications service for applications in
which completeness and sequentiality is essential. These might include:

- transfer of computer programs
- transfer of data bases (e.g., star catalogs, mission timelines)
- transfer of communications control parameters and tables (e.g., telemetry format

definitions)
- diagnostic computer memory dumps; historical data retrieval
- electronic mail
- transfer of computer data bases
- transfer of system fault messages

3.   SLAP ENVIRONMENT

Figure 2 shows the relationship of the VC Access Sublayer, of which the SLAP is a part,
to the space link layers above and below it in the CCSDS protocol stack. It also shows the
corresponding protocols in the ISO OSI Reference Model, and in the ISO 8802 LAN
protocol stack. The CCSDS VC Link Control sublayers and the VC Access sublayer are
together equivalent to the Data Link Layer of the OSI Reference Model. The SLAP is
patterned after the connection-oriented procedures of LLC (i.e., Type II operation).

4.   SLAP OPERATIONAL CONCEPT

The SLAP is defined to be a bidirectional procedure: two dedicated Grade-1 Virtual
Channels, one in each direction of data flow (e.g., VC“x” forward and VC“y” return) are
paired to interconnect two symmetrical SLAP entities. At each end of the connection, the
SLAP entity is composed of both a “Sending Function” and a “Acceptance Function”, as
illustrated in Figure 3.

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.

The SLAP-SDUs are accepted from a layer above. 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 dedicated Virtual Channel using a Coded Virtual Channel Data Unit
(CVCDU) data structure provided by the VCDU Construction procedures in the sublayer
below. 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”.



The CVCDUs created by the VCDU Construction Procedures are protected using Reed-
Solomon encoding, which provides the required very high probability that the Grade-1
SLAP-SDUs are error free. In the event that the VCA sublayer is unable to correct a
CVCDU, it will be discarded and a discontinuity 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 sequencing of delivered Grade-1 SLAP-SDU,
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.

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 SLAP
Sending Function, and are valid only within the SLAP: They are independent of the
numbering scheme used by either the VCDU Construction Procedures or by the layers
above to control the sequence of their own data structures. It is these LACW 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 number of SLAP-PDUs traveling in the
opposite directions

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 PDUs are not assigned sequence numbers by the sending
function, and therefore are not checked for sequentiality by the receiving function.

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”.

If the LACW report received at Point “A” acknowledges that all SLAP-PDUs were
received by the Acceptance Function at Point “B”, normal operation occurs. However, if
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 the
CPN Management system and the Sending Function at Point “A” then reinitializes itself
and transmits a protocol control command to the Acceptance Function at Point “B”, which
causes reinitialization there and enables service to be resumed.



In a symmetrical 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”.

The general organization of the SLAP Sending and Acceptance Functions within the
VCLC sublayer is shown in Figure 6-2. For simplicity, only half of the pair of procedures
at each end of the link is shown.

5.   SLAP FLOW CONTROL

Although the connection establishment, data transfer, and ARQ procedures of the SLAP
are quite similar to those of the HDLC family of protocols, flow control is handled in a
completely different manner. The long delays and large, fixed frame sizes inherent in space
links makes it inefficient to use on/off (e.g., RR/RNR) or credit flow control mechanisms.
Instead, the SLAP uses a rate parameter, carried in information or supervisory frames, to
enable the acceptance process at one end of a connection to control the rate of frame
transmission at the other end. The rate parameter acts as a throttle on the sending process,
preventing it from overrunning the receiving process’s capacity to accept, process, and
deliver data.

6.   CONCLUSION

The SLAP provides the basis for guaranteed delivery of critical data across space-ground
and space-space links. Although the SLAP has been developed for use as a link-layer
protocol, its design makes it usable at higher layers as well. With minor modifications, the
SLAP specification could be used for provision of end-to-end Grade-1 service across the
CPN.
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Figure 1. Position of the SLAP Within the CCSDS Principal Network





Figure 3. Symmetrical Slap Operation



Figure 4. Organization of the SLAP Sending/Acceptance Functions


