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X  Executive Summary

X.1 Context (the Telecommand protocol stack)

The TC Space Data Link Protocol is part of the CCSDS Telecommand protocol stack (a group of cooperating protocol layers that are stacked one on top of another).  The stack provides reliable delivery of command data to a location within a spacecraft.  The actual data to be delivered is supplied by the sender at the highest protocol layer (that data might be a Space Packet).  The data makes its way down through the layers at the sender, across to the receiver, and back up through the same layers at the receiver.

The following is a short description of each protocol layer (starting with the lowest layer):

· The Physical Layer transmits data bits from the sender (this is typically a Ground Station) to the receiver (the spacecraft).  Due to the unreliable nature of radio-frequency transmission, there may be data errors (the received bits may not match those sent).

· The Data Link Layer ensures that data is reliably delivered to the spacecraft (it fixes the data errors described above).  The Data Link Layer consists of two sublayers:

· The Synchronization and Channel Coding sublayer ensures that only error-free data is accepted (by detecting data errors and either correcting them or discarding the data).  Note that gaps are created when data is discarded.

· The Data Link Protocol sublayer fills gaps.  The receiver detects gaps and requests retransmissions (these requests are delivered back to the sender via telemetry).  The sender retransmits the data required to fill the gaps.   

· The Network Layer delivers data to the proper destination within the spacecraft.   This destination may be a higher protocol layer.  A variety of Network Layer protocols may be used, including the CCSDS Space Packet Protocol and the Internet Protocol.  

· There may be layers above the Network Layer (for example, a file transfer protocol).

Data units used by the stack include:

· Packets, which are generated by the Network Layer.

· Frames, which contain packets, and are generated by the Data Link Protocol sublayer.

· Codeblocks, which contain frames, and are generated by the Synchronization and Channel Coding sublayer.

· Communication Link Transmission Units (CLTUs), which contain groups of codeblocks, and are also generated by the Synchronization and Channel Coding sublayer.

For more information, refer to the CCSDS Green Book Overview of Space Link Protocols [reference TBD], especially Section 2.1 and Figure 2-1.
X.2 Rough sketch

This document deals with the Telecommand Data Link Protocol sublayer, which defines a reliable delivery mechanism and the data structures the mechanism requires.  The reliable delivery mechanism is the Communications Operations Procedure (COP-1), and the data structures are the TC Transfer Frame (to hold command data) and the Communication Link Control Word (CLCW) (to hold the required feedback data).  Although the use of COP-1 is specified in this document, the definition of COP-1 is contained in a separate CCSDS recommendation [reference TBD].  There is also an Executive Summary of COP-1 in the corresponding Green Book [reference TBD].  

The TC Transfer Frame can carry a variety of Network Layer data units, including any packet for which CCSDS has defined a Packet Version Number (see reference TBD for a complete list), as well as User-defined data units.

TC Transfer Frames are variable in length, with a maximum length of 1024 bytes (the length is always an integral number of bytes).  If desired, a mission may place a tighter restriction on the maximum length.  If the data unit to be transferred will not fit in a single frame, the TC Transfer Frame provides an optional Segment Header that allows the data unit to be spread across multiple frames.  The TC Transfer Frame also allows multiple data units to be stored in one frame, if desired.

COP-1 delivers command Transfer Frames in sequence, with neither gaps nor duplicates.  The reliable delivery mechanism can be bypassed on a frame-by-frame basis (by setting a flag in the frame header).  Regardless of the delivery mechanism, certain validation checks are performed on incoming frames at the receiving end. 

The use of the TC Space Data Link Protocol requires the use of CCSDS Telecommand Synchronization and Channel Coding [reference TBD].  The required channel coding provides error detection.  The TC Transfer Frame also provides error detection (as an option); many missions choose not to use it.

X.3 Services

The Services defined in the Blue Book are an abstract model that can be used as a baseline for Application Program Interfaces.  They can be quite helpful when an interface crosses organizational boundaries.  In situations where one organization is implementing multiple layers, the interfaces between the layers need not match the Services model.

