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X  Executive summary

X.1 Context (the Telemetry protocol stack)

The AOS Space Data Link Protocol is part of the CCSDS Telemetry protocol stack (a group of cooperating protocol layers that are stacked one on top of another).  The stack provides delivery of telemetry data from 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 (the spacecraft) to the receiver (this is typically a Ground Station).  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 delivers error-free Network Layer data units.  It does not ensure that all Network Layer data units are delivered (it does not request retransmissions as in the Telecommand stack).  The Data Link Layer consists of two sublayers:

· The Synchronization and Channel Coding sublayer can ensure that only error-free data is accepted (by detecting data errors and either correcting them or discarding the data), or it can be set up to simply “frame” the incoming data and pass all frames through.  

· The Data Link Protocol sublayer delivers error-free Network Layer data units.  If the Synchronization and Channel Coding sublayer is not set up to screen incoming data for errors, then the Data Link Protocol sublayer will do so.  The receiver detects gaps (due to discarded data) and works around them, extracting as many complete Network Layer data units as possible.  CCSDS defines two versions of this sublayer for telemetry -- the older version is called TM, and the newer version is called AOS.  Newer missions typically use the AOS version.

· The Network Layer identifies a particular data source within the spacecraft.   This source 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.

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 AOS Data Link Protocol sublayer, which uses one data structure (the AOS Transfer Frame) to carry a wide variety of Network Layer data units (often called packets), 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.  The sender puts the packets into frames, and the receiver extracts the packets from the frames.  Optionally, additional data can be carried, such as small amounts of real-time data (e.g. the feedback data required by telecommanding's reliable delivery mechanism). 

The AOS Data Link Protocol sublayer does not gurantee that all frames will be delivered.  For engineering data (e.g. what is the current temperature at spot A on the spacecraft?) it is typically acceptable to drop a frame occasionally.  For reliable delivery of datasets (e.g. science data files), consider using the CCSDS File Delivery Protocol (CFDP) [reference TBD].  CFDP does not replace the Data Link Protocol sublayer, but runs above it.

X.3 Physical and Virtual Channels

A Physical Channel is a single stream of bits transferred over a space link in a single direction.  If a spacecraft antenna transmits a single stream of bits, that stream is a Physical Channel.  For some Physical Layer configurations, a single antenna will transmit two independent streams of bits simultaneously; each of those streams is a separate Physical Channel.

The AOS Data Link Protocol sublayer provides a multiplexing scheme that allows each Physical Channel to carry multiple Virtual Channels (up to 64).  A common use of Virtual Channels is to provide separate channels for each instrument on a spacecraft.  The Virtual Channel concept also allows a Physical Channel to carry multiple types of Network Layer data units.  For example, one Virtual Channel may carry CCSDS Space Packets and another Virtual Channel may carry Internet packets.  

X.4 Fixed frame length 

Users of the AOS Space Data Link Protocol are required to use the TM Synchronization and Channel Coding (reference TBD).  The Channel Coding scheme determines the (fixed) codeblock length.  Each codeblock contains exactly one frame.  Therefore, the frame length is fixed and is determined by the coding scheme.  More precisely, the frame length is fixed for each Physical Channel (because different Physical Channels can use different coding schemes, they can have different frame lengths).

X.5 Packets split between Frames

It is typical for some packets to be split between frames.  This happens because telemetry frames are fixed-length, while telemetry packets are typically variable-length.  For example, a typical frame contains the tail end of a packet, followed by one or more complete packets, and the front end of another packet.  Packet-splitting is not required by the protocol, but most missions do it because it uses bandwidth more efficiently.

X.6 Idle data

In a typical telemetry Physical Channel, fixed-length frames are transmitted periodically (e.g. to maintain a one megabit per second downlink).  There may be times when the sender has to release a frame, but there is not enough "real" data to fill the frame.  If this happens, the sender will use Idle Data to fill the remaining space within the frame.  If the sender has some "real" data, then the frame will contain both "real" data and Idle Data.  If the sender has no "real" data, then the frame will contain only Idle Data -- this frame is called an Idle Frame.  CCSDS reserves one Virtual Channel for carrying only Idle Frames, and recommends sending all Idle Frames on this Virtual Channel.  The reserved Virtual Channel number is specified in reference TBD.

X.7 Data structure -- AOS Transfer Frame

The AOS Space Data Link protocol defines and uses the AOS Transfer Frame.  All AOS Transfer Frames contain a frame header and frame data.  The frame header contains such things as identifiers for "which spacecraft is this data from?", "which Virtual Channel?", and "is this real-time data or playback data?".  The frame data contains the Network Layer data unit(s), and, in some cases, an additional header.  There are also optional fields for carrying small amounts of real-time data (called Insert Zone and Operational Control Field), and to support detection of data errors.

X.8 Network Layer data units

The AOS Data Link Protocol can carry several "classes" of data units.  Each class uses a different format for the Frame Data field of the AOS Transfer Frame.

The first class contains packets for which CCSDS has defined a Packet Version Number.  The receiver is able to extract individual packets when this class is used.  The Frame Data field includes a header that helps the receiver to determine packet boundaries.  This class is called Multiplexing Protocol Data Units.

The second and third classes both contain User-defined data, and both leave the User responsible for determining packet boundaries.  The second class is called Bitstream Protocol Data Units; its Frame Data field includes a small header which allows the receiver to identify (and discard) Idle Data.  The third class is called Virtual Channel Access Service Data Units; its Frame Data field includes only User-defined data, so the User is responsible for identifying any Idle Data.

X.9 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.

