White Paper for a high rate uplink protocol and code
Purpose
This white paper will outline why it is important for the CCSDS to consider studying methodologies for increasing the uplink data rates for deep space missions.  This paper will outline a few methods for achieving the increases based on increased coding gains coupled with use of a high gain antenna.  It should be noted up front that these higher rates will be required for normal operations and it is important to maintain the present recommendation for operations where lower rates can suffice and for operations in emergency conditions. 
Rationale 
There are a number of issues that are drivers for the higher rates.  These are:

1. Higher rate downlink mission that are using Acknowledged CFDP will increase the uplink requirements.  It is calculated that 5 Mbps downlink could saturate a 4 kbps uplink with CFDP downlink responses (NAKs, FINISHs, EOF ACKs).

2. The DSN is moving to replace its aging antennas with Downlink Arrays which will support multiple spacecraft telemetry links within the same aperture. An array is efficient for supporting telemetry but its utility for uplink is yet to be proven and will certainly be limited to supporting a single spacecraft leaving the remainder unsupported.  Thus this process will require uplinks to be shared during their telemetry passes which obviously will result in significantly shorter command passes.

3. Today’s spacecraft are storehouses for software which include software for Field Programmable Gate Arrays which are rapidly replacing unique hardware systems.   Changes to flight software occasionally requires uplinks to deliver very large volumes of data.
Uplink Constraints
Space borne transponders (i.e. SDST) have limited performance and have limited bit synchronization capabilities.  It is not possible to lower the operational symbol to noise ratio by the use of low rate codes without significantly improving these transponders. Improving the transponder receiver will be expensive and at this time may be beyond our financial capabilities.

Emergency commanding requires the receiver to lock to the received signal rapidly and requires a lot of time before command words can be decoded.  This capability is provided by the present command recommendation and the use of complex codes would be compatible with this requirement.

The present CCSDS Telecommand (TC) uplink protocol and the Proximity-1 link protocol both utilize variable length frames which are compatible with the present coding methodology but which may be ideal when used with block codes which are typically the most efficient performers.   

Possible Recommendations   

1. Uplink Codes---  The present uplink code will provide a 10-6 bit error rate with a bit signal to noise ratio (SNR) of about 10.5 dB and a symbol SNR of about 6.8 dB.   The two codes that have the best fit are:

a. A rate one half convolution code would lower the required bit SNR to about 5.5 dB but would require two symbol per bit thus reducing the symbol  SNR to 2.5 dB which is a very significant difference from the 7.5 dB available for symbol synchronization  with today’s BCH code.  The convolutional code is a streaming code and is thus compatible with the variable length frame protocol presently used for uplink. There are space qualified chips available so that the development costs should be rather low and the risk small.
b. A code rate 7/8, the Low Density Parity Code (LDPC) could reduce the required bit SNR to about 4.3 dB while still providing about 3.8 dB for symbol synchronization.  But the LDPC codes are block codes and thus add a different wrinkle into the uplink process.  One problem is how to handle LDPC block error, another is the requirement to perform code block synchronization and decoding prior to command frame synchronization.  Lower rate LDPC codes could be used but they would have a significant effect in lowering the signal strength for symbol synchronization.  The LDPC decoder is currently in development and its complexity at this time is unknown.  The code block length effects the performance of the code and the complexity of the decoder.  The larger the code block the better the performance, but the more complex the decoder implementation. 
2. Uplink Protocols ---  Using either the Proximity-1 link or the fixed length AOS link  protocols.   Since both suggested uplink codes can produce burst errors a powerful error detection code is required to validate the correctness of the frame. 
a. The Proximity link protocol utilizes a variable length frame format with the standard and powerful 32 bit CRC.  This format is coupled with the convolutional code for use in proximity environments.  

b. The AOS frame format is fixed in length and uses the standard 16 bit CRC for validation.    
