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1. Background

The CCSDS has specified the BCH code along with an optional 16-bit CRC, as the method of encoding the uplink for deep space as well as near Earth missions.  The BCH code provides both a single error correction (SEC)/double error detection (DED) mode (typically used on deep space missions) and a triple error detection (TED) mode (used on near Earth missions). Emerging missions have defined a need for higher rate uplinks (rates greater than 4 Kbps). These missions often sight the need to uplink large files (e.g., flight software updates) requiring higher uplink rates but still requiring a robust link. 
Drivers from the Ground System

The DSN is planning on reducing the power on it’s uplink antennas from 20 KW to 4 KW. In addition, the DSN is planning on moving to an arrayed antenna architecture and is already supporting multiple spacecraft per aperture (MSPA). MSPA supports multiple downlinks but only supports one uplink at a time. So from a ground perspective, there is a driver for shorter duration uplinks at higher data rates. 

2. Application Profile

2.1 Uplink Emergency Communication: TC Link Layer protocol
In order to communicate successfully with a spacecraft in safe mode, the uplink data rate is generally reduced for deep space missions to between 7.8125 bps and 125 bps. The latency in processing the uplink both on the ground and on-board the spacecraft is engineered to be reduced to a minimum. For uplink emergency communication, the BCH encoded CCSDS Telecommand (TC) specification is recommended.
2.2 Uplink Nominal Communication: Prox-1 Uplink/AOS Downlink
For all other uplink communication, latency is not so much of a driving issue, but performance that enables higher rates while using less transmit power from the ground is an issue. For uplink nominal communication on the forward link from the ground to the spacecraft, the Proximity-1 Space Link protocol (Data link, Synchonization and Channel Coding, Physical layers) is recommended.  In addition, by using the optional Convolutional Code (Prox-1 Physical layer) an additional 5 dB of performance gain can be achieved over the uncoded Prox-1 link. Proximity-1 currently supports up to a 2048 Kbps data rate. Prox-1 also supports time tagging for time correlation purposes. The reliable go-back-N protocol used on the forward (uplink) link could optionally be COP-1 or COP-P (this option would require the breakout of COP-P as a standalone protocol). This would enable future near Earth missions to continue to utilize the near Earth GDS facilities that support COP-1. If the forward link is run using the Prox-1 sequence controlled QoS, then either a COP-P PLCW (Proximity link control word) or a COP-1 CLCW (command link control word) is supplied to the downlink encapsulated in an AOS frame. Note: if additional performance on the forward link beyond what the convolution code can supply is desirable, an additional 4 dB (for a total of 9 dB over an uncoded link) of performance is achievable by using the rate ½ LDPC code. However, this requires the use of an LDPC decoder on-board the spacecraft. 
