Background Information
Robotic Lunar Exploration Program/Lunar Reconnaissance Orbiter (LRO)

Ground Communication System Electronics
Overview

The Robotic Lunar Exploration Program (RLEP) is a sequence of missions intended to perform measurements, technology demonstrations and infrastructure deployments to enable a successful human return to the Moon in the 2015-2020 timeframe.  RLEP consists of a sequence of (nominally) annual missions to the Lunar vicinity.  Each mission will build upon the discoveries and emplaced infrastructure provided by previous missions.  The RLEP sequence begins in 2008 with the launch of the Lunar Reconnaissance Orbiter mission.

Lunar Reconnaissance Orbiter (LRO)
The Lunar Reconnaissance Orbiter (LRO) mission will conduct measurement and investigations of the lunar surface and environment.  Primary objectives include high resolution topographic mapping of the surface, characterization of the lunar radiation environment and investigation of potential in-situ resource concentrations.  LRO’s daily data volume is approximately 450 Gb/day.  LRO will maintain a 50 km lunar polar orbit for a period of 1 year following commissioning, with the potential for up to 4 years of extended mission in a low-maintenance orbit.  Possible extended mission scenarios include additional measurement collection and proximity relay cross-support for follow-on RLEP and international missions.
Communications Model
LRO requires communications to support tracking, telemetry and command (TT&C) as well as mission measurement data return.  To accomplish this, LRO intends to employ S-Band for TT&C functions and Ka-Band for high rate measurement data.  Proximity relay is planned to enable mission cross-support at S-Band.  
This RFI addresses the ground station and ground processing electronics and systems necessary to support the LRO mission communication requirements.  The focus of this RFI does not include elements of the LRO communications system space segment.
Initial communication system requirements are listed below:
TT&C
TT&C is envisioned to provide simultaneous tracking, commanding and engineering telemetry downlink at S-band.  Modes include nominal operations, contingency (spacecraft emergency) and high-rate contingency.  High-rate (Ka-band outage) contingency is intended to allow the LRO mission to perform selective science retrieval (at a significantly reduced rate) in the event of failure of the high-rate downlink.

LRO intends to make maximum use of available NASA and commercial networks.  To that end, the project is interested in learning of technologies that could be employed to modify existing infrastructure to support LRO requirements.  
The TT&C system communication capabilities include support of the NASA Space Network (TDRSS), Ground Network (GN) and Deep Space Network (DSN) as well as commercial and other ground based communication and tracking assets.  Tracking capabilities should include support for two-way Doppler and ranging from both ground stations and the Space Network, as well as TDRSS mode PN code based tracking.  Tracking performance must exceed 8mm/sec Doppler (with better than 1mm/sec desired) and provide absolute range measurement to better than 15m.

The TT&C system must support NSA approved command decryption as an integral element of the communication hardware.  TT&C hardware must provide decoding of the uplink convolutional code.  All links may be operated in an unspread (GN) or spread-spectrum (TDRSS-like) mode.  The baseline TT&C link parameters are listed below:

Nominal Operations into high gain antenna:

Uplink: 
100 kbps, BPSK, Category A S-Band, Encrypted, Uncoded



(Actual unencrypted data is 50 kbps)

Downlink: 
100 kbps, QPSK, Category A S-Band, Rate ½ & Reed-Solomon

Nominal Operations into omni antenna:

Uplink: 
16 kbps, BPSK, Category A S-Band, Encrypted, Uncoded



(Actual unencrypted data is 8 kbps)

Downlink: 
16 kbps, QPSK, Category A S-Band, Rate ½ & Reed-Solomon

Contingency Operations:

Uplink: 
2 kbps, BPSK, Category A S-Band, Not Encrypted, Uncoded

Downlink: 
16 kbps, BPSK, Category A S-Band, Rate ½ & Reed-Solomon

High-Rate S-Band (Ka-Band contingency):

Uplink: 
100 kbps, BPSK, Category A S-Band, Encrypted, Uncoded



(Actual unencrypted data is 50 kbps)

Downlink: 
2.5 Mbps, QPSK, Category A S-Band, Rate ½ & Reed-Solomon

High-Rate Downlink

The high rate downlink has been baselined as a system independent from the TT&C communication system.  Its function is to support very high rate science return.  The baseline high-rate downlink parameters are listed below:

Frequency Band: 
25.5-27 GHz, Category A Ka-Band

Modulation: 

QPSK

Data Rate: 

125 Mbps (250 MSps)

Coding: 

Rate ½ & Reed-Solomon

File Protocol:

CCSDS CFDP

CCSDS File Delivery Protocol

The LRO mission envisions using the CCSDS File Delivery Protocol as specified by the Consultative Committee for Space Data Systems.

Additional Reference Documents:

CCSDS CFDP: CCSDS 727.0-B.2

TDRSS/SN Signaling: Space Network Users Guide

http://scp.gsfc.nasa.gov/tdrss/guide.html
NASA Ground Network: Ground Network Users Guide

http://www.wff.nasa.gov/%7Ecode452/pdf/gnusersguide3.pdf
 

NASA/JPL DSN: DSN Telecommunications Link Design Handbook

http://eis.jpl.nasa.gov/deepspace/dsndocs/810-005/
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