Proposed Charter
For the Working Group
“Optical Coding and modulation“

within
SPACE LINK SERVICES AREA
1. Acronyms and abbreviations
	BGL
	Background Light

	BPSK
	Binary Phase Shift Keying

	CCSDS
	Consultative Committee for Space Data Systems

	ESA
	European Space Agency

	FEC
	Forward-Error-Correction 

	GND
	Ground

	GS
	Ground Station

	JAXA
	Japan Aerospace Exploration Agency

	JPL
	Jet Propulsion Laboratory

	NASA
	National Aeronautics and Space Administration

	PPM
	Pulse position modulation 

	RF
	Radio Frequency

	SIG
	special interest group

	WDM.
	Wavelength Division Multiplexing

	w.r.t.
	With respect to


2. Rationale

Optical communications can support many future space missions. Relative to RF links, optical links can provide higher data rates with lower mass and power requirements. In addition, they would alleviate the bandwidth constraints of RF links in environments, such as near-Earth, where the RF spectrum is congested. 

Recognizing these advantages, several space agencies, e.g., NASA, ESA, and JAXA, are developing optical links to meet expected future demands on space missions. Several technology demonstrations have been carried out by different agencies in the field of inter-satellite links and satellite-downlinks. One aspect of the optical link design, efficient modulation and coding techniques, is mature and ready for possible standardization to enable cross-support. Cross support is of increasing importance due to renewed interest in human exploration of the Moon and Mars, and the subsequent shared use and integration of communication resources.
In light of these developments, it is important to initiate the standardization process of optical coding and modulation techniques. This will enable future space missions to implement optical communications systems in a manner that allows cross-support.


Discussions were initiated within the SIG “Optical Coding and modulation“. As a result of this SIG, the three most promising scenarios where optical links will find an application and will be deployed were identified.
3. Application profiles (scenarios)
The following 3 promising scenarios were identified:
	#
	Scenario
	Main context (s)
	Cross-support
	Supporting agencies

	1
	Mars downlink
	TM data transmission from a Mars exploration orbiter 
	GS network, sharing resource
	NASA, DLR

	2
	LEO-GEO link (bidirectional)
	GEO used as relay for LEO-GND link
	Terminal interoperability
	JAXA, DLR

	3
	Direct LEO downlink
	Transmission of Earth-observation data to GND
	GS network, sharing resources
	DLR, CNES


General technical requirements for optical space communication systems are:
1. Low transmitter complexity

2. Low receiver complexity (must include implied system requirements, e.g., a LO for coherent detection, or adaptive optics for atmospheric mitigation)

3. High power efficiency (bits/photon and photon per payload electrical power)

4. High bandwidth Efficiency (bits/s/Hz or bits/channel use)

5. Capability of adapting the data rate (metrics for modulations and coding schemes)

6. Capability of multiplexing (e.g. WDM)

7. Robustness to atmospheric or pointing fades

8. Robustness to background light (e.g., photon-counting PPM strongly affected by BGL, BPSK more immune)

These technical requirements shall be used as metrics for the selection of a modulation and a coding scheme. The metrics shall be weighted according to the communication channel (e.g., there is no atmospheric perturbation for the LEO-GEO link).
4. Objectives
1) Characterization of the communication channel (fade, BGL, Doppler shift, …) for each of the three identified scenarios (white paper). 

2) Identification of the best doublets {modulation, coding scheme} for each scenario.

3) Elaboration of a standard (Blue Book) supported by a White Book 
Note: No wavelength, no detection technique will be recommended. However, a given wavelength or a given detection technique (e.g., coherent/non-coherent detection, photon counting) may be assumed to support the choice of a particular modulation and channel coding.
5. Schedule and Deliverables

	Fall 2010 CCSDS Meetings
	Creation of a working group.

Completion of the White Book

	
	


