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FOREWORD

This document is a CCSDS Report that contains background and explanatory material to supplement the CCSDS Recommendations for conventional telecommand and telemetry, Advanced Orbiting Systems (AOS), and Proximity Communications Protocol.

Through the process of normal evolution, it is expected that expansion, deletion or modification to this Report may occur. This Report is therefore subject to CCSDS document management and change control procedures.  Current versions of CCSDS documents are maintained at the CCSDS Web site:

http://www.ccsds.org/ccsds/

Questions about the contents or status of this Report should be addressed to the CCSDS Secretariat.

At time of publication, the active Member and Observer Agencies of the CCSDS were:

Member Agencies
–
British National Space Centre (BNSC)/United Kingdom.

–
Canadian Space Agency (CSA)/Canada.

–
Centre National d’Etudes Spatiales (CNES)/France.

–
Deutsches Zentrum für Luft- und Raumfahrt e.V. (DLR)/Germany.

–
European Space Agency (ESA)/Europe.

–
Instituto Nacional de Pesquisas Espaciais (INPE)/Brazil.

–
National Aeronautics and Space Administration (NASA)/USA.

–
National Space Development Agency of Japan (NASDA)/Japan.

–
Russian Space Agency (RSA)/Russian Federation.

Observer Agencies
–
Austrian Space Agency (ASA)/Austria.

–
Central Research Institute of Machine Building (TsNIIMash)/Russian Federation.

–
Centro Tecnico Aeroespacial (CTA)/Brazil.

–
Chinese Academy of Space Technology (CAST)/China.

–
Commonwealth Scientific and Industrial Research Organisation (CSIRO)/Australia.

–
Communications Research Laboratory (CRL)/Japan.

–
Danish Space Research Institute (DSRI)/Denmark.

–
European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT)/Europe.

–
European Telecommunications Satellite Organisation (EUTELSAT)/Europe.

–
Federal Service of Scientific, Technical & Cultural Affairs (FSST&CA)/Belgium.

–
Hellenic National Space Committee (HNSC)/Greece.

–
Indian Space Research Organisation (ISRO)/India.

–
Industry Canada/Communications Research Centre (CRC)/Canada.

–
Institute of Space and Astronautical Science (ISAS)/Japan.

–
Institute of Space Research (IKI)/Russian Federation.

–
KFKI Research Institute for Particle & Nuclear Physics (KFKI)/Hungary.

–
MIKOMTEK:  CSIR (CSIR)/Republic of South Africa.

–
Korea Aerospace Research Institute (KARI)/Korea.

–
Ministry of Communications (MOC)/Israel.

–
National Oceanic & Atmospheric Administration (NOAA)/USA.

–
National Space Program Office (NSPO)/Taipei.

–
Swedish Space Corporation (SSC)/Sweden.

–
United States Geological Survey (USGS)/USA.
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1 INTRODUCTION

1.1 PURPOSE

The purpose of this report is to investigate in a top-down manner the needs in terms of communications of the future missions of CCSDS agencies. These include Earth Exploration,  Science near-Earth and deep space and manned missions. In particular, future space exploration missions (moon, Mars) will be addressed carefully as a high level of interoperability is expected for the exploration programme. 
The purpose of this document is to describe and identify requirements of those mission profiles that are not currently supported by the CCSDS suites of recommendations. In other words, those mission profiles that are deemed to be supported by the existing CCSDS suites of recommendations are not addressed in this document.

Because this document was born in the Space Link Services (SLS) area, it is somewhat biased to the lower layers of the protocol stack. The requirements that are identified so far are those that affect directly the modulation, coding and data link layers. This document should be considered as a starting point and how far up should it go into the protocols layer stack remains to be discussed.
1.2 SCOPE

The original version of this document has been produced by the SLS Area for submission to the CCSDS member agencies. It is expected that this document will undergo a number of revisions to account for the contributions from CCSDS member agencies have been processed.
1.3 RATIONALE

The set of CCSDS books addressing space-Earth and space-space communication protocols for the data link layer, coding layer and physical layer can be found in the 100, 200, 300 and 400 series. These have been successfully used on an impressive number of space missions, mostly for space science, Earth exploration and space operations services. However, it appeared recently to CCSDS agencies that this set of existing standards may not suffice for the missions planned by these agencies for the years to come, the main reasons being:
· Some future missions will use new frequency bands. It is the case for the 26 GHz band, now allocated by ITU to space science and Earth exploration. Earth observation satellites on low Earth orbit will use the band to dump the image data at very high rates (> 1 Gbps) when overflying a receiving station. The same band is foreseen for a totally different usage, namely for the telemetry link at moderate rates from the remote Lagrange 2 point. The band is also earmarked for moon-Earth high rate links. Note that the 23
 GHz band is now considered for the Earth-moon communication links.
· Some future missions require new capabilities. It is for instance the case of missions to the moon that will require high data rate uplinks that cannot be supported with the existing standards. It is also the case for the moon or Mars surface communications which requirements cannot be supported by the existing Proximity-1 standard. Many missions will require protection of their links with security measures (authentication, encryption).
· Some future missions will operate in the same bands as current missions but under different conditions. Manned missions will operate their telemetry in the same 32 GHz band as current missions but with data rates an order of magnitude higher than current automatic missions. Manned missions will require voice and possibly video with constraints on latency.
In order for CCSDS to advance towards new standards suitable to all of these future missions, it is necessary that agencies agree on those communication profiles that will reflect the scenarios of these future missions.
1.4 ORGANIZATION OF THIS document
1.5 REFERENCES

[1]


1.6 glossary of terms
HRD

High Rate Downlink

HRU

High Rate Uplink

MRD

Medium Rate Downlink

MRU

Medium Rate Uplink

PROX

Proximity communication
SRS

Space Research Service

VHRD

Very high rate downlink
2 communication PROFILES

At the moment, three categories of mission profiles, not fully satisfied with current standards, have been identified. These are:
· Moon missions

· Deep space and quasi-deep space missions

· Near Earth missions

Each of these mission profiles include one or several communication profiles

2.1 Moon Missions

Typical moon communication profiles are described in figure 1. These are:

· Earth-Relay Satellite HRU

· Relay Satellite – Earth HRD
· Earth - Moon HRU
· Moon - Earth HRD
· Earth – Orbiter MRU
· Orbiter – Earth MRD
· Earth – Orbiter HRU
· Orbiter – Earth HRD
· PROX
[image: image1.emf]
Figure 1 Moon Communication Profiles
The key characteristics of each of these profiles are described below.

2.1.1 Earth-Relay Satellite HRU
	Earth-Relay Satellite HRU

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	(22.55 – 23.15) *
	

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security 
	
	
	

	Data Link Protocol
	
	
	AOS ?

	Voice
	
	Y
	

	Video
	
	Y
	

	Network Protocol
	
	
	


* allocation to SRS for part of all of the band to be decided at WRC-11
2.1.2 Relay Satellite Earth HRD

	Relay Satellite Earth HRD

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	25.5 – 27.0 **
	

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security
	
	
	

	Data Link Protocol
	
	
	AOS ?

	Voice
	
	Y
	

	Video
	
	Y
	

	Network Protocol
	
	
	


** The 25.5 – 27 GHz band may be used by manned and unmanned missions. The protection level provided in the band is that for unmanned missions. Manned missions requiring a manned-rated level of protection shall have to take this constraint into account in the design of their system.
2.1.3 Earth - Moon HRU

	Earth - Moon HRU

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	(22.55 – 23.15) *
	

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security 
	
	
	

	Data Link Protocol
	
	
	AOS ?

	Voice
	
	Y
	

	Video
	
	Y
	

	Network Protocol
	
	
	


* allocation to SRS for part of all of the band to be decided at WRC-11
2.1.4 Moon - Earth HRD

	Moon - Earth HRD

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	25.5 – 27.0 
	

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security
	
	
	

	Data Link Protocol
	
	
	AOS ?

	Voice
	
	Y
	

	Video
	
	Y
	

	Network Protocol
	
	
	


2.1.5 earth – orbiter mru

	Earth – Orbiter MRU

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	2.025 – 2.11 GHz

7.19 – 7.235 GHz
	

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security
	
	
	

	Data Link Protocol
	
	
	AOS ?

	Voice
	
	Y
	

	Video
	
	N
	

	Network Protocol
	
	
	


2.1.6 orbiter – earth mrd

	Orbiter – Earth MRD

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	2.2 – 2.29 GHz

8.45 – 8.5 GHz
	

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security
	
	
	

	Data Link Protocol
	
	
	AOS ?

	Voice
	
	Y
	

	Video
	
	N
	

	Network Protocol
	
	
	


2.1.7 Earth – Orbiter HRU

	Earth – Orbiter HRU

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	22.55 – 23.15
	

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security
	
	
	

	Data Link Protocol
	
	
	AOS ?

	Voice
	
	Y
	

	Video
	
	Y
	

	Network Protocol
	
	
	


* allocation to SRS for part of all of the band to be decided at WRC-11
2.1.8 Orbiter – Earth HRD

	Orbiter – Earth HRD

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	25.5 – 27.0
	

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security
	
	
	

	Data Link Protocol
	
	
	AOS ?

	Voice
	
	Y
	

	Video
	
	Y
	

	Network Protocol
	
	
	


2.1.9 PROX

PROX includes all communication profiles in the vicinity of the moon. These include communications in both directions between relay satellite and the moon surface (fixed outpost, rover, probe, …), between relay satellite and a lander (during landing or return phases) and surface communications. Once the needs are better identified, PROX may have to be split into several sub-profiles if it happens that not a single technology is capable to cover all needs. It is expected that most if not all of these communication links will also have to provide positioning (ranging) capabilities.
	PROX

	
	
	Requirement
	Standard

	Frequency Band
	
	tbd
	

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security
	
	
	

	Data Link Protocol
	
	
	Prox-1 ? 

Prox-2 (tbd)?

	Voice
	
	Y/N
	

	Video
	
	Y/N
	

	Network Protocol
	
	
	


2.2 deep space and quasi-deep space missions
Typical long-range communication profiles are described in figure 2. These are:

· Deep space - Earth HRD
· Mars – Earth HRD
· Lagrange points - Earth HRD
[image: image2.emf]
Figure 2: Deep Space and Quasi-deep Space Communication Profiles
2.2.1 Deep space - Earth HRD

	Deep space - Earth HRD

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	31.8 – 32.3
	401-B

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security
	
	
	

	Data Link Protocol
	
	
	131-0.B, 132-0.B, 133-0.B
231-0.B, 232-0.B

	Voice
	
	N
	

	Video
	
	N
	

	Network Protocol
	
	
	


For this profile, the physical layer (modulation) is supported by CCSDS.
2.2.2 Mars – Earth HRD

Under this profile are considered those missions to Mars that will operate telemetry links at very high data rate. These missions will be the manned missions to Mars but also probably some precursor automatic missions. The frequency band considered is currently the 31.8 – 32.3 GHz deep space band. 
The 37-38 GHz band may be used for space-Earth space research missions, near-Earth or deep space. No profile is presented in this document because up to now no CCSDS agency is considering to use it.

	Mars - Earth HRD

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	31.8 – 32.3
	401-B

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security
	
	
	

	Data Link Protocol
	
	
	131-0.B, 132-0.B, 133-0.B

	Voice
	
	N
	

	Video
	
	N
	

	Network Protocol
	
	
	


For this profile, the physical layer (modulation) is supported by CCSDS.
2.2.3 Lagrange points - Earth HRD
As a minimum, this profile addresses the L2 Lagrange point.[If other Lagrange points should also be considered, this should be spelled-out.]
	Lagrange points - Earth HRD

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	25.5 – 27.0
	401-B

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security
	
	
	

	Data Link Protocol
	
	
	131-0.B, 132-0.B, 133-0.B

	Voice
	
	N
	

	Video
	
	N
	

	Network Protocol
	
	
	


For this profile, a CCSDS standard recommendation for the physical layer (modulation) is in preparation (white book).


2.3 near earth missions

This mission profile addresses Earth exploration missions operating in general in low-Earth orbit. Uplinks are expected to keep being operated in the 2 GHz band but rates are expected to increase (beyond the current few kbps) whereas downlinks can be accommodated either in the 8 GHz band, for moderate to high payload telemetry data rates, or in the 26 GHz band for the future very high data rate payload telemetry. Hence three communication profiles can be identified, as described in figure 3.
· Earth – Spacecraft HRU

· Spacecraft – Earth HRD

· Spacecraft – Earth VHRD
High rate downlinks (HRD) range typically from a few 10s Mbps to 600 Mbps whereas very high rate downlink can go as high as 2 Gbps.

Note: Mission profiles for SRS near Earth missions operating with HRU and possibly HRD are no addressed in this document. They will be added if the need is identified, i.e. if at least one CCSDS agency is planning for such mission.
[image: image3.emf]
Figure 3: Near-Earth Communication Profiles
2.3.1 Earth – Spacecraft HRU

	Earth – Spacecraft HRU

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	2.025 – 2.11
	401-B

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	
	

	Data Rate
	Mbps
	
	

	Security
	
	
	

	Data Link Protocol
	
	
	

	Voice
	
	N
	

	Video
	
	N
	

	Network Protocol
	
	
	


2.3.2 (Earth  Observation) Spacecraft – Earth HRD

	Spacecraft – Earth HRD

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	8.025 – 8.4
	401-B

	Transmit EIRP
	dBW
	10 - 33
	

	Receive G/T
	dB/K
	32.5
	

	Data Rate
	Mbps
	10 < x < 1000
	

	Security
	
	
	

	Data Link Protocol
	
	
	

	Voice
	
	N
	

	Video
	
	N
	

	Network Protocol
	
	
	

	Compensation of link budget variability over a satellite pass
	
	Required to maximize data downloads. Up to 10dB dynamic range required in link budget (due to path loss)

Data rate granularity to cover 1 dB step in link budget Es/No variations.
	

	Modulations
	
	QPSK, 8PSK and 16 APSK

Required to get to the max data rate of 1 Gbps and cover the required link budget dynamic range
	401-B to be updated

	Data rate adaptation
	
	Seamless with respect to ground equipment operations
	

	Link availability
	
	99 – 99.9%
	


The 8025-8400 MHz band is reserved to Earth exploration services. Space research services operating in the near-earth region must use the 8450-8500 MHz range. No profile is presented for such mission in this document because it is assumed that the needs of these missions are properly covered with the existing CCSDS standards.
2.3.3 Spacecraft – Earth VHRD
	Spacecraft – Earth VHRD

	
	
	Requirement
	Standard

	Frequency Band
	GHz
	25.5 - 27
	401-B

	Transmit EIRP
	dBW
	
	

	Receive G/T
	dB/K
	> 40 dBK
	

	Data Rate (*) over 600 MHz bandwidth
	Gbps
	0.5 < x < 2
	

	Security
	
	
	

	Data Link Protocol
	
	
	

	Voice
	
	N
	

	Video
	
	N
	

	Network Protocol
	
	
	

	Compensation of link budget variability over a satellite pass
	
	Required to maximize data downloads. 

Up to 17dB dynamic range required in link budget (due to path loss, antenna pattern and atmospheric effects)

Data rate granularity to cover 1 dB step in link budget Es/No variations.
	

	Modulations
	
	QPSK, 8PSK and 16 APSK

Required to get to the max data rate of 1 Gbps and cover the required link budget dynamic range
	401-B to be updated

	Data rate adaptation
	
	Seamless with respect to ground equipment operations
	

	Link availability
	
	99 – 99.5%
	







































































� The Space Research Service allocation for an uplink around 23 GHz is in the agenda of WRC-11. Up until then, uncertainty remains as to whether an allocation will be granted to SRS for all or part of the 22.55 – 23.15 GHz.


� PROX communications should in principle make use of frequency bands allocated to the space research service. However, other bands may be used provided that the power levels are low enough to avoid any  interference with terrestrial services. The risk exists with moon missions. Under these conditions, commercial standards may be used in the vicinity of the moon. It is worth noting that the band used currently by the CCSDS Prox-1 standard is not a SRS band. Prox-1 is used so far only in the vicinity of Mars.
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