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 Minutes of the Meeting

1. Action item list
1.1 NGU WG formulated a response to the RFM WG by asking RFM to consider the updates proposed by NGU to section 2.2.8 of CCSDS 401.0-B-20. This concerned the acceptance of the 2.048 kbps telecom rate, the reformulation of how the telecommand rates should be specified, and any tolerance associated with those data rates. Action due: Oct. 29, 2010 – on RFM WG Note: Completed.
1.2 CNES (Guy Lesthievent) will run a Monte-Carlo simulation of 100 Million TC frames with an operating point of 10**-8 FER to ensure that the undetected error rate and the number of CRC-16 corrections are in line with the operational results that CNES reported at this meeting using the CC(7,1/2) in TED mode with the CRC.

Action due: March 1, 2011 by CNES.

2. Topics Covered 

2.1 Proposed Changes to Current CCSDS Uplink Rates in Section 2.2.8 
Continuing from the Spring 2010 CCSDS meeting held in Portsmouth, the SLS-NGU WG came to consensus on the following issues regarding paragraph 2.2.8 of CCSDS 401-B-20:
1. Add 2048 Kbps rate to the existing table of data rates in Sec 2.2.8
2. Missions are to attempt to achieve those telecommand rates within a frequency selection of plus or minus 0.1% of those rates.
3. The frequency stability that missions are to maintain during the pass for these rates is on the order of 50 to 60 parts per million.
4. There is no agency need at this time for any intermediate data rates beyond the rates already defined in 2.2.8
These considerations were passed on to the RFM WG during the joint RFM, C&S, NGU, SLP meeting held on Thursday Oct. 28, 2010. The RFM WG along with key members of the NGU met during the RFM WG meeting and created an acceptable resolution to this action item. The result is seen in Annex 4 - item 2.
2.2 Potential Future Work Projects for NGU

Ed Greenberg NASA/JPL led this discussion on how NGU should consider projects affecting the uplink which have interfaces to several CCSDS areas. The points that Ed made are below:
A. If we want to get better uplink coding gain the onboard transponder needs to be upgraded to accomplish the following:

 1.  The receiver must provide soft symbols to the code decoder 

 2.  The receiver design should require less power in the carrier to allow more power in the data.

 3.  The receiver should provide a mechanism to perform time correlation in the ranging system  

4.  The transceiver should be capable of providing ranging in the TLM channel when the ranging rate is lower than the data rate

    *   This will affect the TLM rate because of interference but we should determine its acceptability

B.  The requirement for short command with low receiver latency for emergency commanding in tumbling events has significantly decreased.

 *   Near earth missions have lots of power to support high rates even to omni antennas

 *   deep space missions require safe modes for responding to anomalies with reduced but constant communication connections
C.  Better codes like the 1024 rate 1/2 LDPC code can provide 8 db performance improvement.

 *   This can be accomplished using a TC lite protocol eliminating the BCH code or using AOS with frames locked to codeblocks.

D. Regenerative Ranging could be used for time correlation.
E. Use of small TC frames (containing small commands) cannot be totally dropped as a requirement, however novel command strategies e.g., use of more advanced codes on the uplink and symbol capture with later on-board playback might allow higher rate uplinks with faster acquisition times. 
2.3 Joint MHDC/NGU WG discussion on use of lossless compression on the uplink
Before the joint meeting, the following communiqué was emailed to both WGs with the goal of determining if lossless compression on the uplink should or should not be standardized by CCSDS. A copy of that communiqué is found in Annex 4 – item 3.
The discussion at this meeting centered around the primary question -  is it likely that the use of data compression on the uplink can provide a big enough payoff to be worthy of inclusion as a CCSDS standard?
In order to attempt to answer this question Gilles Moury and Carole Thiebaut of CNES assembled compression results using the Lempel-Ziv compression algorithm using CNES work plans (plans uplinked to CNES spacecraft such as sequences). It is believed this type of data is representative of the majority of traffic on the Telecommand (TC) link with approximately 95% of the uplink traffic.

The use of data compression on the CNES data yielded the following compression ratio results:
	Algorithm
	20,531 Bytes
	15,691 Bytes
	13,325 Bytes

	gzip
	1.4
	1.369
	1.281

	bzip2
	1.4
	1.35
	1.247


Note: CCSDS/Rice Lossless compression algorithm in general resulted in approx 1.0 i.e., no compression.

Generally, as expected, the compression ratio increases as the file size of the uploaded work plan increases. 

Aaron Kiely made the observation that a slight performance improvement (1.4 to 1.5) might be made if one would start with a preloaded generic dictionary using the Lempel-Ziv compression algorithms. 

40% compression of an uplink work file could clearly be a bandwidth savings to missions. The expectation however by the NGU WG, was for uplink compression to be of more universal use, and for that to be the case the compression ratio would need to be closer to 2:1. As a result, the NGU WG came to consensus that compression on the uplink is a suboptimal workaround solution. Indeed it appears that other solutions such as the use of advanced channel codes and/or increasing the transmit power provide much more gain than compression. In addition, there are no cross-support scenarios for uplink compression that are envisioned at this time. 
2.4 CNES operational results of using the CCSDS CC(7,1/2) code on the Telecommand Link
Both Gilles Moury and Guy Lesthievent of CNES talked to the operational results of using the CC(7,1/2) code on the uplink of the CNES Myraid satellites. CNES uses the CCSDS Convolutional K=7, R=1/2 code on their Myraid spacecraft because the use of the Convolutional code on the uplink has enabled these missions to use a much smaller ground receive antenna (4m). The question was posed to the NGU WG, whether it makes sense for CCSDS to consider standardizing this usage of the Convolutional Code for the Telecommand Standard, namely using the C(7,1/2) along with the BCH in Triple Error Detection (TED) mode. Both NASA and CNES found this to be a useful proposal, so they took the action to develop a joint white paper on this topic. The CNES contribution focused on the operational results. These results are seen in Annex 4- attachment X.
The major results provided by CNES are:
a. 5 dB performance gain over BCH code was obtained by CNES
b. The overall bandwidth was neutral – no gain nor loss compared to the standard CCSDS TC

c. Out of approx. 10 Million frames uplinked since 2004, 478 frames were detected in error by the CRC-16. These errors were caused by the error bursts out of the Viterbi decoder. This showed the importance of using the CRC-16 while using the CC(7,1/2) along with the BCH in TED mode.

Since this data was all operational, and in order to confirm that the undetected error rate is indeed on the order of 10 ** -12, CNES (Guy Lesthievent) will run a Monte-Carlo simulation of 100 Million TC frames with an operating point of 10**-8 FER to ensure that the undetected error rate and the number of CRC-16 corrections are in line with the operational results from CNES.
A copy of Guy Lesthievent’s report is found on the NGU 2010 Fall Meeting CWE subdirectory under:

http://cwe.ccsds.org/sls/docs/Forms/AllItems.aspx?RootFolder=%2fsls%2fdocs%2fSLS-NGU%2fMeeting%20Materials%2f2010%2fFall%202010&FolderCTID=&View={16ACDA38-FFA3-4657-8F27-B166C23C24A2}
3. NGU Projects in the CCSDS Framework
The current project defined for SLS-SLP is the Next Generation Uplink Application Profiles which is planned to be a CCSDS Green book. 
Note that for the most part, NGU has been functioning in CCSDS as requirements generation group to other SLS area WGs. It generates requirements specifically targeted to existing WGs within SLS so that they can develop solutions documented in either existing or future blue, magenta or green books. 

See the projects tab on the CCSDS website in the CWE for more details on the project schedules and status. http://cwe.ccsds.org/fm/Lists/Projects/AllItems.aspx
4. Resolutions

There were no resolutions passed at this meeting by the NGU WG. 
5. Planning

The next NGU WG meeting is planned for the week of May 16-20, 2011 in Berlin, Germany at the Deutsches Institut fuer Normung (DIN).
Annex 1 - Action Item Tracking List (Table form of Item 1 – executive summary)
	AI #
	AI description
	Actionee
	Due date

	AI_01-01
	Reference Scenario for Deep Space Emergency Uplink case
	CNES, NASA, DLR, British Space Agency, ESA ,RFSA
	Sept. 15, 2010


	AI_01-02
	CNES and NASA to develop a joint white paper on adding the CC(7,1/2) code to TC standard.
	G. Kazz/E. Greenberg – NASA & G.Moury/G. Lesthivient
	Completed

	AI_01-03
	CNES (Guy Lesthievent) will run a Monte-Carlo simulation of 100 Million TC frames with an operating point of 10**-8 FER to ensure that the undetected error rate and the number of CRC-16 corrections are in line with the operational results that CNES reported at this meeting using the CC(7,1/2) in TED mode with the CRC.


	G. Lesthivient
	March 1, 2011
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Annex 3 - List of Presentations 
1. Concatenating the convolutional (7,1/2) code with the BCH in TED mode with CRC for improved TC link in the CNES Myriad satellites family, SLS-NGU_10-CNES01 by Guy Lesthievent, Emmanuel Robert , Jean-Louis Carayon, Florence Duchevet, Henri Darnes (CNES)
.      
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CCSDS

SLS NGU WG

London, UK 2010 Fall Meeting
1. NGU WG Agenda
Topic 1: Review of Agenda

Topic 2: NGU Proposed revision of recommendation CCSDS (401-B-20) 2.2.8 on TC bit rate

Topic 3: Direction of NGU WG 

· Joint NASA/CNES Near term and Longer term solutions to replacement of CCSDS TC Standard

· Ed Greenberg’s points of where commonality exists

12:30 – 13:30 

Lunch

13:30 – 15:30

Topic 4: Joint Compression WG & NGU WG discussion on use of lossless compression on the uplink

· Driven by NGU: Discussion on requirements, Figures of Merit, applicable uplink data types and their characteristics, structure of the data 

· Goal is to come up with a plan of how to recommend and evaluate lossless compression techniques for future agency missions uplink needs

Topic 5: Review of joint CNES/NASA White paper on Uplink Coding

· CNES Myraid Satellite Performance using CCSDS CC(7, ½) on Uplink

· NASA/JPL paper on code selection for uplink

15:30 – 17:00

Topic 5: Action Item Review and Next Steps

2. RFM formulated response on section 2.2.8 CCSDS 401.0-B-20 Oct 29, 2010
 "
2.2.8
SUPPRESSED CARRIER TELECOMMAND SYSTEMS
12-03
2.2.8-1 " 2.2.8
SUPPRESSED CARRIER TELECOMMAND SYSTEMS

The CCSDS,
Considering
(a)
that missions in the near future may require higher rate telecommanding capabilities, up to 2.048 Mbps;

(b)
that it is important to limit the occupied bandwidth at high telecommand rates to reduce out-of-band interference;

(c)
that BPSK modulated directly on the carrier requires less bandwidth than PCM/PM/bi-phase-L and subcarrier modulation techniques;

(d)
that some currently used two-way ranging systems are not compatible with suppressed carrier modulations; 

(e)
that the carrier can be recovered from BPSK signals for Doppler measurements using suppressed carrier tracking techniques such as the Costas loop;

(f)
that some missions do not require ranging nor do they require a distinct carrier component for Doppler measurement;

noting


that there are residual carrier CCSDS recommendations for simultaneous telecommand and ranging;

recommends
(1)
that when a residual carrier system does not satisfy the mission requirements, CCSDS agencies use BPSK modulation for telecommand data transmissions up to 2.048 Mbps;

(2)
that the telecommand bit rates for BPSK modulation be selected in the range 
R = 1000*2n bps where n = 0,…,11.

3. Joint MHDC/NGU communiqué on does Lossless Data Compression on the Uplink make sense for CCSDS to Standardize
The Next Generation Uplink (SLS-NGU) WG is chartered by CCSDS to develop updates to existing standards and/or to develop new standards to enable CCSDS member agencies to increase data volume and throughput on the uplink. Much of the NGU WG work to date has been focused upon gathering requirements for this work and providing these requirements to existing WGs in CCSDS so that they can come up with solutions to the problem. 

NGU WG would like to engage the participants of the MHDC WG (not because this is a MHDC problem but rather for the WG’s expertise on compression) in the discussion on the use of data compression as a technique towards conserving bandwidth on the uplink. The first order question that NGU has is: Is it likely that the use of data compression on the uplink can provide a big enough payoff to be worthy of inclusion as a CCSDS NGU standard?

The first step towards answering this question would be for the NGU WG to assemble a diverse set of representative upload data sets covering the type of traffic on Telecommand  (TC) link anticipated to compress well. Candidate application data for compression on the uplink may be:  work plans, software uploads, FPGA configuration uploads, parameter tables uploads (e.g. star catalogues). Thereafter have participants from MHDC WG run performance tests with candidate compression algorithms, recommended by the participants of MHDC WG to determine their feasibility. This initial step is necessary to decide on agency interest for such a TC compression CCSDS standard.

 

Discussion with MHDC WG before the next meeting in London would also be beneficial to assess their capability to support this first step, and to gather their technical opinion on the opportunity/feasibility of such standardization.

Some of the questions that NGU would like participants of MHDC to consider are: 

 (1) How much improvement might we get from different variations of compression algorithms on the data types that are worth studying ?

 (2) What’s the overall Success Criteria ? -  if a single algorithm can (with reasonable decoding complexity) provide significant and consistent performances (2:1 compression ratio on average at least) for a wide range of uploads types (work plans, software uploads, FPGA configuration uploads, parameter tables uploads (e.g. star catalogues),then a NGU compression standard could be warranted.

(3) What are the candidate compression algorithms and what are the metrics to evaluate them ?

4. Use of Advanced Coding for the Next Generation Uplink

See CNES paper on operational use of CCSDS CC(7,1/2) in TED mode with CRC-16 on Myraid satellites – URL

http://cwe.ccsds.org/sls/docs/Forms/AllItems.aspx?RootFolder=%2fsls%2fdocs%2fSLS-NGU%2fMeeting%20Materials%2f2010%2fFall%202010&FolderCTID=&View={16ACDA38-FFA3-4657-8F27-B166C23C24A2}
See NASA paper, “Uplink Coding for New TC Standard” on the use of Advanced Coding beyond BCH code on the CCSDS Telecommand Link. Note that this paper was provided but do to time constraints during the meeting, this paper was not given. However, this paper can be reviewed at this URL:
http://cwe.ccsds.org/sls/docs/Forms/AllItems.aspx?RootFolder=%2fsls%2fdocs%2fSLS-NGU%2fMeeting%20Materials%2f2010%2fFall%202010&FolderCTID=&View={16ACDA38-FFA3-4657-8F27-B166C23C24A2}
5.  NGU WG Chairman’s report to SLS area director – given Oct 29, 2010
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Resolutions :

= None at this time.
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Planning :

* Asa followup to the operational results presented by CNES on use
CC(7,1/2) code on the Myriad small sats, CNES will perform a Monte Carlo
simulationof 100 M TC frames at a FER of 10**-8 to verify their operational
results. Due: Feb 1, 2011

*  Furtherrefine the long term replacement criteria for the TC standard

*  GB completion May 2011 (as per plan)
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Problems and Issues:

¢ None
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«  Discussion of “Points of Commonality between related WG topics”
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Regenerative Ranging could be used for time correlation — however this topic
does not appearin 401.4-1-B-1.

Use of small TC frames (containing small commands) cannot be totally
dropped as arequirement , however novel command strategies e.g., use of’
more advanced codes on the uplink and symbol capture with later on-board
playback might allow higher rate uplinks with faster acquisition times.

These topics may be worth further investigation.
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¢ Short-term and Long-term goals of replacing TC standard

10/25/2010

Short Term

Use the existing TC Standard on top of channel codes that are defined
within the Physical layer which have not yet been formally standardized
for TC by CCSDS. This provides a pragmatic solution to space
agencies who need to use the existing TC decoder hardware but at the
same time would benefit from the improved performance of advanced
coding techniques.

Towards this end, CNES provided operational performance data on the
use of the CC(7,1/2) using the BCH in TED mode with a CRC-16. A
sample size of 10M TC frames resulted in a 5 dB gain over standard
NRZ/PSK/PM.

Long Term

Identify the criteriain a new TC protocol stack development. Some
topicsare: CLTU synchronization, TC frame validation, acquisition
time, performance metrics such as undetected, detected FER and coding
gain, removal of the BCH code and how to terminate the CLTU
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¢ NGUconsensus on2.2.8in C

CSDS 401.0-B-20 was:

1) Add 2048 Kbps rate to the existing table of data rates

2) Missions are to attempt to achieve those telecommand rates within a frequency selection
plus or minus 0.1% of those rates

3)Frequency stability that missions are to maintain during the pass for these rates is 60 ppm
4) There is no need for any intermediate data rates

5)NGU consensus to be passed to RFM for consideration

«  MHDC/NGU meeting— Lossless compression for standardization on Uplink?

10/25/2010

CNES (Moury) provided Lempel Ziv compression results on CNES work
plan files — at best only a 40% compression was achieved -is this enough of a
benefit ?

Better solutions are use of providing more power or using FEC codes to
increase the data rate

No cross-support for missions could be identified

Missions are encouraged to seek out the expertise of the CCSDS
compression experts for their specific mission compression needs.

Conclusion— Compression is a sub-optimal solution for the uplink and will
1not be pursued
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Goal:

*  Obtain Consensus on proposed revision of recommendation CCSDS
(401-B-20) 2.2.8 on TC bit rate

* Determine if lossless compression on the uplink requires
standardization

¢ Discuss the short term (pragmatic) and longer term (strategic)
methods for enhancing and later replacing the Telecommand
Standard

¢ Discuss Points of Commonality between several related WGs

WG Status: Active X Idle
WG Summary Situation: Good progress.

CAUTION | PROBLEM
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�See CCSDS Recommendations 401 (2.2.2) B-1 to 401 (2.2.7) B-1.
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