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Attachment 1

This sounds like development work that Warner Miller was doing in Code 566 before he died.  We were working with him and Joe Deskevitch to put a plan together to test proposed design configurations at the RF-SOC, using TDRS at Ku- and Ka-Band.  I wonder if these new CCSDS standards are related to that work and if they have been actually tested anywhere? (through TDRS and the White Sands complex?; or the Ground Networks test bed at Wallops)?  Are they being proposed with testing to follow?  Are we putting the cart before the horse?

Before the proposed standards are evaluated, I would ask the following additional questions:

1. Have the Users (Flight Projects and planned future customers) participated in the formulation and review of these proposed Standards?  (If an "Agency position is being formulated have they (the Users) signed up to the proposed new standards and the Agency position, or is this being proposed "by others," with the Users finding out about it after the fact?  If the latter is so, we may be repeating the mistakes made when the original TDRSS was "imposed" on the User community)

2. Does current technology support easily available Ground Systems implementation at affordable cost (especially as it applies to the Ground Networks implementation)?

3. Are there "mission unique" schemes possible which impose systems costs and testing costs not planned nor budgeted for?

4. What are the constraints and limitations on signal and data acquisition strategies imposed by these new modulation schemes on GN Users?  On SN Users?

5. Do these proposals fit within the current TDRS System constraints and performance specifications (for both Flight and Ground segments)?

6. Does current technology support easily available implementation in Flight Systems hardware?  What will it cost a User to fly the technology

7. Does any of this require a Change Order (change of scope) to the CSOC Contract?

8. What is the time frame for the effective implementation of the proposed standards?

Attachment 2

CCSDS Efforts and Status Relating to the Development of Recommendations for Bandwidth Efficient Modulation Techniques

With Particular Attention to Recommendations Applicable to Future NASA Ka-band Missions

1. Initial Discussion / Background of CCSDS Activities:

The need for efficient RF modulation as a means of reducing future interference problems in satellite links is widely recognized and is reinforced by the increasing numbers and data rates of science missions. To address this situation, NASA has been working together with international space agencies through the Space Frequency Coordination Group to develop policies and practices promoting the efficient use of spectrum resources.  A set of spectral emissions masks, applicable to S-Band and X-Band space-to-Earth transmissions, have been developed to protect satellite downlinks from interference from users in adjacent frequency bands. These masks are detailed in SFCG Recommendation 17-2R1 Efficient Spectrum Utilisation For Space Science Services On Space-To-Earth Links at:  http://www.sfcgonline.org/handbook/rec/rec17-2r1.pdf.

To enable future missions to meet the requirements of these spectral masks, NASA has been working through the RF and Modulation Panel of CCSDS for several years to develop standards for bandwidth efficient modulation techniques.  Note that while CCSDS Recommendations are not binding on NASA or the other international member space agencies, compliance does offer many benefits including the increased likelihood of possible cross-support from international Earth Stations and the increased availability of low-cost COTS components.  The CCSDS Panel 1E efforts, and the resulting recently completed draft recommendations are detailed below:

CCSDS Rec 3.3.5A:  

This recommendation concerns the use of Baseband Filtered OQPSK, FQPSK-B, and GMSK modulation techniques for near-Earth (Category A) transmissions in the 2200 – 2290 MHz and 8450 – 8500 MHz bands when the data rate exceeds 2 Msps.  It should be noted that even though this recommendation is applicable only to S and X-bands, it will impact any future Ka-band missions which incorporate a high rate S-band TT&C system.  

The three modulation techniques included in this recommendation were each selected based on their capability of meeting the spectral mask in SFCG Rec. 17-2R1.  GSFC pushed strongly for baseband filtered OQPSK because simulation studies and hardware tests (see discussion below) indicate that it would suffer the lowest implementation loss of these three when detected using the integrate-and-dump OQPSK receivers typical of equipment located at SN and GN ground stations.  {Note that at present, the only GN OQPSK receivers are used at X-band.  GN S‑band receivers use BPSK or PM/PSK modulation formats.)  

CCSDS Rec 3.3.5B:  

This recommendation concerns the use of T-OQPSK and GMSK modulation techniques for Deep Space (Category B) S-Band and X-Band transmissions when the data rate exceeds 2 Msps.  

CCSDS Rec 3.3.6:  

This recommendation concerns the use of 4 Dimensional 8 PSK TCM modulation for Near Earth (Category A) transmissions in the Earth Exploration Satellite X-band allocation (8025 MHz – 8400 MHz)  when the data rate exceeds 2 Msps.  It also recommends that Space Agencies transition very high data rate missions to the use of Ka-band as soon as practicable.   See the discussion of 4 Dimensional 8 PSK TCM below   

2. Specific Issues and Detailed Background:

A series of specific issues of concern are identified and addressed below.

Status of CCSDS Recommendations Relative to Ka-band:

Although none of the recommendations developed to date addresses the 25.5 – 27.0 GHz band, the topic of efficient modulation techniques for Ka-band has been placed on the agenda for the next CCSDS P1E meeting May 21-25, 2001 at JPL.  

History / Status of GSFC BW Efficient Modulation Simulation Studies and Hardware Tests:

GSFC has performed a variety of simulation studies to evaluate the performance of numerous bandwidth efficient modulation techniques through both SN and GN channels.  

In the SFCG Efficient Spectrum Utilization Report, GSFC conducted simulation studies which compared the performance of baseband filtered OQPSK, GMSK, and Enhanced FQPSK (a non-proprietary JPL-variant of FQPSK-B).  PSD plots and BER performance in GN-type links were evaluated for various versions of each modulation tecnique including, for the baseband filtered OQPSK modulation, various filter types and BTs products.  Analyses included the effect of significant distortions including a saturated power amplifier,  The results of this analysis was that Baseband filtered OQPSK at BTs = 1.0, with either butterworth or SRRC filters, offers better BER performance (~ 1 dB off  unfiltered BPSK) when detected with a conventional integrate and dump OQPSK demod than either GMSK or EFQPSK.  The PSDs of all modulations were found to comply with the SFCG mask (for at least some of the values of BT considered). 

As part of the Ka-band Technology Utilization Task, an analysis was performed comparing the performance of 7 efficient modulation techniques at 1.0 Gbps through 650 MHz TDRS and direct-to-ground channels.  Simulations included the effects of linear and non-linear hardware distortions as specified in the SNUG.  The result of this analysis was to identify SRRC-filtered QPSK, GMSK, and monodimensional 8 PSK TCM (4 state, see the 8 PSK TCM discussion below) as offering significantly better BER performance.  Other techniques investigated included uncoded 8 PSK, R3/4 coded 8 PSK, 16 PSK TCM, and R1/2 coded 16 QAM.   

As part of the KaTP Demonstration Analyses, detailed studies have assessed the performance of OQPSK, GMSK, and mono-dimensional 8 PSK TCM at 800 Mbps and 1 Gbps through SN and GN channels using integrate and dump and matched filter reception.  These simulations were based upon revised user transmitter distortions (as specified in the TDRSS Ka-Band User Constraints Specification implementation memo) and ground station distortions in the KaTP SRD.  An updated TDRS H model, based on measurement data, was also used.

Other simulation studies conducted by JPL demonstrated that Baseband Filtered OQPSK modulation also exhibited performance superior to GMSK and FQPSK-B when detected with receivers optimized for either FQPSK-B or GMSK.   
Hardware tests have been conducted to evaluate the performance of FQPSK-B over TDRS channels.  Tests are currently in progress to evaluate baseband filtered OQPSK (Butterworth Filter) using GN-type equipment in the RFSOC.

Multi-Dimensional 8 PSK TCM Introduction

The Annex provided with draft recommendation 3.3.6 provides a detailed definition of the 4 Dimensional 8 PSK TCM modulation technique proposed for use at X-band.  A brief very high level introduction to multidimensional TCM is provided herein for those who may not be familiar with the technique.  

An 8 PSK constellation point is defined by three bits.  As with any modulation, when an 8 PSK symbol is transmitted through a noisy channel, it is far more likely that the receiver will make a detection error by estimating that transmitted signal was in an adjacent constellation point than in a more distant constellation point.  With the application of a Gray code then, most 8 PSK channel symbol errors would result in only 1 bit error.

Now imagine some traditional convolutional coding is added to the information stream prior to 8 PSK modulation.  For example, say that a 200 Mbps information sequence is R2/3 coded to 300 Msps, converted into 8 PSK symbols, and transmitted over the channel at 100 Mbaud.  At the receiver end, the detected 8 PSK symbol is converted into a bit stream and fed into the decoder, which determines the actual transmitted sequence by calculating the minimum distance trellis path based on the detected data.  If an “adjacent constellation point” type channel symbol detection error does occur, the decoder is faced with the problem of correcting a 1 bit error based on the error-correcting strength of a R2/3 code.

Now, imagine instead that the 200 Mbps sequence is split into two 100 Mbps streams and  one is Rate 1/2 coded to 200 Msps.  Now imagine that the 200 Msps coded stream and the 100 Mbps uncoded stream are combined to generate the 8 PSK symbols at 100 Mbaud, with the uncoded stream determining the first bit of each symbol’s 3 bit address.  Finally, imagine that instead of employing a Gray code, the 8 PSK symbols are arranged such that each pair of symbols with the same last 2 bits is positioned diametrically opposite in the constellation.  

This is exactly what happens with mono-dimensional 8 PSK TCM.  The advantage of this approach over the traditional convolutional coding approach described above are obvious.  The bits which are overwhelmingly more likely to be erroneously detected (as a result of adjacent constellation point type channel symbol detection errors) are protected by a much stronger code.  As a result, mono-dimensional 8 PSK TCM gives far better BER performance than R2/3 coded 8 PSK (while providing the same throughput).

Multi-dimensional 8 PSK TCM is an extension of this approach whereby a logical mapping (similar to a block coding) is employed to spread the information in a longer sequence of information bits (and coded symbols) over multiple channel symbols.  The modulation still incorporates a convolutional coder (as well as above-mentioned logical bit-mapper), so its complexity is somewhat higher than mono-dimensional 8 PSK TCM.  This increased complexity in this modulation / coding is offset by the superior BER performance at equivalent or higher throughput levels (b/s/Hz)  

4D 8 PSK TCM Applicability to Ka-Band

Another advantage of multi-dimensional 8 PSK TCM for Ka-band users is that the coders and decoders in a 4 Dimensional scheme run at one fourth the rate of the coders in an equivalent mono-dimensional 8 PSK or coded QPSK/8 PSK system.  This is considered advantageous for high rate Ka-band users.  Also, the technique proposed is this recommendation is differentially encoded and offers better BER performance at 2.5 bps/Hz than uncoded QPSK at 2.0 bps/Hz.  

4D 8 PSK TCM Evaluation Plans

The Ka-Band Technology Task has recently initiated a study intended to assess the performance of multi-dimensional 8 PSK TCM in NASA Ka-band channels.  The study is designed to be a precursor to possible implementation of this technique in the software programmable Low Power Transceiver (LPT). The initial phase of the study will involve development of an algorithm for implementation of the technique in LPT and simulation of that algorithm using SPW models.  Based on the results of these simulations, NASA may decide to pursue LPT laboratory demonstrations and/or incorporation of this modulation format in potential future LPT Ka-Band upgrades.

Other Questions:
Have flight projects participated in recommendation development?

GSFC has been represented in the CCSDS Recommendation development process primarily by representatives from the Networks and Mission Services Project (Code 450) and the Applied Engineering and Technology Directorate (Code 564).  Comments on the draft recommendations from flight project offices are welcome (and indeed highly desirable).  

Does current technology support ground system implementation at reasonable cost

The GSFC Code 450 intent is that any support for the modulations recommended under 3.3.5A at GN stations will be provided using conventional OQPSK receivers similar to the X-band ICESAT receiver.  This technology is obviously mature and widely available.  Currently, the plan is that support for multidimensional 8 PSK TCM at X-band will not be provided at GN stations.

Constraints and limitations on signal and data acquisition strategies for GN users

These recommendations apply to downlink signals only.  Uplink command data can continue to be modulated using current formats so that carrier acquisition and data tracking for the user spacecraft will be unaffected.  

Do these fit within TDRS constraints (Space and Ground Segments)

These recommendations apply only to Space-to-Ground transmissions.  However, note that GSFC has performed low rate (3 Mbps) and high rate (300 Mbps) FQPSK-B tests through the TDRS SSAR and KSAR channels, achieving results consistent with simulation findings.

Does current technology support flight system implementation

EO-1 is currently flying a baseband filtered OQPSK 155 Mbps transponder.  ESA and CNES are developing GMSK and 4D 8 PSK TCM modulators for their missions.

Time frame for the effective implementation of these standards

No timeframe has been identified for the finalization and applicability of the CCSDS standards.  Note that the SFCG spectral mask, applicable to S-Band and X-Band space-to-Earth transmissions, is intended to apply to all missions “beginning” (interpreted as having been approved for development) after 2000.

