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Incorporate the McMurdo Ground Station (MGS) and its TDRS Relay System (MTRS) in the KaDS system Architecture as a Development Test Bed that will actually provide a useful service for Code Y science missions as it is demonstrating the higher and higher data return rates you are developing.
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1) You should be seriously using the McMurdo Ground Station and its TDRS Relay System (MTRS 1 & 2) in your system architecture.

These GSFC resources are capable of accommodating any polar-orbiting mission and any of their downlinks with some small adjustments.  As such the telemetry from many satellites can be stored at MGS and played back via TDRS at any high rate you like, to a dedicated RAID system at WSC.  To TDRS the MGS looks exactly like a satellite and in this way those who cannot or will not use TDRS directly, will use it indirectly.  You may never have Ka-band flight missions in your career lifetime. But by using MGS you will immediately have real users of the new services you are developing, as fast as you can develop them.  This resource is more than a credible rationale for your developments.   It is a development tool itself, in that you will have opportunities as often as you need them to test and to prove out the latest Ka-band data services.  You will also develop a customer base to use these services directly in the future, given that they can see their needs being met in this indirect fashion now. 

This January we intend with your help to start this process working routinely at 150Mbps data rates through TDRS, but it can double easily next year, while still on the Ku-band service. The RAID we are putting in at WSC can already ingest at 600Mbps per channel.  The existing RAID at McMurdo can be upgraded to do two 150 Mbps channels.

I suggest that in the next two years you place a Ka-band capability in the MTRS-2 radome and a suitable RAID system in the MGS area to start using that Ka return service with real science data.

Perhaps a Test Ka-band modulator can be set up in the MTRS-2 radome in McMurdo. In CY 2005, to do via Ka-band what we are now doing via Ku-band.  We would have the flexibility to throttle the data rate as you wish.  
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	18. Action

Budget for high speed connectivity between WSC and GSFC two years from now and use it to send all data received at WSC to GSFC for distribution.  

If possible, dedicate one SGL for GSFC and use TDRS to directly send this data to GSFC.  This requires a political authorization to uplink from WSC to TDRS after data has arrived in WSC.
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Code 450 and the KaDS Project team are working with potential ultra-high data rate customers (including ISS and SP&M), but none have committed to using the Ka-Band Data Service.  The end destination for the ultra-high rate return data could be any number of locations, not just GSFC.  Candidate locations are JSC, MSFC, WSC, and others.  The KaDS Project schedule brings the new ultra-high rate data service into operations at the end of 2007.  The first customers would not have any data transport requirements prior to 2007.  The KaDS project team recommends an approach that provides a flexible network interface at WSC, leaving the data transport design and implementation until after specific customer requirements exist.   
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2) The two showstoppers for science customers who might use TDRS have traditionally been these:

- TDRS does not want to be available on demand (although TDRS does want to be available at the highest rates possible on their own schedule)

- The end user has to pay too much to get his data out of WSC to its final destination.

I suggest that you immediately put in your budget for two years from now a 150Mbps or higher link from WSC to GSFC and build a dedicated RAID system at GSFC for getting that data off the Closed Network and onto the Open Network (securely) where the end user can FTP it to their final destination.  GSFC already has the high bandwidth to the Internet these users will need and a single pipeline to GSFC is more cost effective (ala EBnet) and secure than a standard very high speed commercial Internet service.  The current version of EBnet would be a subset of this new pipeline – all the GSIF equipment AT WSC would move to GSFC.  A separate RAID system would be set up in bldg 32 at GSFC to handle all the data that arrives and to sort it out.  EOS data could be directed to EDOS based on header information, but other data would be passed over to a Data Archive on the Open side, by a Tape transfer.  End users can FTP what they need from that archive via the high speed Internet already at GSFC.

In fact, I would opt for trying to get the political clout to permit you to set up a TDRS SGL link to GSFC.  This would require uplinking from WSC to a TDRS that has its SGL pointed at the RF SOC and then upgrading the RF SOC accordingly to receive the data and transfer it to a central archive on Center.  I recognize the political issues such as seeming to compete with commercial services, but this is NASA Science data and perhaps we can justify this as a development at least in the early years when we don’t have enough data to justify a full-time service.

Note that on July 26, 1996 we sent 150Mbps from MGS to WSC via MTRS-1, through the IFL at WSC and up to TDRS-F1 and directly down to the GSFC RF SOC.  From there we sent it to bldg 23 where it was recorded on an HDDR and tapes were mailed to the end user.
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The Bit Stream Output Interface requirement is insufficient to deliver data to the “customer network POP device”.

Suggest that the requirement specify “UDP port(s)” for wideband data service interface, in addition to 10 GigE. (TCP is not multicast capable)
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Date: Tue, 25 Nov 2003 12:12:45 -0500

From: Chris Spinolo <Chris.Spinolo@nasa.gov>

To: Franklin Hartman <fhartman@mail.wsc.nasa.gov>

CC: Keith.Hogie@gsfc.nasa.gov

Subject: Re: KaDS SRR RFA, Output Interface

No, you are reading more into it than what I meant.

This is NOT a TCP vs UDP thing. It is a receiver requirement thing (in the bit stream output interface requirement).  My concern (at the requirements level) is that the receiver systems should be required to perform IP protocol delivery, and not simply raw layer 2 Ethernet encapsulation. The receiver should have to deliver the frames or bits in UDP/IP frames at a minimum. If the customer knows that his data is coming on a UDP port, that is sufficient for him to specify a system to capture the data. 

GigE alone is not enough interface to build a customer network POP device on.

So slide 62 should have a sub bullet that says (IMHO)

-  Each KaDS receiver system shall have its own Ethernet interface that support up to 1.5Gbps via UDP/IP
I really feel this (UDP/IP) is a critical receiver requirement for the bit stream output interface. And it does not show up anywhere.

TCP is not the issue, although I think it would be more problematic. The deficiency is that neither one is mentioned.

As Keith mentioned, any of the options you mention for multicast application are excellent applications of  UDP/IP multicast.

chris

Franklin Hartman wrote:

Chris, 

I'm working on the KaDS SRR RFA you generated entitled "Bit Stream Output Interface Requirement Deficiency" (attached). 

I have a couple of questions. 

1. I understand the RFA to suggest that the overhead incurred with TCP would preclude achieving the throughput required for the KaWideband data network.  Is that an accurate interpretation?  If you would like to elaborate, I would be grateful to review your comments. 

2. You mention the lack of a "multi-cast" function with TCP.  In discussing this RFA, the team was not sure what multi-cast was being referred to.  Multiple user POP's, multiple user end-destinations, the possibility for monitor and/or SAN interfaces in addition to the user POP?  Any or all seem to be apt, but I want to make sure I address any specific concerns. 

Thanks, 

Frank 
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RFA #4 Resolution
1.  INTRODUCTION

Per RFA #4, a reevaluation of the KaSAR-650 constraint values given in the Space Network Ka-Band Services System Requirements Document [1] has been performed.  This evaluation examined the feasibility of relaxing or re-deriving constraints so as to reduce the cost and complexity of Ka-band transmitters.  While the current constraints were derived with the intention of minimizing cost and complexity of a Ka-band transmitter, some of these constraints can be relaxed with a negligible impact to the implementation loss.  This analysis identifies constraints which are expected to be most difficult or costly to meet and proposes relaxed constraint values if the relaxation can be shown to incur little to no impact on the implementation loss.  The intent to maintain the current implementation loss values is due to the already sizable implementation loss amounts expected for the current KaSAR-650 constraints.

Table 1 provides a summary of constraints which can be relaxed with a negligible impact to the link implementation loss, carrier acquisition performance, carrier tracking performance, symbol synchronizer acquisition performance, symbol synchronizer tracking performance, decoder acquisition performance and TDRS spacecraft performance including antenna autotrack pointing.  The background and analysis for relaxing these constraints is provided in Sections 2 and 3 of this memo as well as Appendices A and B.

In addition to maintaining the current implementation loss, other factors were considered when determining which or how far constraints could be relaxed.  These other factors are as follows:

1.
The KaDS equipment has not been designed yet.  This does provide the freedom to relax some constraints knowing that the equipment will be designed and built to accommodate these relaxed constraint values.

2.
On the other hand, the constraints cannot be relaxed so much that the receive equipment must be so encumbered with complexity and wide dynamic ranges that performance suffers.

3.
Margin must be maintained for the inevitable constraint noncompliances.  Constraints cannot be relaxed to the point where a slight noncompliance introduces a fundamental inability to communicate.  An example would be relaxing the symbol jitter constraint to the maximum expected tolerable levels of the symbol synch then having a jitter noncompliance introduce frequent bit slips such that the TPC decoder cannot maintain frame synch.

4.
The constraints cannot be relaxed so much that uncoded OQPSK becomes entirely impractical.  Note that an implementation loss as high as 7.0 dB can result for 800 Mb/sec uncoded OQPSK service with the current constraint values.

5.
The constraints cannot be so conditional on modulation scheme, coding scheme and data rate that they are confusing and likely to be misinterpreted.

6.
The KaDS demonstration, the KaDS end-to-end test equipment procurement and the Ka-Band Fight System (KaFS) detailed design and specification study should all contribute greatly to the determination of which constraints are difficult or costly to meet.  It is expected that these three activities will provide the opportunity to further refine the KaSAR-650 constraint values.

7.
When the KaDS equipment has been designed and built, a reevaluation of the KaSAR-650 constraints can be performed based upon the actual performance of the equipment.

8.
With this first set of KaSAR-650 customer constraints, there is a desire to maintain some degree of conservatism until more information can be obtained from the demonstration, the procurements and from actual customers.

Table 1.  Summary of Proposed Relaxed KaSAR-650 Customer Constraints

	Constraint Name
	Constraint Value
	Comments

	
	Current Value
[1]
	Proposed Relaxed Value
	

	Symbol Transition Time
	≤ 5% of channel symbol duration
	Delete
	(
For the amount of bandlimiting expected to occur through the TDRS (even at low to mid data rates), this constraint is effectively meaningless 

(
Additionally, this constraint discourages some bandwidth efficient modulation schemes.

	Symbol Jitter
	( 0.1%
	( 0.2%
	(
The KaDS symbol synchs are expected to be designed to support loop bandwidths up to at least 1% of channel symbol rate.  This, in conjunction with a customer that has no data transition density problems and a high C/No (as is expected for any KaSAR-650 customer), allows for relaxation of this constraint with potentially no impact to BER.  See Appendix A.

	Symbol Jitter Rate
	( 0.1%
	( 0.2%
	

	Gain Flatness
(p-to-p)
	≤ 0.6 dB
over ±230 MHz
	≤ 1.2 dB
over ±230 MHz
	(
Of all the constraints, the current gain flatness and phase nonlinearity constraints are probably the most difficult and costly to meet.

(
Margin freed up by the tightening of the AM/PM constraint following the KaDS Modulation and Coding study [2] allows for these constraints to be relaxed.  See Appendix B.

	Phase Nonlinearity (p-to-p)
	≤ 6( over ±230 MHz
	≤ 12( over ±230 MHz
	

	Frequency Stability
	(6 kHz Osc Uncert.
1-sec: (3 x 10-9
5-hr: ( 7.2 x 10-8
48-hr: (2.18x10-7
(21 kHz Osc Uncert.
1-sec: (3 x 10-9
5-hr: ( 2.54 x 10-7
48-hr: (7.64x10-7
	(300 kHz Osc Uncert.
1-sec: (3 x 10-9
Life: (1.1x10-5
Over Temp (-10(C to +55(C): (1.1x10-5
	(
Relaxing the frequency search range req’t potentially reduces customer h/w complexity and ops concept.

(
Potential KaDS h/w vendors indicate the frequency search range can be dramatically widened without a dramatic increase in receiver cost or complexity.

(
Technology search indicates space-qualified oscillators are available which are compliant with these proposed constraints.  See Appendix C.

(
Relaxation has no impact on BER performance.

	Spurious PM
	≤ 2 degrees
	≤ 2 degrees
(1 kHz to 400 MHz)

Individual spurs ( -30 dBc (1 Hz to 1 kHz)
	(
The carrier tracking loop bandwidth for the KaDS receiver is expected to be > 2.1 kHz (and probably much greater).  This allows for the spurious PM constraint to only have to apply to frequencies > 1 kHz.  No impact to BER.  Need the 1 Hz to 1 kHz caveat to ensure no carrier acquisition problems.

	Phase Noise

1 – 10 Hz
10 – 100 Hz
100 – 1k Hz
1k – 400M Hz
	50( rms
10( rms
2( rms
2( rms
	50( rms
20( rms
3.6( rms
2( rms
	(
The carrier tracking loop bandwidth for the KaDS receiver is expected to be > 2.1 kHz (and probably much greater).  This allows for only tightly constraining the phase noise above 1 kHz.  No impact to BER.  See Appendix D.

	Data Rate Tolerance
	( 0.1%
	( 1%
	(
If SHO contains actual data rate, there should be no BER impact to relaxing this constraint.


2.  BACKGROUND

Customer constraint requirements were initially proposed for the KaSAR-650 service in the summer of 2000 in a document titled TDRSS Ka-Band User Constraint Specifications [3].  The constraints proposed in the document were derived to a large extent from the existing KaSAR-225 customer constraints which, in turn, were derived to a large extent from the existing KuSAR customer constraints.  The derived constraints yielded an implementation loss of nearly 3.5 dB at a BER of 10-5 for the modulation, coding, data rates and ground terminal hardware distortion specifications being considered for the KaSAR-650 service at that time.

Following the 2000 KaSAR-650 constraint derivation effort, discussions were held with the ACTS program to determine if the proposed KaSAR-650 customer constraints could be realized in hardware at Ka-band.  Dick Krawczyk of the ACTS program provided a selection of ACTS hardware distortion specification data as well as ACTS hardware gain flatness and phase nonlinearity measurement data [4].  The specification data for ACTS indicated a more stringent AM/PM specification for the ACTS spacecraft than was proposed for TDRSS KaSAR-650 customers and less stringent gain flatness and phase nonlinearity specifications for the ACTS spacecraft than were proposed for TDRSS KaSAR-650 customers.  The ACTS measurement data indicated the ACTS gain flatness and phase nonlinearity performance was better than specification and actually met the proposed KaSAR-650 constraints.

Following the ACTS discussions, an effort was initiated to determine if the proposed KaSAR-650 gain flatness and phase nonlinearity constraints could be relaxed.  This effort was documented in a memo titled KaSAR-Wide User Gain Flatness and Phase Nonlinearity Specification Examination [5].  The memo noted that the ACTS spacecraft and the NASDA Data Relay Test Satellite (DRTS) were able to achieve gain flatness and phase nonlinearity amounts consistent with the proposed KaSAR-650 gain flatness and phase nonlinearity constraint values.  Additionally, the memo presented analysis that demonstrated that the impact of relaxing the gain flatness and phase nonlinearity could have a dramatic impact on the overall implementation loss for uncoded service with no baseband equalizer.  As a result of this analysis, the constraints were not relaxed.

In February of 2001, new Ka-band frequency stability constraints were recommended in a memo titled Input to KaTP SDR RFA #7, Ka-Band Dynamics Study Follow-Up, Revision 1 [6].  This memo recommended more stringent frequency stability constraint values based upon expected Ka-band mission orbit characteristics and commercially available hardware performance characteristics.

The proposed KaSAR-650 customer constraints were left unchanged until July of 2001 when a memo titled Summary of Proposed Phase Noise User Constraints for Revision 8 of the Space Network User’s Guide, Revision 1 [7] proposed a new phase noise requirement for the KaSAR-650 service.  This new phase noise requirement relaxed the phase noise in the low frequency region (which is the region hardware vendors have most difficulty controlling the phase noise) and tightened the phase noise in the mid-frequency regions to ensure there would be no cycle-slipping problems if the KaSAR-650 service ultimately utilized a carrier tracking loop with a small bandwidth (where small is defined as on the order of 2 kHz).

In early 2003, the Ka-Band Data Service (KaDS) Modulation and Coding study was initiated.  The study used the proposed KaSAR-650 constraint values as they existed at that time.  One of the conclusions of the study was that the AM/PM constraint should be tightened from 12(/dB to 6(/dB if 8PSK modulation was going to be supported by the KaDS service [2].  This tightening was recommended to ensure acceptable KaSAR-650 8PSK service and because discussions with Ka-band power amplifier vendors indicated all products were well within the 6(/dB constraint limit.

3.  RESOLUTION

To maintain consistency with the other TDRSS services, it is desired that the maximum implementation loss value for KaSAR-650 services will be on the order of 3.5 dB at 10-5 BER and 4.0 dB at 10-9 BER.  From Tables 6-4 and 6-5 of the Space Network Ka-Band Services System Requirements Document [7], it can be seen that the implementation loss values are expected to be on the order of 3.5 dB to 4.0 dB for 1.0 Gb/sec coded OQPSK KaSAR-650 service and 1.5 Gb/sec coded 8PSK and on the order of 7.0 dB for uncoded 800 Mb/sec OQPSK.  Since the implementation loss values are believed to be large already, there is very little room for customer constraint relaxation (although the effects of tightening the AM/PM constraint are not included in these estimates).  There are, however, some constraints which can be relaxed with a negligible impact on BER performance.

Table 2 of this memo summarizes the current KaSAR-650 proposed customer constraints.  Table 2 also identifies whether a constraint is expected to be difficult or costly to meet and whether the constraint can be relaxed with little to no impact on BER.  Determination of whether a constraint is difficult or costly to meet was based upon KaDS hardware vendor meetings, TDRSS Ku-band and S-band customer hardware noncompliance history, and TDRSS S-band hardware vendor comments (e.g., constraint-by-constraint comments obtained during the SNUG Rev. 7 constraint relaxation task).  Note that the use of the term “symbol” in Table 1 is used to mean any valid OQPSK or 8PSK I or Q channel symbol.

Table 2.  Current KaSAR-650 Customer Constraints

	Constraint Name
	Current
Constraint Value
	Constraint Difficult or Costly to Meet?
	Constraint Can Be Relaxed with Negligible Impact to BER
	Comments

	1. Minimum channel symbol transition density
	≥ 128 randomly distributed symbol transitions within any sequence of 512 symbols
	No
	No
	(
While many missions do have difficulty meeting these requirements, a CCSDS data randomizer is available to ensure adequate transitions

(
The symbol transition constraints must be considered in conjunction with the symbol jitter and jitter rate constraints.  Arguably, the transition constraints cannot be relaxed without the jitter constraints being tightened, and vice versa.    To relax the symbol transition constraints, the symbol synchronizer bandwidth must be set narrow enough to tolerate the new lower transition density (bw perhaps <0.2% of the channel symbol rate), meanwhile, to relax the jitter constraints, the symbol synch bw must be widened to track the additional jitter (bw perhaps >0.2% of the channel symbol rate).  Since the randomizer is available, this study pursues relaxing the symbol jitter constraint rather than the transition density constraints.

(
A symbol synch which is designed to operate over a wider transition density range will underperform a symbol synch designed to operate over a smaller range (control of the symbol synch bw will be much more difficult when support of a wide transition density range is required).

	2. Consecutive I-channel or Q-channel symbols without a symbol transition
	≤ 64 channel symbols
	No
	No
	

	3. Symbol asymmetry (peak)
	≤ ± 3 percent
	Yes
	No
	(
Relaxing this constraint from 3% to 4% will have an impact of at least 0.1 dB on uncoded OQPSK at a BER of 10-5 and an impact of (0.1 dB on TPC or LDPC-coded OQPSK at a BER of 10-9.  Simulation effort required to determine exact impact.  This study recommends against relaxing the symbol asymmetry constraint due to the direct increase in implementation loss as a result.

	4. Symbol transition time
	≤ 5 percent of channel symbol duration 
	Yes
	Yes
	(
Due to the severe bandlimiting expected to occur through the TDRS (even at the mid data rates of 650 Mb/sec and 800 Mb/sec) and due to the need to maintain a spectrally efficient SSL transmission, it can be argued that a 5% symbol transition time constraint is unnecessary and actually discourages spectral efficiency.  This study recommends deleting the symbol transition time constraint.

	5. Symbol jitter and jitter rate
	≤ 0.1 percent 
	Yes
	Yes
	(
As recommended in the KaDS Modulation and Coding study [6], the KaDS symbol synchronizers should be capable of supporting a range of loop bandwidths.  Ideally, the symbol synchs will support loop bandwidths from 0.01% of the channel symbol rate to 10% of the channel baud rate.  If this ultimately is the case and if a particular mission is transmitting random data with a high C/No (as is expected for any KaSAR-650 customer), the symbol jitter requirement can be relaxed for that mission.  This study recommends relaxing the symbol jitter and symbol jitter rate constraints from 0.1% to 0.2% with no resultant impact to the BER, assuming the customer meets the symbol transition constraints.  See Appendix A.

	6. Phase imbalance
	
	Yes
	No
	(
Relaxing this constraint from 3( to 4( will have an impact of (0.1 dB on uncoded OQPSK at a BER of 10-5 and an impact of (0.1 dB on TPC or LDPC-coded OQPSK at a BER of 10-9.  Simulation effort required to determine exact impact.  This study recommends against relaxing the phase imbalance constraint due to the direct increase in implementation loss as a result.

	       a. SQPSK
	≤ ± 3 degrees
	
	
	

	       b. 8-PSK
	≤ ± 2 degrees
	
	
	


Table 2.  Current KaSAR-650 Customer Constraints (cont’d)

	Constraint Name
	Current
Constraint Value
	Constraint Difficult or Costly to Meet?
	Constraint Can Be Relaxed with Negligible Impact to BER
	Comments

	7. Gain imbalance
	≤ ± 0.25 dB
	Yes
	No
	(
Relaxing this constraint from 0.25 dB to 0.5 dB will have an impact of (0.17 dB on uncoded OQPSK at a BER of 10-5 and an impact of (0.17 dB on TPC or LDPC-coded OQPSK at a BER of 10-9.  Simulation effort required to determine exact impact.  This study recommends against relaxing the gain imbalance constraint due to the direct increase in implementation loss as a result.

	8. Phase nonlinearity (p-to-p)
	≤ 6 degrees over ± 230 MHz
	Yes
	Yes
	(
Of all the current constraints, gain flatness and phase nonlinearity will undoubtedly be the most difficult to meet.  While the ACTS mission achieved flat gain and phase over a very wide bandwidth, many TDRSS S-band customer transmitters cannot meet gain flatness and phase nonlinearity constraints over a much smaller frequency band.

(
Since the G.F and P.N.L constraints are expected to be so difficult to meet, all efforts must be made to relax these constraints.  While relaxing these constraints directly increases the implementation loss, it can be argued that the margin introduced by tightening the AM/PM constraint from 12(/dB to 6(/dB (a change made following the KaDS Mod and Coding study and not rendered in the implementation loss values currently specified in the KaDS SRD) could allow for relaxation of the G.F and P.N.L. constraints.

(
As part of this study, simulations were performed to determine if the margin generated by tightening the AM/PM constraint from 12(/dB to 6(/dB would allow for the gain flatness and phase nonlinearity constraints to be relaxed.  The results of this quick-response study indicate the gain flatness can be relaxed from 0.6 dB p-to-p to 1.2 dB p-to-p and the phase nonlinearity can be relaxed from 6( p-to-p to 12( p-to-p.  Appendix B of this document presents the analysis used to determine that the constraints could be relaxed.  

	9. Gain flatness (p-to-p)
	≤ 0.6 dB over ± 230 MHz
	Yes
	Yes
	

	10. Gain slope
	≤ 0.1 dB/MHz over ± 230 MHz
	No
	No
	(
The impact of gain slope on BER performance cannot be determined stand-alone.  The entire shape of the gain flatness must be considered to determine the impact to BER.  A gain flatness shape with a large gain slope does not necessarily ensure a larger BER impact than a gain flatness shape with a smaller gain slope, even if the peak-to-peak gain flatness amounts are the same.  In general, however, an argument can be made that constraining the gain slope can lead to a lower BER impact due to gain flatness.  For this reason, this study recommends against relaxing the gain slope due to the potential increase in implementation loss as a result.

	11.  AM/PM
	≤ 6 degrees/dB
	No
	No
	(
Multiple SSPA and TWTA vendors have indicated they expect to have no problem meeting a 6(/dB AM/PM constraint at Ka-band.  Additionally, a technology search of existing SSPAs and TWTAs at Ka-band indicates AM/PM amounts less than 4(/dB.

(
One of the recommendations of the KaDS modulation and coding study was to tighten the AM/PM constraint from its then value of 12(/dB to its current value of 6(/dB.  This recommendation was made due to the unreasonably large contribution it was making to the overall implementation loss.

(
This study recommends against relaxing the AM/PM due to the direct increase in implementation loss as a result and because equipment can readily meet the 6(/dB constraint.


Table 2.  Current KaSAR-650 Customer Constraints (cont’d)

	Constraint Name
	Current
Constraint Value
	Constraint Difficult or Costly to Meet?
	Constraint Can Be Relaxed with Negligible Impact to BER
	Comments

	12. Noncoherent frequency stability (peak)
	
	Constraints and search range based upon assumption that SHO will be updated after every service with the latest carr freq info.  Since the KaSAR-650 service will not offer a Doppler tracking service, this places a burden on the customer h/w
	Yes
	(
The current frequency stability constraints were derived based upon the capabilities of the existing High Data Rate Receiver (HDRR), the Doppler uncertainty associated with expected Ka-Band LEO orbits and the drift characteristics of available space-qualified oscillators.  These constraints are appropriate for a KaSAR-650 operations concept in which the customer updates the SHO after every service with the latest carrier frequency information.  To enable this ops concept, the KaSAR-650 service must offer a Doppler tracking service or the customer must add complexity to their platform to estimate their carrier frequency (GPS or loop stress, etc.).  Since it has been agreed that the KaSAR-650 service will not support a Doppler tracking service, the current carrier acq search range virtually mandates additional customer hardware complexity.

(
To eliminate this complexity, the KaDS receiver should search over the entire range that a customer oscillator may drift.  A technology study was performed to determine how far commercially available space-qualified oscillators could drift over a mission lifetime.  This study determined that an oscillator should not drift more than (300 kHz over many years.  See Appendix C.

( Hardware vendors indicate search ranges much wider than the current (6 kHz and (21 kHz search ranges are possible with little to no additional cost or complexity in the receiver.

(
High C/No values expected for KaSAR-650 service would allow for wide search ranges.

(
Relaxation has no impact on BER performance

(
This study recommends mandating that the KaDS receiver search over a (305 kHz search range ((300 kHz for user osc uncertainty, (2.75 kHz Doppler uncertainty [6] and (2.25 kHz of margin) and that only a one second observation time frequency stability constraint be specified and a lifetime frequency stability constraint be specified.  The lifetime constraint should require compliance over temperature also.  If necessary, additional frequency stability constraints can be derived to give customers guidelines to build to in order to achieve a lifetime frequency stability which is compliant.

	a. ± 6 kHz customer osc frequency uncertainty
	
	
	
	

	1-sec obs time
	≤ 3 x 10-9
	
	
	

	5-hr obs time
	≤ 7.2 x 10-8
	
	
	

	48-hr obs time
	≤ 2.18 x 10-7
	
	
	

	b. ± 21 kHz customer osc frequency uncertainty
	
	
	
	

	1-sec obs time
	≤ 3 x 10-9
	
	
	

	5-hr obs time
	≤ 2.54 x 10-7
	
	
	

	48-hr obs time
	≤ 7.64 x 10-7
	
	
	

	13.  Incidental AM (peak)
	
	Yes
	No
	(
The Space Station has already shown that the incidental AM constraints can be difficult to meet for some missions.

(
Relaxing the incidental AM has a modest, but direct impact on BER.  It also has a dramatic impact on TDRSS autotrack pointing accuracy which in turn has an impact on TDRS G/T performance.  This study recommends against relaxing the incidental AM constraint due to the direct increase in implementation loss and the impact to TDRS autotrack G/T performance.

	a.  For open-loop pointing at frequencies ≥ 100 Hz
	≤ 5 percent
	
	
	

	b.  For autotrack performance
	
	
	
	

	10 Hz – 10 kHz
	≤ 3 percent
	
	
	

	10 Hz – 2 kHz
	≤ 0.6 percent 
	
	
	


Table 2.  Current KaSAR-650 Customer Constraints (cont’d)

	Constraint Name
	Current
Constraint Value
	Constraint Difficult or Costly to Meet?
	Constraint Can Be Relaxed with Negligible Impact to BER
	Comments

	14. Spurious PM
	≤ 2 degrees
	Yes
	Yes
	(
HTV mission had concerns about meeting a similar constraint at S-band, therefore, this constraint will likely be difficult to meet at Ka-band.

(
While not explicitly increasing the magnitude of the spurious PM constraint, we can relax the constraint by specifying that it applies to frequencies from 1 kHz to 400 MHz rather than from 1 Hz to 400 MHz.  Since the carrier tracking loop used for the KaSAR-650 service is expected to have a bandwidth of 2.1 kHz or greater, it can be argued that we are not overly concerned about the spurious PM at frequencies less than about 1 kHz (because it will generally all be tracked).  This study recommends maintaining a 2( rms spurious PM constraint but specifying that it only applies to the 1 kHz to 400 MHz region.  This approach is similar to the approach used in SNUG Rev 7 and in many RF ICDs.  Will need to caveat spurs under 1 kHz to ensure no impact to carrier acquisition.

	15. Minimum 3-dB bandwidth prior to power amplifier
	≥ 2 times maximum channel symbol rate
	No
	No
	(
Arguably this constraint can be reduced to as low as 1.333 x the maximum channel symbol rate for some of the high data rate coded cases with minimal impact (because the TDRS is going to do the real bandlimiting), however, reducing this bandwidth down does not necessarily reduce the complexity of the customer transmitter.

(
Increasing the bandwidth constraint can lead to a potential noncompliance issue with the NTIA emissions mask.  This study recommends against modifying the 3 dB bandwidth constraint.
(
It can be argued that this constraint immediately makes some spectrally-efficient modulation schemes noncompliant, e.g., GMSK would seem to not comply with this constraint.  Arguments can be made to delete this requirement, however, the SN has to be protected against the additional implementation loss which may arise due to severe customer bandlimiting.  If there were no constraint on minimum bandwidth, theoretically customers could severely bandlimit their signal and still expect the implementation loss amounts given in the KaDS SRD.

	16. Phase noise 
	
	Yes
	Yes
	(
Low-frequency phase noise is generally more difficult and costly to constrain.  Phase noise which is within the bandwidth of the receiver carrier tracking loop will be mostly tracked (i.e., it will not contribute to BER degradation)

(
As noted earlier, the bandwidth of the carrier tracking loop to be used for the KaSAR-650 service is expected to be no lower than 2.1 kHz (arguably it will be much higher than this).  Because of this, the 1 Hz to 10 Hz phase noise requirement was relaxed to 50( rms in Reference [5] (as stated in the Background of this memo).  This study examines relaxing the phase noise in the 10 Hz to 100 Hz region and the 100 Hz to 1 kHz region.  Relaxing the high frequency region phase noise will have a direct and immediate impact on BER

(
Because of the >2.1 kHz carrier tracking loop bandwidth, the mid-frequency phase noise can be relaxed with a negligible impact on BER.  As part of this study analysis was performed to determine how far the mid-frequency phase noise constraints could be relaxed with a negligible impact on BER and mean-time-to-cycle-slip.  This analysis determined that the 10 Hz – 100 Hz constraint could be relaxed from 10( rms to 20( rms, and the 100 Hz – 1 kHz constraint could be relaxed from 2.0( rms to 3.6( rms.  Appendix D of this document presents the analysis used to determine that the constraints could be relaxed

	          1 Hz – 10 Hz
	≤ 50.0 degrees rms
	
	
	

	          10 Hz – 100 Hz
	≤ 10.0 degrees rms
	
	
	

	          100 Hz – 1 kHz
	≤ 2.0 degrees rms
	
	
	

	          1 kHz – 150 MHz
	≤ 2.0 degrees rms
	
	
	


Table 2.  Current KaSAR-650 Customer Constraints (cont’d)

	Constraint Name
	Current
Constraint Value
	Constraint Difficult or Costly to Meet?
	Constraint Can Be Relaxed with Negligible Impact to BER
	Comments

	17. In-band spurious outputs, where in-band bandwidth is twice the maximum channel symbol rate
	≤ -30 dBc
	No
	No
	(
Relaxing the inband spurious outputs constraint would directly increase the implementation loss.  This study recommends against relaxing the inband spurious outputs constraint.

	18. Out-of-band emissions
	See Appendix D of SNUG, revision 8 for allowable limits on out-of-band emissions, including spurs
	Yes
	No
	(
National regulation which can only be waived or relaxed by the NTIA.

	19. I/Q symbol skew  (relative to requirements for I/Q symbol synch where appropriate) (peak)
	≤ 3 percent
	No
	No
	(
While I/Q data skew will have no appreciable BER effect on OQPSK with independent symbol synchronizers, it will introduce distortions into the 8PSK constellation which will render themselves as a BER degradation.  Additionally, I/Q data skew will introduce spurious components into the 8PSK PSD which will grow as the I/Q symbol skew is relaxed.  This study recommends against relaxing the I/Q symbol skew constraint.

	20.  Axial ratio 
	≤ 3 dB  
	Yes
	No
	(
Relaxing the axial ratio will result in an increase in the polarization loss.  A relaxation from 3 dB to 5 dB will increase the loss by least 0.38 dB.  This study recommends against relaxing the axial ratio constraint.

	21. Data rate tolerance
	≤ ± 0.1 percent
	Yes
	Yes
	(
Data rate tolerance is a fixed offset from the desired data rate.  Arguably a customer could be off from the desired data rate by as much as they want with no impact to the BER as long as the SHO contains the actual data rate.  If this is the case, there would seem to be no reason why this constraint could not be relaxed from 0.1% to 1%.

	22. I/Q power ratio tolerance
	≤ ± 0.4 dB
	Yes
	No
	(
Relaxing the I/Q power ratio tolerance will result in an effective reduction in the Es/No for one of the channels if using OQPSK or an effective gain imbalance increase if using 8PSK.  Both results will have an effective impact on the link margin.  This study recommends against relaxing the I/Q power ratio tolerance.


Table 2.  Current KaSAR-650 Customer Constraints (cont’d)

	Constraint Name
	Current
Constraint Value
	Constraint Difficult or Costly to Meet?
	Constraint Can Be Relaxed with Negligible Impact to BER
	Comments

	23. Permissible Prec variation (without reconfiguration GCMR from customer MOC) 
	≤ 12 dB during service period 
	No
	No
	(
This constraint is currently under investigation under a separate KaDS SRD task to determine if this constraint can be tightened.  This constraint is believed to have been derived based upon an S-band spinning satellite scenario and may not be appropriate for a high data rate Ka-band system.  While a ground-based Ka-band customer may produce a moderately varying Prec due to rain and atmospheric effects, it is unlikely that a system will have the margin to maintain the link for a 12 dB Prec variation.  This study defers recommending a relaxed frequency stability constraint as one is expected to be put forth by a separate ongoing KaDS SRD effort

	24. Permissible rate of Prec variation
	≤ 10 dB per second 
	No
	No
	(
TDRS not specified to tolerate any greater Prec variation rates.  This study recommends against relaxing the permissible Prec variation rate.

	25. Maximum Prec
	-143 dBW
	Yes
	No
	(
TDRS specified performance only guaranteed up to a Prec of -143 dBW.  This is not a health and safety issue, rather it is a specified performance issue.  This study recommends against relaxing the Maximum Prec constraint.
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Appendix A:  Impact of Relaxing KaSAR-650 Bit Jitter

and Bit Jitter Rate Constraints
A.1  Introduction

It is proposed in this RFA resolution document that the symbol jitter and symbol jitter rate constraints be relaxed from 0.1% to 0.2%.  While the KaDS receive equipment has not been designed yet and, therefore, the impact cannot be absolutely determined, this appendix attempts to demonstrate that the receive system can be designed to limit the impact of this relaxation.

A.2  Assumptions

The following assumptions are made for the discussion presented in this appendix:

(
KaSAR-650 service signals will have a very high C/No, on the order of 95 dB-Hz or greater for uncoded service and 90 dB-Hz or greater for coded service.  This is a valid assumption as the minimum data rate expected to be supported by the KaSAR-650 service is 150 Mb/sec.

(
A noise reduction filter which is coarsely adjusted based upon the symbol rate is assumed to precede the carrier tracking loop.  This is a valid assumption as most receive system designs try to limit the amount of thermal noise entering the carrier tracking loop.  This approach also limits the thermal noise entering the components further downstream, such as, the symbol synchronizer.

(
The symbol jitter energy is expected to be reasonably distributed among the frequencies between DC and the maximum allowable jitter frequency, i.e., all of the jitter energy is not at the maximum allowable jitter frequency.

A.3  Justification

The KaDS equipment has not yet been designed.  The KaDS equipment designer will have to design to accommodate the new symbol jitter and symbol jitter rate constraints while still meeting the Mean-Time-To-Symbol-Slip (MTTSS) requirement and the implementation loss requirement.  This can be accomplished by designing appropriately.  The expected differences between KaDS equipment designed for the current symbol jitter constraints and the KaDS equipment designed for the proposed relaxed symbol jitter constraints will likely be as follows:

(
The symbol synchronizer loop bandwidth will have to be wider for the proposed relaxed constraints as compared to the bandwidth for the current symbol jitter constraints.  The bandwidth will likely be two times wider.

(
If a full two times wider bandwidth is not used, the symbol synchronizer loop may have to be of a higher order.  It is likely the symbol synchronizer loop will ultimately be a second order loop, however, if there is concern about limiting the untracked bit jitter and limiting the impact of the untracked bit jitter, a third order loop could be used.

If thermal noise is excluded for the moment, the impact of these hypothetical symbol synchronizer differences is as follows:

(
No significant impact to the untracked bit jitter amount.  The jitter constraints were doubled, however, the symbol synch loop bandwidth was also doubled (and perhaps a higher order loop can be assumed).  This should lead to very similar amounts of untracked symbol jitter for the two cases.

(
No significant impact to the BER.  If the untracked bit jitter did not appreciably increase, the impact to the BER will not be appreciably different.

(
The Mean-Time-To-Symbol-Slip (MTTSS) will be reduced slightly.  For a given amount of untracked bit jitter, the MTTSS will be less for the wider symbol synchronizer loop bandwidth.  It should be noted, however, that the MTTSS is expected to be dramatically greater than the 90 minute specification given in the KaDS SRD [1], therefore, a slight reduction in the MTTSS is inconsequential.  While this analysis does not pursue calculating possible MTTSS values, similar calculations were performed for a 1% symbol jitter case and a MTTSS was found to be far in excess of the 90 minute specification [9].

(
The symbol transition constraints do not need to be tightened.  The symbol synch loop bandwidths expected to be used by the KaDS equipment will be on the order of 0.002 x channel symbol rate = 150 kHz, or lower, for uncoded 150 Mb/sec OQPSK service.  For this bandwidth, more than 1000 symbols must pass through the symbol synchronizer before the loop can even begin to move appreciably.  The current symbol transition constraints, in particular the 64 symbols without a transition constraint, will not cause appreciable symbol synchronization problems.

Thermal noise was excluded from the above discussion because it is expected to be an insignificant contributor to the overall untracked bit jitter.  For the C/No amounts expected for the KaSAR-650 service and the loop bandwidths expected to be used by the KaDS symbol synchronization equipment, the loop signal-to-noise ratio should be reasonably strong.  If, however, symbol synchronizer bandwidths which are much larger than that assumed here are used, the impact of the thermal noise cannot be assumed insignificant.

This appendix does not go into great detail about the impact because it is left up to the hardware vendor to build appropriately to minimize the impact of the symbol jitter whether it be 0.1% or 0.2%.  This appendix discusses some possible designs which could accommodate the relaxed jitter constraints with no impact to the BER performance and an expected inconsequential impact to the MTTSS.  The hardware vendor will need to perform the necessary analyses to determine what symbol synchronizer bandwidth is most optimal for the allowable amounts of customer-induced symbol jitter and jitter rate and the expected C/No levels.

It must also be noted that the KaDS Modulation and Coding study recommended that the symbol synchronizer have the capability to implement a variety of loop bandwidths.  This capability greatly enables the KaDS equipment to be configured optimally for all customer jitter distributions and C/No levels.
Appendix B:  Impact of Relaxing KaSAR-650 Gain Flatness
and Phase Nonlinearity Constraints

Simulations were performed to determine how far the gain flatness and phase nonlinearity constraints could be relaxed due to margin freed up by tightening the AM/PM constraint from 12(/dB to 6(/dB.  Not surprisingly, the tightening of the AM/PM constraint had a rather dramatic improvement on the BER performance of the links and allowed for a substantial relaxation of the gain flatness and phase nonlinearity constraints.

Table B-1 provides a summary of the implementation loss expected for the constraint scenario evaluated in the KaDS Modulation and Coding study and for the tightened AM/PM and relaxed gain flatness and phase nonlinearity constraint scenario for a variety of service configurations.  While all service scenarios are not examined, the three service scenarios considered here would be representative of the results expected for other configurations.  Note that the relaxed gain flatness and phase nonlinearity scenarios are highlighted in yellow.  

Table B-1.  Total Implementation Loss for Various AM/PM, Gain Flatness and Phase Nonlinearity Distortion Scenarios

	Data Rate
	Modulation
	Coding
	Customer Transmitter Distortions
	Total
Implem
Loss

	
	
	
	AM/PM
	Gain Flatness
	Phase Nonlin
	All Other Distortions
	

	800 Mb/sec
	OQPSK
	Uncoded
	12(/dB
	0.6 dB (p-to-p) over (230 MHz
	6( (p-to-p) over (230 MHz
	See Note 1
	7.0 dB

	
	
	
	6(/dB
	1.2 dB (p-to-p) over (230 MHz
	12( (p-to-p) over (230 MHz
	See Note 1
	6.9 dB

	1.2 Gb/sec
	OQPSK(2)
	(128,120)2
TPC
	12(/dB
	0.6 dB (p-to-p) over (230 MHz
	6( (p-to-p) over (230 MHz
	See Note 1
	5.1 dB

	
	
	
	6(/dB
	1.2 dB (p-to-p) over (230 MHz
	12( (p-to-p) over (230 MHz
	See Note 1
	3.9 dB(3)

	1.5 Gb/sec
	8PSK
	(128,120)2
TPC
	12(/dB
	0.6 dB (p-to-p) over (230 MHz
	6( (p-to-p) over (230 MHz
	See Note 1
	3.4 dB(4)

	
	
	
	6(/dB
	1.2 dB (p-to-p) over (230 MHz
	12( (p-to-p) over (230 MHz
	See Note 1
	3.2 dB(4)

	Notes:

1.
Assumed the same as that used in KaDS Modulation and Coding study [2].

2.
While the KaDS SRD currently does not require that 1.2 Gb/sec OQPSK be supported, it is expected after the KaDS demonstration that the KaDS equipment will be required to support 1.2 Gb/sec coded OQPSK service.

3.
If the KaDS equipment ultimately has to support 1.2 Gb/sec OQPSK service, a reasonable implementation loss will be required.  A 3.9 dB implementation loss is much more appropriate than a 5.1 dB implementation loss.

4.
Following delivery of the KaDS SRD, NASA/GSFC Code 567 requested an effort be initiated to determine whether the decoder settings for 1.5 Gb/sec TPC-coded 8PSK service were too conservative (non-optimal) and producing out-of-family results.  This effort determined that more optimal decoder settings should be used and lower implementation loss amounts resulted.  The results in Table A-1 are based upon the more optimal decoder settings.


Appendix C:  Frequency Stability Constraint Discussion

A technology study was performed to determine what the drift characteristics were of space-qualified oscillators.  The results of this technology study are provided in Table C-1.

Table C-1.  Frequency Drift Characteristics of Commercially Available Space-Qualified Oscillators

[image: image1.wmf]Short-term

Medium

Long-term

< 5e-12 over 1s

Not Available

< 2.5e-12 over 10 s

Not Available

DORIS 5 MHz Ultra Stable Osc.

? 1e-13 over 10 s

? 1e-13/ min over 10 min

1e-10 per day

2.725 Hz / day

PHARAO 5 MHz Ultra Stable Osc.

? 1e-13 over 1 to 10 s

? 2e-11pp over 90 min

1e-10 per day

2.72 Hz / day

USB1010

Not Available

Not Available

1.4e-8 / day

380.7 Hz / day

USO2010

Not Available

Not Available

1e-11 / day

0.272 Hz / day

USO2020

Not Available

Not Available

< 6e-11 / day

1.63 Hz / day

USO2021

Not Available

Not Available

1.7e-11 / day

0.462 Hz / day

USO2030

Not Available

Not Available

2e-11 / day

0.544 Hz / day

USO2040

Not Available

Not Available

5e-10 / day

13.60 Hz / day

USO2050

Not Available

Not Available

3e-10 / day

8.16 Hz / day

USO2060

Not Available

Not Available

3e-11 / day

0.816 Hz / day

5e-12 over 1 sec 

Not Available

2.5e-12 over 10 sec

Not Available

Vectron International

CO-556 Series

1e-9 / sec

Not Available

2e-6 / year

54.4 KHz / year

Ovenized HF/VHF Space

Not Available

Not Available

1e-6 to 1e-7 / year

27.2 KHz / year

Space TCXO

Not Available

Not Available

1e-6 / year

27.25 KHz / year

ADEOS Project

Not Available

Not Available

5.5e-6 / year

149.6 KHz / year

Drift = (Ka Carrier Freq)(Freq Stability) = (27.195x10^9)(Freq Stability)

Wenzel Associates, Inc.

MX03000 10 MHz Master Osc.

10 MHz Master Reference Osc.

5e-11 per day

5e-11 / day after 30 

days

Syntonics

C-MAC Frequency Products

EMS Technologies

Long-term Drift @ 

Ka-Band

1.36 Hz / day

Frequency Stability

Manufacture

Model

1.36 Hz / day


Most of the oscillators in Table C-1 have specified performance which assures the oscillator cannot drift more than (300 kHz.  For instance, the EMS Technologies oscillator is specified to drift no greater than 1.36 Hz/day at Ka-band.  This means over a 10 year lifespan the oscillator should drift no more than 5 kHz from the specified center frequency – and that assumes a continual drift in the same direction over the entire lifespan of the oscillator.

Considering that oscillators do not continue to drift in the same direction all of the time, an argument can be made that the proposed (300 kHz search range will encompass all of the frequencies the Table C-1 oscillators can drift to in a mission lifetime.  This is debatable for the Syntonics USB1010 oscillator and the ADEOS oscillator, however, the ADEOS drift is perhaps as much about drift over temperature than drift over time.  Again, it must be stressed that while the Syntonics and ADEOS oscillators can drift substantially in a year, they will not always drift in the same direction year after year.  Additionally, it is not in the best interest of the mission to allow their oscillator to drift too far otherwise it places a burden on the customer hardware when trying to acquire a forward service signal.  If a customer oscillator does drift beyond the proposed search range, a once or twice a mission Doppler tracking operation will have to be performed to identify the frequency to be used in the SHO.

Appendix D:  Impact of Relaxing KaSAR-650 Phase Noise Constraint

Using the Phase Noise Analysis Tool (PNAT), various KaSAR-650 candidate phase noise constraint scenarios were evaluated to determine their impact on BER and mean-time-to-cycle-slip.  Based upon this analysis, it was determined that the KaSAR-650 phase noise constraints could be relaxed as shown in Table D-1.  Note that the relaxation is only in the frequency regions which are expected to be well within the bandwidth of the carrier tracking loop, thereby, leading to a negligible impact on BER performance.

Table D-1.  Proposed Relaxed KaSAR-650 Phase Noise Constraint
with Expected Impact

	Frequency
Region
	Value
	Impact(1)

	
	Current
	Proposed
	Total Untracked Phase Noise(2)
	BER Impact(3, 4)
	Mean-Time-To-Cycle-Slip
Impact(5)

	1 – 10 Hz

10 – 100 Hz

100 – 1k Hz

1k – 400M Hz
	50( rms

10( rms

2( rms

2( rms
	50( rms

20( rms

3.6( rms

2( rms
	Increase from 2.74( rms to 2.75( rms
	For uncoded OQPSK, impact is ( 0.01 dB at 10-5 BER

For coded 8PSK, impact is probably ( 0.01 dB at 10-9 BER
	For OQPSK, MTTCS is reduced from 1.32 x 107 minutes to
1.12 x 107 minutes.

Impact to 8PSK cannot easily be determined, however, do not expect MTTCS values much greater than the specified 90 minutes(6).  

	Notes:

1.
Impact estimates based upon the assumption that a carrier tracking loop bandwidth of no lower than 2.1 kHz will be used for OQPSK.

2.
Values based upon customer phase noise performance per this table, TDRS phase noise performance per the TDRS-H phase noise performance report [8] and WSC phase noise performance per WSC specification documentation.

3.
Assumes all of the allowable 2( of spurious PM is untracked.  This yields the most conservative impact.

4.
Impact values do not include the impact of cycle slipping should any occur.

5.
Impact calculations assume all of the untracked phase noise is at or just above the carrier tracking loop bandwidth and all of the 2( rms of untracked spurious PM is at or just above the carrier tracking loop bandwidth.  This yields the most conservative impact.

6.
This analysis examines the worst case impact.  If a wider carrier tracking loop bandwidth than 2.1 kHz were considered, improved MTTCS statistics would result.  Use of a wider carrier tracking loop bandwidth generally results in less untracked phase error which in turn generally results in improved MTTCS statistics.  Since the C/No for KaSAR-650 service is expected to be so high, very wide carrier tracking loop bandwidths can be considered for the KaSAR-650 service leading to very good MTTCS statistics.
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A determination needs to be made as to the recommended link margin suggested to new Ka‑Band users that may use this service such that we are not overly conservative in our margin and subsequent impact to the user system design.
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Ted Sobchak/ Code 453/ 301-286-7813/ Ted.Sobchak@nasa.gov
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Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	60. Response
See attached document
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RFA #5 Resolution
Per RFA #5, an evaluation has been performed to determine whether the standard recommended 3 dB link margin is too conservative for the KaSAR-650 service.  A review has been performed of the TDRS HIJ on-orbit KaSAR G/T and SGL downlink EIRP measurement data to determine whether actual performance is assuredly much greater than specified performance.  Additionally, link budget analysis has been performed to determine how costly, in terms of power, it is to build to a +3 dB overall link margin.

A review of the TDRS HIJ on-orbit measurement data [1, 2, 3, 4] indicates all three TDRS HIJ spacecraft outperform the KaSAR G/T and SGL downlink EIRP specifications.  The data indicates the KaSAR G/T specification is generally outperformed by 3 dB and the SGL downlink EIRP specification is generally outperformed by more than 3 dB.  While these amounts would seem to indicate a great deal of margin is built into the KaSAR link, it must be stressed that there is uncertainty in the Ka-band on-orbit measurement data.

During TDRS-H on-orbit testing, it was determined that accurate calibration of the Ka-band test equipment was not possible.  Several attempts at resolving or clarifying the calibration error were performed during the TDRS HIJ on-orbit testing, however, these efforts could not fully resolve the uncertainty.  For this reason, it must be assumed that the large margins believed to have been measured on-orbit could actually be much smaller.

In addition to the test data uncertainty, it must be recalled that Beginning of Life (BOL) data was collected during the acceptance test program.  The margins that exist today may not be the margins that exist at End-of-Life (EOL).

One additional issue must be considered.  There is uncertainty in the implementation loss amounts in the KaDS SRD.  These implementation loss values were determined using simulation and analysis efforts.  While every attempt was made to ensure conservative results, there is the possibility that different TDRS/SGLT configurations/combinations could result in higher implementation loss values.

With all that said, it is recommended that the KaSAR-650 Prec equations ultimately be derived using conservative, but actual performance values (as is currently done in SNUG Rev 8 for the other services).  While the KaSAR actual values are not known to a sufficient enough accuracy now, this data can be collected following the procurement of the KaDS end-to-end test equipment and as part of the KaDS demonstration.  Until the TDRS HIJ spacecraft are more accurately characterized, the KaDS link budget analyses will continue to use specified performance.

Using TDRS HIJ specified performance data, link budget analysis was performed to determine how costly, in terms of power, it is for a customer to achieve a particular overall link margin.  Table 1 summarizes the additional customer spacecraft EIRP required to achieve the desired link margin relative to a 0 dB link margin.  Note that there is not a 1:1 relationship between the desired link margin and the required customer EIRP due to the power limiting tandem effect of the SGL downlink

While there is an increasing “penalty” to using increasingly larger link margins, this penalty is only severe at data rates of 1.2 Gb/sec and greater and for link margins of 2 dB and greater.  Even with this penalty, it is expected that any Ka-band mission will want to build to a 3 dB margin for the same reasons that most TDRSS missions build to a 3 dB margin.  Additionally, there are risks particular to Ka-band which warrant building to a 3 dB margin.  These risks are as follows:

(
Subtle imperfections in customer antenna reflector or sub-reflector on-orbit can result in severe antenna gain pattern shortfalls at Ka-band.

(
Subtle inaccuracies in customer antenna pointing can result in a severe EIRP shortfall.

Table 1.  Impact of Overall Link Margin on Customer Spacecraft EIRP

	Service Configuration
	Additional Customer Spacecraft EIRP Required to Achieve the Desired Link Margin Relative to the EIRP Required to Achieve a 0 dB Link Margin(1, 2)

	Data Rate
	Modulation
	Coding
	1 dB Overall Link Margin
	2 dB Overall Link Margin
	3 dB Overall Link Margin

	1.0 Gb/sec
	OQPSK
	(128,120)2 TPC
	+1.1 dB
	+2.2 dB
	+3.3 dB

	
	
	(8176,7156) LDPCC
	+1.1 dB
	+2.2 dB
	+3.4 dB

	1.2 Gb/sec
	OQPSK
	(128,120)2 TPC
	+1.2 dB
	+2.4 dB
	+3.7 dB

	
	
	(8176,7156) LDPCC
	+1.2 dB
	+2.4 dB
	+3.8 dB

	
	8PSK
	(128,120)2 TPC
	+1.2 dB
	+2.4 dB
	+3.8 dB

	
	
	(8176,7156) LDPCC
	+1.2 dB
	+2.5 dB
	+3.9 dB

	1.5 Gb/sec
	8PSK
	(128,120)2 TPC
	+1.3 dB
	+2.7 dB
	+4.2 dB

	
	
	(8176,7156) LDPCC
	+1.4 dB
	+2.9 dB
	+4.6 dB

	Notes:

1.
Values based upon link budget analysis assuming TDRS HIJ specified performance.  Smaller values will result if TDRS HIJ actual performance used.

2.
Values based upon implementation loss values given in the KaDS SRD [5].  Any new values determined in RFA #4 not considered in this RFA.
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	REQUEST FOR ACTION (RFA)

	66. Review Type

KaDS SRR
	67. RFA No.

452/128-006
	68. Review Date

October 29, 2003

	69. Title

Maintenance Requirements

	70. Action

Define the maintenance concept and approach for the equipment procured in support of the KaDS.  For instance, what built‑in tests will be included with the equipment?  Will the equipment be box‑level replacement with spares retained on site and how many spares?  Will box repair be performed on site, or sent to a vendor for repair?

	
	Reference
Chart 25, 34

	71. Originator/Organization/Telephone No./E-mail

Ted Sobchak/ Code 453/ 301-286-7813/ Ted.Sobchak@nasa.gov

	72. Assigned To/Organization/Telephone No./E-mai

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.govl
	Due Date

December 3, 2003

	73. Response
The KaDS SRD does not address reliability, maintainability, and availability (RMA) for the KaSAR (650 MHz) Data Services equipment, and will be updated to do so.  Consistent with existing WSC requirements, the SRD will be updated  to require the existence of equipment built in test, and will addresses Level-1 maintenance with respect to replacement of designated Line-Replaceable Units and sparing.

The trade between on-site or return-to-vendor maintenance has not been addressed.  If the KaDS equipment is unique (not COTS), as is anticipated, on-site maintenance would probably be preferable.  However, It is anticipated that resolution of this issue will be based on trades considering life cycle cost, sparing levels, and availability requirements.  These issues will be addressed, on an individual basis, in the design and procurement phases of the KaDS project.
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	REQUEST FOR ACTION (RFA)

	79. Review Type

KaDS SRR
	80. RFA No.

452/128-007
	81. Review Date

October 29, 2003

	82. Title

KaDS equipment interface parameters

	83. Action

Define the interfaces and parameters  (control and status) required between the WSC existing systems and each KaDS equipment piece, eg. Controller, Receive Chain etc. similar to EET equipment on charts 72 and 74.

	
	Reference
Chart 25, 34
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Ted Sobchak/ Code 453/ 301-286-7813/ Ted.Sobchak@nasa.gov

	85. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	86. Response
The KaDS SRD does address monitoring of KaSAR (650 MHz) Data Services equipment in Section 6.5.3.1, but only at a very high level, and certainly not to the same level as is done for the EET Systems.  Because the signal design for the KaSAR (650 MHz) data service is new and not completely defined, not all parameters can be identified at this time.  However, many thing such as carrier lock, symbol synchronizer lock, and decoder synchronization could be identified.  The SRD will be updated to incorporate more specific requirements in this area.
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	REQUEST FOR ACTION (RFA)

	92. Review Type

KaDS SRR
	93. RFA No.

452/128-008
	94. Review Date

October 29, 2003

	95. Title

Number of simultaneously supportable wideband services.

	96. Action

Currently the KaDS is planning to support 3 concurrent Ka‑Band 650Mhz services, the size of the current fleet.  However, 4 SGLTs have been modified to support this service.  Eventually, additional TDRSs may be added to the constellation with this channel, and history has indicated that buying additional ground hardware in the future to accommodate a 4th service may prove to be costly. 

Given the pooled resource design of the current KaDS design, evaluate the impact (cost and technical) to accommodate a long‑term 4‑service capability.

	
	Reference
Chart 25, 34

	97. Originator/Organization/Telephone No./E-mail

Ted Sobchak/ Code 453/ 301-286-7813/ Ted.Sobchak@nasa.gov

	98. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	99. Response
The technical impacts of adding a fourth service capability would be minor.  The receivers are a pooled resource in the KaDS architecture.  The inputs to the receivers will be fed from the Intermediate Frequency (IF) output ports of the existing Ka-Band wideband return IF service.  There are eight of these IF output ports, plenty for expansion if necessary.  The KaDS wideband data network, which will accept the receiver outputs, will not be constrained to prohibit expansion.  Software impacts for adding a fourth service capability would be minor as well.  

Since the KaDS hardware and software architectures accommodate expansion of service capability easily, the cost impacts of adding more KaDS services would be approximately equal the cost of the additional receiver(s).  It is anticipated each receiver will cost in excess of $1M.  

There are currently no plans known to the KaDS project personnel to procure any additional TDRS satellites prior to the TDRSS Continuation Program (first launch ~2013).  The current plans for TDRSS-Continuation include building new ground systems rather than using (or upgrading) the existing ground systems (the existing ground systems will be used to “fly out” the current fleet of nine TDRS).  If these plans change and a fourth simultaneous KaDS service capability needs to be provided, an additional receiver could be procured or either a redundant or spare receiver could be used.  Use of redundant or spare receivers could adversely affect the service availability however.  

Given the current knowledge of future plans for the Space Network and the expense of expansion, the KaDS project recommends retaining the requirement to support three simultaneous services.  The future plans of the SN should be reevaluated at the time of the receiver procurement (~1.5 years from now).  
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	REQUEST FOR ACTION (RFA)

	105. Review Type

KaDS SRR
	106. RFA No.

452/128-009
	107. Review Date

October 29, 2003

	108. Title

Identify Key Technical Challenges and Technology Developments

	109. Action

Identify the top four to six technical challenges to achieving stated goals and produce a plan for meeting each. Identify the key technology developments needed, e.g., 1.2 Gbps baseband receiver and transmitter, their current Technology Readiness Levels, and estimated TRL timelines.

	
	Reference


	110. Originator/Organization/Telephone No./E-mail

Pat Eblen / NASA HQ Code M-3 /202-358-4497 / pat.eblen@nasa.gov

	111. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	112. Response
The KaDS project approach involves specifying and procuring hardware systems, most of which are based on proven technology.  The table below lists three technical challenges identified by the KaDS project, along with their technology readiness level (TRL), and risk mitigation techniques.

It is acknowledged that the Ka-Band Flight Systems Project will have technical challenges, but they are not the subject of this review.  

KaDS Project Technical Challenges

Technical Challenge

Technology Readiness Level (see attached chart)

Risk Mitigation Technique

Implement TPC and LDPC channel coding to meet the KaDS BER requirement (10-10) at KaDS data rates.

For lower data rates (~20 Mbps), both TPC and LDPC are at TRL-9.  For the KaDS data rates, TPC is expected to be at TRL-5 for KaDS data rates by January 2004.  ECC is a leader in the TPC technology development effort.  For the KaDS data rates, LDPC is expected to be at TRL-5 by September 2005.  GSFC Code 567 is a leader in the LDPC technology development effort.  

The KaDS demonstration (scheduled for early 2005) will verify the feasibility of using TPC and/or LDPC for the KaDS project.  Data multiplexing and lower rate decoders may be utilized in the demonstration if high rate decoders are not available.  The KaDS SRD will be modified based on the demonstration outcome as appropriate.  If high rate decoder technology is unavailable at the time of the KaDS procurement, a data-multiplexing scheme can be used.  

Implement a high data rate receiver that is tunable from 300 Mbps to 1.2 Gbps, and meets implementation loss requirements at a practical cost.

Industry RFIs conducted in early 2003 indicate that multiple vendors have high rate tunable receivers in operations (TRL-9).  Specific information was not available due to the classified nature of the programs involved.  

The KaDS demonstration (scheduled for early 2005) will verify the performance of receivers at a number of rates.  If tunable data rate receivers are not available at the time of the KaDS procurement, fixed data rate receivers (with multiple data rates) can be used.  

Implement a packetized baseband data interface at WSC.

The KaDS project personnel are not familiar enough to know the TRL for this technology.  At the November 2003 Ka-Band Conference in Italy some vendors indicated this technology existed in operations (TRL-9).  

The KaDS project will generate an RFI to solicit industry inputs on this type of data network interface.

See related response to RFA #3.  

If applicable high data rate packetized data interface technology is not available at the time of the KaDS procurement, a serial interface can be used.  
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Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
Mark Burns / CSOC ITT / 703-438-8155 / mark.burns@itt.com
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December 9, 2003
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	Technology Readiness Level
	Description

	1. Basic principles observed and reported
	Lowest level of technology readiness. Scientific research begins with to be translated into applied research and development. Example might include paper studies of a technology's basic properties.

	2. Technology concept and/or application formulated
	Invention begins. Once basic principles are observed, practical applications can be invented. The application is speculative and there is no proof or detailed analysis to support the assumption. Examples are still limited to paper studies.

	3. Analytical and experimental critical function and/or characteristic
	Active research and development is initiated. This includes analytical studies and laboratory studies to physically validate analytical predictions of separate elements of the technology. Examples include components that are not yet integrated or representative.

	4. Component and/or breadboard validation in laboratory environment
	Basic technological components are integrated to establish that the pieces will work together. This is relatively "low fidelity" compared to the eventual system. Examples include integration of 'ad hoc' hardware in a laboratory.

	5. Component and/or breadboard validation in relevant environment
	Fidelity of breadboard technology increases significantly. The basic technological components are integrated with reasonably realistic supporting elements so that the technology can be tested in a simulated environment. Examples include 'high fidelity' laboratory integration of components.

	6. System/subsystem model or prototype demonstration in a relevant environment
	Representative model or prototype system, which is well beyond the breadboard tested for TRL 5, is tested in a relevant environment. Represents a major step up in a technology's demonstrated readiness. Examples include testing a prototype in a high fidelity laboratory environment or in simulated operational environment.

	7. System prototype demonstration in a operational environment
	Prototype near or at planned operational system. Represents a major step up from TRL 6, requiring the demonstration of an actual system prototype in an operational environment, such as in an aircraft, vehicle or space. Examples include testing the prototype in a test bed aircraft.

	8. Actual system completed and 'flight qualified' through test and demonstration
	Technology has been proven to work in its final form and under expected conditions. In almost all cases, this TRL represents the end of true system development. Examples include developmental test and evaluation of the system in its intended weapon system to determine if it meets design specifications. 

	9. Actual system 'flight proven' through successful mission operations
	Actual application of the technology in its final form and under mission conditions, such as those encountered in operational test and evaluation. In almost all cases, this is the end of the last "bug fixing" aspects of true system development. Examples include using the system under operational mission conditions.


	REQUEST FOR ACTION (RFA)

	118. Review Type

KaDS SRR
	119. RFA No.

452/128-010
	120. Review Date

October 29, 2003

	121. Title

User Survey Data / Requirements Derivation

	122. Action

Provide the user survey data and requirements derivation analyses that led to 1.2 Gbps data rate and 10E-9 BER, or make it available on the KaDS website.

	
	Reference


	123. Originator/Organization/Telephone No./E-mail

Pat Eblen / NASA HQ Code M-3 /202-358-4497 / pat.eblen@nasa.gov

	124. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	125. Response
A customer survey was conducted as part of the formulation of the KaDS requirements.  At the KaDS Interim Review conducted May 1, 2003, the results of the customer survey were presented (see attachment).  The KaDS requirements for maximum data rate and BER were not a direct outcome of this customer survey, but rather were established to maximize data rate given the channel characteristics and to provide BER performance compatible with missions planning to use data compression.  

The KaDS data rate requirements will be established to maximize data throughput given the TDRS and ground segment channel characteristics.  There is not a direct relationship to customer survey inputs, since it would be difficult to increase the system data rate capabilities after implementation in response to changing customer requirements.  ISS representatives have stated that 1.2 Gbps would meet their requirements, but are interested in knowing what the maximum capability will be.  Early analyses indicated that 1.2 Gbps would be a comfortable target for the maximum data rate for the KaDS. This was the figure passed on from Code 450 management in directing the project formulation.  Subsequent studies done by the KaDS project (see Modulation and Coding Study package on KaDS web site) indicate 1.5 Gbps should be achievable.  To mitigate risk in this area, the KaDS approach is to conduct a demonstration to determine what is the maximum achievable data rate for the 650 MHz channel.  The demonstration results will be used to finalize the data rate requirements for the KaDS prior to procurement of the receiver systems.  

The BER requirement for the KaDS is 10-10.  This was established after dialog with experts in GSFC Code 567.  Their input was “Most future earth science missions will be using data compression on their ultra-high rate science data.  To limit error propagation in the reconstructed data, it is recommended that the communication channel provide low BER performance…  Considering future instruments are likely to employ sensors with more than 10-bit data and a frame is now much larger than 1kx1k, we recommend 10-10 as desirable BER.”  
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	131. Review Type

KaDS SRR
	132. RFA No.

452/128-012
	133. Review Date

October 29, 2003

	134. Title

GSFC High Rate Mod Integration

	135. Action

Show how the GSFC High Rate Mod/Demod and BW-efficient RF Modulator (Code 567) technology works plays into the KaDS project.  (If there is no plan for such integration, should something be changed to make this viable?).

	
	Reference


	136. Originator/Organization/Telephone No./E-mail

Pat Eblen / NASA HQ Code M-3 /202-358-4497 / pat.eblen@nasa.gov

	137. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	138. Response
Technology developments are generally initiated far in advance of operational systems developments using the technology.  The GSFC technology program selects initiatives in response to both known and anticipated mission needs.

In the late 90’s, modulation and coding studies were initiated to evaluate candidates to support high data rates (~1Gbps) for direct-to-ground and TDRS relay applications.  Leading candidates from the studies were GMSK and 8PSK-TCM, with the latter being the most promising.  The data rate capability of the 8PSK-TCM was limited but it was expected in the late 90’s that the intense interest in commercial Ka-Band satellite systems at the time would provide data rate improvements in the 8PSK-TCM technology that would benefit NASA Ground and Space Network customers.  With the demise of many of the planned commercial systems, that expectation was not realized.

The Code 567 High Rate Baseband Modulator (HRBM) design is mainly targeted towards addressing the Space Frequency Coordination Group (SFCG) recommendation for a spectral mask to avoid adjacent band interference.  CCSDS passed a new set of modulation standards to conform to the SFCG mask and promote bandwidth efficiency.  The modulation standards included 8PSK-TCM and, as the SN Ka-Band modulation and coding technique of choice at the time, would have provided a low data rate implementation for evaluation leading to future SN Ka-Band use at higher rates when the technology became available.  

With the start of the Ka-Band Data Service effort, with its aggressive implementation schedule, conversations were initiated with industry concerning the availability of 8PSK-TCM flight and ground hardware for high data rates.  One potential vendor said they were pursuing Turbo Product Codes for high data rate applications because of superior coding performance and more readily available hardware than 8PSK-TCM.  At that point, interest shifted to TPC, which became the focus of study and simulations as a near-term candidate for the KaDS coding choice. The HRBM will be capable of BPSK, QPSK, OQPSK, and 8-PSK modulations and is compatible with TPC and LDPC coding options.  Due to the advanced filtering techniques to meet the SFCG recommendations, the HRBM is currently limited to lower data rates (100 Mbps/channel) than the KaDS is currently targeting.

Code 567 is also developing a Ka-Band RF Modulator as part of the SCDS Technology Program.  The Ka-Band RF Modulator is based on the flight modulator being designed for the Solar Dynamics Observatory (SDO).  In FY04, the SDO design will be modified to accommodate the full 650 MHz bandwidth available via TDRSS Ka-Band service.  When commercialized, this activity will provide future SN Ka-Band customers with a flight RF modulator design at the required TDRSS frequency and bandwidth for potential use.
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	144. Review Type

KaDS SRR
	145. RFA No.

452/128-013
	146. Review Date

October 29, 2003

	147. Title

NISN Data Transport Capability

	148. Action

Code 290 needs to provide a corresponding mission communications/ common carrier/ NISN data transport capability to accommodate the 1.2 Gbps Ka-Band received data to customer site, recognizing that the existing security requirements must continue to be fulfilled 
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Page 33 SRR Package
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Keiji Tasaki / Code 452/ 301-286-6724/ keiji.tasaki@nasa.gov
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Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	151. Response
Code 450 and the KaDS Project team are working with potential ultra-high data rate customers (including ISS and SP&M), but none have committed to using the Ka-Band Data Service.  The end destination for the ultra-high rate return data could be any number of locations, such as JSC, MSFC, WSC, and others.  The KaDS Project schedule brings the new ultra-high rate data service into operations at the end of 2007.  The first customers would not have any data transport requirements prior to 2007.  The KaDS project team recommends an approach that provides a flexible network interface at WSC, leaving the data transport design and implementation until after specific customer requirements exist.   With regard to security requirements, the KaDS project has opened an SRD action item to define security and data privacy requirements for customers considering the use of the Ethernet LAN router/switch.  
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	_______________________________________________

(Chairperson)
	_____________

Date


  450-FORM-0002 (10/03)

  Revision 1
	REQUEST FOR ACTION (RFA)

	157. Review Type

KaDS SRR
	158. RFA No.

452/128-014
	159. Review Date

October 29, 2003

	160. Title

Ka-Band Tracking (TDMs)

	161. Action

TDMs would have non-coherent Doppler & TDRS antenna pointing, useful for:

1. Backup user navigation if primary method (e.g., GPS) fails

2. User frequency offset monitoring

3. Ka-Band antenna pointing / auto-track troubleshooting.  

Consider how much it would cost, given that all the uses are workarounds to better ways. 

	
	Reference


	162. Originator/Organization/Telephone No./E-mail

Steve Hendry / CSOC /FDF / 301-286-3486 / steve.hendry@gsfc.nasa.gov

	163. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	164. Response
Incorporation of TDM support for KaDS return services was considered by the project team, but it was determined that it was not required by any element of the KaDS Operations Concept.  (Note that One-way Doppler Tracking” is listed in the “Requirements Under Consideration,” slide 67 of the SRR presentation.)

The KaDS team has decided to not add any TDM requirement to the SRD.  However, to mitigate the risk of this becoming a deficiency in future support, the SRD will be modified to include a “Doppler Frequency Extraction” function in the specification of the KaDS receive equipment.  It is anticipated that this will not present a significant cost risk, and would ensure that the addition of KaDS TDM support would be easily implemented in the future.

	165. Response By/Organization/Telephone No./E-mail
Frank Hartman / CSOC WSC / 505-527-7363 / fhartman@mail.wsc.nasa.gov

	Date Prepared
December 5, 2003

	166. Originator Contacted
	 FORMCHECKBOX 
  No
	 FORMCHECKBOX 
  Yes
	Date  

	167. Disposition
	 FORMCHECKBOX 
  Open
	 FORMCHECKBOX 
  Deferred
	 FORMCHECKBOX 
  Closed
	 FORMCHECKBOX 
  Withdrawn

	168. Comments


	169. Approval

	_______________________________________________

(Chairperson)
	_____________

Date
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	REQUEST FOR ACTION (RFA)

	170. Review Type

KaDS SRR
	171. RFA No.

452/128-015
	172. Review Date

October 29, 2003

	173. Title

Demonstration – Loop Testing Objective Priority

	174. Action

Reconsider making loop testing to estimate contribution to the total end-to-end link IMP loss a primary objective.  I believe this is necessary to really understand performance curves to know where improvements or savings can be made.

	
	Reference


	175. Originator/Organization/Telephone No./E-mail

Dave Israel / Code 567/ 301-286-5294 / dave.israel@nasa.gov

	176. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	177. Response
Short loop testing can be easily accomplished during the demonstration by connecting the 1.2 GHz IF output of the test modulator into the IF input of the demodulator.  However, medium and long loop testing will require a frequency translation, and routing of the test IF signals to an SGLT and SGL antenna base.  Additional demonstration hardware will be required to perform the frequency translation either from the 1.2 GHz test modulator IF to the Ku-band SGL downlink frequency (13.720 GHz), or from the KaSAR-wide center frequency (e.g., 26.10 GHz) to the Ku-band SGL downlink frequency (13.720 GHz).

While it is agreed that it would be beneficial to better understand the contribution to total end-to-end implementation loss from individual components, experience from the KaTP 600 Mbps demonstration has indicated that these individual losses are difficult to quantify.  The difficulty arises from the insertion of test upconverter or downconverter, as described above, to perform the frequency translation for the medium and long loop test.  During the KaTP 600 Mbps demonstration, a test upconverter was fabricated at WSC using inexpensive components and available test equipment.  It was difficult to isolate the implementation loss from the test upconverter and subtract it out of the total implementation loss to determine the implementation loss contribution from the SGLT components under test.  Procuring a test upconverter with very low distortion levels (gain flatness and phase nonlinearity) was considered for the KaTP demonstration, however, it was determined that this would not be cost effective to implement.

A medium and long loop test could be performed using the WSC fabricated test upconverter if necessary for a contingency situation, i.e., end-to-end demonstration implementation loss is appreciably higher than expected, and isolation of the primary loss contributor is required.

	178. Response By/Organization/Telephone No./E-mail
Mark Burns / CSOC ITT / 703-438-8155 / mark.burns@itt.com

	Date Prepared
December 5, 2003

	179. Originator Contacted
	 FORMCHECKBOX 
  No
	 FORMCHECKBOX 
  Yes
	Date  

	180. Disposition
	 FORMCHECKBOX 
  Open
	 FORMCHECKBOX 
  Deferred
	 FORMCHECKBOX 
  Closed
	 FORMCHECKBOX 
  Withdrawn

	181. Comments


	182. Approval

	_______________________________________________

(Chairperson)
	_____________

Date
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	REQUEST FOR ACTION (RFA)

	183. Review Type

KaDS SRR
	184. RFA No.

452/128-016
	185. Review Date

October 29, 2003

	186. Title

KaBand Flight Components

	187. Action

While specific information on the proposed plan for Ka-Band Flight components was not part of this review, there should be discussion of which components are built by the KaFS project.  In discussions with ISS there is basic agreement that the baseband modulator/exciter would be the most difficult to construct and a partnering between GSFC/ISS would be very cost effective.  This difficult Ka‑Band component is analogous to the NASA Standard S‑Band Transponder, which was developed as a “standard” component. Designs for other components such as antennas and power amps exist already and are so unique to each S/C that it brings into question the effectiveness of spending limited resources for developing standard versions of these.  If a complete user terminal is needed to demonstrate the Ka capability, antennas and PA’s can be obtained that are not “flight qualified.”  There are 3 DSN missions planning to fly Ka (32 Ghz) systems. We need to see what NRE is needed to modify these for 26 Ghz rather than starting over.  Spending funds on building antennas without specific users in mind will not necessarily encourage new missions to become TDRS Ka users.  Usually these are very unique in terms of size, pointing, motion etc and often need to be custom designs with tight physical and electrical integration of the antenna and power amp.

	
	Reference


	188. Originator/Organization/Telephone No./E-mail

Frank Stocklin / Code 450/ 301-286-6339 / Frank.J.Stocklin@nasa.gov

	189. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	190. Response
The goal of the KaFS established in the Product Commitment Document (PCD) is to develop flight form factor engineering models of key components or a full or partial flight communication system for risk and cost reduction, to build customer confidence, and to demonstrate and promote the SN Ka-Band service.  Recommendations for development hardware candidates will be part of the KaFS requirements and design review in March 2004.

The objective of the KaFS component development has been discussed with Code 450 personnel and will be further discussed with ISS Advanced Communications Working Group (ACWG).  A preliminary plan is as follows:

The most difficult and high-risk component is the Ka-Band transmitter.  The power amplifier (PA) is customer unique and can be commercially available by scaling to NASA Ka-Band frequency, i.e., not a difficult and high-risk component.  Therefore, an encoder/modulator and an exciter with nominal output power to drive the PA may be the only components to be developed for the Ka-Band transmitter.  Strong coding is the key to achieve the required performance for ultra high rate communications.  Either a TPC or LDPC encoder or both encoders will be built as part of the flight systems for demonstration.

The Ka-Band receiver will be recommended for development since TDRSS forward link service at rates up to 25 Mbps has never been demonstrated before.  It should be noted that the KaDS project is not modifying the ground systems to increase the forward services data rates beyond 7 Mbps, but testing of KaFS components is feasible via manual setups of the ground equipment.  The KaFS will develop a transceiver for demonstration consisting a transmitter and receiver.  The receiver can be a separate component or an integrated part of the TDRSS Ka-Band transceiver.

The Ka-Band antenna is also customer unique (like the PA) and can be commercially available by scaling to NASA Ka-Band frequency.

With these considerations and limited funding source available, the Ka-Band hardware candidates to be built for demonstration will consist of engineering models of the encoder, modulator, exciter, and receiver.  The development of customer Ka-Band antenna and PA will be part of the vendor study activity in FY04.  The study results will produce a detailed antenna and PA design and specification.  It also will provide a road map for antenna and PA vendor selection and space qualification.  Once the engineering model of the flight system is completed, a demonstration with WSC ground terminal using the KaDS end-to-end test system antenna and PA will be conducted.

Regarding space qualified Ka-Band transmitter/receiver; a partnership between GSFC and the ISS project may be a cost effective approach.  Further discussions with ISS advanced communications working group are planned.

While current plans are for the KaFS demonstration is to be conducted at WSC, an on orbit demonstration of a complete Ka-Band communications system is highly desirable.  There is a possible opportunity to fly and demonstrate the KaFS on the ISS Express Pallet mission.  The goal of the Express Pallet mission is to demonstrate new instruments and technologies on an Express Pallet attached to the ISS in 2006 and beyond.  The KaFS components including transmitter, receiver and antenna could be part of the new technologies demonstration or a communications subsystem payload of the Express Pallet bus.  Discussions with ISS are planned for possible collaboration and cost sharing.  Results will be reported when available.

The KaDS project plans to hold teleconference/meeting with Code 450 management to discuss the goals of the KaFS on January.  Presentation material will be prepared to address the KaFS recommended development components including pros and cons and technical merit of various options.   Code 450 management input and consultation with ISS will be important for the final selection of  KaFS components to be developed.  

	191. Response By/Organization/Telephone No./E-mail
Yen Wong / Code 567 / 301-286-7446 / Yen.Wong@gsfc.nasa.gov
Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Date Prepared
December 3, 2003

	192. Originator Contacted
	 FORMCHECKBOX 
  No
	 FORMCHECKBOX 
  Yes
	Date  

	193. Disposition
	 FORMCHECKBOX 
  Open
	 FORMCHECKBOX 
  Deferred
	 FORMCHECKBOX 
  Closed
	 FORMCHECKBOX 
  Withdrawn

	194. Comments


	195. Approval
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(Chairperson)
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  Revision 1
	REQUEST FOR ACTION (RFA)

	196. Review Type

KaDS SRR
	197. RFA No.

452/128-017
	198. Review Date

October 29, 2003

	199. Title

SDO Impacts To Ka Testing at WSC

	200. Action

SDO is planning two 9m full-time Ka receive terminals at 26.5 Ghz.  This will require Ka testing thru the EET System to make accommodation for SDO by either avoiding this frequency or by requesting SDO to use the 9m system farthest away from the EET to provide isolation.  At this point it may not be clear just how much isolation is needed, and may require study to determine the need and amount of any additional protection necessary.

	
	Reference


	201. Originator/Organization/Telephone No./E-mail

Frank Stocklin / Code 450/ 301-286-6339 / Frank.J.Stocklin@nasa.gov

	202. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	203. Response
See attached response.

	204. Response By/Organization/Telephone No./E-mail
Frank Hartman / CSOC WSC / 505-527-7363 / fhartman@mail.wsc.nasa.gov

	Date Prepared
December 17, 2003

	205. Originator Contacted
	 FORMCHECKBOX 
  No
	 FORMCHECKBOX 
  Yes
	Date  

	206. Disposition
	 FORMCHECKBOX 
  Open
	 FORMCHECKBOX 
  Deferred
	 FORMCHECKBOX 
  Closed
	 FORMCHECKBOX 
  Withdrawn

	207. Comments


	208. Approval

	_______________________________________________

(Chairperson)
	_____________

Date
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Response to RFA 17

Overview

SDO plans to install two 9m Ka receive terminals at the WSC, one at STGT and one at WSGT.  They will both operate full time, and the system will automatically select the best quality output stream from the two to transport off-site.  The KaBand test antenna (to simulate user transmission) to be installed by the KaDS Project will support Ka-band transmission at the SDO receive frequency.  Consequently, off-bore site radiation from the Ka test antenna may result in interference to one or both the SDO receive terminals.

SDO Plans for Mitigation

The KaDS project team has initiated communication with the SDO project.  The SDO team had previously analyzed and reviewed this issue, and the SDO project plans to accommodated this potential interference in their operational plan.  Specifically, analysis indicates that radiation from the WSC KaBand test antenna should significantly impact only one of the SDO receive terminals, and the “best source select” algorithm should ensure that data from the other receive terminal will be selected during times of interference.

KaDS Response

The KaDS team has reviewed the analysis report upon which the SDO plan is based, and has noted several assumptions about the TDRSS Ka-band test antenna made in the analysis that are no longer valid.  We have communicated these observations to the SDO project; the SDO project will consider whether further analysis is necessary.

Current Plan for Mitigation

As stated above, the SDO project plans to accommodate potential interference from the TDRS Ka-band test antenna radiation via the spatial diversity provided by their two-antenna implementation and by the “best source select” algorithm for data source selection.  The SDO project is confident that this will adequately protect their required system availability, but will review the information received by WSC to determine if further analysis is necessary.

The KaDS team plans to make no significant accommodations to mitigate a potential impact of Ka-band test antenna emissions to the SDO project.  However, the KaDS and SDO project will continue to communicate as both proceed with design and implementation of their respective systems.  Precluding any major impacts or accommodations, and to the extent that it is within the current scope of the project, the KaDS project team will consider the SDO receive terminal locations in making design and implementation decisions for the TDRS KaBand Test Antenna system.

	REQUEST FOR ACTION (RFA)

	209. Review Type

KaDS SRR
	210. RFA No.

452/128-018
	211. Review Date

October 29, 2003

	212. Title

I/Q Resolution

	213. Action

The following could be called a nit, but it should be corrected.  Receiver diagrams on pages 48 and 49 show demodulator output channels labeled I and Q yet no I/Q resolution is done (nor does it need to be done for SQOSK).  Either leave this unlabeled or use X/Y rather than I/Q.  (These diagrams correctly do not show redundant ½ symbol delay.)

	
	Reference


	214. Originator/Organization/Telephone No./E-mail

Victor J. Sank / GSFC/QSS Code 567/ 301-286-2645/ victor.sank@gsfc.nasa.gov

	215. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	216. Response
As recommended, Figures 6-1, 6-2, and 6-3 in the KaDS SRD will be modified in order to distinguish the I/Q channels of the modulator from the I/Q channels of the demodulator.  

Specifically, the demodulator outputs on Figures 6-1, 6-2, and 6-3 will be changed as follows:

  a.  “I-Ch” will be changed to “I-Ch of Demod”

  b.  “Q-Ch” will be changed to “Q-Ch of Demod”

(Response to RFA #19 shows revised diagrams)  

	217. Response By/Organization/Telephone No./E-mail
David Miller / CSOC ITT / 703-438-7963 / david.miller@itt.com
	Date Prepared
December 2, 2003

	218. Originator Contacted
	 FORMCHECKBOX 
  No
	 FORMCHECKBOX 
  Yes
	Date  

	219. Disposition
	 FORMCHECKBOX 
  Open
	 FORMCHECKBOX 
  Deferred
	 FORMCHECKBOX 
  Closed
	 FORMCHECKBOX 
  Withdrawn

	220. Comments


	221. Approval

	_______________________________________________

(Chairperson)
	_____________

Date
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  Revision 1
	REQUEST FOR ACTION (RFA)

	222. Review Type

KaDS SRR
	223. RFA No.

452/128-019
	224. Review Date

October 29, 2003

	225. Title

SQPSK ½ Bit Delay

	226. Action

The following could be called a nit, but it should be corrected.  Diagram on page 48 and 49 show redundant ½ bit delays.  Remove one.

Single data channel to I/Q conversion shown on left of diagram as a commutator, not a parallel load, will stagger the bits.  The ½ symbol delay shown at the modulator is redundant and would destroy the stagger.

	
	Reference


	227. Originator/Organization/Telephone No./E-mail

Victor J. Sank / GSFC/QSS Code 567/ 301-286-2645/ victor.sank@gsfc.nasa.gov

	228. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	229. Response
As recommended, the commutators will be changed to a “serial to parallel converter” or a “parallel to serial converter” in Figures 6-1, 6‑2, and 6-3.  Also, the QPSK modulator block and ½ symbol delay block will be removed from Figures 6-1 and 6-2. (Only the SQPSK modulator block will remain without internal blocks).  

(See attachment for revised versions of diagrams that include responses to this RFA and RFA #18) 

	230. Response By/Organization/Telephone No./E-mail
David Miller / CSOC ITT / 703-438-7963 / david.miller@itt.com

	Date Prepared
December 2, 2003

	231. Originator Contacted
	 FORMCHECKBOX 
  No
	 FORMCHECKBOX 
  Yes
	Date  

	232. Disposition
	 FORMCHECKBOX 
  Open
	 FORMCHECKBOX 
  Deferred
	 FORMCHECKBOX 
  Closed
	 FORMCHECKBOX 
  Withdrawn

	233. Comments


	234. Approval

	_______________________________________________

(Chairperson)
	_____________

Date
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Attachment For RFA #19:
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Figure 6-1.  SQPSK, Single Data Source (Uncoded)
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Figure 6-2.  SQPSK, Single Data Source (LDPC & TPC Coding Options)
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Figure 6-3.  8-PSK, Single Data Source (LDPC & TPC Coding Options)
	REQUEST FOR ACTION (RFA)

	235. Review Type

KaDS SRR
	236. RFA No.

452/128-020
	237. Review Date

October 29, 2003

	238. Title

LDPC Shortened Structure

	239. Action

The LDPC chip being fabricated by GSFC will use the basic (8176, 7154) code shortened to (8160, 7136). Fundamental message length is 446 16 bit words = 7136.  This is only a small difference but users should be aware that only the shortened code and not the full length code will be available. Interleave from 1 to 8 of the shortened code will also be available.

	
	Reference


	240. Originator/Organization/Telephone No./E-mail

Victor J. Sank / GSFC/QSS Code 567/ 301-286-2645/ victor.sank@gsfc.nasa.gov

	241. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	242. Response
In February of 2003, NASA/GSFC requested that the KaDS Modulation and Coding study [1] include the evaluation of the NASA/GSFC Code 567 (8176,7156) LDPC code being considered for hardware implementation at high data rates.  The modulation and coding study initially used a computer-generated (8176,7156) LDPC code, however, on 7/17/03, NASA/GSFC Code 567 sent the actual LDPC H-matrix being considered for implementation.  Upon receipt of this file, it was identified that the current Code 567 implementation was actually an (8176, 7154) LDPC code rather than the original (8176,7156) LDPC code.  Upon corroborating this with NASA Code 567, the LDPC H-matrix provided by NASA on 7/17/03 was used to produce the required Eb/No results in the KaDS Modulation and Coding study [1].  From these required Eb/No values, implementation loss values were computed and placed in the KaDS SRD [2].

Based upon the content of this RFA, the current Code 567 LDPC encoder and decoder hardware implementations will utilize a shortened version of the (8176,7154) code.  The shortened version will be an (8160,7136) LDPC code.  Since the shortening is so little and the rate is not appreciably changing, the current implementation loss amounts specified in the KaDS SRD should not have to be changed.  This will be corroborated via several spot-check simulations.

The KaDS SRD will be updated to indicate that the LDPC code supported by the KaDS equipment will be an (8160,7136) LDPC code which is produced by shortening the standard (8176,7154) LDPC code.  NASA/GSFC Code 567 must still provide the specifics of this shortening, however, once they are provided the KaDS SRD will be updated as required.
[1]
Ka-Band Data Services Modulation and Coding Study, Revision 3, CSOC-SODA55-872, John Wesdock, et al, ITT Industries Inc., 17 November 2003.

[2]
Space Network Ka-Band Services System Requirements Document, 452-SRD-KaS, NASA/GSFC, September 2003.
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John Wesdock / CSOC ITT / 703-438-8051 / john.wesdock@itt.com
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December 5, 2003
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	 FORMCHECKBOX 
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  Revision 1

	REQUEST FOR ACTION (RFA)

	248. Review Type

KaDS SRR
	249. RFA No.

452/128-021
	250. Review Date

October 29, 2003

	251. Title

CCSDS compliance

	252. Action

Point out to potential users that frame structures using proposed LDPC and TPC codes are not currently CCSDS compliant and may not be so in the near future.  Users should understand that work should proceed without requiring CCSDS approval.  The GSFC coding group. Code 567, has recommended formats.

	
	Reference


	253. Originator/Organization/Telephone No./E-mail

Victor J. Sank / GSFC/QSS Code 567/ 301-286-2645/ victor.sank@gsfc.nasa.gov

	254. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	255. Response
The new Ka-Band Data Service for the 650 MHz-wide channels will be a “bit stream” service that will be fully compliant with CCSDS recommendations that include CCSDS data link layer frames in CCSDS “Advanced Orbiting Systems, Networks And Data Links: Architectural Specification,” 701.0‑B‑3.  “Bit stream” service means that GSFC will implement the LDPC and/or TPC codes at the physical layer of the Open Systems Interconnection (OSI) model.  CCSDS frames that include error detection only frames and Reed Solomon coded frames can be run at the data link layer on top of the physical layer.  This architecture now exists for the SN 225 MHz-wide channel data services that use convolutional codes on the physical layer and CCSDS frames on the Data Link layer.  In addition to supporting CCSDS frames, this “bit stream” service will also allow customers to use DOD or IP protocols (See SRR chart # 55) on top of the physical layer.

Therefore, no action is required for this RFA. 
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David Miller / CSOC ITT / 703-438-7963 / david.miller@itt.com
	Date Prepared
December 3, 2003
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	 FORMCHECKBOX 
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	258. Disposition
	 FORMCHECKBOX 
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	 FORMCHECKBOX 
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	 FORMCHECKBOX 
  Closed
	 FORMCHECKBOX 
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	259. Comments


	260. Approval

	_______________________________________________

(Chairperson)
	_____________

Date


  450-FORM-0002 (10/03)

  Revision 1
	REQUEST FOR ACTION (RFA)

	261. Review Type

KaDS SRR
	262. RFA No.

452/128-022
	263. Review Date

October 29, 2003

	264. Title

CCSDS CADU within LDPC Frame

	265. Action

The proposed LDPC code is a systematic block code.  “Systematic” means that the message remains in clear form after coding (like the Reed-Solomon code). Convolutional is not systematic and the TPC is effectively not systematic.  This means that if CADUs are asynchronously placed in the LDPC frame, the LDPC and the CADU frame synch marker could cause conflict.  If done so, there needs to be a method defined for resolution.

	
	Reference


	266. Originator/Organization/Telephone No./E-mail

Victor J. Sank / GSFC/QSS Code 567/ 301-286-2645/ victor.sank@gsfc.nasa.gov

	267. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	268. Response
The KaDS SRD [1] will be updated to indicate the KaDS TPC and LDPC code implementations shall be capable of operating in the presence of bit patterns which systematically occur in the data at the encoder input.  These patterns may be due to data frame synch markers or encapsulated IP packets or any number of other reasons.  While this RFA response leaves it up to the KaDS hardware vendor to determine how best to design for this condition, this response recommends that the KaDS SRD specify that the LDPC and TPC decoders be capable of supporting programmable code frame synch markers.  While it may be beneficial to further specify that the decoders support code frame synch markers up to a length of 42 bits, it is left up to the KaDS hardware designer to determine what maximum code frame synch marker length is most appropriate.

This RFA response further recommends that the Space Network User’s Guide [2] be updated (at the appropriate time) to specify the following:

TDRSS KaSAR-650 customers shall not use a physical code frame synch pattern which produces a normalized cross-correlation magnitude in excess of 0.75 with any pattern which systematically occurs in the data at the encoder input.

Since the KaSAR-650 service is expected to support only a single data source configuration and OQPSK and 8PSK modulations are expected to be used, (2 decimated and (3 decimated versions of common data patterns, such as, the HDLC data frame synch marker or the CCSDS data frame synch marker, could be expected to occur at the input to the TPC or LDPC decoder.

[1]
Space Network Ka-Band Services System Requirements Document, 452-SRD-KaS, NASA/GSFC, September 2003.

[2]
Space Network User’s Guide, Revision 8, 450-SNUG, NASA/GSFC, June 2002.
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	274. Review Type

KaDS SRR
	275. RFA No.

452/128-023
	276. Review Date

October 29, 2003

	277. Title

CTV KaDS Capability

	278. Action

To perform future SN customer Ka Testing, CTV would require certain Ka equipment to run independent compatibility tests.

1.  CTV Transmit – a Ka transmitter and antenna system would be needed in the Van to perform local factory tests for relaying a spacecraft RF signal to TDRS/WSC.

2.CTV Receive – a minimal WSC Ka portable receiver system would be needed for the Van and RF Lab (screen room) at B25/GSFC.  This system capability would be RF to baseband for CTV compatibility evaluations.
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Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	281. Response
The KaDS project believes that ensuring customer/network compatibility prior to mission operations is a critical requirement.  In the past this has been accomplished in a variety of ways for S-Band and Ku-Band customers.  Some customers have used CTV equipment and services extensively and some have used other methods.   The KaDS project team has considered a range of options, including outfitting the CTV with a test transmit/receive system including an antenna, HPA, LNA, downconverter, upconverter, receiver and associated controllers on one extreme and on the other extreme requiring the customer to provide all equipment required for compatibility testing using the TDRS.  

The customer base for KaDS is still not yet firmly established.  We have potential customers in ISS and SP&M and are soliciting others.  Since there is not a schedule driver to make a decision on how to accommodate compatibility test requirements, the KaDS approach will be to revisit this question later in the project cycle, but before any receiver procurement is initiated.  A milestone has been added to the KaDS project schedule (see response to RFA 24) for March 2005 to establish KaDS compatibility test requirements.  
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	288. RFA No.

452/128-024
	289. Review Date

October 29, 2003

	290. Title

KaDS Development Milestones

	291. Action

The KaDS overview schedule on page 14, and the KaFS overview schedule on page 15 of the SRR presentation show no top-level milestones for a 2-year period from mid-2005 tyhrough mid-2007. Please develop some intervening milestones so management has some evidence of schedule progress during this period. (This should apply to both the KaDS and KAFS projects.)
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John Martin / Code 451/ 301-286-8892/ John.B.Martin@nasa.gov
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Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	294. Response
A more detailed project schedule has been developed for the KaDS project (see attachments).  This schedule will be updated periodically as the project progresses.

  A schedule for the KaFS project is under development separately.  
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	303. Title

KaDS and KaFS Major Reviews

	304. Action

The effectiveness of the KaDS and KaFS projects will be enhanced if they have reasonable levels of coordination of schedule, especially major reviews such as the System Design Review. In addition, other reviews, such as before demonstration of the KaDS and KaFS, Critical Design Review (review before placing major equipment procurements), and Operations Readiness Review should be added if they do not exist now, and should also be coordinated in time so reviewers can have an overview of both projects and how effectively they will operate together during the operations phase.
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	306. Assigned To/Organization/Telephone No./E-mail

Bryan Gioannini / Code 452 / 505-527-7002 / Bryan.D.Gioannini@nasa.gov
	Due Date

December 3, 2003

	307. Response
The KaDS and KaFS projects are highly coordinated.  The two project teams also have many members in common.  The next major project reviews (KaDS System Design Review and KaFS System Requirements and Design Review) will be scheduled for the same day or week (in March 2004).   Subsequent reviews are being integrated into the project schedules, which are being developed (see RFA 24 response).  
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