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Preface

NASA’s Mission Services Program, Code 450, is issuing this Request For Information (RFI) for the purpose of openly soliciting information regarding the availability, cost, and capabilities of flight and ground components that could support Ka-Band data services within NASA’s Space Network.
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Section 1. Introduction

1.1  Overview

This Request for Information (RFI) is issued by the National Aeronautics and Space Administration (NASA) to seek broad community comments and inputs concerning high data rate Ka-band flight communications systems, ground receivers, and data system components for use within NASA’s Space Network (SN).  Goddard Space Flight Center (GSFC) is currently performing infrastructures upgrades within the SN, and demonstrations (up to 600 Mbps) of high rate RF equipment utilizing NASA’s new Ka-band capable TDRS H,I,J spacecraft.  As a next step to these upgrades, NASA intends to perform a major expansion to the SN through the procurement and implementation of high data rate (1 Gbps or higher) data demodulation, routing, processing, and storage technologies for use in the SN.  In addition to the bitstream services that are currently available, this expansion may include end-to-end standard network services from the spacecraft to the user including file transfers and time synchronization.  Procurement and implementation activities for the SN Ka-band data service upgrade is expected to be completed by the end of FY‑06.  As part of this activity, NASA also intends to identify flight components that could be used on NASA science spacecraft for the transfer of data to and from ground stations via TDRS spacecraft.

1.2 Background

Many proposed Earth and Space science missions desire data services that will be difficult to implement using the current communications infrastructure. These projected needs include data-rates in excess of 1Gb/s, direct delivery of data products simultaneously to many users, the ability of the spacecraft to autonomously interact with other space-based or ground-based sensors, and the ability of investigators to directly log-on to their space-based instruments for command and control functions from their own control centers or laboratories.

Due to increasing congestion in the S-, X-, and Ku-band frequency spectrums, and an ever-increasing demand for higher data rate transmissions by low earth orbiting (LEO) customer spacecraft, it has become necessary to explore the use of higher radio frequency spectrum for NASA space-to-ground communications requirements.  The available spectrum is a finite resource, and as the data throughput requirements from space to ground increase beyond the available X and Ku-band spectrum, it will become necessary for NASA LEO spacecraft to transition to the allocated Ka-Band spectrum for space‑to‑ground communications links via NASA’s SN and Ground Network (GN).

1.3 NASA’s Space Network

The SN consists of geosynchronous Tracking and Data Relay Satellites (TDRS), and ground stations located at the White Sands Complex (WSC) in New Mexico.  The TDRS spacecraft relay data between the WSC ground stations and LEO customer spacecraft.  NASA/GSFC is currently implementing the next generation of tracking and data relay satellites used to support low earth orbit customer spacecraft.  TDRS H was launched in July 2000 and is currently operational at 171 degrees west longitude.  TDRS I and J have also been launched, are currently undergoing on-orbit testing, and are scheduled to be ready for operations in 2003.  TDRS H,I,J will maintain compatibility with existing customer spacecraft at S- and Ku-bands while adding a Ka-band space-to-space link communications capability.  The Ka-band space-to-space forward link (WSC to customer spacecraft via TDRS H,I,J) operates in the 22.55 GHz to 23.55 GHz band, with the return link from the customer spacecraft to WSC via TDRS H,I,J tunable across the 25.25 to 27.5 GHz band with a channel bandwidth up to 650 MHz.  The TDRS space-to-ground links will continue to operate at Ku-band.  Figures 1-1 and 1-2 show the primary frequency allocations that exist for TDRS H,I,J Ka‑band space-to-space links. 

1.4 RFI Purpose

NASA/GSFC is issuing this Request For Information (RFI) for the purpose of openly soliciting information on available or emerging products to implement the end-to-end SN Ka-Band data service including:

· Flight communications systems and/or components across a range of data rates from tens of kbps to at least 1 Gbps

· Ground receivers, equalizers, decoders and data storage and transmission components capable of supporting Ka-Band data rates up to at least 1 Gbps 

· Data network technologies and equipment for use in space and on the ground to provide higher level data routing and delivery services over the Ka-band link.
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Figure 1-1.  NASA Ka-Band Frequency Allocations, Return Service
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Figure 1-2.  NASA Ka-Band Frequency Allocations, Forward Service

Section 2. RFI Scope

2.1 Overview

The scope of this RFI is flight communications systems, and ground receive and data system components that could be used for Ka-band data services within NASA’s Space Network.  A generalized architecture for the high data rate Ka-band return data services is illustrated in Figures 2-1 and 2-2.

The paragraphs that follow describe the scope of flight system hardware and ground system hardware for which NASA is requesting information under this RFI.
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Figure 2-1  SN Ka-Band Customer Spacecraft and WSC Ground Equipment

2.2 Flight Systems/Components

Ka-band flight communications systems and components will be required to support applications for the SN across a range of data rates from 1 kbps to at least 1 Gbps.  Potential applications for these components are remote land/sea platforms, scientific balloons, piloted and unpiloted aircraft, LEO spacecraft and on-orbit facilities (e.g., International Space Station).  These applications may require a forward and return Ka-band communications link, or a return-only link.  Forward Ka-band communications links (WSC to TDRS to customer) are capable of operating at rates from 1 kbps to 7 Mbps, however upgrades are envisioned to utilize the full capability of the 50 MHz-wide forward channel.  Return Ka-band communications links (customer to TDRS to WSC) will be capable of operating at rates from 1 kbps to the maximum rate feasible through the TDRS 650 MHz-wide channel (To be determined in 2003).

The components of interest include antennas and tracking systems, modulators (including bandwidth efficient modulators), coders, decoders, single or multi-band transceivers, Ka-band exciters, power amplifiers, up- and downconverters, and Ka-band receivers.  Ground simulators of flight systems are also of interest to NASA for testing and pre-pass service verification activities.  Data services built on top of the basic RF link will require additional components for functions like forward-error-correction, data framing, switching, multiplexing, and routing onboard the spacecraft.

NASA is also requesting information on flight communication system designs using existing vendor products or development program hardware that could be used for demonstrations and future SN Ka-band customer needs across the range of forward and return link data rates listed above.  Fixed data rate components and systems are also of interest to NASA within the range of 1 kbps to 1.2 Gbps (TBD) that operate at standard commercially available fixed data rates.

Annex 1 of this document provides an example link calculation and other information that may aid in providing sample designs of flight hardware that can support SN forward and return communications links.  Additional information on the SN capabilities and communications interfaces can be found in the Space Network Users’ Guide, Revision 8, dated June 2002.  This document is located at: http://msp.gsfc.nasa.gov/tdrss/guide.html

2.3 Ground Receivers and Data System Components

Ground communications equipment will be required to support high data rate SN return service customers across a range of data rates from 1 kbps to at least 1 Gbps.  (The existing equipment at NASA’s WSC ground terminals can currently support Ka-band forward service up to rates of 7 Mbps and return service up to rates of 300 Mbps.)

An ongoing characterization study of the TDRS 650 MHz-wide channel will establish the maximum data rate that the SN can support for Ka-band return service.  The activity, expected to be completed by the end of FY-03, will identify the modulation and coding schemes that provide the optimum performance through the TDRS channel at data rates of at least 1 Gbps.  Before selecting and specifying modulation and coding schemes for the full range of data rates available with this new Ka-band service, NASA is soliciting information from vendors (via this RFI) on the current/future industry capabilities and availability of ground receiving systems including receivers, bit syncs, decoders (Convolutional, Reed Solomon, Low Density Parity Check Codes, Turbo Product Codes, etc.), and equalizers.  Data services built on top of the RF link also require additional components for functions like forward-error-correction, data framing, switching, multiplexing, and routing.  NASA also seeks information on the capabilities and availability of data recording, rate buffering, and playback equipment; and on-site data processing equipment that can support data rates up to at least 1 Gbps.  

The data recording, rate buffering, and playback equipment would provide the interface between the outputs of the high data rate (1Gbps) receive system at the WSC ground terminals, and the commercial telecommunications facilities used to distribute the data throughout the U.S.  
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Figure 2-2  Future Ka-Band Data Distribution Services

These facilities are expected to use standard high-rate network technologies such as SONET, ATM, Ethernet, Frame Relay, HDLC, and Internet protocols.  The on-site data processing equipment would perform Level 0 processing functions such as frame synchronization, data quality checks through R-S decoding, frame switching, multiplexing, and packetized data routing.  The overall goal is to provide a Ka-band data communication architecture that can support a range of services from simple bitstream delivery up to full Internet type communication.  Storage systems will be needed for bitstreams, packetized data, and files to and from the spacecraft.  The SN is a highly automated network and capabilities for remote configuration and monitoring of all Ka-band data service components are desirable.  

2.4 RFI Responses

Industry responses are invited for the components and systems discussed in paragraphs 2.2 and 2.3 above.  Responses should be prepared in a narrative format using MSWord with graphics, as appropriate.  Each response should include the following:

· Description and heritage of proposed products

· Capabilities and status of development items 

· Information on the availability of proposed products for purchase and/or demonstration

· ROM costs of proposed products/systems and development items

· Complete architecture or where proposed products would fit into an architecture to support full range of end-to-end data services 

· Ideas for government/industry collaborations, if applicable, for product upgrades/developments and/or demonstrations

The information received in response to this RFI will be reviewed and summarized by NASA and NASA contractor experts.  Some or no part of the summarized and synthesized recommendations may or may not form the basis of future NASA specifications and/or solicitations.

NASA reserves the right to use submitted information for NASA internal planning.  Although details within the RFI submissions are meant only for NASA use, proprietary material should not be included in submissions.

It is emphasized that the requested information is for preliminary planning purposes only and does not constitute a commitment, implied or otherwise, that NASA will solicit the submitter for a procurement of any related effort in the future.  NASA will not be responsible for any costs incurred by submitters in furnishing this information.

Annex 1  Example Link Calculations

SN Ka-Band Return Service

Below is an example Ka-band return service link budget using NASA’s Tracking and Data Relay Satellite System.  The customer spacecraft EIRP listed in item 1 is the maximum allowable value for a Ka-band service.  This link budget is for example purposes only to aid in determining requirements of flight transmit and ground receive system components for Ka-band data services.  Additional information on the SN capabilities and communications interfaces can be found in the Space Network Users’ Guide, Revision 8, dated June 2002.  This document is located at: http://msp.gsfc.nasa.gov/tdrss/guide.html
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Notes

1

Customer Spacecraft EIRP, dBW

68.45

68.45

Computed to yield max allowable Prec at TDRS (health & safety)

2

Path loss, dB

211.45

213.83

Freq.=25,545 MHz, Range=34880 (near) & 45890 (far) km

3

Polarization loss, dB

0.00

0.00

4

Atmospheric loss, dB

0.00

0.00

5

Rain attenuation, dB

0.00

0.00

6

Power received, dBWi

-143.00

-145.38

Max allowable Prec at TDRS is -143 dBW (health & safety)

7

Relay satellite G/T, dB/K

26.50

Worst case autotrack G/T, TDRS H Test Data

8

Boltzmann's constant, dBW/Hz-K

-228.60

10log( Boltzmann's Constant)

9

SGL C/No (total), dB-Hz

109.72

10

Bandwidth, dB-Hz

88.13

10log(650 MHz)

11

SGL C/N (minimum), dB

21.59

12

TDRS EIRP, dBW

54.00

Assumes TDRS H, I, J configured for 52 dBW + 2 dB

13

Space loss, dB

207.33

Freq. = 13.72 GHz, Range = 40390.0 km

14

Misc Loss (Pol loss, Point loss, etc), dB

0.50

Based upon BSS TDRS I POOT KaSAR-650 MHz link budget

15

Atmospheric loss, dB

0.30

Based upon BSS TDRS I POOT KaSAR-650 MHz link budget

16

Rain attenuation, dB

2.00

Availability = TBD%

17

Power received at WSC, dBWi

-156.1

18

WSC G/T, dB/K 

40.30

From SY-011

19

Cross polarization degradation, dB

2.99

Worst Case based upon previous analysis

20

Boltzmann's constant, dBW/Hz-K

-228.60

10log(Boltzmann's Constant)

21

SGL C/No, dB-Hz

109.78

22

Bandwidth, dB-Hz

88.13

10log( 650 MHz )

23

SGL C/N at WSC, dB

21.66

24

Total C/N at WSC, dB

18.61

25

Bandwidth, dB-Hz

88.13

10log(650 MHz)

26

C/No at WSC, dB-Hz

106.74

27

Bit rate, dB-b/sec

90.79

10*log (Data Rate)

28

Eb/No (into demodulator), dB

15.95

(1)  Assumes the TDRS Spacecraft is at its northern-most point in its orbit.

(2)  Assumes a 25.5 GHz KaSAR SSL frequency and 15° C.

Value


SN Ka-Band Forward Service

The graph below defines the required customer (user) spacecraft antenna G/T as a function of SN forward service data rate.  This graph is for example purposes only to aid in determining requirements of spacecraft components for Ka-band data services.  Additional information on the SN capabilities and communications interfaces can be found in the Space Network Users’ Guide, Revision 8, dated June 2002.  This document is located at: http://msp.gsfc.nasa.gov/tdrss/guide.html

[image: image7.png]FOREXIPLEONLY
KaS Frvrd S
suoock
o] e woaw
OoaTt Porer Lose 04 Bttt 0
e 108
st ProrercaMagn 3068
_ oof sl 2@
£ P s 258
H Poringoss I
2 s Losses ) 258
5 R B
o |
g 1
& 1
3 1
H 1
= 1
1
1
1
1
o 1
1
1
1
1 i
“

1000 1000

1000 100000
chixable eta Rt (bgs)

10000000










































































































































































AB-3
Ka-Band HW RFI(rev4a).doc
452-COOP-EPGS

v
	1:16 PM,  3/10/03
	C:\Program Files\Qualcomm\Eudora\Attach\Ka-Band Hw Rfi(Rev4a).Doc
	Page of 1


v
Check the GSFC Centralized Configuration Management System at:
http://gdms.gsfc.nasa.gov
Prior to use to verify that this is the correct version


_962534211.unknown

