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GPM Communication Transceiver Configuration Requirements Document

For Budgetary Planning

October 7, 2003

Global Precipitation Measurement Mission



              Goddard Space Flight Center

             Greenbelt, Maryland

Notice:
This document is not a formal Request for Proposal.  It is a tool intended to provide the GPM program with meaningful budgetary information for use in upcoming hardware systems trades related to the flight communication transceiver, GPS and communication data formatting cards.  The information obtained during this process will allow the GPM program to complete remaining trades and proceed with a formal Request for Proposal and procurement of flight communication and navigation hardware.  All information provided to the GPM project by interested responders will be held as proprietary to that organization.

Document Revision History
	Issue Date
	Version
	Comment
	Authorized By

	9/25/2003
	1
	Initial RFI release to public
	J.Soloff

	10/7/2003
	1.1
	Changed figure on Sec 2, P13 to reflect CCSDS ordering

Changed figure on Sec 4, P22 to reflect CCSDS ordering

Added 3.4.1.1 – GPS orbit accuracy requirements

Added 3.4.1.2 – GPS orbit frame of reference

Added 3.4.1.3 – GPS orbit ephemeris availability

Added 3.4.3.1 – GPS time product accuracy requirement

Added 3.4.3.2 – GPS time product reference
	J.Soloff


Purpose of this Document

As the GPM project is currently evaluating trade spaces to decide on the functionality to include in each of the flight transceiver, GPS and communication data formatting cards, the project is interested in obtaining budgetary estimates and scopes of effort for various possible configurations.  To accomplish this, a set of five possible configurations is described.  Each represents a different level of integration between traditional communication, navigation and coding functions.  Based on the information provided, the GPM project will include cost / benefit assessments into its configuration trades providing for realistic budgeting prior to beginning the formal procurement process.

Requested Response

The GPM Project is requesting that interested vendors consider the five configurations described in this document and respond with a set of options based on the requirements.  Each configuration should be evaluated separately.  It is not necessary to specifically address each requirement if it cannot be met with a reasonable degree of effort.  

In addition to the architecture configurations, the GPM Project is also requesting interested vendors to respond to a set of questions about technology selections, implementation, reliability, and methods.  It is not necessary to respond to all questions, but the vendors should respond where the question applies to their recommended technology selection.

Accompanying each configuration in the response should be a budgetary cost assuming a minimum of three deliverable flight units and one engineering model.  Costs for integration and test support as well as test fixtures should also be estimated.

References

The following documents can be referenced to obtain greater insight into the  specifications for the GPM transceiver:

CCSDS 101.0-B-6, Telemetry Channel Coding, Blue Book, Issue 6, October 2002.

NASA GSFC 450-SNUG, Space Network Users’ Guide, Revision 8, April 2002.

NASA GSFC 452-GNUG-GN, Ground Network Users’ Guide, February 2001.
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Configuration 1 – Basic Communication Transceiver
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Transceiver Block Diagram
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Transceiver interface to GPM Spacecraft Systems

1.1
Transmitter

The GPM flight transceiver will transmit in both TDRSS and GN modes.  Nominal operations will employ TDRSS exclusively for the return link, while ground network communication will be used during spacecraft launch and deployment as well as during possible contingency modes.

1.1.1
TDRSS Modes

GPM will use TDRSS S-Band communications.  No provision is made for support of TDRSS K-band operations.

1.1.1.1
S-Band Single Access

1.1.1.1.1 Frequency

The GPM spacecraft will transmit at 2287.5 MHz

1.1.1.1.2 Data Rate

The GPM spacecraft shall support a TDRSS-SA return link data rate of 2.3 Mbps for normal operations.  A 2 Kbps data rate will be supported for contingency operations.  This data rate includes all “framing” overhead introduced by IP and forward error correction overhead introduced by Reed-Solomon coding.

1.1.1.1.3 Signaling Mode

The GPM spacecraft shall use S-QPSK modulation on the return link to the TDRS.  The GPM spacecraft TDRSS-SA return link shall employ Reed-Solomon coding, convolutional coding (CCSDS K=1/2), and data randomization.  Reed-Solomon coding will be performed before the transceiver.

1.1.1.2 S-Band Multiple Access

1.1.1.2.1 Frequency

The GPM spacecraft will transmit at 2287.5 MHz.

1.1.1.2.2 Data Rate

The GPM spacecraft shall support a TDRSS-MA return link data rate of 230 Kbps, evenly balanced between the Inphase and Quadrature channels.  This data rate includes all “framing” overhead introduced by IP and forward error correction overhead introduced by Reed-Solomon coding.

1.1.1.2.3 Signaling Modes

The GPM spacecraft shall support TDRSS MA Data Group 1, Mode 2.  The GPM spacecraft modulation shall be compatible with the TDRSS-MA/DAS (Demand Access System).  The GPM spacecraft TDRSS-MA return link shall employ Reed-Solomon coding, convolutional coding (CCSDS K=1/2), and data randomization.  Reed-Solomon coding will be performed before the transceiver.

1.1.1.3 GN Modes

1.1.1.3.1 Frequency

The GPM spacecraft will transmit at 2287.5 MHz.

1.1.1.3.2 Data Rate

The GPM spacecraft will support GN down link data rates of 2 Mbps and 4 Mbps.  This data rate includes all “framing” overhead introduced by IP and forward error correction overhead introduced by Reed-Solomon coding.

These data rates include communications overhead.

1.1.1.3.3 Signaling Mode

The GPM spacecraft shall support QPSK modulation on the down link to the GN.  The GPM spacecraft GN down link shall employ Reed-Solomon coding and data randomization.  Reed-Solomon coding will be performed before the transceiver.

1.2 Receiver

The GPM flight transceiver will receive in both TDRSS and GN modes.  Nominal operations will employ TDRSS exclusively for the forward link, while ground network communication will be used during spacecraft launch and deployment as well as during possible contingency modes.

The vendor should provide an expected receiver performance figure of merit for their architecture based on past experience.

1.2.1 TDRSS Modes

GPM will use TDRSS S-Band communications.  No provision is made for support of TDRSS K-band operations.

1.2.1.1 S-Band Single Access

1.2.1.1.1 Frequency

The GPM spacecraft will support TDRSS-SA forward link communication at 2106.4 MHz.

1.2.1.1.2 Data Rates

The GPM spacecraft will support TDRSS-SA forward link data rates of 2 Kbps and 16 Kbps for nominal operations.  Contingency operations will be conducted using a 500 bps TDRSS forward link data rate.  

1.2.1.1.3 Signaling Mode

The GPM spacecraft will support reception of TDRSS-SA forward links transmitted as Data Group 1.

1.2.1.2 S-Band Multiple Access

1.2.1.2.1 Frequency

The GPM spacecraft will support TDRSS-MA forward link communication at 2106.4 MHz.

1.2.1.2.2 Data Rates

The GPM spacecraft will support TDRSS-MA forward link data rates of 2 Kbps and 16 Kbps for nominal operations.  

1.2.1.2.3 Signaling Mode

The GPM spacecraft will support reception of TDRSS-MA forward links using QPSK modulation.  The GPM spacecraft will support reception of PN-coded TDRSS-MA forward links.

1.2.1.3 GN Modes

1.2.1.3.1 Frequency

The GPM spacecraft will support GN up link communication at 2106.4 MHz.

1.2.1.3.2 Data Rate

The GPM spacecraft support reception of GN up link at a data rate of 2 Kbps.

1.2.1.3.3 Signaling Mode

The GPM spacecraft will support reception of GN up links using BPSK modulation.

1.3 Coding

The GPM spacecraft will employ forward error correction (FEC) coding on all downlinks and return links.  Coding will consist of nested inner/outer convolutional and Reed-Solomon codes for TDRSS return links.  Coding will consist of Reed-Solomon coding for GN down links.

The GPM transceiver will provide convolutional coding and decoding capability.  

Reed-Solomon coding and decoding will reside in the communication data formatting card.

1.3.1 Convolutional Coding

The GPM spacecraft will employ CCSDS K = ½ convolutional coding on all TDRSS return links.  

The transceiver will provide convolutional decoding (Viterbi K = ½) capability on receive paths.

1.4 Control

The GPM transceiver will provide facilities for configuration, control and monitoring by the communication data formatting card and C&DH subsystems.

1.4.1 Configuration and Control

The GPM transceiver will provide the capability to select data rates and modulation modes, including carrier frequency offset, as well as the ability to enable or disable PN spreading, convolutional encoding, and data randomization.  In addition, loopback testing modes will be included for diagnostic purposes during integration & test.

1.4.2 Monitoring

The GPM transceiver will provide the capability to monitor its health, status, and performance during flight and testing.  Indicators will include at a minimum:

Receiver carrier acquisition / lock

Received carrier frequency

Received signal power

Receiver bit-synchronizer lock

Received data bit rate

Receiver frame synchronizer lock

Convolutional decoder lock

Temperature

Power consumption

1.4.3 Diagnostic Mode

The GPM transceiver will support a software initiated diagnostic and self-check mode.

1.5 Electrical Interface Requirements

1.5.1 Control & Status Signaling

The GPM transceiver shall use LVDS differential synchronous serial signaling to control transceiver functions and monitor health and status information.

1.5.2 Transmitter / Receiver Digital Data Interface

The GPM transceiver shall use LVDS differential signaling for transmitter digital data interface connections to the communication data formatting card.  The transmit digital interface will consist of a set of two clock / data pairs – for I and Q channels respectively.  The receive digital interface will consist of a single clock / data pair.

The transceiver shall be clock master.

1.5.3 RF Interface

1.5.3.1 RF Signal Impedance

All RF connections shall be matched to 50 ohm impedance at S-band.

1.5.3.2 RF Transmitter Output

The GPM transceiver shall provide a single RF transmit output.  The GPM transceiver shall provide a minimum continuous output power of 5W into a 50 ohm load.

1.5.3.3 RF Receiver Input

The GPM transceiver shall provide one S-band RF receiver input. 

1.6 Mechanical Requirements

Not specified.

1.7 Power Requirements

The GPM transceiver shall operate from a +30VDC nominal power supply.  Voltage may swing from +23VDC to +35VDC.  The GPM power bus will provide one unswitched service.

The receive path of the transceiver shall always be active.  The transmit path of the transceiver must support power cycling upon software command.  

2 Configuration 2 – Advanced Communication Transceiver
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Transceiver Block Diagram
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Transceiver Interface to GPM Systems

2.1 Data Formatting 

2.1.1 Transmit Packet Buffering

The GPM transceiver will accept for transmission complete IP packets in serial bit data form.  The transceiver will queue complete outbound packets into the least full of two packet data FIFOs for transmission through either the Inphase or Quadrature channel of the return link.

2.1.2 HDLC Framing

The GPM transceiver will perform independent HDLC framing for the Inphase and Quadrature channels.  The input to the HDLC framer will be the output of the transmit packet buffering logic.

2.1.3 Forward Link Processing

The GPM transceiver will verify that the forward link data stream is properly formatted HDLC before passing forward link data to the spacecraft network.  Only complete and correct IP packets will be passed to the communication card.

2.2 Transmitter

As specified in Section 1.1 with the following exceptions:

Reed-Solomon encoding shall be performed in the transceiver.  The GPM transceiver will perform block Reed-Solomon coding on each of the Inphase and Quadrature channels.  The Reed-Solomon code used will be the CCSDS (255,223) block code.  Reed-Solomon coding will be performed following data randomization and prior to convolutional coding.

2.3 Receiver

As specified in Section 1.2

2.4 Coding

The GPM spacecraft will employ forward error correction (FEC) coding on all downlinks and return links.  Coding will consist of nested inner/outer convolutional and Reed-Solomon codes for TDRSS return links.  Coding will consist of Reed-Solomon coding for GN down links.

The GPM transceiver will provide convolutional coding and decoding capability.  

The GPM transceiver will provide Reed-Solomon coding.

2.4.1 Convolutional Coding

As specified in Section 1.3.1.

2.4.2 Reed-Solomon Encoder

The GPM transceiver will perform block Reed-Solomon coding on each of the Inphase and Quadrature channels.  The Reed-Solomon code used will be the CCSDS (255,223) block code.

2.5 Control

The GPM transceiver will provide facilities for configuration, control and monitoring by the communication data formatting card and C&DH subsystems.

2.5.1 Configuration and Control

As specified in Section 1.4.1.

2.5.2 Monitoring

The GPM transceiver will provide the capability to monitor its health, status, and performance during flight and testing.  Indicators will include at a minimum:

Receiver carrier acquisition / lock

Received carrier frequency

Received signal power

Receiver bit-synchronizer lock

Received data bit rate

Receiver frame synchronizer lock

Convolutional decoder lock

Receiver HDLC valid stream indicator

Transmit buffer levels

Transmit buffer overflow

Transmit buffer underflow

Temperature

Power consumption

2.5.3 Diagnostic Mode

As specified in Section 1.4.3.

2.6 Electrical Interface Requirements

2.6.1 Control & Status Signaling

As specified in Section 1.5.1.

2.6.2 Transmitter / Receiver Digital Data Interface

The GPM transceiver shall use LVDS differential signaling for transmitter digital data interface connections to the communication data formatting card.  The digital interface will consist of a set of clock and data lines for each of the transmit and receive paths.

The transceiver shall be clock master.

2.6.3 RF Interface

As specified in Section 1.5.3.

2.7 Mechanical Interface Requirements

As specified in Section 1.6.

2.8 Power Requirements

As specified in Section 1.7.

3 Configuration 3 – Navigation Capable Transceiver
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Transceiver Block Diagram
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Transceiver Interface to GPM Systems

3.1 Transmitter

As specified in Section 1.1.

3.2 Receiver

As specified in Section 1.2.

3.3 Coding

As specified in Section 1.3.

3.4 GPS Receiver

3.4.1 Orbit Determination

The GPM transceiver will support orbit determination using the GPS constellation.  The GPS receivers will use only the L1 signal.  

3.4.1.1
Orbit Accuracy Requirements

The following navigation accuracy requirements will be viewed as minimum criteria:

Radial Position

100 meters (3 sigma)

Downrange Position

100 meters (3 sigma)

Crossrange Position

100 meters (3 sigma)

Radial Velocity

25 cm/sec (3 sigma)

Downrange Velocity

25 cm/sec (3 sigma)

Crossrange Velocity

25 cm/sec (3 sigma)

3.4.1.2
Orbit Frame of Reference

GPS position solutions will be referenced to Earth Centered Earth Fixed (ECEF WGS-84).  GPS velocity solutions will be referenced  as the body expressed in the ECEF WGS-84 reference frame.

3.4.1.3
Ephemeris Availability

The navigation data product will be accurate to within the requirements specified in Section 3.4.1.1 and made available within 30 minutes after a GPM commanded power cycle of the GPS system.  After this time, the standard 3 sigma accuracy requirements will apply.

3.4.2 Attitude Determination

The GPM transceiver will support attitude determination using the GPS constellation.

3.4.3 Time / Time Code Products

The GPM transceiver will provide absolute time and a one-pulse-per-second signal to be used by the spacecraft computer to adjust the onboard clock.  These signals will be derived from GPS time.

3.4.3.1
Time Product Accuracy

Date and time accuracy will be not less than 525 nanoseconds (3 sigma).  Time tags shall be with respect to Greenwich Mean Time (GMT).

3.4.3.2
Time Product Reference

The GPS subsystem will provide to the external users of GPS data the day, month, year, hour, minute, second (to 2 decimal places) GMT, and the Julian date to tell users the time of the upcoming 1 PPS pulse.

3.4.4 GPS Antenna Signals

The transceiver will support four independent GPS antennas.  Two are located “topside” and will face the GPS constellation during normal operations.  One antenna is located “nadir facing” to support unusual attitudes and sun pointing safehold.  The fourth antenna will be topside and will provide a baseline for attitude measurement.

3.5 Control

The GPM transceiver will provide facilities for configuration, control and monitoring by the communication data formatting card and C&DH subsystems.

3.5.1 Configuration and Control

The GPM transceiver will provide the capability to configure the GPS receivers, select data rates and modulation modes, including carrier frequency offset, as well as the ability to enable or disable PN spreading, convolutional encoding, and data randomization.  

In addition, loopback testing modes will be included for diagnostic purposes during integration & test.

3.5.2 Monitoring

The GPM transceiver will provide the capability to monitor its health, status, and performance during flight and testing.  Indicators will include at a minimum:

Receiver carrier acquisition / lock

Received carrier frequency

Received signal power

Receiver bit-synchronizer lock

Received data bit rate

Receiver frame synchronizer lock

Convolutional decoder lock

GPS time

GPS ephermeris

GPS almanac

GPS receiver lock / signal quality

GPS satellite tracking status

Temperature

Power consumption

3.6.3 Diagnostic Mode

As specified in Section 1.4.3.

3.7 Electrical Interface Requirements

3.7.1 Control & Status Signaling

The GPM transceiver shall use LVDS differential synchronous serial signaling to control transceiver functions and monitor health and status information.

3.7.2 Deterministic GPS Interface

The GPM transceiver shall use 1553 signalling to support a deterministic control interface to the GPS functions for safehold applications.

3.7.3 Transmitter / Receiver Digital Data Interface

As specified in Section 1.5.2.

3.7.4 GPS Time Code Product Interface

LVDS signaling will be used for the GPS derived one-pulse-per-second output.

3.7.5 RF Interface

3.7.5.1 RF Signal Impedance

All RF communication connections shall be matched to 50 ohm impedance at S-band.

All RF GPS connections shall be matched to 50 ohm impedance at L1.

3.7.5.2 RF Transmitter Output

As specified in Section 1.5.3.2.

3.7.5.3 RF Receiver Input

The GPM transceiver shall provide one S-band RF receiver input. 

The GPM transceiver shall provide four L1 RF receiver inputs.

3.8 Mechanical Requirements

Not specified.

3.9 Power Requirements

The GPM transceiver shall operate from a +28VDC nominal power supply.  

The receive path of the transceiver shall be wired hot.  The transmit path of the transceiver must support power cycling.

The GPS receiver path shall be wired hot.

4
Advanced Nav / Comm Transceiver
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Transceiver Block Diagram
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Transceiver Interface to GPM Systems

4.1 Data Formatting

As specified in Section 2.1.

4.2 Transmitter

As specified in Section 2.2.

4.3 Receiver 

As specified in Section 2.3.

4.4 Coding

As specified in Section 2.4.

4.5 GPS Receiver

As specified in Section 3.4.

4.6 Control

The GPM transceiver will provide facilities for configuration, control and monitoring by the communication data formatting card and C&DH subsystems.

4.6.1 Configuration and Control

The GPM transceiver will provide the capability to configure the GPS receivers, select data rates and modulation modes, including carrier frequency offset, as well as the ability to enable or disable PN spreading, Reed-Solomon encoding, convolutional encoding, and data randomization.  

In addition, loopback testing modes will be included for diagnostic purposes during integration & test.

4.6.2 Monitoring

The GPM transceiver will provide the capability to monitor its health, status, and performance during flight and testing.  Indicators will include at a minimum:

Receiver carrier acquisition / lock

Received carrier frequency

Received signal power

Receiver bit-synchronizer lock

Received data bit rate

Receiver frame synchronizer lock

Convolutional decoder lock

Receiver HDLC valid stream indicator

GPS time

GPS ephermeris

GPS almanac

GPS receiver lock / signal quality

GPS satellite tracking status

Temperature

Power consumption

4.6.3 Diagnostic Mode

As specified in Section 1.4.3.

4.7 Electrical Interface Requirements

4.7.1 Control & Status Signaling

As specified in Section 1.5.1.

4.7.2 Deterministic GPS Interface

As specified in Section 3.7.2.

4.7.3 Transmitter / Receiver Digital Data Interface

As specified in Section 2.6.2.

4.7.4 GPS Time Code Product Interface

As specified in Section 3.7.4.

4.7.5 RF Interface

As specified in Section 3.7.5.

4.8 Mechanical Requirements

Not specified.

4.9 Power Requirements

As specified in Section 3.9.

5
Ethernet Capable Nav / Comm Transceiver


[image: image9.emf]CCSDS Rate ½

Convolutional

Encoder

CCSDS Rate ½

Convolutional

Encoder

Data

Randomizer

Data

Randomizer

Reed-Solomon

Encoder

Reed-Solomon

Encoder

Router Output

Port “I”

Router Output

Port “Q”

S-QPSK

Modulator

CW Generator

PN Code

Generator

CW Generator

PN Code

Generator

Demodulator

CCSDS Rate ½

Convolutional

Decoder

Data

Derandomizer

Router Input

Port

Ethernet

Router

RX RF

TX RF

Sym

Data

Clock

Clk

Data

Clk

Data

Clk

Data

Clk

Data

Clk

Data

Clk

Data

Q Sym

I Sym TX A

TX B

RX

Ethernet 1

Ethernet 2

GPS

Processing

GPS L1 RX

GPS L1 RX

GPS L1 RX

GPS L1 RX

GPS Control / Data

1 PPS

P

a

c

k

e

t

I

n

t

e

r

l

e

a

v

e


Transceiver Block Diagram
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Transceiver Interface to GPM Systems

5.1 Router

The GPM transceiver shall provide Ethernet network routing between the two independent redundant onboard Ethernets and the ground network Ethernet.

5.1.1 Network Address Translation

The GPM transceiver shall provide Network Address Translation (NAT) services.

5.1.2 Mobile IP

The GPM transceiver shall provide Mobile IP router services.

5.2 Transmitter

As specified in Section 2.2.

5.3 Receiver 

As specified in Section 2.3.

5.4 Coding

As specified in Section 2.4.

5.5 GPS Receiver

As specified in Section 3.4.

5.6 Control

The GPM transceiver will provide facilities for configuration, control and monitoring by the C&DH subsystem.

5.6.1 Configuration and Control

The GPM transceiver will provide the capability to configure the GPS receivers, select data rates and modulation modes, including carrier frequency offset, as well as the ability to enable or disable PN spreading, Reed-Solomon encoding, convolutional encoding, and data randomization.  The GPM transceiver will also provide access to network management functions and route tables.

Configuration and control should be accomplished through both an independent serial connection and through IP traffic via the onboard Ethernet router.  In addition, loopback testing modes will be included for diagnostic purposes during integration & test.

5.6.2 Monitoring

The GPM transceiver will provide the capability to monitor its health, status, and performance during flight and testing.  Indicators will include at a minimum:

Receiver carrier acquisition / lock

Received carrier frequency

Received signal power

Receiver bit-synchronizer lock

Received data bit rate

Receiver frame synchronizer lock

Convolutional decoder lock

Receiver HDLC valid stream indicator

GPS time

GPS ephermeris

GPS almanac

GPS receiver lock / signal quality

GPS satellite tracking status

Network router traffic indicators

Temperature

Power consumption

5.6.3 Diagnostic Mode

As specified in Section 1.4.3.

5.6.4 Special Commands Processing

The GPM transceiver will receive, interpret and process a minimum of four separate hardware decoded commands.  One command will cause the transceiver to reset and initialize to a known default state.  The other three commands will provide discrete LVDS pulses for external connections.

5.7 Electrical Interface Requirements

5.7.1 Control & Status Signaling

Control and status signaling between the transceiver and the C&DH subsystem will be handled via the dual redundant onboard Ethernet.  

5.7.2 Serial “Console” Port

An independent serial command “console” port will be available for command and control of the transceiver in the event of failure of the onboard Ethernet.

5.7.3 Deterministic GPS Interface

As specified in Section 3.7.2.

5.7.4 GPS Time Code Product Interface

As specified in Section 3.7.4.

5.7.5 RF Interface

As specified in Section 3.7.5.

5.7.6 Special Commands Interface

Special hardware decoded command signaling will use LVDS.  A minimum of three independent outputs will be provided.

5.8 Mechanical Requirements

Not specified.

5.9 Power Requirements

As specified in Section 3.9.

6
Technology and Methods Questions
6.1
What grade of parts will be used for the transceiver?  Please specify selected grade and screening methods.  In the case of past performance, cite examples of components used successfully.

6.2
What methods are used to ensure reliability of software and hardware comprising 

the transceiver.  If past performance is cited, provide examples.

6.3
If past flight history is used as a technology or method justification, cite missions 

and criteria for success.

6.4
What analysis/testing has been done or will be done to predict the 

life/reliability/MTBF of the transceiver?  What is the MTBF?  If no MTBF is available, what is the plan to perform this analysis?

6.5 If reprogrammable logic (SRAM based) will be employed in the design, please describe the methods used to ensure immunity from single event radiation effects.  Please cite methods, analysis, and results of testing supporting this plan as a reliable method.
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