LDCM Programmable Demodulator
Procurement Specifications and Requirements
Standard Features

Rationale: The programmable demodulators that are being procured for the LDCM mission include many standard features that will be identified in this section. The rationale for including these standard features in the procurement is to support testing and validation of the standard features upon delivery of the units. The programmable demodulators may require modifications to support the LDCM requirements which may impact the standard feature set in a negative manner. All requirements, specifications and features listed in this standard features section shall be considered standard no-cost features of the programmable demodulator unit. Any specification, requirement or feature listed in the standard features section that would induce a cost increase must be listed in the vendor’s proposal.

1. Functional Requirements

1.1. The P/D units shall be fully multi-mission capable with the ability to be programmed or configured to support various missions

1.2. The P/D units shall support an input center frequency of 720 MHz
1.2.1. The P/D units shall support 50 Ohm termination on all IF/RF inputs
1.3. The P/D units shall support the following demodulation schemes compliant with CCSDS 401.0-B-17 Radio Frequency and Modulation Systems Silver Book:

· BPSK

· QPSK

· UQPSK (Unbalanced, I and Q data streams are different data rates with amplitudes of I and Q phase vectors adjusted to fit inside unit circle)

· 8-PSK (8-ary PSK, phase states are 45° apart)

· SQPSK (Staggered, I and Q data streams are out of phase to minimize transition discontinuities and maintain continuity between phase states)

· OQPSK (Offset-Keyed, I and Q data streams are phased 90° apart)

· QPSK (Band-Limiting Filtered Offset-Keyed)

· AQPSK (Asynchronous, I and Q clocks are not correlated nor coherent)

1.4. The P/D units shall support an input bandwidth of 600 MHz or greater 

1.4.1. The 600 MHz bandwidth shall be presented as ± 300 MHz about the center frequency of 720 MHz

1.5. The P/D units shall provide a matched and/or custom filter that is independent of the data rate or symbol rate

1.5.1. The matched and/or custom filter shall allow for setting bandwidth independent of the data rate, i.e. – will accommodate a signal that is band-limited to less than the full main lobe in bandwidth (as measure by ± clock null); This will be testing using a Landsat 7 D/L where the 3 dB signal bandwidth is 110 MHz for a 150 MBits/sec D/L rate, and with simulated LDCM data, where the 3 dB bandwidth is 373.24 MHz for a 440.832 MSymbol/sec D/L rate
1.6. The P/D units shall support an input symbol rate of up to 450 MS/s (Mega Symbols per second)

1.7. The P/D units shall support dual channelization by virtual channel in a single signal from the LDCM Observatory

1.7.1. The LDCM Observatory will output a single carrier with a 384 MBits/sec data rate which will be presented as one of the following:

· Real-Time (RT) virtual channel Only

· Real-Time plus Playback (RT + PB) virtual channels

· Playback plus Playback (PB + PB)
1.7.2. The P/D units shall support channelization based on CCSDS virtual channeling per CCSDS 132.0-B-1 TM Space Data Link Protocol Blue Book
1.7.3. The P/D units shall support application process identifier (APID) per CCSDS 133.0-B-1 Space Packet Protocol Blue Book

1.7.4. The P/D units shall support simultaneous CFDP transactions within a single virtual channel

1.7.5. The P/D units shall support simultaneous CFDP data paths from the output of the VCDU and APID processors
1.7.6. The unit shall be programmable to discard fill bits and/or packets

1.8. The P/D units shall support an input level range of -50 dBm to +0 dBm

1.9. The P/D units shall have an acquisition time of 0.25 seconds or better, when a valid data signal is present at the unit input
1.9.1. Acquisition is defined as carrier tracking loop and bit synchronizer lock
1.10. The P/D units shall acquire and lock for a signal with up to 250 KHz per second of Doppler shift or less

1.11. The P/D units shall provide a BER within 2 dB of theory at the maximum purchased symbol rates measured from the internal test modulator through the demodulator and into the BER receiver

1.12. The P/D units shall squelch (logic 0) the clock signal when data is not present or the bit synchronizer is not locked

1.13. The P/D units shall support rate 7/8 Low Density Parity Check (LDPC) compliant with GSFC-STD-9100 and CCSDS 131.1-O-2 Low Density Parity Check Codes Experimental Specification
1.13.1. The P/D units shall allow asynchronous LDPC to AOS packet sizing

1.13.2. The unit shall squelch the data output when uncorrectable LDPC data frames are present for the affect LDPC codeword(s)

1.13.3. The unit shall not pass data the data capture function when uncorrectable LDPC data frames are present for the affect LDPC codeword(s)
1.13.4. The unit shall provide forward error correction in the presence of AOS CCSDS CADU frames that are have boundaries that are not synchronous with those of the LDPC codewords/frames
1.14. The P/D units shall support Reed Solomon error correction compliant with CCSDS 131.0-B-1 TM Synchronization and Channel Coding Blue Book
1.15. The P/D units shall support Viterbi decoding compliant with CCSDS 131.0-B-1 TM Synchronization and Channel Coding Blue Book
1.16. The P/D units shall support CCSDS standard derandomization schemes compliant with CCSDS 131.0-B-1 TM Synchronization and Channel Coding Blue Book
1.17. The P/D units shall support LDPC derandomization schemes compliant with CCSDS 131.1-O-2 Low Density Parity Check Codes Experimental Specification
1.18. The P/D units shall include a BER receiver function for testing

1.18.1. The included BER receiver function shall include BER measurements for the following PN patterns:

· PN7, 27 – 1

· PN15, 215 – 1

· PN23, 223 – 1

1.19. The P/D units shall allow the fill packets to be designated for removal or to be discarded

1.19.1. Fill packets shall be compliant with CCSDS 133.0-B-1 Space Packet Protocol Blue Book

1.19.2. The P/D units shall allow user configurable definition of user defined fill packets
1.19.3. The P/D units shall discard and/or disregard packets designated as “fill” from further processing and/or data capture
1.20. The P/D units shall provide the following interface characteristics:

1.20.1. The P/D units shall provide manual control of all P/D functions and settings via a front panel interface

1.20.2. The P/D units shall provide the following front panel display status items as a minimum:

1.20.2.1. Demodulator Lock/Unlock Status

1.20.2.2. Bit Synchronizer Lock/Unlock Status

1.20.2.3. Frame Synchronizer Lock/Unlock Status

· Input Frames

· Correctable Errors

· Non-Correctable Errors

· Output Frames

1.20.2.4. Demodulator Input Signal Strength

1.20.2.5. Demodulator Input Frequency Offset

1.20.2.6. Demodulator Loop Stress

1.20.2.7. Quadrant/Vector Display

1.20.2.8. Spectrum Display base on input bandwidth setting

1.20.2.9. LDPC Status

· Input Frames

· Correctable Errors

· Non-Correctable Errors

· Output Frames

1.20.2.10. Virtual Channel Data Unit (VCDU) Status

· Input Frames

· Correctable Errors

· Non-Correctable Errors

· Output Frames

1.20.2.11. Packet Processor Status

1.20.2.12. CFDP Processor Status

· CFDP File Name

· CFDP Status

· CFDP Transaction ID

· Input Blocks
· Errors

· Bytes Captured

1.20.2.13. Capture Data Rate

1.20.3. The P/D units shall provide remote distribution of the following status items. The following status items are identical to the front panel display status items listed above.
1.20.3.1. Demodulator Lock/Unlock Status

1.20.3.2. Bit Synchronizer Lock/Unlock Status

1.20.3.3. Frame Synchronizer Lock/Unlock Status

· Input Frames

· Correctable Errors

· Non-Correctable Errors

· Output Frames

1.20.3.4. Demodulator Input Signal Strength

1.20.3.5. Demodulator Input Frequency Offset

1.20.3.6. Demodulator Loop Stress

1.20.3.7. Quadrant/Vector Display

1.20.3.8. Spectrum Display base on input bandwidth setting

1.20.3.9. LDPC Status

· Input Frames

· Correctable Errors

· Non-Correctable Errors

· Output Frames

1.20.3.10. Virtual Channel Data Unit (VCDU) Status

· Input Frames

· Correctable Errors

· Non-Correctable Errors

· Output Frames

1.20.3.11. Packet Processor Status

1.20.3.12. CFDP Processor Status

· CFDP File Name

· CFDP Status

· CFDP Transaction ID

· Input Blocks

· Errors

· Bytes Captured

1.20.3.13. Capture Data Rate

1.20.4. The P/D units shall provide remote interface control for all demodulator functions

1.21. The unit shall support the following output interfaces for the external cache device connection:

1.21.1. Quad-channel 1000baseT Ethernet network connections supporting the IEEE 802.3-2005 gigabit Ethernet standard
1.21.2. Dual-attach 4GB Fibrechannel, Fiberoptic storage interconnection interface (GBIC)

1.21.3. Only a single interface type is required be supported at a time (i.e. – both interfaces need not be supported simultaneously)

1.22. The unit shall support generation of serial clock and data outputs for the I and Q data channels

1.22.1. The output board shall provide the discrete differential ECL outputs for I, Q and combined

1.22.2. The combined output shall be an interleave of the I and Q data streams

1.22.3. The use of the I, Q and combined outputs must be simultaneous

1.22.4. The output shall have the following signals at a minimum:

· I Channel Data +

· I Channel Data –

· I Channel Clock +

· I Channel Clock –

· Q Channel Data +

· Q Channel Data –

· Q Channel Clock +

· Q Channel Clock –

· Combined I and Q Data +

· Combined I and Q Data –

· Combined I and Q Clock +

· Combined I and Q Clock –

1.22.5. The unit shall use a single connector for each output signal

1.22.6. The unit shall utilize, SMA, BNC, or TNC female connectors for serial clock and data outputs, with a preference for SMA female connectors

1.22.7. The ECL outputs shall have a clock symmetry of 50% ± 5%

1.22.8. The ECL outputs shall have a 70% open Eye Pattern or better

1.22.9. The ECL outputs shall include a phasing option to select leading edge or mid-bit outputs

1.23. The P/D units shall provide the following physical characteristics:

1.23.1. The P/D shall be provided in a single chassis providing demodulation, bit synchronization, forward error correction, CCSDS processing, CFDP processing, file capture and status messaging.

1.23.1.1. All chassis shall be rack mountable into an industry standard 19” rack

1.23.1.2. The unit shall be delivered with any and all hardware required to mount into a standard 19” rack

1.23.1.3. The rack mounting hardware shall provide the capability to extend the unit out of the rack for servicing while still remaining mounted in the rack (rack slides)

1.23.2. The P/D units shall provide two 1000baseT Ethernet network connections supporting the IEEE 802.3-2005 gigabit Ethernet standard
1.23.3. The P/D units shall utilize the following time inputs as needed:
· Irig-B

· 10 MHz

· 5 MHz

· 1 MHz

· 10 pps (pulse per second)

· 1 pps 

· Network Time Protocol NTPv4
1.23.4. The P/D units shall utilize 110-220 VAC @ 50/60 Hz

1.23.5. The units shall be designed for operations in a controller environment from 40°F to 90°F, with humidity up to 85%, non-condensing

2. Test Modulator

2.1. The P/D units shall include an integrated test modulator with the following specifications:

2.1.1. The P/D unit test modulator shall provide testing capabilities for all features of the P/D units. These functions will include but not be limited to the following:

2.1.1.1. The test modulator shall provide CCSDS processing of the test uplink to include the following:
· Virtual Channel Data Unit (VCDU) processing of test modulator data stream

· APID processing of test modulator data stream

· Frame synchronization of test modulator data stream

2.1.1.2. The test modulator shall provide LDPC, Reed Solomon, convolutional and Viterbi encoding of the test uplink

2.1.1.3. The test modulator shall support the same symbol and data rates as the P/D units functional requirements

2.1.1.4. The test modulator shall provide bandwidth filtering of the modulated output

2.1.1.4.1. The modulation filter shall allow for setting bandwidth independent of the data rate, i.e. – will accommodate a signal that is band-limited to less than the full main lobe in bandwidth (as measure by ± clock null); This will be tested by simulating a Landsat 7 D/L where the 3 dB signal bandwidth is 110 MHz for a 150 MBits/sec D/L rate, and simulating LDCM data, where the 3 dB bandwidth is 373.24 MHz for a 440 MSymbol/sec D/L rate

2.1.1.5. Any feature supported by the P/D unit that is not supported by the test modulator shall be identified in the vendors proposal

2.1.2. The P/D units test modulator shall output a 720 MHz IF frequency
2.1.2.1. The P/D units shall support 50 Ohm termination on all test modulator inputs
2.1.3. The P/D units test modulator shall provide a BER generator capable of generating the following PN test patterns:
· PN7, 27 – 1

· PN15, 215 – 1

· PN23, 223 – 1

2.1.4. The P/D units test modulator shall be capable of reading a file from the internal disk and applying the CFDP, LDPC and CCSDS processing to simulate the LDCM Observatory science mission data formatting, forward error-correction, and modulation 
2.1.5. The P/D units test modulator shall support an output levels of -40 dBm to +0 dBm (plus or minus 10 dB on each end) selectable in 1 dB increments
3. Network Security

3.1. The new P/D units shall provide provisions for aiding in the support of the policies of the Department of the Interior (DOI) and United States Geological Survey (USGS). The following network security rules must be followed:

3.1.1. Allow the EROS system administrators full root and/or administrator access to all operating systems delivered on the new equipment

3.1.2. No external network access outside of the EROS firewall will be granted

3.1.3. To address USGS IT security policies, the OS must come configured with all non-essential services and programs disabled (but not deleted from the installation, in case they are required later or become approved for use by USGS IT security). The following list of services and/or programs shall be disabled at a minimum in compliance with EROS network security policies:

· Echo Protocol

· Discard Protocol

· Active Users

· Daytime Protocol

· Quote of the Day Protocol

· Character Generator Protocol

· Telnet Server

· Trivial File Transfer Protocol Server

· User Information Lookup - Finger

· IDENT authentication service

· Simple Network Management Protocol (SNMP) Service

· Simple Network Management Protocol (SNMP) Trap

· Berkley remote login (rlogin) with SPX authentication

· Berkley remote shell (RSH) with SPX authentication

· Remote process execution (REXEC)

· Remote logon (RLOGIN)

· Remote command execution (RSH)

· Unix –to-Unix Copy (UUCP)

3.1.4. Any service on this list that is required for the P/D units to operate nominally shall be presented to the EROS LDCM POC for waiver generation

LDCM Requirements

Rationale: The following section shall provide the specifications and requirements to modify the programmable demodulator standard feature set to provide support for the LDCM mission. The specifications and requirements to modify the standard design to support the LDCM mission may present duplicate requirements and specifications. The requirements and specifications in this section, the LDCM Requirements Section, shall override any of the duplicate requirements or specifications in this standard feature section.
4. The P/D units shall support full CCSDS File Delivery Protocol (CFDP) Class 1 support compliant with CCSDS727.0-B-4 CFDP Blue Book

4.1. The P/D units shall generate CFDP status messages on a per CFDP file basis as the CFDP files are received

4.1.1. The P/D unit shall report the Condition Code for unsuccessfully received files as defined in Table 5-5 of CCSDS727.0-B-4. (This provides the reason for the failure.)

4.1.2. The P/D units CFDP status messages shall have a configurable output capability

4.1.2.1. The P/D units shall provide a network socket connection output for status reporting of CFDP status messages

4.1.2.2. The P/D units shall provide the capability to save CFDP status messages to a text or binary file on the demodulator local disk drive

4.1.2.3. The P/D units shall provide the capability to provide CFDP and other unit status/state messages over a serial connection (i.e. – RS232)

4.1.3. The P/D units shall utilize a user controlled setting to verify received CFDP files using the CFDP checksum or CRC or both
4.1.3.1. The P/D units shall compute the file checksum or CRC value and compare it against the checksum value from the EOF PDU

4.1.3.2. The P/D units shall verify the file size against the size stated in the EOF PDU

4.1.4. The P/D units shall allow CFDP status messages to be sent over a socket connection for status reporting

4.1.4.1. The P/D units shall allow at least two socket connections for transferring the CFDP status messages

4.1.4.2. The P/D units shall provide the CFDP status messages in near real-time at the completion of each CFDP file

4.1.4.3. The P/D units shall require no more than 5 minutes from the end of the pass event or Observatory LOS to complete all CFDP status message actions
4.1.4.4. The P/D unit CFDP status message shall contain the following information at a minimum:

· CFDP file name from metadata PDU

· File size of received CFDP file if known

· Verification or acknowledgement (ACK), or negative verification/acknowledgement (NACK) indicating whether a file was successfully verified against the checksum (or not)
4.1.5. The P/D units shall support up to 3 simultaneous CFDP file transactions. This is the transfer of different files across the same communications channel differentiated using the CFDP Transaction ID.

4.1.6. The P/D units shall allow both internal and external CFDP file capture capabilities simultaneously

4.1.6.1. The P/D units internal file capture capability shall be temporary storage consisting of less than 1 TByte and greater than 250 GByte

4.1.6.2. The unit shall utilize an internal RAID1 or RAID5 storage configuration for operating system and data storage to tolerate the failure of a single physical disk drive without data loss
4.1.6.2.1. The application of the RAID1 or RAID5 array shall be accomplished utilizing a dedicated hardware RAID controller and not provided by a function of the host Operating System

4.1.6.3. The unit shall utilize a storage system with sufficient access speed, latency, buffering and seek speed to meet data capture requirements with margin to prevent data loss due to overflows or under-runs or inability to access internal storage

4.1.6.4. The P/D units external file capture capability shall be rate buffered or spooled to the external cache device to allow for potential cache contention

4.1.6.5. The P/D units external capture functions shall utilize the file name from the CFDP metadata PDU for file naming on the external cache device

4.1.6.6. The unit shall support transfers to the external cache device via gigabit Ethernet or Fiber Channel connection, with the transport mechanism being defined by the actual output card/capability installed in the unit
4.2. Adaptive Filtering

Adaptive filtering will be an option that can be exercised as part of the contract award. These specifications define the functional and performance specifications of the adaptive filtering function, should the option be exercised.

4.2.1. Functional Requirements

4.2.1.1. The unit shall provide the capability to apply adaptive equalization to improve data and symbol recovery
4.2.1.2. The unit shall provide the capability to manually or automatically set the initial conditions of the adaptive equalizer

4.2.1.3. The unit shall provide the capability to apply adaptive equalization independent of, and in addition to the standard matched or custom data filter

4.2.1.4. The unit shall have the ability to store preset parameters of an adaptive filter for use as a custom filter and/or use in setting initial parameters for an adaptive filter

4.2.1.5. The unit shall report status, to both the manual front panel user interface and the remote status and control interface, indicating when a matched filter has converged

4.2.1.6. The unit shall report an error when the adaptive filter will not converge in a reasonable time period

4.2.2. Performance Requirements

4.2.2.1. The adaptive filtering shall be capable of implementing a filter with 60 dB or greater of stopband rejection
4.2.2.2. Operation of the adaptive filter shall not interfere with the normal operation of the matched or custom data filter

4.2.2.3. The adaptive filter shall be capable of low-pass, high-pass, bandpass, and band-stop filtering

4.2.2.4. The adaptive filter shall provide the capability to simulate arbitrary filter responses to simulate satellite downlink transmit filtering

4.2.2.5. The adaptive filter shall provide 8 dB or better of performance improvement when converged
