Technical Requirements Document (TRD) APPENDIX  C

(Version 1  -  8/20/99)

NPOESS Baseline RF Requirements for C3 Links

30.1   Introduction

The information contained within this Appendix for the C3 links provides a compilation of C3 link requirements previously in the body of the TRD, as well as additional derived requirements.  The scope of the requirements covers communications links between NPOESS Satellites and NPOESS Command Data Acquisition Stations (CDAs), between the NPOESS Satellites and the Air Force Satellite Control Network (AFSCN), between NPOESS Satellites and NASA STDN, between the NPOESS Satellites and Field Terminals, between NPOESS Satellites and Search and Rescue (S&R) elements, between NPOESS Satellites and Surface Data Collection (SDC) elements, and between METOP Satellites and NPOESS CDAs .

30.2   NPOESS C3 Link Functional Descriptions

The C3 links provide the communication pathways for the uplinking of commands and data to the NPOESS satellites and the downlinking of data and telemetry to the ground.

30.2.1 Uplinks

There are five uplinks to NPOESS Satellites: Command Uplink - Routine Operations, two Command Uplinks for Launch and Early Orbit and Anomaly (LEO&A) support, Search & Rescue (S&R) Uplink, and Surface Data Collection (SDC) Uplink.

30.2.1.1   Command Uplink - Routine Operations 

This uplink provides commands to all NPOESS spacecraft subsystems.  This uplink will be encrypted using NSA encryption standards and algorithms.

30.2.1.2   Command Uplinks – LEO&A Operations 
These uplinks use the Air Force Satellite Control Network (AFSCN) and National Aeronautics and Space Administration (NASA) STDN to command the NPOESS spacecraft during launch and early orbit or when anomalous events occur.  The AFSCN uplink is in SGLS, and the NASA STDN uplink is in USB; both are Right-Hand Circularly Polarized (RHCP).  The additional ground stations available in these networks greatly increase the opportunity for satellite contact windows, and can thereby shorten the time it would take to get commands to a satellite in need.  These uplinks will be encrypted using NSA encryption standards and algorithms.

30.2.1.3   S&R Uplink 

The NPOESS Space Segment will incorporate a S&R sensor/receiver and transmitter which is provided GFE (with the exception of the antennas).  The sensor/receiver receives emergency locator transmitter (ELT) transmissions from any ELT within the satellite's field of view.

30.2.1.4   SDC Uplink 

The NPOESS Space Segment will incorporate a SDC sensor/receiver and transmitter (e.g., Argos) which is provided GFE (with the exception of the antennas).  It receives randomly distributed uplinked signals at 401.560 MHz from Argos (or its replacement) Platform Transmitter Terminals (PTTs) that are deployed on a worldwide basis.  The transmissions are processed by the sensor and subsequently downlinked over the satellite's SDC real-time data downlinks to any Argos Local User Terminal (LUT) within the satellite's field of view.  The processed data must also be stored for subsequent downlinking as a part of the Stored Mission Data (SMD).

30.2.2   Downlinks
There are nine NPOESS Downlinks.  Two of the links, the Low Rate Data (LRD) Link and the High Rate Data (HRD) Link, provide the NPOESS mission data to DoD Field Terminals and comparable fixed and mobile civilian terminals.  Besides the two downlinks used by the field terminals, there are downlinks for SMD, METOP Satellites to NPOESS CDAs, real-time S&R and SDC, and three downlink streams for NPOESS telemetry.

NOTE:  Mission data is defined as the combination of data provided by any of the mission sensors (i.e., environmental data) plus satellite orbit, attitude, and time tags.  It does not include other subsystem data (i.e., S&R and SDC) or telemetry.

30.2.2.1   LRD Downlink to Field Terminals

The LRD link is a real-time NPOESS data broadcast throughout the NPOESS orbit period at the UHF frequencies of 400.3 MHz to  400.8 MHz.  This link principally services the mobile (military and comparable civilian) user of NPOESS imagery data generated by the VIIRS, likely utilizing lossy compression techniques.  The LRD link will be deniable via ground command using commercially available link encryption schemes such as triple-DES.

30.2.2.2   HRD Downlink to Field Terminals

The HRD Link is a real-time NPOESS data broadcast occurring throughout the NPOESS orbit period.  The HRD contains NPOESS mission data necessary to produce NPOESS EDRs.  It is not a requirement, but the NPOESS spacecraft real-time telemetry data stream may be included as a separate component of the HRD link (TBR).  The HRD link will be deniable on-command, using commercially available link encryption schemes such as triple-DES.

30.2.2.3   SMD Downlink 

The SMD link contains stored mission data, telemetry, and SDC data.  These data have been accumulated during the orbital period and stored to solid state memory prior to being downlinked to NPOESS CDAs.  This link will be deniable on-command, using commercially available link encryption schemes such as triple-DES.

NOTE:  When SMD is encrypted/denied, it is permissible to encrypt/deny the stored SDC data as well.

30.2.2.4 Downlinks from METOP Satellites to NPOESS CDAs 
NPOESS may use METOP satellites to complete/complement the NPOESS constellation.  Per the current baseline, METOP-4 will fill the mid-morning orbit of the NPOESS system; the METOP-3 spacecraft will contribute in a lesser role.  The POES CDAs are being modified, under a separate procurement and agreement between EUMETSAT and NOAA/POES, to provide blind orbit and contingency support for METOP-1, -2, and potentially -3.  METOP-4 will be the first METOP vehicle using the NPOESS frequencies and data rates on each of their links.
30.2.2.5   S&R Real-Time Downlink 

The S&R sensor/receiver and transmitter onboard the NPOESS Satellite receives ELT transmissions from any ELT within the satellite's field of view.  It downlinks data concerning the ELT location (TBR).  This link is never encrypted/denied.
30.2.2.6   SDC Real-Time Downlink
The SDC sensor transmissions are processed by the SDC subsystem and subsequently downlinked over the satellite's SDC real-time data downlinks to any Argos Local User Terminal (LUT) within the satellite's field of view.  This link is never encrypted/denied.  The data is also to be stored for subsequent downlinking as a part of the SMD.

30.2.2.7   Telemetry Streams

There are three telemetry downlink streams to be used by NPOESS Satellites - two for routine operations, and one for LEO&A events.

30.2.2.7.1   Continuous Real-time Telemetry Stream

Satellite telemetry shall be continuously downlinked on a real-time basis.  It is permissible, but not required, to include the real-time spacecraft telemetry data within the HRD link.(TBD)  Access may be denied by commercial encryption measures upon command from the ground.

30.2.2.7.2   SMD Telemetry Stream

Satellite telemetry shall be continuously stored and downlinked as part of the Stored Mission Data.
30.2.2.7.3   LEO&A Telemetry Downlink Description

The NPOESS spacecraft shall transmit telemetry to the AFSCN and the NASA STDN during launch and early orbit or when anomaly events occur.  The AFSCN downlink is in SGLS, and the NASA STDN downlink is in USB.  The additional ground stations available in these networks greatly increase the opportunity for satellite contact windows, and provide greatly increased access to real-time telemetry from a satellite in need.  The downlink to the AFSCN will be encrypted using NSA compliant encryption devices.  It is not necessary to encrypt/deny data downlinked to the NASA STDN.

30.3   Requirements

30.3.1   Performance Characteristics

30.3.1.1   NPOESS Uplinks and Downlinks - Common Characteristics 

30.3.1.1.1   Availability

TRD 30.3.1.1.1-1  Minimum Link Availability on all uplinks and downlinks shall be at least 99.9%.

30.3.1.1.2   Bit Error rate

TRD 30.3.1.1.2-1  The bit error rate with Forward Error Correction (w/FEC) shall be less than or equal to 1.0 x10E-08 (TBR).  The bit error rate applies to transmission from the output of the encryption device to the input of the decryption device.

30.3.1.1.3   Link Margin

TRD 30.3.1.1.3-1  All links shall contain at least a +3 dB link margin.

30.3.1.1.4   Data Packetization

TRD 30.3.1.1.4-1  Except for SDC, S&R, and LEO&A uplinks and downlinks, data packetization in all links shall comply with CCSDS AOS for packetized data, grade 2, as specified in the applicable CCSDS Blue Books.

30.3.1.1.5   Modulation

TRD 30.3.1.1.5-1  Keying shall be QPSK modulation (offset) per CCSDS Standard. (TBR)

30.3.1.1.6   Coding

TRD 30.3.1.1.6-1  Coding shall be ½ Viterbi plus (255, 223) Reed Solomon forward error correction (FEC) compliant with CCSDS-AOS conventions. (TBR)

30.3.1.2   NPOESS Uplinks

30.3.1.2.1   NPOESS Command Uplink - Routine Operations

Routine NPOESS Command Uplink transmissions will be broadcast, as required, during scheduled contact between the NPOESS CDAs and NPOESS satellites.  

TRD 30.3.1.2.1-1  Routine NPOESS Command Uplink transmissions shall be performed in-band (TBR) using either the allocated X or Ka bands shown in Table 1, below.  

NOTE:  Although the May 07, 1999 NTIA-44 draft does not explicitly support use of the Ka-bands for in-band commanding (see Table 1), the IPO has appealed to NTIA’s Spectrum Planning Subcommittee (SPS) and fully intends to re-introduce use of in-band commanding at either 30131.5 MHz and/or 30493.75 MHz.

30.3.1.2.1.1   NPOESS Command Uplink - Routine Operations Encryption

TRD 30.3.1.2.1.1-1  The NPOESS Command Uplink shall be encrypted per NSA traceable cryptographic-devices, algorithms and KEYMAT.

30.3.1.2.1.2  Command Uplink - Routine Operations RF Link Parameters

TRD 30.3.1.2.1.2-1  The NPOESS Command Uplink parameters shall be consistent with the RF link parameters shown in Table 1, below.

30.3.1.2.2   Uplinks Used During LEO&A Events

The AFSCN and NASA STDN are used to command the NPOESS spacecraft during NPOESS LEO&A events.

30.3.1.2.2.1   LEO&A Uplink Parameters

TRD 30.3.1.2.2.1-1  NPOESS Satellites shall perform dual S-band operation (SGLS for AFSCN and USB for NASA STDN) at a reduced data rate of either 1 Kbps, 2 Kbps, or 10 Kbps, as implemented by DMSP S-20. 

TRD 30.3.1.2.2.1-2  The LEO&A Uplink shall be consistent with the relevant parameters shown in Table 1.

30.3.1.2.2.2   LEO&A Uplink Denial/Encryption

TRD 30.3.1.2.2.2-1  NPOESS Satellites shall be compatible with the NSA compliant encryption schemes used in uplinks from the AFSCN and the NASA STDN.

30.3.1.2.3   S&R Uplink

The NPOESS Space Segment will incorporate a S&R sensor/receiver and transmitter which is provided GFE (with the exception of the antennas).

TRD 30.3.1.2.3-1  The Space Segment shall receive ELT transmissions from any ELT within the satellite's field of view.  Data formats are (TBS).

30.3.1.2.4   SDC Uplink

The NPOESS Space Segment will incorporate a SDC sensor/receiver and transmitter (e.g., Argos) which is provided GFE (with the exception of the antennas).

TRD 30.3.1.2.4-1  The Space Segment shall receive randomly distributed uplink signals at 401.650 MHz from Argos PTTs that are deployed on a worldwide basis.

30.3.1.3   Downlinks

30.3.1.3.1   CCSDS Header Content

TRD 30.3.1.3.1-1  All NPOESS downlink CCSDS packet headers shall contain vehicle number, instrument type, instrument channel, on-board GPS generated time stamp (UTC time standard conventions accurate to 1.0 microsecond), and NPOESS satellite position data.

TRD 30.3.1.3.1-2  The position data shall have a maximum RMS uncertainty of  25.0 meters, 3 - sigma, for radial/in-track/cross-track components.

30.3.1.3.2   Downlink Data Access Denial

30.3.1.3.2.1   Commanded Denial

TRD 30.3.1.3.2.1-1  NPOESS LRD, HRD, SMD, and Routine Operations real-time telemetry (TBR) downlinks shall deny data access to unauthorized users upon receipt of a valid command.  This denial capability does not apply to real-time S&R and real-time SDC downlinks.

30.3.1.3.2.2   Effectiveness of Denial

TRD 30.3.1.3.2.2-1  The access denial methods shall be as effective as the commercial digital encryption system (DES), or equivalent.

30.3.1.3.3   Downlinks to Field Terminals

TRD 30.3.1.3.3-1  Each operational satellite within the Space Segment shall continually downlink mission data as HRD and as LRD on a real-time basis to DoD Field Terminals and comparable fixed and mobile civilian terminals.

30.3.1.3.3.1   NPOESS LRD Link

The LRD Link primarily supports the transmission of lossy compressed VIIRS imagery.

30.3.1.3.3.1.1   LRD Link Data Rate

TRD 30.3.1.3.3.1.1-1  The LRD link shall be broadcast at a maximum data rate of 230 Kbps. (TBR)

30.3.1.3.3.1.2   LRD Link Content

TRD 30.3.1.3.3.1.2-1  The LRD shall contain VIIRS imagery from its visible, infrared, and/or low light level channels, depending on the user’s latitude and time of day. (TBR)

TRD 30.3.1.3.3.1.2-2  The channel selection shall be both automated and ground programmable.  (TBR)

TRD 30.3.1.3.3.1.2-3  The amount of imagery compression shall be ground programmable. (TBR)

30.3.1.3.3.1.3   LRD Link Parameters

TRD 30.3.1.3.3.1.3-1  The LRD link shall comply with the RF link parameters shown in Table 2.

30.3.1.3.3.2   NPOESS HRD Link

30.3.1.3.3.2.1   HRD Link Data Rate

TRD 30.3.1.3.3.2.1-1  The HRD link shall be broadcast at a maximum data rate of 20.0 Mbps. (TBR)

30.3.1.3.3.2.2   HRD Link Content

TRD 30.3.1.3.3.2.2-1  The HRD shall contain NPOESS mission data necessary to produce NPOESS EDRs, and may contain a separate NPOESS spacecraft real-time telemetry data stream.  The current baseline link budget accommodates lossless NPOESS mission data; however, the use of lossy compression and the resulting impact on EDR quality may be investigated to reduce the size of the ground aperture. 

30.3.1.3.3.2.3   HRD Link Parameters

TRD 30.3.1.3.3.2.3-1  The HRD link shall comply with the RF link parameters shown in Table 3.

NOTE:  The current baseline link budget accommodates lossless VIIRS data.

30.3.1.3.4   Stored Mission Data (SMD)

TRD 30.3.1.3.4-1  The NPOESS SMD data shall consist of telemetry data, mission data, and SDC data that has been stored to solid state memory during the NPOESS satellites’ orbital period.  

TRD 30.3.1.3.4-2  The SMD shall be downloaded to the NPOESS CDAs during scheduled contacts while the satellite is within line of sight of the CDA.

TRD 30.3.1.3.4-3  The SMD Link shall comply with the RF link parameters shown in Table 4.

Note:  Within Table 4 it was assumed that either of these links requires a gimbaled spacecraft 0.25-meter aperture diameter.

30.3.1.3.5   Telemetry Streams

30.3.1.3.5.1 Continuous Real-time Telemetry Stream

TRD 30.3.1.3.5.1-1  Satellite telemetry shall be continuously downlinked on a real-time basis.  It is permissible, but not required, to include the real-time spacecraft telemetry data within the HRD link. (TBR)

30.3.1.3.5.2 SMD Telemetry Stream

TRD 30.3.1.3.5.2-1  Satellite telemetry shall be continuously stored and downlinked as part of the Stored Mission Data.
30.3.1.3.5.3   LEO&A Real-Time Telemetry Downlink RF Link Parameters

During NPOESS LEO&A events, the AFSCN and NASA STDN are used to receive telemetry from the NPOESS spacecraft.

TRD 30.3.1.3.5.3-1   NPOESS Satellites shall perform dual S-band operation (SGLS for AFSCN and USB for NASA STDN) at a reduced data rate of either 1 Kbps, 2 Kbps or 10 Kbps.

TRD 30.3.1.3.5.3-2  The LEO&A Real-Time Telemetry Downlink shall be consistent with the LEO&A parameters shown within Table 5.

30.3.1.3.5.3.1   LEO&A Real-Time Telemetry Downlink Encryption/Denial

TRD 30.3.1.3.5.3.1-1  The NPOESS satellites’ real-time telemetry downlink to the AFSCN shall be compatible with NSA compliant encryption used by the AFSCN.  Data downlinked to the NASA STDN need not be encrypted/denied (TBR).

30.3.1.3.6   S&R System Real-Time Downlink

TRD 30.3.1.3.6-1  The Space Segment shall downlink the S&R data on a real-time basis at 1544.5 MHz to any S&R LUTs within the satellite's field of view.  

TRD 30.3.1.3.6-2  S&R Data formats shall be TBS.
30.3.1.3.7   SDC Real-Time Downlink

TRD 30.3.1.3.7-1  The NPOESS Space Segment shall incorporate a SDC sensor/receiver and transmitter (e.g., Argos) which is provided GFE (with the exception of the antennas).  The sensor receives and processes signals from Argos PTTs deployed on a worldwide basis.

TRD 30.3.1.3.7-2  The Space Segment shall downlink the processed SDC data over the satellite's dedicated SDC real-time data links to any Argos Local User Terminals within the satellite's field of view on a real-time basis.  Upgraded ARGOS systems will likely include a downlink transmitter that interrogates PTTs in the satellite's field of view.

30.3.1.3.8 Downlinks from METOP Satellites to NPOESS CDAs

TRD 30.3.1.3.8-1  The NPOESS CDAs shall be capable of receiving METOP-4 broadcasts of SMD.
NOTE:  METOP-4 is expected to be compatible with planned NPOESS link characteristics, and consequently does not drive any modifications to any CDA.

30.3.1.3.9  Downlinks from METOP Satellites to Field Terminals

METOP -1, -2, and -3 will have real time Low Rate Picture Transmission (LRPT) and High Rate Picture Transmission (HRPT) direct broadcast links to field terminals.  Any field terminal modifications required to receive these broadcasts will be completed under the POES and DMSP programs.  

30.3.2   Constraints

The NPOESS C3 Links have to operate under multiple constraints while supporting the NPOESS mission.

30.3.2.1   Frequency Allocations

TRD 30.3.2.1-1  NPOESS C3 Links shall comply with NTIA/ITU Spectrum allocations and assignments.

30.3.2.2   Interoperability

TRD 30.3.2.2-1  NPOESS C3 Links shall comply with the Initial Joint Polar System (IJPS) Agreement and the recently signed EUMETSAT/NOAA IJPS Program Implementation Plan to provide mission data recovery for blind orbit support to METOP-3.  In accordance with the proposed Joint Polar (JPS) Agreement, subsequent METOP satellites will be fully interoperable with the NPOESS System.

30.3.2.3   Interchangeability

TRD 30.3.2.3-1  The communications C3 link hardware and software for the NPOESS Preparatory Project (NPP) and the operational NPOESS Satellite shall be interchangeable.(TBR)

Table 1 - Command Uplink Parameters

Link:
Parameter:
Nominal Value:

Normal Command Uplink:
Data Rate:
128 Kbps (TBR)


Modulation:
QPSK (TBR)


Coding:
Rate ½ Viterbi (TBR)


Occupied Bandwidth:
173 kHz


Required Eb/No:
5.7 dB (TBR)


Required BER
10-8

Inband @ X-Band:
Frequency:
8214.4 MHz


Ground Aperture Size:
13 meters (TBR)


Ground EIRP:
46.0 dBm (TBR)


Satellite Aperture Size:
0.25 meter (TBR)


Satellite G/T:
-3.27 dB (TBR)

Inband @ Ka-Band:
Frequency:
30131.25 MHz, 30493.75 MHz


Ground Aperture Size:
5 meters (TBR)


Ground EIRP:
55.6 dBm (TBR)


Satellite Aperture Size:
0.25 meter (TBR)


Satellite G/T:
5.28 dB (TBR)

LEO&A @ L, S-Band:
Frequency:
1791.748 MHz, 

2026.0 MHz, 

2028.135 MHz


Ground Aperture Size:
10,11 or 13 meters (TBD)


Data Rate
2 or 10 Kbps


Ground EIRP:
43.25 dBm


Satellite Aperture Size:
“Omni” (TBR)


Satellite G/T:
-28.25 dB/oK (TBR)

Table 2 - LRD Downlink Parameters

Parameter:
Nominal Value:

Data Rate:
230 Kbps Max  (TBR)

Modulation:
QPSK (TBR)

Coding:
Rate ½ Viterbi plus (255, 223) Reed Solomon (TBR)

Occupied Bandwidth:
355 kHz

Required Eb/No:
3.8  dB (TBR)

Required BER
10-8

UHF-Band Frequency:
400.1 MHz, 400.8 MHz

Satellite Aperture Size:
“Hemi” (TBR)

Satellite EIRP:
42 dBm (TBR)

Ground Aperture Size:
“Omni” (TBR)

Ground G/T:
-29.1 dB/oK (TBR)

Table 3 - HRD Downlink Parameters

Parameter:
Nominal Value:

Data Rate:
20.0 Mbps Max  (TBR)

Modulation:
QPSK (TBR)

Coding:
Rate ½ Viterbi plus (255, 223) Reed Solomon (TBR)

Occupied Bandwidth:
18.5 MHz, 30.8 MHz

Required Eb/No:
3.8  dB (TBR)

Required BER
10-8

X-Band Frequency:
7800 MHz

Satellite Aperture Size:
“Shaper Earth Coverage” (TBR)

Satellite EIRP:
38.7 dBm, 41.0 dBm @ 20o elevation (TBR)

Ground Aperture Size:
2 meters  (TBR)

Ground G/T:
17.2 dB/oK (TBR)

Table 4 - SMD Downlink Parameters

Link:
Parameter:
Nominal Value:

Stored Mission Data (includes stored Telemetry, stored SDC and Mission Data that has been recorded):
Data Rate:
400 Mbps Max  (TBR)


Modulation:
QPSK (TBR)


Coding:
Rate 3/4 Viterbi plus (204, 187) Reed Solomon (TBR)


Occupied Bandwidth:
384 MHz


Required Eb/No:
4.3  dB (TBR)


Required BER
10-8

X-Band:

NOTE: Requires NTIA approval for increased BW occupancy
Frequency:
8212.5 MHz


Satellite Aperture Size:
0.25 meter (gimbaled) (TBR)


Satellite EIRP:
43.6 dBm @ 5o elevation (TBR)


Ground Aperture Size:
13 meters (TBR)


Ground G/T:
33.1 dB/oK (TBR)

Ka-Band:
Frequency:
26250.0 MHz


Satellite Aperture Size:
0.25 meter (gimbaled) (TBR)


Satellite EIRP:
55.7 dBm @ 5o elevation (TBR)


Ground Aperture Size:
5 meters (TBR)


Ground G/T:
31.4 dB/oK (TBR)

Table 5 - Telemetry Downlink Parameters
Link:
Parameter:
Nominal Value:

Routine Operations:  In-band  Telemetry Downlink:
Data Rate:
128 Kbps (TBR)


Modulation:
QPSK (TBR)


Coding:
Rate ½ Viterbi plus (255, 223) Reed Solomon (TBR)


Occupied Bandwidth:
198 kHz


Required Eb/No:
3.8 dB (TBR)


Required BER
10-8


Frequency
TBD


Satellite Aperture Size:
TBD


Data Rate
TBD


Satellite EIRP:
TBD


Ground Aperture Size:
TBD


Ground G/T:
TBD

LEO&A @ L, S-Band:
Frequency:



AFSCN
1698.0 MHz, 1702.5 MHz, 1707.5 MHz, 2247.5 MHz,


NASA STDN
2237.5 MHz, 2202.5 MHz


Satellite Aperture Size:
“Omni” (TBR)


Data Rate
1, 2, or 10 Kbps (TBR)


Satellite EIRP:
9.6 dBm (TBR)


Ground Aperture Size:
10, 11. or 13 meters (TBD)


Ground G/T:
20.7 dB/oK (TBR)


Polarization
RHC with 20 dB cross-pol isolation
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