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30.1 Link Performance Characteristics


30.1.1   NPOESS Links - Common Characteristics 

30.1.1.1   Availability
Link availability specifies the measures needed to compensate for rain and other atmospheric conditions.  Link availability is independent from hardware and/or software reliability performance.  Link availability will be verified by analysis using the Crane Rain Model.  All other link parameters in the tables contained in TRD Appendix C will be verified by test.
TRD30.1.1.1-1
The NPOESS shall be designed to have a Minimum Link Availability on all uplinks and downlinks of at least 99.9%.    [Not Applicable to NPP.]
TRD30.1.1.1-2
The NPP system shall be designed to have a Minimum Link Availability on uplinks and downlinks to the Ground Network (GN) of at least 99%.  [NPP only.]
Does not apply to NPP HRD link.


30.1.1.2 Link Margin
TRD30.3.1.1.2-1
The NPOESS and NPP systems shall maintain at least a +3 dB link margin for all links with the exception of the NPP HRD link, where a +1 dB margin shall be maintained.
TRD30.1.1.2-2
The NPOESS system shall maintain at least a (TBD) link margin for the LRD downlink at 5 degrees elevation angle using a 1 meter ground aperture.  [Not Applicable to NPP.]











30.1.2   Uplinks


TRD30.1.2-1
Routine NPP Command Uplink transmissions shall be performed using S-band (USB).  [NPP only]
TRD30.1.2-2
 Routine NPOESS Command uplink transmission shall be performed either at USB or “in-band”, see Table 1. [Not Applicable to NPP]




TRD 30.1.2-3
The NPP and NPOESS Command Uplink parameters shall be consistent with the RF link parameters shown in Table 1 and/or Table 6, below.

















30.1.3 Downlinks
















TRD30.1.3-1

The LRD link shall comply with the RF link parameters shown in Table 2.








TRD30.1.3-2
The HRD link shall comply with the RF link parameters shown in Table 3.




TRD30.1.3-3 
The NPP and NPOESS SMD Link shall comply with the RF link parameters shown in Table 4 and/or Table 7.



TRD30.1.3-4
If a separate real-time telemetry data stream is defined, the system shall use Table 3 and/or Table 8.







TRD30.1.3-5
NPP and NPOESS Satellites shall provide LEO&A real-time telemetry links as described in Table 5.





































      


Table 1 – Ground Network (GN) and Command & Data Acquisition (CDA) Command Uplink Parameters

Link:
Parameter:
NPP Nominal Value:
NPOESS Nominal Value:

Normal Command Uplink:
Data Rate:
2 kbps or 100 kbps combined data on carrier
2 kbps; 128 kbps (TBR)  


Coverage
2 kbps:  100% at all times
100 kbps:  100% at nominal attitude
N/A


Frequency
2106.4 MHz
2106.4 MHz


Modulation:
PCM/PSK/PM  
QPSK or O-QPSK 


Coding:
BCH
Rate _ Convolutional Encoding , Reed Solomon 


Convolutional Encoding:
   Code Rate

   Constraint Length

   Connection Vectors

   Phase relationship

   Symbol inversion

   Puncturing

TBD

TBD

G1=111101/G2=1011011
G1 assoc with first symbol
TBD
TBD



Maximum Occupied Bandwidth:
157  kHz 
173 kHz (TBR)


Required Eb/No:
11.3 dB  
5.7 dB 


Required BER
10-7 after decoding
10-8 after decoding

Inband @ X-Band:
Frequency:
N/A
8214.4 MHz


Ground Aperture Size:
N/A
13 meters (TBR)


Ground EIRP:
N/A  
46.0 dBm 


Satellite Aperture Size:
N/A
0.25 meter (TBR)


Satellite G/T:
N/A 
-3.27 dB/K 

Inband @ Ka-Band:
Frequency:
N/A
30131.25 MHz, 30493.75 MHz


Ground Aperture Size:
N/A
5 meters (TBR)


Ground EIRP:
N/A 
55.6 dBm 


Satellite Aperture Size:
N/A
0.25 meter (TBR)


Satellite G/T:
N/A 
5.28 dB/K

LEO&A @  S-Band USB:
Frequency:
2106.4 MHz
2026.0 MHz, 

2028.135 MHz


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


Data Rate
2kbps; 100 kbps
2 kbps; 128 kbps (TBR)


Ground EIRP:
>66 dBW
43.25 dBm


Satellite Aperture Size:
“Omni” 
“Omni”


Satellite G/T:
N/A 
-28.25 dB/K

Table 2 - LRD Downlink Parameters (N/A for NPP)
Parameter:
NPOESS Nominal Value:

Data Rate:
3.5 – 4.0 Mbps (TBR)  

Modulation with bit interleaving:
QPSK (TBR)

Coding:
Convolutional encoding plus (255, 223) Reed Solomon (I=4)

Convolutional Encoding:
   Code Rate

   Constraint Length

   Connection Vectors

   Phase relationship

   Symbol inversion

   Puncturing
TBD
7 bits

G1=1111001/G2=1011011

G1 associated with first symbol

TBD
TBD

Randomization
Yes

Maximum Occupied Bandwidth:
4.0 MHz 

Required Eb/No:
TBD 

Required BER
Less than 10-8   After decoding

L-Band Frequency*:
1702.5 MHz (TBR) and 1707 MHz (TBR)

Polarization
Right Hand Circular

Satellite EIRP
TBD

Minimum Elevation Angle
5 degrees

Ground Aperture Size:
1.0 meters  

Encoding (NRZ - _  )
TBD

Ground G/T:
TBD @ 1 meter 



* System requires capability for both, selectable (not simultaneous)

Table 3 - HRD Downlink Parameters*

Parameter:
NPP Nominal Value:
NPOESS Nominal Value:

Data Rate:
Max  

15.0 Mbps (NPP)
20.0 Mbps 

Modulation with bit interleaving:
QPSK or O-QPSK 
QPSK or O-QPSK 

Coding:
Rate Convolutional encoding plus (255, 223) Reed Solomon I=4
Rate Convolutional encoding plus (255, 223) Reed Solomon I=4

Convolutional Encoding

   Code Rate

   Constraint Length

   Connection Vectors

   Phase relationship

   Symbol inversion

   Puncturing
1/2

7 bits

G1=1111001/G2=1011011

G1 associated with first symbol

No

No
1/2

7 bits

G1=1111001/G2=1011011

G1 associated with first symbol

TBD

No

Randomization
TBS
TBD

Maximum Occupied Bandwidth:
23.1 MHz 
30.8 MHz 

Required Eb/No:
4.4  dB 
3.8  dB 

Required BER
Less than 10-7 After decoding
Less than 10-8 After decoding

X-Band Frequency:
7812 MHz
7812 MHz (TBR) and 7830 MHz (TBR)

Polarization
Right Hand Circular
Right Hand Circular

Satellite EIRP
TBD
13.4 dBW (TBR)

Minimum elevation angle
5.0 degrees
5.0 degrees

Ground Aperture Size:
3 meters  (TBR)
2 meters  (TBR)

Ground G/T at 5 degrees clear sky:
21.0 dB/K 
17.2 dB/K 

Excess link margin
1.0 dB
3.0 dB

Rain attenuation
3.0 dB
8.0 dB

Link Availability
N/A
99.9 %

Encoding
TBD
NRZ-L (TBR)

* Link subject to PSD limitations in NTIA Redbook Section 8.2.36, Page 8-30, Revised 9/95
Table 4 - Ground Network (GN) and Command & Data Acquisition (CDA) SMD Downlink Parameters

Link:
Parameter:
NPP Nominal Value:
NPOESS Nominal Value:

Stored Mission Data
Data Rate:
300.0 Mbps (TBS) 
400 Mbps Max  


Coverage
100% at nominal attitude
N/A


Modulation:
QPSK or OQPSK
QPSK or OQPSK


Coding:
Convolutional Encoding plus (255,233) Reed Solomon 
Convolutional Encoding  plus (255,233) Reed Solomon , I=4


Convolutional Encoding:
   Code Rate

   Constraint Length

   Connection Vectors

   Phase relationship

   Symbol inversion

   Puncturing
1/2

7 bits

G1=1111001/G2=1011011

G1 assoc with first symbol
No

No
1/2

7 bits

G1=1111001/G2=1011011

G1 assoc with first symbol
TBD

No


Randomization
TBS
TBD


Maximum Occupied Bandwidth:
370 MHz (TBR)
384 MHz  


Required Eb/No:
4.4 dB 
4.3  dB 


Required BER after decoding
Less than 10-7
Less than 10-8 

X-Band:

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


Polarization
Right Hand Circular
Right Hand Circular


Ground Aperture Size:
>= 11 meters (TBR)
13 meters (TBR)


Ground G/T:
TBD 
33.1 dB/K 

Ka-Band:
Frequency:
N/A
26250.0 MHz


Polarization
N/A
Right Hand Circular


Satellite Aperture Size:
N/A 
0.25 meter (gimbaled) 


Satellite EIRP:
N/A 
55.7 dBm @ 5o elevation 


Ground Aperture Size:
N/A
5 meters (TBR)


Ground G/T:
N/A 
31.4 dB/K 

Table 5 - Ground Network (GN) and Command & Data Acquisition (CDA) Telemetry Downlink Parameters
Link:
Parameter:
NPP Nominal Value:
NPOESS Nominal Value:

Routine Operations: Telemetry Downlink:
Data Rate:
Simultaneously 2 or 16 kbps on subcarrier and 512 kbps on carrier
10 kbps (TBR), TBD kbps


Coverage
2 kbps, 16 kbps:  100% at all times

512 kbps:  100% at nominal attitude, >75% (TBR) during non-nominal attitudes
N/A


Modulation:
PSK/PM  
QPSK or O-QPSK


Coding:
Convolutional Encoding plus (255, 223) Reed Solomon 
Convolutional Encoding plus (255, 223) Reed Solomon, I=4


Convolutional Encoding:
   Code Rate

   Constraint Length

   Connection Vectors

   Phase relationship

   Symbol inversion

   Puncturing
1/2

7 bits

G1=1111001/G2=1011011

G1 assoc with first symbol
No

No
1/2

7 bits

G1=1111001/G2=1011011

G1 assoc with first symbol
TBD

No


Randomization
TBS
TBD


Maximum Occupied Bandwidth:
TBS
198 kHz


Required Eb/No:
4.4 dB 
3.8 dB


Required BER
< 10-7  After decoding
< 10-8  After decoding


Frequency
2287.5 MHz
2287.5 MHz, 2202.5 MHz


Polarization
Right Hand Circular
Right Hand Circular


Ground Aperture Size:
11m
TBD


Ground G/T:
>23dB/K
TBD

LEO&A @ S-Band (USB):
Frequency:
Carrier: 2287.5 MHz
Subcarrier: 1.024 MHz (TBR)
2287.5 MHz, 2202.5 MHz


Satellite Aperture Size:
Omni
Omni (TBR)


Data Rate
Simultaneously 2 or 16 and 512 kbps
1,2,or 10 kbps


Satellite EIRP:
TBS 
9.6 dBm


Ground Aperture Size:
>=11 m
10, 11. or 13 meters (TBR)


Ground G/T:
>23 dB/K
20.7 dB/K


Polarization
Right Hand Circular
Right Hand Circular

Table 6 – Space Network (SN)
 Forward Link Parameters

Link:
Parameter:
NPP Nominal Value:
NPOESS Nominal Value:

a. LEO&A Only
Modulation:
PN BPSK 
PN BPSK


Coding:
 Convolutional Encoding
Convolutional Encoding


Convolutional Encoding:
   Code Rate

   Constraint Length

   Connection Vectors

   Phase relationship

   Symbol inversion

   Puncturing
1/2

7 bits

G1=1111001/G2=1011011

G1 assoc with first symbol
No

No
1/2

7 bits

G1=1111001/G2=1011011

G1 assoc with first symbol
TBD

No


Randomization
TBS
TBD


Required BER
<10-5  Physical BER

<10-5 Physical BER


Polarization
Right Hand Circular
Right Hand Circular

Command Crosslink:
Data Rate:
125 bps; 1.0 kbps 
125 bps, 1.0 kbps (TBD)


Coverage
125 bps:   100% at all times

1.0 kbps:  >75% (TBR) 
TBD


Maximum Occupied Bandwidth:
2 kHz
TBD 


Required Eb/No:
9.6 dB 
TBD dB 

TDRSS SA @ S-Band:
Frequency:
2106.4 MHz
2106.4 MHz


Satellite Aperture Size:
N/A (Omni)
TBD


TDRSS EIRP:
43.6 dBW
TBD


Satellite G/T:
TBD
-23.9 dB/K (TBR)

b. TDRSS SA  @ Ku-Band:




Calibration Table Upload Crosslink:
Data Rate:
N/A
 256 kbps

“Routine Commanding”
Occupied Bandwidth:
N/A 
TBD 


Required Eb/No:
N/A
TBD dB 


Frequency:
N/A
13775 MHz


Satellite Aperture Size:
TBD 
TBD


Polarization
Right Hand Circular
Right Hand Circular


TDRSS EIRP:
N/A
TBD


Satellite G/T:
N/A
15.9 dB/K 

[Note:  TDRSS Forward link performance is defined by User S/C G/T.

Table 7- Space Network (SN) Return Link for SMD  Parameters

Link:
Parameter:
NPP Nominal Value:
NPOESS Nominal Value:

TDRSS SA Ku-Band: Stored Mission Data 
Data Rate:
150(TBD) Mbps Max  
300 Mbps Max  


Modulation:
QPSK 
QPSK 


Coding:
TBD
TBD


Convolutional Encoding:
   Code Rate

   Constraint Length

   Connection Vectors

   Phase relationship

   Symbol inversion

   Puncturing
TBD

TBD

G1=TBD/G2=TBD

TBD

TBD

TBD

TBD
TBD
G1=TBD/G2=TBD
TBD
TBD

TBD


Randomization
TBD
TBD


Maximum Occupied Bandwidth:
TBD
TBD


Required Eb/No:
TBD
TBD


Required BER
< 10-5 Physical BER
< 10-5 Physical BER


Frequency:
15003.4 MHz
15003.4 MHz


Satellite Aperture Size:
TBD
TBD


Satellite EIRP:
TBD
TBD


TDRSS Received Power:
TBD
TBD



Polarization
Right Hand Circular
Right Hand Circular

Table 8 – Space Network (SN) Return link Crosslink Parameters

Link:
Parameter:
NPP Nominal Value:
NPOESS Nominal Value

Routine Operations:  TDRSS SA  Telemetry Crosslink:
Data Rate:
2 kbps; 16 kbps 
2 kbps; 16 kbps


Coverage
2 kbps:  100% at all times

16 kbps (TBR): >75% of the orbit (TBR)
N/A


Modulation:
QPSK or OQPSK
QPSK


Coding:
Convolutional Encoding plus (255, 223) Reed Solomon 
Convolutional Encoding plus (255, 223) Reed Solomon


Convolutional Encoding:
   Code Rate

   Constraint Length

   Connection Vectors

   Phase relationship

   Symbol inversion

   Puncturing
1/2

7 bits

G1=1111001/G2=1011011

G1 assoc with first symbol
TBS

No 
1/2

7 bits

G1=1111001/G2=1011011

G1 assoc with first symbol
TBD

No


Randomization
TBS
TBD


Maximum Occupied Bandwidth:
24.64 KHz 
TBD


Required Eb/No:
  9.6 dB
TBD


Required BER
< 10-5   Physical BER
< 10-5 Physical BER


Frequency
2287.5 MHz
2287.5 MHz


NPOESS Satellite Aperture Size:
(TBD) Omni
TBD


NPOESS Satellite EIRP:
TBD
TBD


TDRSS Received Power:
TBD

TBD



Polarization
Right Hand Circular
Right Hand Circular

[Note:  TDRSS Return link performance is defined by Properties of the receiver rather than Eb/No.






� "Single Space Segment - HRPT/LRPT Direct Broadcast Services Specifications" MO-DS-ESA-SY-0048, Issue 8, 01 November 2000


�  "Single Space Segment - HRPT/LRPT Direct Broadcast Services Specifications" MO-DS-ESA-SY-0048, Issue 8, 01 November 2000


� see TRD , Appendix E


� For NPP,  NTIA Stage 2 “Certification of Spectrum Support” , signed by William Hatch, Document # 31817/1, 02 March 2001


� For NPOESS, NTIA Stage 2 “Certification of Spectrum Support, signed by William Hatch, August 1999.


� Based on METOP document (footnote 1) corresponds to the –20 dB point of a 60% rolloff square root raised cosine filter.


� corresponds to a 20 degree elevation angle


� corresponds to a 20 degree elevation angle


� Space Network Users Guide  http://nmsp.gsfc.nasa.gov
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