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1 INTRODUCTION

1.1 Purpose

This Satellite High Rate Data (HRD) to Direct Broadcast Stations (DBS) RF ICD is intended to
satisfy the requirements of CDRL SE-12e.

This Interface Control Document (ICD) specifies the X-band High Rate Data (HRD) to Direct
Broadcast Stations (DBS) interface. Section 1.2 further explains the content of this document.

1.2 Scope
This ICD includes the following content:

a. Data formats, communications protocols, and data rates (Section 7)
b. Compression algorithms (if any) and error detection and correction schemes (Section 7)

c. Antenna patterns, EIRP, G/T, beam width, downlink, frequencies, polarizations, and
modulations for each channel (Section 4)

Telemetry formats (Section 7)

Satellite contact scenarios for data transmission, operations, and maintenance (Section
8)

Link analysis for available ground station antennas (Section 4)

Interface requirements for RF compatibility test (not applicable)

Interface requirements for end-to-end test (Section 5)

Description of data time tagging (Section 7)
j- Description of Spacecraft operating modes and command events (Section 8)
k. Approach for maneuver planning and execution (Section 8)

NOTE: The HRD RF ICD shall only contain information for public distribution.

For additional information regarding the JPSS Concept of Operations, refer to the JPSS
Spacecraft Concept of Operations (6470-DG31100) [CDRL OPS-7].

> a =

1.3 Document Compliance

This document is intended to meet the criteria of SE-12e in the JPSS-2 Contract Data
Requirements List (CDRL), Attachment D. Table SC-GND-4480 contains the compliance matrix
showing the Data Item Description (DID) section, Preparation Information, and the section(s)
where the information is located in this document.

Table SC-GND-4480. CDRL SE12e Compliance Table

. HRD to GS RF ICD (12e) Section
Document Link
Command Telemetry
a
Data formats N/A 71,7.4
SC-GND-7502, 7520
Communications protocols N/A 222
SC-GND-776

Page 1 of 43
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Table SC-GND-4480. CDRL SE12e Compliance Table

. HRD to GS RF ICD (12€) Section
Document Link
Command Telemetry
Data rates N/A 7.1.6,7.4.6
SC-GND-7509, 7526
Encryption/decryption formats N/A N/A
b
Compression algorithms N/A N/A
Error detection and correction schemes N/A 7.14,74.4
SC-GND-7507, 4220
c
Antenna patterns N/A 4.4.3.2
SC-GND-4525
EIRP N/A N/A
GIT N/A 44,51,7.45.8
SC-GND-4331, 3131,
3222, 3136, 4347, 4348
Beam width N/A 7.16,7.46.1
SC-GND-105, 4524, 4636
Uplink frequencies N/A N/A
Uplink polarizations N/A N/A
Uplink modulations N/A N/A
Downlink frequencies N/A 745.1,746.1
SC-GND-4275, 3638
Downlink polarizations N/A 7.1.6.1
SC-GND-4597
Downlink modulations N/A 7.4.6.1
SC-GND-597
d
Telemetry formats N/A 7.1,7.4
SC-GND-7502, 7520
Command formats N/A N/A
e
Satellite contact scenarios for data N/A 8
transmission, operations, and SC-GND-4178
maintenance
f
Link analysis for available ground N/A 445
station antennas SC-GND-3318
g
Interface requirements for RF N/A N/A
compatibility test

Page 2 of 43
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Table SC-GND-4480. CDRL SE12e Compliance Table

. HRD to GS RF ICD (12€) Section
Document Link
Command Telemetry
h
Interface requirements for end-to-end N/A N/A
test
[
Description of command time tagging N/A 8
SC-GND-4178
Description of data time tagging
] N/A 8
SC-GND-4178
Description of spacecraft operating N/A 7.1, 7.4SC-GND-7502,
modes and command events 7520
k N/A 2.2.2
SC-GND-776
Approach for maneuver planning and N/A 7.16,7.4.6
execution SC-GND-7509, 7526

2 APPLICABLE AND REFERENCE DOCUMENTS

2.1 Applicable Documents

Unless otherwise specified, the following documents in their current issue form a part of this
document to the extent specified herein.

2.1.1 Orbital ATK Space Systems Group Documents

None

2.1.2 Government Documents

a. 450-SNUG

GSFC 472-00280
GSFC 472-00244

®ooo

GSFC 472-00718

Space Network Users' Guide (SNUG) Revision 10, Effective Date
August 3rd, 2012

JPSS-2 Satellite Requirements Document
JPSS Data Formats Requirement Document
JPSS-2/3/4 PN Code Description, received on 25 January 2017

System Key Management Plan (SKMP) for the JPSS-2, 3, and 4
Missions

2.1.3 Non-Government Standards

a. CCSDS 131.0-B-2

b. CCSDS 133.0-B-1

c. CCSDS 133.1-B-1

Recommendation, TM Synchronization and Channel Coding
August 2011.

Recommendations for Space Packet Protocol. Issue 1, September
2003

Encapsulation Service. Issue 1. June 2006
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2.2 Reference Documents

CCSDS 231.0-B-2

CCSDS 232.0-B-3

CCSDS 232.1-B-2

CCSDS 401.0-B-25

CCSDS 732.0-B-3

ITU-R SA 1157
ITU-R P.618-12

NIST FIPS Pub 197

NIST SP 800-38C

NTIA Manual

6470-1CD23510, Rev A

Recommendation, TC Synchronization and Channel Coding.
Issue 2. September 2010.

Recommendation, TC Space Data Link Protocol. Issue 3.
September 2015.

Recommendation, Communication Operation Procedure-1. Issue
2. September 2010

Recommendation for Radio Frequency and Modulation Systems.
Issue 25. February 2015

Recommendations for Advanced Orbiting Systems - Space Data
Link Protocol. Issue 3. September 2015.

Protection Criteria for Deep-Space Research

Propagation data and prediction methods required for the design
of Earth-space telecommunication systems

Federal Information Processing Standards Publication 197
November 26, 2001 Announcing the Advanced Encryption
Standard (AES)

Recommendation for Block Cipher Modes of Operation: The
Counter with Cipher Block Chaining- Message Authentication
Code (CCM) Mode for Authentication and Confidentiality

Manual of Regulations and Procedures for Federal Radio
Frequency Management, September 2015 Revision of the May
2013 Edition

The documents listed contain useful facts or are recommended for additional information.

2.2.

1

a.
b.
c.

d.

Orbital ATK Space Systems Group Documents
6470-ML31100 Rev - C&T Handbook [CDRL OPS-2]

6470-DG31100
6470-AR45100

6470-PF23200

JPSS Spacecraft Concept of Operations [CDRL OPS-7]

JPSS Communications Subsystem Performance Analysis [CDRL
SE-3K]
Satellite Performance Specification (SPS) [CDRL SE-1]

2.2.2 Consultative Committee for Space Data Systems (CCSDS) Documents
The CCSDS References used by the JPSS 2/3/4 program are summarized in Table SC-GND-

776.
Table SC-GND-776. CCSDS Reference Table
Command Narrowband
Telemetry Ka-Band (SMD) X-Band (HRD)
(S-Band S-Band Downlink Downlink
Forward/Uplink) (S-Band ownlin ownlin
Return/Downlink)

Packet CCSDS 133.0-B-1 CCSDS 133.0-B-1 CCSDS 133.0-B-1 CCSDS 133.0-B-1
Command (COP-1) CCSDS 232.1-B-2 N/A N/A N/A
Command Frame CCSDS 232.0-B-3 N/A N/A N/A
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Table SC-GND-776. CCSDS Reference Table

Command
(S-Band
Forward/Uplink)

Narrowband
Telemetry
(S-Band
Return/Downlink)

Ka-Band (SMD)
Downlink

X-Band (HRD)
Downlink

Telemetry Frame

N/A

CCSDS 732.0-B-3

CCSDS 732.0-B-3

CCSDS 732.0-B-3

Randomization,
Coding and Frame
Synch.

CCSDS 231.0-B-2

CCSDS 131.0-B-2

CCSDS 131.0-B-2

CCSDS 131.0-B-2

Modulation

CCSDS 401.0-B-25

CCSDS 401.0-B-25

CCSDS 401.0-B-25

CCSDS 401.0-B-25

Uplink Encryption
with Authentication

N/A

N/A

N/A

N/A

3 DEFINITIONS
The following terms are used within this ICD.

a.
b.

ASM (Attached Sync Marker). used as the sync marker for a complete transfer frame

Binary Fields. When the value of a bit field is defined, it will be expressed as a series of
one and zeros encapsulated by apostrophes. As an example, a four-bit field having a
value of seven would be represented in binary as '0111".

CADU (Channel Access Data Unit) = ASM + Transfer Frame + parity bytes for complete
transfer frame and CSM + Information + Parity bytes for sliced stream of ASM + Transfer
Frames

Channel. A link subdivision used for information transfer and/or two-way range
measurement.

Codeblock = when there is one or more codewords with a single sync marker at the start
of a block

Codeword = Information + Parity

CSM (Code Sync Marker). used as a sync marker for an LDPC frame that is not aligned
with the Transfer Frame

Data Rate. Rate of a digital information data signal before forward error encoding.
Forward Link. Communication link from the ground system to spacecratft.
G/T. System gain-to-noise temperature ratio (dB/K).

Hexadecimal Fields. When the value of a field is represented as a hexadecimal number,
it will be prefixed with “0Ox”. As an example, the number 30 would be represented in
hexadecimal as Ox1E.

k. kilo = 1000 (not 1024)

. Modulation Rate. Synonymous with "Over-the-air rate", and "Radiated rate". Not directly

equal to SRD (CADU) data rates, but may coincide in value

Octet. An 8-bit word consisting of eight contiguous bits. The word octet and byte will be
used interchangeably within this document.
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OQPSK. Offset Quadrature Phase Shift Keying is synonymous with Staggered
Quadrature Phase Shift Keying (SQPSK)

Physical Channel. A stream of bits transferred over a space link in a single direction.

Prec/No. Received power to noise spectral density ratio.
Return Link. Communication link from spacecraft to the ground system.
Serial data. Data of similar kind occurring one after another.

SQPN (Staggered Quadrature Pseudo-random Noise). SQPSK signal spread by
spreading code

SQPSK. Staggered Quadrature Phase Shift Keying is synonymous with Offset
Quadrature Phase Shift Keying (OQPSK)

Symbol Rate. Rate of the digital information data signal after forward error correction
encoding and other overhead bits are attached. Bit symbol rate (sps): once info bits are
RS or LDPC-encoded. Modulation symbol rate (Sps), also called baud rate, is the data
rate (code sps) divided by M (msps = sps/M) once bit-symbol stream is modulated onto
M-order PSK signal.

TC. A generic term used to describe command data during the time that they are being
telecommunicated to the Observatory.

Type A or B (COP-1). As defined in CCSDS 232.0-B-3, the Frame Acceptance and
Reporting Mechanism (FARM) associated with the COP can be made to operate in a
normal “Acceptance” (frame “Type-A”) mode or a “Bypass” (frame “Type-B”) mode,
according to the setting of the BYPASS FLAG.

Type C or D (COP-1). As defined in CCSDS 232.0-B-3, the CONTROL COMMAND
FLAG specifies whether the data field of the TC Transfer Frame is conveying transfer
“Control Commands” (the “C” mode), or “Data” (the “D” mode)

Virtual Channel. An identifier that permits all Transfer Frames that are members of a
given sequence to be uniquely identified. It permits multiple user data types to be
multiplexed together so that they may share the finite capacity of the single physical
space data channel.

aa. Virtual Channel Data Unit (VCDU). This term is synonymous with Transfer Frame

4 INTERFACE DESCRIPTION

41 General

This section describes the functional design of the Ground System and Spacecraft RF links.
Major link parameters and characteristics are specified below and shown in Figure SC-GND-92.

The SC RF Communications Subsystem features three specific elements:

a.
b.

An S-Band Narrowband element for low rate TT&C communications.
A High Rate Data (HRD) X-Band element for continuous mission data transmission.

A Stored Mission Data (SMD) Ka-band element for scheduled mission data
transmission.
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Redundant components are used throughout the Communication Subsystem providing high
reliability and single fault tolerance. Components are cross-strapped to the Command and Data
Handling (C&DH) Subsystem to enhance reliability.

The JPSS 2/3/4 RF Interfaces, as shown in Figure SC-GND-92, are as follows:
a. Ground System to Spacecraft S-Band Uplink

@ 0o oo 0O

Fairbanks

Swalbard

Frall

& white

A

. Sands

TDRSS SMD and CMD & TLM

Space Network to Spacecraft S-Band SAF
Spacecraft to Ground System S-Band Downlink
Spacecraft to Space Network S-Band SAR
Spacecraft to Ground System Ka-Band SMD Downlink
Spacecraft to Space Network Ka-Band SAR
Spacecraft to DBS X-Band HRD Downlink

Svalbard

Y.
- " Fairbanks f.-"'r I

McMurda B

Troll

-GN SMD

pAl X-Band

GNCMD & TLM

Mission

\ HRD Broadcast
N

i u
=l Mission D

Hanagumu;t Center

Figure SC-GND-92. SCto Ground System RF Links
JPSS RF link characteristics are summarized for the X-Band downlink in Table SC-GND-8106.

Table SC-GND-8106. JPSS RF Link Characteristics: X-Band (HRD) Downlink

Coverage
Data Center (half PCM Block Convolutional . .
Flow | Frequency REUS cone e Format | Coding Coding e | [PellezEieT
angle)
25 62° about 1
HRD | 7812MHz | Msps | +zS/IC | 10° | NRz-m | (895:223) | Ratezlength | opqy RHCP
- RS, I1=5 7
(CADU) axis
SC- SC- SC-
SC-GND- SC-GND- SC-GND- SC-GND- SC-GND-
GND- GND- | GND- SC-GND-4640
3638 4634 4636 4637 4638 4639 597, 4286 4597
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4.2 S-band TT&C
This section is not applicable to the Satellite HRD to Direct Broadcast Stations (DBS) RF ICD.

4.3 Stored Mission Data (SMD) Element (Ka-Band Subsystem)
This section is not applicable to the Satellite HRD to DBS RF ICD.

4.4 High Rate Data (HRD) Element (X-Band Subsystem)

The HRD element delivers continuous Mission Data downlink via a 7812 MHz carrier frequency.
The element consists of redundant transmitters interfacing with the spacecraft C&DH
subsystem. Each transmitter operates independent of the other, sharing no common interfaces.
Interfaces with the C&DH subsystem are cross-strapped, allowing either side of the Payload
Interface Electronics (PIE) module to send Mission Data to either transmitter. Each transmitter
formats baseband data, modulates the RF carrier, amplifies, and filters the signal. Two
antennas, each one independently connected to a transmitter, provide the necessary coverage.
A high level block diagram is shown in Figure SC-GND-633.

X-Band TX Antenna
Transmitter-A 55 62° Nadir Coverage,
Mod: OQPSK RHCP
21.8726Mbps NRZ-LtoM
p—— BC: RS(255,223), I=5
CC:R=112K=7

X-Band TX Antenna
62° Nadir Coverage,

Transmitter-B
Mod: OQPSK
VAR
BC: RS(255,223), I=5

CC:R=12K=7
25 Msps

Figure SC-GND-633. HRD (X-Band) Element Functional Diagram

4.4.1 HRD Operations Modes
There are two modes of operation for the HRD element:

a. Mission mode, in which the element is configured to support transfer of realtime science
data to direct broadcast users. In this mode, the transmitter receives data from the
C&DH, forms the Reed-Solomon CADU by adding encoder parity bytes, interleaving,
and randomizing, and attaching the synchronization marker, performs NRZ conversion,
convolutionally encodes the CADU, provides OQPSK modulation, amplifies, and filters
the signal.

b. Test mode, which replaces the signal from the C&DH with a pseudo-random bit pattern.
This mode is used to provide a known test pattern on the link to allow performance
measurements and debugging independent of C&DH. The intended use is primarily
during integration and test, but may be used during operation as well.

There are many commands that can enable or disable functions within the element, such as
Forward Error Correction (FEC) and Non-Return to Zero (NRZ) conversion, hence changing the
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configuration. However, these are in-place as test and debug aids and are not designated
operational modes.

4.4.2 HRD Operational Constraints
The element design supports a 100% duty cycle.

The operation of the element is controlled from the flight software and the Payload Interface
Electronics (PIE).

4.4.3 HRD Key Component Descriptions

4.4.3.1 HRD Transmitter Overview

The HRD transmitter provides High Rate Data baseband and RF processing for transmission to
ground elements.

The transmitter sources a clock to the C&DH subsystem and receives a 8-bit parallel data signal
which is flow-controlled using the Ready and Valid signals between the transmitter and the
C&DH as described above. Within the transmitter, each C&DH transfer frame is located by
isolating a 32 bit Attached Synchronization Marker (ASM). Once the frame is isolated, the
transmitter collects a block of 1115 bytes and calculates the 160 byte Reed-Solomon parity data
and then interleaves the block to a depth of 5. The systematic input bytes and the parity bytes
are randomized and the attached synchronization marker prepended to each block forming the
Channel Access Data Unit (CADU). The entire process conforms to CCSDS 131.0-B-2. Figure
SC-GND-4521 shows the structure of the C&DH transfer frame, the Virtual Channel Data Unit
(VCDU) (input to Reed-Solomon process), and the resulting CADU.

ASM Information R-S Parity
4 Bytes 1115 Bytes 160 Bytes

%7 vVCDU ————»

<« C&DH Transfer Frame —— »

<« CADU (1279 Bytes) ——————————»

Figure SC-GND-4521. HRD CADU Block Structure

Following the Reed-Solomon process, the signal is NRZ encoded. The NRZ-L signal is
encoded using mark inversion format, forming NRZ-M. This process allows the ground receiver
to resolve the phase ambiguity inherent with phase shift keyed modulation at a small penalty
(~0.2 dB at BER = 107-8) in required Eb/No.

After the NRZ encoding the signal is convolutionally encoded, providing additional error
performance improvement. A rate Yz, constraint length 7 code is used consistent with CCSDS
131.0-B-2. The two outputs of the convolutional encoder (G1 and G2-Invert) provide the Offset
Quadrature Phase Shift Keying (OQPSK) of the 7812 MHz RF carrier. The RF signal is
amplified to a 10 Watt end-of life power level and filtered consistent with the NTIA mask
requirements. A functional diagram of this processing within the HRD transmitter is shown in
Figure SC-GND-4528.
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C&DH Transfer Frame
vebu CCSDS
Randomization

e ASM RS (223,255) )
~21.873 Mbps — . > > s
Frame Align | 1=5 no 61
)] NRZ-L to o Rate ¥, K=7 [~ *' OQPSK NTIA
NRZ-M Convolutional | 62 45 MOD Filter
CCsDs
ASM Serial Output Rates Fc = 7812 MHz Pout 10 W
(Combine G1/G2) Minimum

50 Msps
Notes:
1. Convolutional Encoding is capable of being enabled/disabled
2. Inclusion of a PN Sequence in place of the C&DH digital signal is available

Figure SC-GND-4528. HRD Transmitter Function Block Diagram

The primary mode of operation is to perform baseband processing of the input data from the
C&DH subsystem. A test mode is also available which allows the incoming data to be replaced
with an internally generated pseudo-noise (PN) code, effectively transmitting the CCSDS
randomization pattern. This is intended to aid in test and troubleshoot both on the ground and
potentially on-orbit. The "Modulation Performance" section within Section 7.4.5 provides HRD
key parameters.

4.4.3.2 HRD Antenna

The HRD antenna is a helical antenna with an isoflux pattern providing higher gain at the edge
of coverage, partially compensating for the increased range loss at low ground elevation angles.
The input is WR-112 waveguide. The antenna gain pattern is shown in Figure SC-GND-4525.
The blue traces show the maximum, minimum and average gain at specific elevation (theta)
angle across all azimuth (Phi) angles. The red traces are the cross-polarization performance
(maximum, minimum and average). The maximum gain is approximately 6 dB occurring at 62
degrees and the worst case cross-polarization isolation is approximately 14 dB at approximately
70 degrees, outside the nominal coverage requirements. Inside the coverage angle the cross-
polarization isolation is >17 dB across the pattern.
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6470-1CD23510, Rev A
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Figure SC-GND-4525. HRD Antenna Pattern

4.4.4 HRD Ground Power Flux Density

The ground Power Flux Density (PFD) is estimated and compared to the NTIA guidelines.
Parameters used to estimate the performance are shown in Table SC-GND-4533, and plots are
shown in Figure SC-GND-4678. In general, pessimistic values are used to bound and simplify

the analysis.
Table SC-GND-4533. HRD PFD Parameters
Parameter Value Notes

JPSS Altitude 824 km | Nominal Altitude

Modulation OQPSK | Modulation sets the Symbol rate and bandwidth

Transmit Bandwidth 50 MHz | Null-to-Null bandwidth of 25 Msps CADU

Transmitted Power 12 dBW | Corresponds to 16 Watts transmitter output,
greater than maximum expected and the EOL 12
Watt goal specified

Passive loss 0dB 0 dB for conservatism

Antenna Gain 6.5dB | Used the highest gain for all elevation angles

adds additional conservatism
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Table SC-GND-4533. HRD PFD Parameters

Parameter

Value

Notes

Transmitter EIRP

17.3 dBW

Summation of power and antenna gain. Highest
possible EIRP of the HRD system

Atmospheric loss

0dB

Assumed no loss from atmospheric conditions

Reference
Bandwidth

4 kHz

Reference Bandwidth from NTIA guidelines

X-Band HRD Power Flux Density

-130

-135

-140

-145 -~

-150

-155

-160

= N|TA Limit

_//
//

= Calculated 25 Msps

PFD(dBW / m?/4KHz)

-165

-170

-175

-180

o

20

40

60 80

Elevation Angle (Degrees)
Figure SC-GND-4678. X-Band (HRD) PFD Plot

4.45 HRD Link Budget Analysis

The link budget calculation provides an estimate of the margin necessary to provide a specific
level of operation. A bit error rate (BER) of 1 error in 1078 bits transmitted is desired. The

analysis uses conservative and worst case parameter estimates to bound the estimate. Table
SC-GND-4536 provides some of the key parameters in the link calculation and a description of

the parameter.

Table SC-GND-4536. HRD Link Parameters

Parameter Value Note / Explanation
Elevation Angle 5 The lowest elevation angle, which results in the
greatest path loss and atmospheric attenuation.
Transmit Power 10 Watts | The EOL specified value of the transmitter.
Passive loss 0.5dB The maximum loss estimate between either
transmitter and its respective antenna.
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Table SC-GND-4536. HRD Link Parameters

Parameter Value Note / Explanation
Antenna Gain Variable Varies based the angular direction to the ground
station, at lower elevations the angular direction is
further off the antenna boresight.

Space path loss Variable Varies dependent on the location of the ground site
relative to JPSS.

Rain loss -3dB Provided in the SRD, corresponds to 99%
availability at the minimum elevation.

Polarization loss -0.35dB Based on the worst case axial ratio of the
spacecraft antenna and ground site antenna axial
ratio of 2.0 dB.

Ground Station 22.7 dB/K | Specified ground station G/T at minimum elevation;

GIT this improves as the ground elevation angle
increases due to a lower sky noise temperature.

Implementation -2.7 dB Per System Requirement Document. Combines

loss Implementation Loss (-2.5 dB) with Multipath Loss
(-0.2 dB).

Required Eb/No 4.4 dB This corresponds to the Eb/No necessary for the
Viterbi decoder to produce a BER of 10°. Itis
necessary to ensure the outer convolutional code
receiver achieves lock. Because this is a relatively
high Eb/No, the Reed-Solomon decode will
produce a lower error rate than required, likely
about 10,

A detailed link analysis is provided in Figure SC-GND-3318 for the lowest elevation ground
angle, which corresponds to the greatest space path loss, greatest atmospheric loss, and lowest

GIT.
JPSS-2 X-Band High Rate Data
Downlink
JPSS HRD
Ground Station: Ground
Terminal
Parameters Units Values Notes/Data Source
Basic Parameters
Transmit Frequency MHz 7812.0 Per J2SRD, Table 6.6.2.5.3-1 Carrier
Frequency
Information rate kbps 21794.4 raw data rate from C&DH
CADU rate ksps 25000.0 data rate after RS (255, 223) encoding
Transmit Data Rate kbps 50000.0 Per J2SRD, Table 6.6.2.5.3-1
- fully encoded rate, including 1/2 convol.
encoding
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JPSS-2 X-Band High Rate Data

Channel Parameters

Downlink
JPSS HRD
Ground Station: Ground
Terminal
Parameters Units Values Notes/Data Source

Modulation Symbol Rate ksps 25000.0 OQPSK: 2 bit =1 symbol

Min. Ground Elevation Angle degrees 5 Per J2SRD-1589, min. Ground Elevation
angle

Spacecraft Altitude km 824

SC Antenna Max Nadir Angle degrees 61.91 angle off nadir +Z, corresponds to 5 deg.
min. ground El angle

Range km 2835.15 Range at 5 degree ground Elevation
Angle

Transmit Parameters

Transmitter Power \W 10 min. EOL Tx power req. to L3-CE

dBm 40.00

Transmitter Network Loss dB -1.2 Calculated from Inputs on Block Diagram

Spacecraft Antenna Gain dBi 6.20 Earth Coverage antenna gain at 61.9
deg.

EIRP dBm 45.02

Receiver Parameters

Space Path Loss dB -179.35

Link Availability % 99.0%

Excess Path Loss dB -3.00 PER J2 SRD-1502, Includes Scintillation
for 0.99 Availability for JPSS HRD
Ground Terminal, assumed value (Hawaii
X-Band)

Pointing Loss dB 0.00 Per J2SRD-1585 Included in 22.7 dB/K
per table footnote

Polarization Loss dB -0.33 Based on S/C AR of 2.8 dB and

GS AR of 2.0 (Estimated, J2SRD-1561),
for Beta=90

Ground Station Receiver G/T

Power Summary

dB/K

22.70

Per J2SRD-1518, (SRD REV D3)
Minimum at 5° Includes pointing loss

Received Isotropic Power at Ground
Station

-137.66

Received power into an isotropic (0O dB
gain) antenna
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JPSS-2 X-Band High Rate Data

Downlink
JPSS HRD
Ground Station: Ground
Terminal
Parameters Units Values Notes/Data Source
Boltzmann's Constant dBW/K/ -228.60
Hz
C/No at Ground Station dB-Hz 83.64
Viterbi Decoder Margin Analysis
Code symbol rate into Viterbi ksps 50000.00 |over-the-air transmit data rate
Decoder
Bit Rate out of Viterbi Decoder kbps 25000.00 |CC encoding removed; equals CADU
Rate, which includes Reed-Solomon
Coding (255, 223, 1 = 5)
- RS Symbol Rate dB-Hz 74.0
Received Eb/No dB 9.7
Implementation / Multipath Loss dB -2.70 Per J2SRD-1586 and J2SRD-1587
Calculated Eb/No dB 6.96
Target BER 1.00E-05 |After convolutional decoding portion
Required Eb/No per SRD 4.4 Per J2SRD-1590
Viterbi Decoder Margin 2.6 Per J2SRD-1589, HRD Margin
requirement > 1.0 dB at 5 deg. El angle
Concatenated Code Margin
Analysis
Bit Rate kbps 21,794.371 |Information Rate (Concat coding
removed)
Info Rate in dB-Hz dB-Hz 73.38
Received Eb/No dB 10.26
Implementation /Multipath Loss dB -2.70 Per J2SRD-1586 and J2SRD-1587
(Added 0.2 dB Multipath Loss to Impl.
Loss)
Calculated Eb/No dB 7.56
Target BER 1.00E-08 |after all decoding (CC + RS)
Required Eb/No dB 2.70 Theoretical Eb/No = 2.7 dB for RS + CC
with Interleave
Concatenated BER margin dB 4.9

Figure SC-GND-3318. HRD Detailed Link Calculation
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5 COMMUNICATIONS INTERFACE REQUIREMENTS

5.1 JPSS Polar Ground Station Requirements

5.1.1 SvalSat
For S-band, this receive station's worst case G/T is 19.4 dB/K (SG-22).

5.1.2 McMurdo
This section is not applicable to the Satellite HRD to DBS RF ICD.

5.1.3 FCDAS
This section is not applicable to the Satellite HRD to DBS RF ICD.

5.1.4 TrollSat
This section is not applicable to the Satellite HRD to DBS RF ICD.

5.1.5 White Sands Complex (WSC)
This section is not applicable to the Satellite HRD to DBS RF ICD.

5.1.6 Direct Broadcast Ground Station
This receive station's worst case G/T is 22.7 dB/K.

5.2 Ground Test Interface Requirements

5.2.1 RF Compatibility Testing

The spacecraft will be manufactured and tested in Gilbert, Arizona. The spacecraft interfaces
with JPSS ground system and NASA Space Network. During spacecraft Integration and
Testing there are several tests between the spacecraft and external interfaces. This section is
intended to define the interface between the spacecraft and the JPSS NSOF/JPSS Ground
System.

The data transferred between the JPSS NSOF/JPSS Ground System and the Spacecraft GSE
consists of commands for uplink, and S-band telemetry and Ka-band Stored Mission Data
(SMD) for downlink. X-band (HRD) is not transferred across this interface.

The Orbital I&T encryptor can be switched in/out as needed depending upon test configuration
requirements. During normal I&T commanding (when encrypted commanding is enabled), the
Orbital encryptor is in the command path. When commanding from the JPSS NSOF/JPSS
Ground System, the Orbital encryptor can be switched out. This will allow JPSS NSOF/JPSS
Ground System encrypted commands to be sent to the spacecraft using the JPSS NSOF/JPSS
Ground System encryptor in place of the Orbital I&T encryptor.

The Government is responsible for RF compatibility testing.

The Spacecraft will support RF characterization of the X-band link concurrently with the RF
compatibility testing. X-band characterization will be conducted by GSFC.

5.2.2 JPSS Compatibility Test (JCT) Rack
This section is not applicable to the Satellite HRD to DBS RF ICD.
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5.2.3 External Network Interface (JPSS WAN to JCT Rack)

[SC-GND-3561] The government shall provide any external interfaces necessary to enable
communications between the JPSS NSOF/JPSS Ground System GSE and
external networks (i.e. the non-Orbital side of the interface). This includes
routers, switches, firewalls, backbone data circuits, etc.

5.3 RF Spectral Requirements

[SC-GND-2128] The Spacecraft shall comply with National Telecommunications and
Information Administration (NTIA) Spectrum Standards.

[SC-GND-2130] The Spacecraft shall comply with National Telecommunications and
Information Administration (NTIA) and International Telecommunications
Union (ITU) and Space Frequency Coordination Group (SFCG).

[SC-GND-3217] The Spacecraft shall be compliant with ITU Radiocommunications Sector
Radio Regulations, RR Article 21.16, Table 21-4

6 COMMANDS
This section is not applicable to the Satellite HRD to Direct Broadcast Stations (DBS) RF ICD.

7 TELEMETRY AND MISSION DATA

7.1 Downlink/Return Link Data Common to Multiple Links

7.1.1 General

The Spacecraft will use CCSDS Recommendations for Advanced Orbiting Systems - Space
Data Link Protocol 732.0-B-3 for all telemetry and science data streams.

The spacecraft operator will limit transmissions to periods when they are in contact with a
receiving earth station or data relay satellite.

The spacecraft operator will be prepared to temporarily switch off emissions from the SC as per
SFCG procedures for Inter-Agency Frequency Coordination (RES A12-1).

7.1.2 Space Packets

7.1.2.1 Space Packet Overview

The Spacecraft will use CCSDS Recommendations for Space Packet Protocol 133.0-B-1 for all
command and telemetry packets.

The bulk of the information about Randomization, Coding and Frame Synchronization falls
under the link-specific sections (in appropriate ICDs, Section 7.2 for S-Band, Section 7.3 for Ka-
Band, and Section 7.4 for Ka-Band).

[SC-GND-1121] A Space Packet shall encompass the major fields, positioned contiguously, in
the following sequence:

a. Packet Primary Header (6 octets)
b. Packet Data Field (up to 65527 octets)

The Spacecraft generates non-segmented packets. Instruments may generate either non-
segmented packets or segmented packets. The structural components of non-segmented
packets are shown in Figure SC-GND-1124.
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Space Packet

Packet Data Field

Packet

Primary Packet Secondary Header

Header Packet User

Data Field
Time Code
Up to
6 Bytes 8 Bytes 65519 Bytes

Figure SC-GND-1124. Space Packet Structural Components: Non-Segmented Packets

For segmented packets, the structural components of the first segment of the space packet are
shown in Figure SC-GND-8008. The presence of a secondary header in a given packet type
will provided in the JPSS 6470-ML31100 C&T Handbook [CDRL OPS-2].

Space Packet

Packet Data Field

Packet

Primary Packet Secondary Header

Header Packet User

. PCS Type Data Field
Time Code # of Packet Spare
Segments minus 1
6 Bytes 8 Bytes 1 Byte 1 Byte 65517 Bytes

Figure SC-GND-8008. Space Packet Structural Components:
First Segment of Segmented Packets

For segmented packets, the structural components of the middle and last segments of the
space packet are shown in Figure SC-GND-3916.

Space Packet

Packet Data Field
Packet
Primary
Header Packet User Data Field
6 Bytes Up to 65527 Bytes

Figure SC-GND-3916. Space Packet Structural Components:
Middle and Last Segments of Segmented Packets
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7.1.2.2 Packet Primary Header

7.1.2.2.1 General

[SC-GND-1127] The Packet Primary Header shall consist of four fields, positioned
contiguously, in the following sequence:

a. Packet Version Number (3 bits)

b. Packet Identification Field (13 bits)

c. Packet Sequence Control Field (16 bits)
d. Packet Data Length (16 bits).

The format of the Packet Primary Header is shown in Figure SC-GND-1129.

Packet Primary Header
Packet Identification Packet Sequence Control
Packet . Packet
Version | packet| S€¢ Application Sequence Packet Data
Hdr. Process Sequence Count
Number | Type e Flags Length
Flag Identifier or Packet Name
3 bits 1bit | 1 bit 11 bits 2 bits 14 bits 16 bits
2 Bytes 2 Bytes 2 Bytes

Figure SC-GND-1129. Packet Primary Header

7.1.2.2.2 Packet Version Number

[SC-GND-1131] Bits 0-2 of the Packet Primary Header shall contain the (binary encoded)
Packet Version Number.

[SC-GND-1132] For S-band telemetry, the Packet Version Number shall be set to '000'. This
identifies the data unit as a Space Packet.

7.1.2.2.3 Packet Identification

7.1.2.2.3.1 General

[SC-GND-1135] Bits 3-15 of the Packet Primary Header shall contain the Packet Identification
Field.

[SC-GND-1136] The Packet Identification field shall be sub-divided into three sub-fields as
follows:
a. Packet Type (1 bit)
b. Secondary Header Flag (1 bit)
c. Application Process ldentifier (11 bits)

7.1.2.2.3.2 Packet Type
[SC-GND-1138] Bit 3 of the Packet Primary Header shall contain the Packet Type.

The Packet Type is used to distinguish Packets used for telemetry (or reporting) from Packets
used for telecommand (or requesting).
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[SC-GND-1140] For telemetry, the Packet Type bit shall be set to '0'.

7.1.2.2.3.3 Secondary Header Flag

[SC-GND-1142] Bit 4 of the Packet Primary Header shall contain the Secondary Header Flag.

[SC-GND-1143] The Secondary Header Flag shall indicate the presence or absence of the
Packet Secondary Header within this Space Packet.

[SC-GND-2743] The Secondary Header Flag shall be set to '1' if a Packet Secondary Header
is present, and '0' if a Packet Secondary Header is not present.

7.1.2.2.3.4 Application Process Identifier
[SC-GND-1147] Bits 5-15 of the Packet Primary Header shall contain the APID.

[SC-GND-4414] The instruments and spacecraft shall assign application process identifiers
(APIDs) within the range specified in SC-GND-4415 APID Range

Assignments.

Table SC-GND-4415. APID Range Assignments

Packet Source APID Range (Decimal)
0 — 399, 1500 — 1549,

JPSS 2/3/4 Spacecraft 1800 — 1999
ATMS 450 - 543
OMPS 544 - 649
VIIRS 650 - 899

RBI 1000 - 1100

Cris 1200 - 1449

7.1.2.2.4 Packet Sequence Control
7.1.2.2.4.1 General

[SC-GND-1152] Bits 16-31 of the Packet Primary Header shall contain the Packet Sequence

Control Field.

[SC-GND-1153] The Packet Sequence Control field shall be sub-divided into two sub-fields as

follows:

a. Sequence Flags (2 bits)
b. Packet Sequence Count (14 bits)

7.1.2.2.4.2 Sequence Flags

[SC-GND-1155] Bits 16-17 of the Packet Primary Header shall contain the Sequence Flags.
[SC-GND-1156] The Sequence Flags shall be set as follows:
a. '00'if the Space Packet contains a continuation segment of User Data

'01' if the Space Packet contains the first segment of User Data

b
c. '10'if the Space Packet contains the last segment of User Data
d

'"11' if the Space Packet contains unsegmented User Data.
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