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Background

•Goal

–Evaluate the performance of the Recommended Standard’s codes and modulations 
specified in the “Variable Coded Modulation Protocol” Red Book (CCSDS 431.1-R-0.1),  

over a nonlinear channel.

•Objectives:

–Perform simulations that identifies the operating Eb/No required to achieve a CWER of 1e-4 

over a nonlinear channel for a subset of the following MODCOD combinations:

•Channel Codes: 

–AR4JA (Rate 1/2, 2/3, 4/5) LDPC codes (K=16384), C2 LDPC codes

•Modulations:

–BPSK, QPSK, 8-PSK, 16-APSK, 32-APSK, 64-APSK

–Compare against performance over an ideal AWGN channel with simulation results 

presented in input paper, SLS-CS_18-09.
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Channel Model

End-to-End Simulation
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LDPC Codes:

- AR4JA Rate 1/2

- AR4JA Rate 2/3

- AR4JA Rate 4/5

- C2 Rate 7/8

Mod Symbol Rate:

- 100Msps

Modulations:

- BPSK

- QPSK

- 8-PSK

- 16-APSK

- 32-APSK

- 64-APSK

SRRC:

- Roll-off: 0.35

- Length: 16 sym

Ka-Band TWTA:

- Memoryless 

Lookup Table 

(AM/AM, AM/PM)

SRRC:

- Roll-off: 0.35

- Length: 16 sym

MATLAB Built-in 

LDPC Decoder:

- 200 Iterations

Carrier Phase Recovery:

- Decision-Directed 

Costas Loop

- 2nd Order

- Norm. Loop BW: 1e-5

Symbol Timing Recovery:

- Gardner’s Algorithm
- 2nd Order

- Norm. Loop BW: 1e-5

LLR Calculation:

- Floating Point

Transmit Receive
4 Samples/Symbol4 Samples/Symbol

Phase 

Noise
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Signal Constellations
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BPSK QPSK, Gray Mapping 8-PSK, Gray Mapping

16-APSK, DVB-S2 Mapping 32-APSK, DVB-S2 Mapping 64-APSK, SCCC Mapping

r1
r2

r3

r4

Modulation Code 

Rate

Constellation Ratio 

Specification

16-APSK 1/2 r2/r1 = 3.15 

2/3 r2/r1 = 3.15 

4/5 r2/r1 = 2.75

7/8 r2/r1 = 2.63

32-APSK 1/2 r2/r1 = 4.00

r3/r1 = 8.00

2/3 r2/r1 = 3.15

r3/r1 = 6.25

4/5 r2/r1 = 2.72

r3/r1 = 4.87

7/8 r2/r1 = 2.57

r3/r1 = 4.41

64-APSK 1/2 r2/r1 = 2.73

r3/r1 = 4.52

r4/r1 = 6.31

2/3 r2/r1 = 2.73

r3/r1 = 4.52

r4/r1 = 6.31

4/5 r2/r1 = 2.73

r3/r1 = 4.52

r4/r1 = 6.31

7/8 r2/r1 = 2.73

r3/r1 = 4.52

r4/r1 = 6.31
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Details of Channel Model

• Power Amplifier

– TWTA model from SCCC Green Book CCSDS 130.11-G-0 is used.

– AM/AM and AM/PM nonlinear distortions are modeled and applied as 

memoryless lookup tables.
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• Phase Noise

– Phase noise profile from input paper SLS-RFM_09-09 “ESA 
advanced coding and modulation performance under realistic 

channel conditions” is used.
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