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MotivationMotivation
- System vendors pointed out that low latency increases the market

potential. *1

- 1K RS-based LDPC code family has low intrinsic latency of 160nsec. 
γ =8   LDPC(845,1024) *2
γ=10  LDPC(833,1024) *2
γ=32  LDPC(781,1024) *3

- LDPC(845,1024) has BER slope change at 1E-9 BER. *2
Increasing bit node degree(γ) pushes down BER slope change point.

Purpose :
Find LDPC code which has BER slope change below 1E-12 BER.
Estimate BER curve below slope change point. 

*1  www.ieee802.org/3/an/public/mar04/muller_1_0304.pdf
*2  www.ieee802.org/3/an/public/july04/seki_1_0704.pdf
*3  www.ieee802.org/3/an/public/mar04/dabiri_1_0304.pdf
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1K RS1K RS--based LDPC codesbased LDPC codes

323232Check node degree

160nsec160nsec160nsecIntrinsic Latency
@800MHz baud

0.8250.8130.802Coding rate

81012Bit node degree

101214Lower bound Hamming distance 
81921024012280The # of Edges of message path

(821, 1024) (845,1024)(833,1024)Code
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Simulation conditions
Mapping: PAM12-doughnut (*1)  and PAM12T (*2)

Decoder design :
1) Floating point design

10 iterations

2) Fixed point design
1D-PAM12 decoder(PAM12T decoder)
6 bit operations, 
5 bit address for Gallager function LUTs
7 iterations

Decoding algorithm: SPA

SNR definition 
Var : Variance of additive noise
Min. distance between constellations : 2
Var = pow(10.0,(-SNR/10.0))*47.67;

*1  www.ieee802.org/3/an/public/mar04/dabiri_1_0304.pdf
*2  www.ieee802.org/3/an/public/sep04/tellado_1_0904.pdf
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Simulation results

0.33dB/BERdecade slope
Note that BER slope become 
steeper,  as SNR become better  
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LDPC(833) is recommended 1K codeLDPC(833) is recommended 1K code

0.8 or less11.2 or moreRelative complexity
24.8dB23.8dB23.7dBRequired SNR for 1E-12 BER

(PAM12 mapping)

323232Check node degree

160nsec160nsec160nsecIntrinsic Latency
@800MHz baud

0.8250.8130.802Coding rate

81012Bit node degree

>=10>=12>=14Hamming Distance 
81921024012280The # of Edges of message 

path

(821, 1024) (845,1024)(833,1024)Code

- 821 code have 20% larger number of edges than 833 code.
This give us routing and congestion problems on the message network,
witch requires increase in logic size and power consumption by more than 20%.

- 833 code is optimal code in terms of performance complexity tradeoff
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BER slope change estimation of 833 code
1) Floating point design

No error seen in 4.0E13 bits
at SNR=23.8dB

2) Fixed point design
No error seen in 1.4E14 bits
at SNR=24.3dB

Average number of error bits
per error blocks =25

FER=BER/25*1792

This results shows BER slope change does NOT occur above 1E-12 BER.

2.60e-139.37e-1380%
4.79e-131.77e-1295%

fixedfloatConfidence 
interval 
points
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Worst case BER curve of 833 code

-Even if BER slope change happens at 1E-12 BER, BER curve is
below vertically shifted BER curve of  845 code.

3E-16 BER at SNR=25dB
2E-14 FER at SNR=25dB
Average Frame error time
=  95 days
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SummarySummary
We have evaluated 1K RS-based LDPC code family 

LDPC(845,1024) : Poor performance
LDPC(821,1024) : Only 0.1dB gain to 833 code 

with 20% or more higher complexity  

LDPC(833,1024) :
- Excellent error correction performance

Required SNR=23.8dB for 1E-12 BER
- No BER slope change down to 1E-12 BER
- Even if BER slope change happens at 1E-12 BER, 
BER curve is still acceptable

LDPC(833,1024) is optimal code in terms of performance complexity 
tradeoff 


