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 Explanation of design  
Some random irregular LDPC constructions based on edge ensemble designs have error correcting capabilities 
measured in Bit Error Rate (BER) that are within 0.05dB of the rate distorted Shannon limit for the AWGN 
channel [3].  

Unfortunately, these random LPDC code constructions require long codeword constructions (on the order of 
106 to 107 bits) in order to achieve these error rates, and despite good BER performance, these random code 
constructions often have poor Block Error Rate (BLER) performances. Hence, these random constructions do 
not lend themselves well to packet-based communication systems. Yet another disadvantage of random 
constructions based on edge distribution ensembles is for each codeword length another random construction is 
needed. Thus, communication systems employing variable block sizes would require multiple code definitions 
that could consume a significant about of non-volatile memory storage for a large combination of codeword 
lengths and code rates. 

An alternative to random LDPC construction is structured LDPC constructions that rely on a general 
algorithmic approach to constructing LDPC matrices and require much less non-volatile memory than random 
constructions. Thus, the problem is to design irregular structured LDPC codes that have good overall error 
performance (both BER and BLER) for a wide range of code rates and block sizes with attractive storage 
requirements. The result of such LDPC codes is a better performing communication system with lower cost 
terminals. These factors make such a FEC attractive for application over a wide range of products including but 
not limited to IEEE802.16 and IEEE802.11n compliant products. 

Thus, this exact description below for LDPC code construction succeeds at solving the above said problem 
while providing excellent performance for all block sizes without the non-volatile memory requirements of 
randomly constructed codes. 

The LDPC codeset design below fits within the LDPC framework as proposed by TGn Sync and provides an 
optimisation of consumed power per bit while meeting the specified datarate with a negligible variation in SNR 
for constant PER performance for different packet lengths. It is designed such that it allows efficient near-linear 
encoding and various decoding algorithms including layered belief propagation, which is a preferred 
implementation due to its convergence rate. 

The codeset below is designed for Lcword_inc = 48 (or any multiple thereof by omission) and  z = Nspread  per the 
TGn Sync definition. 
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Proposed Text Change 

8.4.9.2.5.3 LDPC parity check matrix construction 
The parity check matrices H are derived from binary seed matrices Hb of size bb nm ×  by expanding each ‘1’ in 

Hb with P piji mod))1(( −+×  for all rows i, { bmi ,...,1∈ }, and columns j, { }bni ,...,1∈ , for which 1+≤ ji  holds, where 

P1 is the singular cyclicy left shifted identity matrix of size z  and by expanding every other element with the 
all-zeros matrix of the same size as P1. The modulo factor p is the smallest positive primitive for which the 
relations 2+≥ bnp  and zp ≥  hold.The codeword length is therefore bnz × . 

A parity check matrix H is hence entirely defined by the selection of Hb, the code rate R and the value z. 
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In Table 1, the seed matrices and their associated values z for the construction of all codewords lengths for all 
rates are shown. 

 

 

Table 1 LDPC seed matrices selection per code rate and expansion factors
Code rate 
(nb-mb) / nb

Seed matrices Expansion factors 
z

1
bH  16, 20, 24, 26, 30, 32, 34, 36, 38, 40, 46, 48 
2
bH  12, 14, 22, 28, 42, 441/2
3
bH  18
4
bH  22, 28, 30, 32, 36, 38, 40, 42, 44, 46, 48
5
bH  12, 16, 20, 26, 342/3
6
bH  14, 18, 24
7
bH  24, 26, 30, 34, 36, 38, 40, 42, 46, 48
8
bH  20, 32, 44
9
bH  12, 18, 28

3/4

10
bH  14, 16, 22
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Simulation results 
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N= 768, K= 384,(   48 bytes,Ns=16)
N= 864, K= 432,(   54 bytes,Ns=18)
N= 960, K= 480,(   60 bytes,Ns=20)
N=1056, K= 528,(   66 bytes,Ns=22)
N=1152, K= 576,(   72 bytes,Ns=24)
N=1248, K= 624,(   78 bytes,Ns=26)
N=1344, K= 672,(   84 bytes,Ns=28)
N=1440, K= 720,(   90 bytes,Ns=30)
N=1536, K= 768,(   96 bytes,Ns=32)
N=1632, K= 816,(  102 bytes,Ns=34)
N=1728, K= 864,(  108 bytes,Ns=36)
N=1824, K= 912,(  114 bytes,Ns=38)
N=1920, K= 960,(  120 bytes,Ns=40)
N=2016, K=1008,(  126 bytes,Ns=42)
N=2112, K=1056,(  132 bytes,Ns=44)
N=2208, K=1104,(  138 bytes,Ns=46)
N=2304, K=1152,(  144 bytes,Ns=48)

 

Figure 0-1 Rate 1/2 BPSK results in AWGN using 50 iterations of conventional BP (SPA) 
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N=2304, K=1536,(  192 bytes,Ns=48)

 

Figure 0-2 Rate 2/3 BPSK results in AWGN using 50 iterations of conventional BP (SPA)
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Figure 0-3 Rate 3/4 BPSK results in AWGN using 50 iterations of conventional BP (SPA) 
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Figure 0-4 BLER comparision of 50 conventional BP (SPA) iterations and 15 layered BP for Rate 1/2 
BPSK in AWGN of codeword length of N=1152 
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Figure 0-5 BPSK-AWGN results of 12 iterations of layered BP for coderates 1/2, 2/3 and 3/4 of 
codeword lengths N=1920. 
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Figure 0-6 BPSK AWGN comparisions of various BP decoding approaches.



2004-11-04 IEEE C802.16e-04/479 
 
 
 
 

    
 
 
 

7

 

References:  
[1] R. G. Gallager, “Low-density parity-check codes,” IRE Trans. Inform. Theory, vol. IT-8, pp.21-28, Jan. 

1962. 

[2] T. J. Richardson, M. A. Shokrollahi, and R. L. Urbanke, “Design of Capacity Approaching Irregular 
Low-Density Parity-Check Codes,” IEEE Transactions on Information Theory, vol. 47, pp. 619-637, 
Feb. 2001. 

[3] Sae-Young Chung, On the Construction of Some Capacity-Approaching Coding Schemes, PhD 
Dissertation, MIT, 2000. 

[4] T. J. Richardson and R. L. Urbanke, “Efficient Encoding of Low-Density Parity-Check Codes,” IEEE 
Transactions on Information Theory, vol. 47, pp. 638-656, Feb. 2001. 

[5] M. M. Masour and N. R. Shanbhag, “Turbo decoder architectures for low-density parity check codes,” 
IEEE Global Comm. Conf. (GLOBECOM), Nov. 2002, pp. 1383-1388. 

[6] M. M. Mansour and N. R. Shanbhag, “Low power VLSI architectures for LDPC codes,” in 2002 
International Low Power Electronics and Design, 2002, pp. 284-289. 

[7] D. E. Hocevar, “LDPC code construction with flexible hardware implementation,” Proc.: IEEE Int’l 
Conf. On Comm. (ICC), Anchorage, AK, May 2003. 

[8] M. M. Mansour and N. R. Shanbhag, “High-Throughput LDPC Decoders,” IEEE Trans. On VLSI 
Systems, vol. 11, No. 6, pp. 976-996, December 2003. 

 


	Explanation of design
	Proposed Text Change
	8.4.9.2.5.3 LDPC parity check matrix construction
	Simulation results
	References:

