Multi-dimensional parity-check codes for bursty channels
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Abstract — We examine a class of multi-dimensional parity-
check (MDPC) codes that can be obtained by generalizing the
single parity-check code to multiple dimensions geometrically.
We demonstrate that the MDPC codes can achieve close-to-
capacity performance with a simple iterative decoding algorithm
in AWGN as well as bursty channels.

1. SUMMARY

Let i, iy,...,ins De a block of data bits indexed by the set of
M(> 1) indices 1,%2,...,%n. We assume that each of the
indices takes values ranging from 1 to A, i.e., there are alto-
gether AM data bits. This is equivalent to saying that we ar-
range the data bits into the lattice points of an M -dimensional
hypercube of side A. An M -dimensional parity check code is
defined as a systematic code in which a codeword consists of
the AM data bits and M A parity bits satisfying
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form =1,2,...,Mand j = 1,2,..., A. Each sum above
ranges over A elements, and additions are modulo-2. Ge-
ometrically, the parity bit p,, ; checks the data bits on the
(M—1)-dimensional hyperplane i, = j. Equivalently, the M-
dimensional parity-check code can be viewed as a punctured
version of the M -time product of the single parity-check code
(A +1, A). The code rate of the MDPC is 1/(1 + M /AM 1)
and the minimum code weight is min(M + 1,4). We note that
the 2DPC codes have been suggested in [1] and the MDPC
codes can be viewed as special cases of the codes considered
in [2] with a very regular structure.

Although the MDPC codes have small minimum distances,
they can correct a large number of error patterns of larger
weights because of their geometric constructions. With suit-
able interleaving schemes, the MDPC codes are effective for
channels with occasional noise bursts. To examine this claim,
we employ the simple two-state hidden Markov model to
model bursty channels [3]. The system enters State B when
the channel is having a noise burst. In State N, usual AWGN
is the only noise. In State B, the burst noise is modeled as
AWGN with a power spectral density that is B times higher
than that of the AWGN in State N.

“Soft-in/soft-out” iterative decoding [1] is performed to ap-
proximate the maximum a posteriori (MAP) decoder. The
MDPC code is treated as a parallel concatenation of parity
check codes, each defined by the parity-check bits along one
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dimension and all of the data bits. Simulation results of a num-
ber of MDPC codes with block sizes of 10000 and 60000 bits
are summarized in the following table:

Code | Code | E,/Npat | Coding gain Ey/No
Rate | 10~° BER | at 10~° BER | at capacity
1007 | 0.9804 13.7dB 4.15dB 8.4dB
213 1 0.9932 14.8dB 3.05dB 12.0dB
10* | 0.9960 15.5dB 2.35dB 13.1dB
245% 1 0.9919 14.1dB 3.75dB 11.5dB
39° [ 0.9980 15.45dB 2.4dB 14.2dB
9° 0.9992 16.6dB 1.25dB 15.4dB

In the simulation, the probabilities of staying in States B
and N are 0.99 and 0.9995, respectively. Moreover, B =
10dB. This represents a case that long noise bursts occur occa-
sionally. Random interleavers of sizes equal to the block size
of the MDPC codes are employed. The results are obtained af-
ter 10 iterations for all the codes. The decoding process essen-
tially converges after 5 iterations. From the table, with a block
size of 10000 bits, the 4DPC code 10* can achieve a BER of
10~% within 2.4dB of the capacity limit When the block size
goes up to 60000 bits, the SDPC code 9° can achieve a BER of
10~° within 1.2dB of the capacity limit. In an AWGN chan-
nel, for instance, the 3DPC code 39% can achieve a BER of
1073 at 7.9dB, 0.5dB higher than the capacity limit.

II. CONCLUSION

MDPC codes are very high-rate systematic codes that have
very regular geometric structures. With a simple and fast con-
verging iterative decoding scheme, MDPC codes can achieve
close-to-capacity performance with large block sizes in both
AWGN and bursty channels. These codes are effective for rel-
atively benign channels with occasional long bursts of errors
since only a minimal amount of redundancy is needed. MDPC
codes are also be good choices of outer codes for serial con-
catenated systems with turbo codes as the inner codes [4].
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