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Enhancing Belief Propagation Decoding of Low Density Parity Check Codes
with Reliability Based Decoding

Marc Fossorierd 00O O 0O O

o0

In this study, probabilistic reliability based
decoding is combined with belief propagation
(BP) decoding for low-density parity check
(LDPC) codes. At each iteration, the soft output
values delivered by the BP algorithm are used as
reliability values to construct a short list of code-
words among which the most likely codeword is
identified. This approach allows to bridge the er-
ror performance gap between belief propagation
decoding which remains suboptimum, and maxi-
mum likelihood decoding which is too complex to
be implemented for the codes considered. Simu-
lations results are given for Gallager LDPC codes
and different set cyclic (DSC) codes of hundreds
of information bits.

1 Introduction

Tterative decoding of low-density parity check (LDPC)
codes, first introduced in [1], has received renewed inter-
est over the past few years. This is mainly due to the ex-
cellent error performances achieved by such codes for long
enough lengths, and their relatively simple iterative de-
coding methods based on belief propagation (BP) [2, 3].

Although BP iterative decoding of such codes does
not achieve maximum likelihood decoding (MLD), it has
been shown both theoretically and experimentally that
its application to improved constructions derived from
Gallager original codes [4, 5, 6, 7] can closely approach
channel capacity for the additive white Gaussian noise
(AWGN) channel. Interestingly, other families of codes
such as quasi-cyclic based codes [8, 9] and finite geome-
try codes [10, 11, 12] can also be decoded iteratively with
BP. These results are quite surprising as the BP algo-
rithm was originally designed to work on graphs without
cycles, while the Tanner graph representation [13] of all
codes of practical interest contains cycles [14].

To guarantee that the influence of cycles in the Tan-
ner graph representation of the codes considered is small
enough, very long code lengths may been needed [4]. As a
result, although BP decoding of codes of medium lengths
(say between hundred and few thousand bits) performs
quite well, it may still fall short of MLLD due to the non
negligible influence of cycles in the Tanner graph repre-
sentation of the code.

In this study, we propose to use the fact that BP iter-
ative decoding of LDPC codes converges quite slowly in
general. At each iteration, the soft output values deliv-
ered by the BP algorithm are viewed as reliability values
by a list-based soft decision decoding algorithm. Due to
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the slow convergence, sufficiently different lists are ex-
pected to be constructed at each iteration and the most
likely codeword in the union of these lists is delivered as
final solution. Indeed, if BP converges to the MLD code-
word, then this codeword is also found by this combined
approach. In order to keep a manageable decoding com-
plexity, we choose the ordered statistic decoding (OSD)
algorithm of [15] in this study.

2 Decoding Algorithm

A detailed description of the combined algorithm as
well as possible refinements and the corresponding com-
putational complexity analysis can be found in [16]. In
the following, the basic algorithm is presented for a code
of length N and dimension K.

Define 2, as the set of check sums containing bit n,
and w(m) as the set of bits forming check sum m. The it-
erative BP decoding algorithm has two alternating parts,
in which certain quantities ¢,,, and r,,, are iteratively
updated. The quantity ¢%,,, is meant to be the probabil-
ity that bit n is taking the value z, given the information
obtained via checks other than check m (i.e. Q,\ {m}).

X
mn

check m is satisfied if bit n is considered fixed at x and

The quantity =¥ = is meant to be the probability that
the other bits have a separable distribution given by the
probabilities {gmn : 7' € w(m) \ {n}}.

Initially, for n = 1,---, N, the bit decisions ,,, and
T, are initialized to the symbols z, corresponding to the
hard decision decoding of the noisy received values y,,
and the variables ¢2,,, and ¢}, are initialized to the a-
priori probabilities f0 and f! = 1 — f9 associated with
the corresponding values z, and z, @& 1. The value D,



is initialized to a large number, and we set ¢ = 0. Then
each iteration is processed as follows:

e BP Decoding:
Step 1.
For each n and each m, define §¢mn = ¢°,, —
T

(a)

and for = 0, 1 compute:

5Tm'n, - H 5C]mn’;
n’/€w(m)
(b)
ren = (1/2)(1+ (=1)%"6rmn) -
Step 2.
(a) For each n and each m, and for z = 0, 1,
update:

T
m/n>

I1

m’ €Qn\m

xr X
an - amnfn r

where a,,, is chosen such that ¢%,, +ql,,, = 1.
(b) For each n and = = 0,1, update the
“pseudo-posterior probabilities” ¢ and ¢}
given by:

an=onfi [T o
meQ,
where a, is chosen such that ¢¥ + ¢! = 1.
Step 3.
(a) Create x = [#,] such that &, = 1if ¢} > 0.5
, and z,, = 0 if ¢, <0.5.
(b) Do the following;:
- If Hx = 0 then the decoding algorithm
halts and X is considered as a valid decoding
result.
- Else, the algorithm starts the “Order-i Re-
processing”.

e Order-i Reprocessing:
Step 1.
Based on the reliability values max{q?, ¢:}, de-
termine the K corresponding most reliable in-
dependent positions (MRIP’s). Define Bk as
the set of locations of these MRIP’s.
Step 2.
(a) Take I(Bg) = {#; : j € Bk} created at
Step 3-(a) of BP decoding as initial informa-
tion sequence.
(b) For 0 < [ < 4, make all possible (Il()
changes of [ values in I(Bg) and for each
change, determine the corresponding codeword
c.
Step 3.
Let ¢ denote the codeword with minimum dis-
crepancy D,,;, constructed so far by the iter-
ative combined decoding algorithm.
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(a) For each codeword ¢ # € constructed at
Step 2-(b), evaluate the discrepancy:

Diy.c)= 3 Iyl

CiF 2

between ¢ and the original noisy received se-
quence y.
If D(y,c) < Dpin, set Dpin = D(y,c) and
c=c.

(b) Start the next iteration with BP decoding.

The algorithm stops if some maximum number of itera-
tions is reached and the codeword ¢ is delivered as the
final solution.

The OSD can also be processed based on the initial val-
ues fU and f}, in which case iteration-1 becomes equiva-
lent to the conventional order-i reprocessing of [15]. Fur-
thermore, stopping rules can also be introduced in BP
decoding (e.g. syndrome test at Step 3-(b)) and in the
order-i reprocessing [16].

3 Simulation Results

Simulation results for LDPC codes and different set
cyclic (DSC) codes of hundreds of information bits have
been obtained. Figure 1 depicts the simulation results for
the (3,6) (i.e. each bit is associated with three orthogonal
check sums of Hamming weight six) Gallager code with
parameters (N, K) = (504,252). In this figure, BP de-
coding is compared with the combined scheme proposed
above for i = 1 and ¢ = 2. We observe that for the WER
10—3.5,
decoding iterations achieves 0.55 dB and 0.6 dB coding

order-1 reprocessing of at most 50 and 200 BP

gain, respectively, over BP decoding of at most 200 it-
erations. At the same WER, order-2 reprocessing of at
most 50 BP decoding iterations achieves a 0.75 dB coding
gain over BP decoding of at most 200 iterations. Sim-
ilar results were obtained for a (3,6) (1008,504) LDPC
code [16].

Figure 2 depicts the simulation results for the (273,191)
DSC code and its (3,6) and (4,8) LDPC code counter-
parts. We observe that a much larger coding gain is
achieved by the proposed scheme for decoding the LDPC
codes than for decoding the DSC code. At the WER
1074, a coding gain of 0.9 dB is achieved by the pro-
posed scheme to decode the (4,8) LDPC code. A similar
behavior was observed for the (1057,813) DSC code and
its (3,6) and (4,8) LDPC code counterparts [16]. Im-
portantly, based on the results of Figure 1, the need to
distinguish between “good codes” and “good iteratively
decodable codes” can be emphasized.



4 Conclusion

In this study, we have shown that for LDPC codes of
short to medium length, a non negligible gap exists be-
tween the error performance of BP decoding and that of
MLD. We have proposed a simple combined method to
bridge this gap based on the combination of BP decoding
with a list-based soft decision decoding algorithm. This
method can be viewed either as an improved decoding
scheme, or a way to measure the suboptimality of BP
decoding.

Although the OSD algorithm was considered in this
study, the same approach can be applied with other list-
based algorithms as well as with reduced complexity ver-
sions of BP decoding. In [17], this combined approach
has been generalized to iterative decoding of “turbo-like”
codes [18, 19] and its effectiveness has been related to
the convergence behavior of the iterative decoding con-
sidered.
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