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Parity-Check Matrix Extension to Lower the Error Floors of

Irregular LDPC Codes

Jianjun MU', Xiaopeng JIAO', Jianguang LIU', Nonmembers, and Rong SUN'", Member

SUMMARY  Trapping sets have been identified as one of the main fac-
tors causing error floors of low-density parity-check (LDPC) codes at high
SNR values. By adding several new rows to the original parity-check ma-
trix, a novel method is proposed to eliminate small trapping sets in the
LDPC code’s Tanner graph. Based on this parity-check matrix extension,
we design new codes with low error floors from the original irregular LDPC
codes. Simulation results show that the proposed method can lower the er-
ror floors of irregular LDPC codes significantly at high SNR values over
AWGN channels.
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1. Introduction

Although low-density parity-check (LDPC) codes have been
intensively researched due to their near Shannon limit per-
formance and low decoding complexity, the error floor phe-
nomenon [1] is still one of the significant impediments to
the use of LDPC codes in optical communication and data
storage systems. Therefore, lowering error floors of LDPC
codes and predicting the iterative decoding performance
in the error-floor regions are active research areas [2], [3].
Trapping sets are considered the primary factor for degrad-
ing the performance of low-density parity-check (LDPC)
codes in the error-floor region [2]. Searching small trapping
sets in a code’s Tanner graph is proved to be an NP-hard
problem in general [4]. Since trapping sets are largely re-
lated to small cycles in a code’s Tanner graph, the authors in
[5] proposed an efficient method to find small trapping sets
in regular LDPC codes by cycle enumeration. However, this
method is not applicable to irregular codes. In [6], the au-
thors use the ACE metric to distinguish different cycles and
then apply this method to search for small trapping sets in ir-
regular LDPC codes. Generally, irregular LDPC codes have
higher error floors than regular LDPC codes.

Changing the graph representation of an existing code,
e.g. by adding new parity-check nodes that eliminate small
stopping sets [7], [8], has been suggested for reducing the
error floors of LDPC codes under iterative decoding. In this
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letter, we propose a novel method to eliminate small trap-
ping sets in irregular LDPC codes. Firstly, we use the cycle
enumeration method plus ACE metric to identify the small
trapping sets in irregular LDPC codes. Secondly, by adding
several new check nodes and having their edges connected
to variable nodes of small trapping sets in the original code,
a novel method is proposed to eliminate small trapping sets
in the LDPC code’s Tanner graph. Finally, based on this
parity-check matrix extension, we design new codes with
low error floors under iterative decoding from the original
irregular LDPC codes.

The remainder of this letter is organized as follows. In
Sect. 2, the identification method of Trapping sets are re-
viewed. Section 3 proposes a novel method to eliminate
small trapping sets in the LDPC code’s Tanner graph and
design new codes with low error floors from the original
irregular LDPC codes. In Sect. 4, simulation results are pro-
vided to show the efficiency of the proposed method. Fi-
nally, Sect. 5 concludes the letter.

2. Identification of Trapping Sets

Generally, an (a, b) trapping set is a set of a variable nodes,
for which the induced subgraph of these a variable nodes
and their neighborhood check nodes contain exactly b odd-
degree check nodes [1]. If b = 0, the trapping set also rep-
resents a codeword. The detrimental trapping sets, which
largely contribute to the iterative decoding in the error floor
region, have small values of both a and b. Thus, eliminat-
ing small trapping sets can significantly improve the perfor-
mance of LDPC codes under iterative decoding in the er-
ror floor region. For a given LDPC code that needs to be
improved, we must first find as many small trapping sets
as possible. Here we use the method proposed in [6] to
search detrimental trapping sets in irregular LDPC codes.
The search procedure can be summarized as follows.

(1) Find all small cycles with size less than A and ACE
values less than y through the breadth-first search in a code’s
Tanner graph.

(2) Apply some unnatural noises, called error impulses
with amplitude &, to all the bit positions in cycles found in
step (1), and scale other bits in the codeword by a relatively
small parameter @. The noised codeword is then transmitted
over an AWGN channel and decoded by the iterative de-
coder. Assume all-zero codeword is transmitted and BPSK
modulation is used, then the noised codeword can be repre-
sented by

Copyright © 2011 The Institute of Electronics, Information and Communication Engineers



1726

xnoise:{_l"'g’ _1+87 ) _1+8’ —a,—a, -, _a}'

Here, we assume that the first few bits of the codeword are
involved in the cycle.

(3) Run the iterative decoder with the deterministic in-
put X,.ise. When the decoder fails to find a valid codeword
with the predefined iteration number, we do some further it-
erations (say 20) and identify the trapping set as the union
of all bits that do not be decoded correctly during those 20
iterations. If the trapping set found here does not exist in our
list, add it to the list.

3. Elimination of Trapping Sets

When small trapping sets of LDPC codes are identified, we
try to eliminate them by adding several new check nodes
to the code’s Tanner graph. The method we used here re-
sembles our previous work to eliminate small stopping sets
[7]. Generally, for a given (a, b) trapping set T, add a new
check node and have its edge connected to one of the vari-
able nodes in T, then T is transformed to an (a, b + 1) trap-
ping set. For example, Fig. 1(a) shows that an (a, 1) trapping
set is transformed to an (a, 2) trapping set by adding a new
check node ¢, and having its edge connected to v,. The de-
gree of the newly added check node should be close to the
maximum check-node degree in the original Tanner graph
of the given LDPC code in order to reduce the number of
the new check nodes, which can also make the degree distri-
bution of the new code keep close to that of the original one.
Moreover, any two edges of ¢, cannot be added to the same
trapping set since this leads to the trapping set unremoved.
Note that adding new check nodes may cause code rate loss.
To reduce the code rate loss, the number of the newly added
check nodes should be kept as small as possible. We observe
from simulations that many trapping sets have common vari-
able nodes. Thus one can eliminate several small trapping
sets by adding only one edge. Figure 1(b) illustrates that
three trapping sets with a common variable node v can be
eliminated simultaneously by adding only one edge between
¢, and v. Based on the above description, the trapping set
eliminating procedure can be summarized as follows.

(1) Select a list L of trapping sets to be removed ac-
cording to the trapping set identification procedure.

(2) Pick a variable node v with the highest frequency
from L and connect it to the newly added check node c,.

(@) (b)

Fig.1 Eliminating small trapping sets by adding a new check node ¢,.
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(3) Select a variable node v” with the highest frequency
from the unremoved trapping sets obtained by step (2) such
that v’ does not appear in the trapping sets which have been
removed by step (2). Connect v’ to ¢,, if the connected edges
exceed the predefined check-node degree, then add a new
check node.

(4) Repeat step 3 until all dominant trapping sets are
removed.

4. Simulation Results

Two LDPC codes C| and C; constructed by PEG algorithm
[9] are used to simulate our method. The variable node de-
gree distributions we used are as follows:

Ci: 21(x)=0.25105x+0.30938x>+0.00104x> +0.43853x'°
and

C, @ (x) = 0.23802x+0.20997x% +0.03492x> +0.12015x*
+0.01587x% + 0.00480x"3 + 0.37627x".

Cl1 is a code with a block length of 100 and rate of 0.5. Us-
ing the trapping set identification procedure (where 4 = 8,
x =3,e=1.7,and @ = 0.5), we find and select the follow-
ing three kinds of trapping sets to be removed: 17 trapping
sets with b = 0 and a < 10 (also codewords), 21 trapping
sets with b = 1 and a < 9, 23 trapping sets with b = 2
and a = 4. According to the trapping set elimination pro-
cedure, Cj is obtained by adding two check nodes of degree
8 to C;. All these 61 trapping sets are removed and after
the low-weight codewords are transformed to (a, 1) trapping
sets, then we continually to transform some of them to (a, 2)
trapping sets. The rate of Cj is 0.48 and its loss is only 0.02
when compared to C. Figure 2 shows the FER performance
of C and C; under iterative BP decoding over AWGN chan-
nel. BPSK modulation is used and the maximum number of
iterations is set to 50. It can be seen that C3 has significant
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Fig.2 FER performance of C; and C3 under BP decoder over AWGN
channel.
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Fig.3 FER performance of C; and C4 under BP decoder over AWGN
channel.

performance improvement over C; in the error floor region.
For example, C3 outperforms C; by about 0.8 dB at the FER
of 2x 1078. C, is a code with a block length of 500 and rate
of 0.5. C4 is obtained by adding two new check nodes to
C». Similar performance improvement is observed through
Fig. 3.

5. Conclusions

Based on parity-check matrix extension for eliminating
small trapping sets in the Tanner graphs of irregular LDPC
codes, we propose a new method to design new codes with
low error floors under iterative decoding from the original
irregular LDPC codes. The advantages of this method are
a) it is universal as it can be applied to most codes and all
decoding algorithms and b) it improves performance signif-
icantly at the expense of the less code rate loss only. Sim-
ulations show that our proposed method is efficient and the
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error floors of irregular LDPC codes under iterative decod-
ing are lowered significantly.
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