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In this study, we propose an algebraic construction of irregular quasi-cyclic low-density parity-check (QC-LDPC) codes based on
Golomb rulers. The construction guarantees a girth of at least 8 and avoids short cycles with low approximate cycle extrinsic
message degree (ACE) values. We apply some CPM-level masking on the parity check matrix which diversifies the degree
distribution. Simulation is used to confirm the error performance of the proposed codes before and after masking.

Introduction

e QC-LDPC codes [1] are widely adopted in communication
standards due to their efficient implementation.

 In NTNs [2], suppressing the error floor is important
to reduce costly retransmissions.

* Avoiding short cycles and cycles with low ACE values
helps improve error-floor performance [3,4].

 Greater degree-distribution diversity tends to
improve waterfall performance, while increasing
vulnerability to the error floor [5].

Construction of QC-LDPC Codes

* Thes Xt exponent matrix E, is defined as
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where g =1{90,91, 92, .-,9s—1} is an t -scaled
Golomb ruler of length L =g, 1—90=9s-1

satisfying the following two conditions :
i) Golomb ruler condition :
9i—9;j#F 9k —9gu 1>jk>1,
ii) t-scaled difference condition :
a(gi — gj) + b(gr —9;), a,be{1,23,..,t}

Each exponent E, is replaced by a P X P CPM with
the corresponding cyclic shift, resulting in the
Ps X Pt submatrix A.
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* The s Xs—1 exponent matrix Ep is constructed
using a rectangular spiral pattern.

The following shows an example fors = 6 :
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The non-null entries are setto a = 0.

Each non-null entry is lifted to a P X P CPM,
while each -1 entry is lifted to P X P zero matrix,
resulting in the Ps X P(s — 1) submatrix B.

* The proposed Ps x P(t + s — 1) patrity check matrix :
H=[A|B]

e CPM-Level Masking :

To diversify the variable-node degree distribution,
selected non-zero entries in E, are replaced by -1.

Main Results

e Theorem 1 : For P > tL, the proposed QC-LDPC
code guarantees girth = 8

e Theorem 2 : For P > tL, every cycle in the Tanner
graph of the proposed code satisfies n = 2(s — 2)

Therefore, the proposed construction prevents short
cycles and excludes cycles with low ACE values.

* Simulation parameters :

t =69 ={01,14,2331},P = 187,n = 1870,R = 0.5
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Fig I. FER performance of rate 1/2 and length around 1,800
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Conclusion

The proposed codes achieve competitive waterfall and
error-floor performance compared with other LDPC codes.
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