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ABSTRACT

In this paper, we propose a low-density parity-check (LDPC) code design algorithm in non-uniform Rayleigh
fading channels. Specifically, protographs with superior decoding thresholds are designed using a protograph
extrinsic information transfer (PEXIT) analysis algorithm and a differential evolution (DE) algorithm. In

general, a fading channel is the same as an additive white Gaussian noise (AWGN) channel in which the size
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of the signal is modified for a fixed fading factor. If the fading factor is not fixed, the decoding threshold can

be calculated by performing some intermediate calculations of the PEXIT analysis by the number of fading

factors based on the Rayleigh fading distribution and averaging them. However, using multiple fading factors

makes it impossible to utilize differential evolution algorithms in terms of computational complexity. Therefore,

in this paper, we employ a small number of fading factors in differential evolution algorithms to alleviate the

computational complexity in the most steps and design a protograph with an accurate and excellent decoding

threshold by utilizing a large number of fading factors in the final step. Results on decoding thresholds and

frame error rates (FERs) in various code rates show that the proposed design algorithm is effective for

non-uniform Rayleigh fading channels.
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Algorithm 1 PEXIT algorithm over non-uniform Rayleigh fading channels
Input: By, Ey/No (dB), Trnar K, &
Output: Protograph threshold (Ej,/Np) *

1: Initialization: Foreachj € {1,..,n},k € {1,..,K}, generate a‘%k as follow:
Ep/lo |1 < <— VEafi] = hy
Ik—4 k/o'z—BRDt 10710 . )
2 <] <nE[a}] = h,
E[-] is the expectation operator.
2: tissetto0.
3: while t < Ty do
4
5

i’;i:l:’lelt.o check update: Foreachi € {1,...,m},j € {1,..,n},k € {1,..,K},

Igo (o)) = Bllgoi (i, D] = 3 o Ieore G ), ®)

Igvi(i,)) =

(Bl D + Gy = DU O +05)- O
6: Check to variable update: For each i € {1,...,m},j € {1,..,n},

Ige(i,)) =

1-J (jzs,, b1 (1 = Lac )] + (b — D711 - lAc(i.j))]z). (10)

7: APP-LLR mutual information evaluation: For each j € {1,..,n},k € {1,..,K},
. . 1 .
Lapp() = E[Iapp,k(l)] = ;Elelapp,k(l)v (11)
Lappic() = ( Jz;’;l by, U-l(zm(s.n>]2+oﬁk) : 12
8: if Ly (1) = 1,V then (E/No) * = 1010gyo 57— and we set 6% =0 + 0001,
gotoline 1.
9: end if
10: end while

11: return (E, /Ny)"
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Fig. 2. Exactness of the decoding thresholds for the base
matrix (13) according to the number of fading factors

E 1. Hold A Foll upE 7|2 = 13)l W3t Al
el A, Hx, Hd, 12593

Table 1. Maximum, minimum, average, standard deviation
of the thresholds for the base matrix (13) according to the
number of fading factors

Threshold (E,/Ny)®

K
Max Min Avg Std
100 2.7881 1.3801 2.0816 0.189667
300 2.3561 1.7424 2.0455 0.104788
500 2.3292 1.7883 2.0415 0.084587
10° 2.2432 1.8147 2.0279 0.061341

10* 2.0768 1.9637 2.0231 0.01921

10° 2.0424 2.0035 2.0230 0.005809
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& ket #e] Aegit
1) B,, : gA Alehe] « A $H(candidate) 2§,
2) Gmax @ AN Al
3) N, © FRTO] A4
4 p, : 33 FE
5) dpax @ BE W AEEZ]] HAZL
6) dyye W 2= 715 o W BE Qe 1o
.

912

2 =i s g, = 5000, N, =100, p, =0.88,
Al (14)°l &8¥e F=052 AAYer, 4., 9
d o= B F7IVIC} th2A] 2831515 o] = 44
oA Amgitt. N, = 10C [V |2 3k= Zlo] BiAo]
v N, =100 v]a3lE o, AR A3t A2 w5z
3ol ] Soh whE N, = 1005 WA oR Asst
o 7P 5=t °‘74]7ka 7%—”: ZREIHZE A9

3 2+ %ﬁﬂoﬂ tHﬁP Ar2 o5 2k
D B 1 mxn 2715 7]+ 04t F-x. 3™
B, & NN R B o] BE Q=R g
=07 d,,, Abelelld] AidatA Ade=]n W
r= 7|5 e 3] el d,, Rk AAAd
Zrolof gt} Wkl & djde] 71 A=A B

Algorithm 2 Differential evolution algorithm using Algorithm 1

Input: m,n,dp .y, davg, Np, F,pc) 9max

Output: B, ,.,,

1: Initialization: Generate an m X n base matrix B, o randomly for u € {1, ..., N}
,where each entry belongs to {0, ..., d 4} and the average variable node degree of
By, o must be less than or equal to dqy,. If B, does not satisfy constraints
represented by 3, B,  is regenerated. Then, calculate the threshold of B, o using

Algorithm 1 with K = 103.

&)

1 gissettoO.

3: while g < gy ax d0o

4: Mutation: For each u € {1, ..., N}, generate M, ; as follow:

[Mygl;,; = round([B,, gl; ;+F ([By, g1; j—[Br, gli 1)) (14
‘where distinct r; € {1, ..., Np}, s = 1,2,3 are randomly selected. If any

entry of M,, , is larger than d,,,y, it is replaced by dyy,a«, and if it is less

ug
than 0, it is replaced by 0.
5t Crossover: For eachu € {1, ..., N,,}, generate the new base matrix B'uﬂ as
follow:
[Mug]v -, with a probability p,
' 9L j
[B'ugl

= . 15)
= [B“'g]i,i , with a probability 1 — p, (

If B'u,‘q does not satisty f and d,yg constraints, B’ ug 18 regenerated. Then,

calculate the threshold of B'u'g using Algorithm 1 with K = 103.

6: Selection: For each u € {1, ..., N, }, select the next generation base matrix
By, g+1 as follow:
N ;nu,g S E(BLg)Y S (Bl (16)

wgtl B'yg, otherwise

(A)™ denotes the threshold of the matrix A calculated by Algorithm 1 with
K =10%

7 ge—g+1

8: end while

9: Select the best 10 final base matrices, reset the number of fading factor as 10°, and
perform Algorithm 1 again. Among them, choose the base matrix having the best

threshold.

YIRE 2. dwElE 15 283 AE A8 daels
Algorithm 2. 1fferent1a1 evolution algorithm using
Algorithm 1
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Table 2. The best and average decoding thresholds
under uniform AWGN/Rayleigh fading channels for 20
protographs optimized for AWGN channels

Threshold AWGN Rayleigh fading
(Eb/ N, ) : channels channels
Best 0.384006 2.01049
Average 0.394642 2.03023
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