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QC-LDPC Codes Based on Chinese Remainder
Theorem and Greedy Algorithm

HUANG Sheng,PANG Xiao—lei, TIAN Fang—fang, JIA Xue-ting

(Key Laboratory of Optical Fiber Communications Technology , Chongging University of Posts and
Telecommunications , Chongqing 400065 , China )

Abstract : A new method is proposed to construct a large girth and flexible length QC-LDPC codes by Chi-
nese Remainder Theorem ( CRT) and greedy algorithm. And the check matrix of the proposed codes is com-
posed of the cyclical permutation based on staircase matrix. Compared with traditional CRT method , it only
need know a component code —shortened array code, meanwhile, the proposed codes have flexible code
lengths and rates with larger girth. If its girth is the same as that via traditional CRT method, it can make
the shortest cycle numbers as less as possible. When the BER is 10™° in AWGN and Rayleigh fading chan-
nel , simulation results show that the proposed girth—-8(4,%) QC—-LDPC codes with the same code length
and rate has net coding gain(NCG) of about 1.2 dB and 2dB over shortened array codes respectively, in
addition ,the NCG of the proposed codes is 0.3 dB and 0. 7dB more than that of CRT codes separately , fur-
thermore , the proposed codes have similar performance with Gallager random codes but encoding complexity
is reduced greatly.
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Fig. 1 Exponent matrix with six cycles and its governing equation

®1 FIER 4 WIEBERER L TR
o ARFEFBEE 6 MHFF
Table 1 Six cycle—governing equation for shortened array codes
with modulus L and column—weight r=4,and greedy

sequences avoiding solutions to six cycle—governing equation

R 6 Hy THERFTA 35 6
B AR T 9 5T4E 7 51

r=4 piciipeg  01:4:5,11,19,20,24, -
lag,a;,a,a5} = 3L._j.f_2k‘:0 0,2,5,7,13,18,20, -

{0,1,2,3} 0,3,4,7,16,17,20,---

3 ETCRTHAZEIMERKEDNHS
i QC-LDPC %3

1 TPIEBRETA IR 6 AR 51T LAAS 3 45 4 14
BBt A 2 6t [ 4 B R A 1 DR TR S LA A e 1Y)
HUARAG R, PR A [ 40 R A — %) [ 51 B EL A
BOREK A 1R r . Nk — 2D BGEVERE,
8 CRT R AL S vk 45 G R ok I 8 4 J B 51 Ay LA {8
PAFH R B0 236 i A an R S — 4 )
AR PR A IS T R D

WL L, L& CRT H s AN [a] 1 i B il
7 L=1L,xL, "'Lz"'Lf“' xL, o /ﬁ\upfz 1,2,--,s,
GCD(L,,L,)=1(GCD FrRERALE) . ¥ C2—
4~ QC-LDPC i, E MR IHFF H & — P FET LxL,
(% CPM 50 0 JE MY mxn FEF, M H E(H,) =
(d) 52 H 19— FEBOERE

TEARHE R RS (0 SE Ak 1255 CRT Aoy 28557k
F93E—A~ QC-LDPC K45, ‘B J&—A> mLxnL W5
R H, a, 3878 s N 2id CRT ML
JE B BUR S H W BOE TR LIRS
B (R 50 E(H,) 2R 8 f(f=1,2, - ,5) D>

- 1530 -

AR BUE R, o RN E(H,) W5 i 1756 j 3100
F. E(B,) Fm5 £ A WG R (1 BUE M, b R
E(B,) (055 i 1755 j FICR)

(1)E(H,) & bSO i 4 J e 51 R 14 48 B
B AR f~1 A B AR B E E(H,) 15 —1746
— BT EN 0;

(2) CRT: Q2R r, # oo, Hopri=1,2, 0 ¢ =
rA, K +r,A, K,modK K, , X B K, = K,K,/K, H A, }

WAL A, K,=1mod K, £ 41 19 55/ IE K 500
#iry=o0, M t=c0, Hth r, W55 CRT $RA1EMIER
BOEFE PR KRS 5 CRT 1850 I 46 80E
PR R B A I R A

(3) A CRT MBTAER R E(H) M E(H) T
IR, W 2 PR,

E(H)=(ay) E(Hy)=(a})

E(H)=E(B, )~(a,)

B2 3ff% a5 aj(2<f<s) BT
Fig. 2 Flow chart of acquring both a; and a{j(2<f$s)

KRR BAT

1)i=2,j=2;

2) MR E(H,) ,FIfH CRT, 34 E(B,) TITE
M E(H,) "HTCER i 1 SR w2 A 20 ARk
FEO Z L,—1 FlaE M ECH,) X A E B B FICE
FIF CRT BERE(E 4 A H4 18 1A% 50 5 B B K H, d5e kK
MTCE ., WA 20K RIEH 2 %40, Bl EELR]
B (A5 24 11 0 8 RO T BB R I /N 2 7R

2
S Hy bR IE o} AHCERTIL



5 54 %

BV, PEEAR , T 07, 45 T v [ R A BRSO AR AT JE ) QC-LDPC

55113

3)F N2 B s EBIEARAAEIAPAT T T 454 L AR
it £E(B,), M CRT i+5 E(B,) HHITER b,
ECH,.)WIIIEE o, o B 52 0 R a2 R 32
BREAE0 2 L, -1 i@ FE(B,) X RALE Y
CNITER A ] CRT 36 4508 >4 Fij 14 38 114 45 40 S 1
K H, JeRITE, WRA 2 A0 R R Rz 4%
1, B4 (] RS 45 >4 1 3 2t A R S AT BB R Y 3
AR AR T L, EREEHUR TR 9
E(B_)HItR b B E(H) HIICE a;

4) i3 o PG IR ATES 2 DA 3
S A ECH) RO TEE a,;

(4) ¥ 28 EGER E(H)iE N E(H) = (a;) ;

()3t ECH) TR TESE a, F DA R3S
7 C WK HFE H, P yEd &4 D 56 A A
T4 2 WP RIS BRI P, R IR HERE D, L
WA EE AR D RIS I AT BT

1) 35— LIRSS — 4748 L2155

2)HE Nk AN R — B A
— k&

3) AR A1 P E AR O T AT
2R ERAENEAT AR B A— 31

4)WRIE AL FrE s gt T A
IR A A0 B A B 228 AR B AE 17

5) M LA R LR A PRUE TS LBy
HERFRAT RS AT —1 801,

Bl MR 1=1,2, 5,1k g 0 WA RS C,
M, g o~ s D&t CRT #3E A% C 1Y [
KW g=max g, g, .81

L R E s P E R L, ,L,,
o L AR B LN BN SR IV S F R Y s—1 M4k
PIPIEZR , o 1<i<s,

WEWT s AN E R AT GCD (L, L) =
1, 1<a,8<s H a#B. A= LxL,~+L,,B=L,,1
<f<s,GCD(A,B) #1 ,WfffE GCD(L,,L,) #1,1 <
y<l, X5 E KT, I DRSO, 5
AT

i bR SRS A 1, 220k CRT Ao 4658
5, B R J7 VAR I T B R AR IR g, =
max{g,,g | =gy, Zmax|{g, g | =g, = max
lgs , gt —g=maxig, g g, (1Siss=2),

W IR ARSCGHE S CRT 528 55 vk 4 1
(TS 515 400 CRT J7 k4 B 1Y LDPC 51 R
[\, AMEAT R 36 B A A E R A B, an 2R i —

B, DR 2R A SR R R M /D i H AR5 2 —
HAGEITT

4 (TESERESH

4.1 LDPC BBfEMESHAREEE THMERE
A SCAT; FL A R 7R FH B & BPSK R &
o {5 T e P A A P v ST 1 MR S (AWGN) {5, SR
JH BP BERS S H SR B T i i 0 7E BP
PRAD TR AN [R) 26 A U BT A 2 8 g, n &1 3 T
7~. HIE 3 B[ QC-LDPC (7592,3796) it 12
FRRELIE K, H NCG A — & 8t &, (H 25K
BRIk — @B, H NCG (1 22 1) st st /) | B
TR i (E R A UOBO 1S I 25 5 R 4 &2
AL PEROAERT S . £5G Dh B A AR Scar ik
PEEUE 16,
10
10—
107}
107}

-0
-1
2
-3
[
5] [
~ 10

-5
-6
-7
-8
0.

107¢
10 ¢
10 ¢
10

—o— (4,8)QCiter=16
—o— (4,8)QCiter=20
4,8)QCiter=8

0 05 10 15 20 25 3.0
(E/N,)/dB

K3 AREERRET QC-LDPC(7592,3796 ) fith 21 4t 1 fiE
Fig. 3 Error correction performance of QC-LDPC
code(7592,3796) with different number of iterations

FIFHZ 1 M 1E— A 8 B E S 4 145
MESIRS , A Y AR H e —A 35T 73x73 G E
HeFHFERY 4x8 FEFI, NI H ¥y —1 949 x
949 MG IRN B TRE By 4x8 BRI, 100, 4 s =
2,L,=13 00 L=949 , | F 57 25 5 b i — > 4 4L
J& Ax8 RSP R E(H,) , k8 i CRT F1
PR E(H) . &5 E(H) T8 ITR
a; D RS T — D EIHK N 8 #Y QC-LDPC 4
- C AE IR B R 3t A A o i A ) B ARG TSGR [ 11
12V RORFEAR, Bk 2 Fros, 18 4 Wi
(i FLRR R BRI £ . A T 74 Ul B AR SCHE s
LY EE I RE , SCHRT 12 ] H A9 46 45 [ 51 5 ( SAC) 3¢
W[ 11 ]H A9 CRT #5 L) & Gallager FEALAS WL 7E K H
R, MIE 3 dal LUE tHAEAR RS B3R 51 Y
SR, ARSI A QC-LDPC 7 A4E 10 1R 5 R
FHTHSCE 2] EFEHE 1.2 dB A1

- 1531 -



www. teleonline. cn

HLIREAR

2014 4F

NCG, e 3CHR[ 11 1 B9 F40.3 dBZA A 2%, Fil
Gallagher BEHLAS H A AL BB (H g 5 & 2% B KK
FEAR

#x2 AEEZEMIER QC-LDPC B MK RENNEHE

Table 2 The number of the shortest cycles through constructing
QC-LDPC codes via different algorithms

ANV 1 1 T /A
4555 3T (SAC) 68 328
CRT 15 25 593
FF CRT MR AR 6 643
-0
10 —5—(4,8)gallagher random codes
10"'F —o—(4,8)proposed QC girth=8
\&ﬂ‘\ﬁff(&S)SAC[lZ]gmh%
102 —o—(4,8)CRI[11]girth=
10t N 3
R10” o
8 N
107} \
101
107}
10"

00 05 1.0 15 20 25 3.0 35 40
(E,/N,)/dB

K4 ARESEAGERSR Y 12 BRI S0y 4

Z1F T 1 QC-LDPC 3 7E AWGN {518 T L% PERERS L

Fig. 4 BER performance of constructing QC—LDPC codes by
different algorithms with the same code rate,code length

and column—-weight r=4 in AWGN channel

4.2 LDPC BIERAFEFEE THMEERE

LDPC A5 Fi ) 5 95 {7 18 14 Pk BE 05 FLXT HE an &
5 iR, >R BPSK Wil , BP PRAD 505, B M 275 15
B T,=0.5x10°°, £, =100, &FHI LG 5B RS L,
AR 30 K,

10 —e— (4,8)CRT[11]girth=8
107F —s— (4,8)proposed QC girth=8§
= - —g— (4,8)gallagher random codes,
102 (4,8)SAC[12]girth=8
107}
=107
107}
10}
107}
-8
10 .
1 2 3 4 5 6
(E,/Ny)/dB

K5 ARFEEERHEAR 1/2 ARSI S1ER 4
ZRAF T 9 QC-LDPC A5 5 Fiit FII 6 v 5 18 T SR R IEREXS [L
Fig. 4 BER performance of constructing QC—LDPC codes by
different algorithms with the same code rate,code length

and column—weight r=4 in Rayleigh fading channel

- 1532 -

MELS Rl LU B AEA RIS K 655 5T 1) 4%
T AR AY QC-LDPC % 7E 107 R % 4%
P HESCHRL 12 T A% A2 dBZEAT ) NCG, HESC
MR 1] T EA0.7 dBZEAT BRI , AT Gallagher Fifi
B ELA AR B (E G5 &2 2% i R RRRAIK.

I bR TSN, JC I H A R VK (R I i 2
AWGN {538, A SCHE 57 A b At 3 3 B B
GFERE , B AN [R5 R A9 NCG X E, AR SCH
R TE BT

5 4 g

ASCRIAT CRT RIS AR 33 6 46 i W 5 s il
F3ERE CRT SRR AL it B A PRl AR R B =
{1 QC-LDPC =7, JIrF43 F B S 0 A 36 R o 2R
FHRERAHERE D PR B4 M, 5 HHET CRT 7€ LDPC
TR FHAH B, A SO s A RS - i A i R s B0 —
Aoy ——4 6 SRS, il i CRT M AR Bk 48
T A R LR A A AT (5] B A 1] BE K b b
K, AN AR, TSR] i b R A1 o i A 1 5
i DFELEREW 7 AWGN 15 38 A Es A1) 22 9515 18
FAFR A SCHE R R D PR RE I L T Sk [ 11 -
12 ] ke s BAT A b THebERE,, H S Gal-
lager FEAILRSZEAR R 2528 BAT AL A PR BEAH HLAT 5%
TR SRt i 2= B Hh e T UL, A SCHE HE B 1 7 SR 7
AR PETEAREE T YA BN 5 71, AR RS shil
{5 RGN RS RAL T — Pk BT 2.

TEA TG WSS T AR, o] AR AR SCHE H A 4 3
D7 b 50O R EE AR 4SS I T — Y
e, ISR AR 4 5 52 4 B 1) [ s U mT e b o />
X4 BE B4 I 559

SE Lk

[1] MacKay D J C,Neal R M. Near Shannon limit perform-
ance of low density parity check codes[ J]. Electronics
Letters,1996,32(18) :1645.

[2] XM, K EFe. —Fhn] PR 4 i HY QC—LDPC fihH4

MEHOELT]. IR A 2013 ,53 (1) :55-59.
LIU Yuan—hua,ZHANG Mei-ling. A New Desin Method
for Quasi—cycle LDPC Codes with Fast Encoding Ability
[J]. Telecommunication Engineering,2013,53 (1) ;55-
59. (in Chinese)

(3] i AL 5 T4 R QC-LDPC 4w by E il
fif SO A i AR R RO [ 1] HLIREEAR 2013, 53
(12) :1574-1579.

CHENG Hao,YANG Feng—fan. Finite Field QC-LDPC—-



5 54

BV, PEEAR , T 07, 45 T v [ R A BRSO AR AT JE ) QC-LDPC

55113

[4]

(5]

(6]

[7]

(8]

(9]

[10]

(1]

[12]

based Encoding Cooperative System and its Joint lterative
Decoding Technology [ J ]. Telecommunication Engineer-
ing,2013,53(12) :1574-1579. (in Chinese)
Khazraie S, Asvadi R, Banihashemi A H. A PEG construc-
tion of finite—Length LDPC codes with low error floor[ J].
IEEE Communications Letters,2012,16(8) ;1288-1291.
Wang L, Zhang X, Yu F,et al. QC-LDPC Codes with
Girth Eight Based on Independent Row—Column Mapping
Sequence [ J ]. IEEE Communications Letters, 2013, 17
(11).2140-2143.
Fossorier M P C. Quasi—cyclic low —density parity —check
codes from circulant permutation matrices[ J]. IEEE Trans-
actions on Information Theory,2004,50(8) ;1788-1793.
Fan J L. Array codes as LDPC codes [ M ]//Constrained
Coding and Soft Iterative Decoding. Berlin: Springer,
2001:195-203.
Blaum M, Roth R M. New array codes for multiple phased
burst correction [ J ]. IEEE Transactions on Information
Theory,1993,39(1) :66-77.
Myung S, Yang K. A combining method of quasi-cyclic
LDPC codes by the Chinese remainder theorem[ J]. IEEE
Communications Letters,2005,9(9) :823-825.
Liu Y, Wang X, Chen R, et al. Generalized combining
method for design of quasi- cyclic LDPC codes [ ] ].
IEEE Communications Letters,2008,12(5) :392-394.
Jiang X,Lee M H. Large girth quasi—cyclic LDPC codes
based on the chinese remainder theorem[ J |. IEEE Com-
munications Letters,2009,13(5) :342-344.
Milenkovic O, Kashyap N, Leyba D. Shortened array
codes of large girth[ J]. IEEE Transactions on Informa-
tion Theory,2006,52(8) :3707-3722.

EERIAT:

B OBE(1974—) B ez A 235
T 2003 411 2008 4F- 3R A T BH S TR A
AL ORI S R L T e
AL B PR HL R A A A R0
BT 1) G LT A R ST AF 18 G i A
R P2 5
HUANG Sheng was born in Yingshan, Hu-
bei Province,in 1974. He received the M. S. degree from Hua-
zhong University of Science and Technology and the Ph. D. de-
gree from Chongqing University in 2003 and 2008 , respectively.
He is now a professor and also the instructor of graduate
students. His research concerns optical communication system,
channel coding and future network.

PR (1988—) , 53 BV 38 A A i gE A, E T
FEI5 1 R A5 18 G 5

PANG Xiao —lei was born in Baoji, Shaanxi Province, in
1988. He is now a graduate student. His research concerns chan-
nel coding.

Email : renshen. nn250@ 163. com

B 7777 (1987—) , 2, il g i BN, 2014 4F 32 R
REFARTAERR AL, BT TT 1) A {5 G 5

TIAN Fang—fang was born in Nanyang, Henan Province, in
1987. She received the M. S. degree from Chongqing University
of Posts and Telecommunications in 2014. Her research concerns
channel coding.

BEE(1990—) , & g EEBE N LI, 2T
FEIT 16 AR IE S

JIA Xue-ting was born in Hebi,Henan Province,in 1990. She

is now a graduate student. Her research concerns channel coding.

- 1533 -





