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A New Design Method for Quasi-cyclic LDPC
Codes with Fast Encoding Ability

LIU Yuan-hua, ZHANG Mei-ling

(School of Communication and Information Engineering, Xi’an University of Posts and
Telecommunications, Xi’an 710121, China)

Abstract: A new design of quasi-cyclic (QC) LDPC codes with easier hardware implementation is proposed to
lower the encoding complexity. Based on the QC-LDPC codes with circulant permutation matrices, the masking
method and line permutations are utilized to make the parity-check matrix have the quasi-dual-diagonal structure,
and the fast encoding algorithm directly from the parity-check matrix can reduce the encoding complexity effective-
ly. Simulation results show that compared with the QC-LDPC codes from the IEEE 802. 16e standard, the con-

structed codes have better performance while maintaining the low encoding complexity .
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Fig.1 Flowchart of the new design method

DA M ORISR, 2R 8] B R AT pRGH b 1
QC-LDPC fh, Hr s — 20 Al R I & A 1 4 Fl
TG B 050 4 1 QC-LDPC Hi5h 44 3 J7 925 5 4R 45 I
BHE H

AT Z (A i R A R
H J i ARSI v x o MFERERES, DT FLAE RS

Z=[z;10 GF(2) B v x p il ¥ Z 57 BUER 3
Z=12,7,],Hh z, W EAX@) B ¥ x v 48
ME, SE—F Rl 1 7656 r 17, Z) A 1 HERE,

1 1 1

0 1 1

1 1 0

0 1

Z,=| 1 (8)

0 1

: 0 1 1

0 1 1
L1 1-

55 = P AT AL B AT LA 1R S — iRk i 2
FMeafe iz &, SIS H O FTHLE X GF(2) F Y
FFUEM 2 5 H T

znHy  zpHp zllep
M=ZOH = 221{121 zpHy Zzp{fzp
zHy1  zpHy, zyHy,

(9)

oz = 1,0 ;Hy = Hys 45 z;= 0,0 z,H,; =0 Ny
SRR, ATLVE W, R Z pEA 0 TR, N4
FUG AAERE M IR QR H AN DUIR, U M
WA E U,

TS WA MG IR RS A A A R
HHAXRG) MR, CHME M= [ M, M,] 4
oy My 55 i 47 BN FHFE N My (i, ), AHOh B
B M S | BAT I GRS S (), Hirp S(1)
=0,5(i)=M,(i,i)-M,(i—-1,i)+S(i-1),2<
i< 7, [FI4 My(y,1) = My(1,1) AT 5 M, HA
K (5) I, BT RIEAE - MRk, O nT B T
M ATERGS . BT M BFHE NG B
W SRR DG FRRE AL AR XY X M T B4, K706
BTG 1 M A ARS8 B BT 445 1 QC-LDPC
T 1 24 b 1 e 58 2 AH ]

N2 Al B AT MEA T AT bR 2 D
X RGH R R N e=[spl, Hf s =
[sy sy s, DHfERIE, p = [p) poree po, JHEE
e, Hos, Mp, WEKES Hp, B M- c" =0 715
M,-s"=M, p". i My oh M, BRI, 56 i 1750
JIIRITTER N M, (i) I

. 57 .



www . teleonline . cn

CENTIES /N

2013 4F

A -
1 2
1, 1, 1
2 3
1 1, I_,
3 4
I*l Ia P
4
) 2]
Ix . =
I_, I, '
(m 2 p"lb
: I 1 Ia Irz
m-2 m—1
I—l Ia 1 Ia
L I(,,] I, |
I I‘Mz,l(l'” IM/,]“*Z) IM/;]“"‘/,) S
Iy o1 Iy .2 Iy o) §2
b1 b1 R ( 10)
Sk
L Lty (1) oy iy 2) Ly (o, 1) )

ESURIF AR my, AT R4, 4% U
pICIESS

m, k,
_ \ Al
p=I7"- Z; Z/IMM(L,/') .8 (11)

i=1 j=1

X DA (10) B2 0T 13

/lb
-1
pi = Iai . ZIMbl(i—l,j) * 8+ Iai_l *Di-1>
j=1
1=2,3,,r,r+2,r+3,>,m (12)

k,

-1
pr+l = Ial+] ° ZIMbl(r,j) ° sj + Ia' ° pr + Ix ° I’lb
j=1

(13)

K (11) ~ (13) HIHHE p, BIEAA S, 153
KR po NI B E I I I, NEHR
EWSERE, BT RIE —A 1, e (11) ~ (13)

BEIERRAET > D0y () - 8 LT

SRR 1 R 5 802 16e il sk b 0 o
H3 2 R

4 MESER

AR5 SR A BPSK W T (4 fin 1 s 97 e s i
(AWGN) , 1 B Lt 488 Jr ¥ A8 1 1) QC-LDPC 5 il
IEEE 802. 16e 5 #E H1 1Y QC-LDPC % 7& B 15 £ 1%
(BP) IR T L E5ERE , BP BE M i Rk ARk
B R 50 Ko

B2 R T 12 %008 ik iS5 IEEE
802.16e TS AY BER THAE, Bt i iknyss—4
VEFHSCHR 1] i 18 7 1%, 1% (696, 348) I # 1 5
BT :p=29,a=2,b=3,a Mb KN 28, H

. 58 .

I P AR HE TR R LR 28 x 28 Y P44 3] , 36 iy
12 17 24 B FHBEAE Jhi5 (696, 348) B B A 46 [ H o
(2328, 1164) HESEUN T : p=97,a=2,b =3,
a b BIBTYE R 48, B L AT AA 6 1Y 48 x 48 14 B [
H,BERT 12 47 24 55 FEAE A 5% (2328, 1164) (19 )5
UEHERE H o 3G R ] Ho vk, FTALAEBE Z iR A
T B 12 B3R IEEE 802. 16e 5 i B4R B i) — 1
FHOAGE, A - 1 T 1 AR 15 380 0 R 1 R 4T LA P
Z o FTHLIG 153 5 A i WU Ff 2 45 A6 £1%) T ok 40 B
M. SRIGUIB AL B MRS | BT AR RS
SCOPL, EE2 My(7,1) = My(1,1) . M & 23 [H]

RI-A A4 15 B QC-LDPC 15,
—— B E96,48) ||
—<—TEEE 802.16¢(672,336)
—o— i EHER(2328,1164)
—+—IEEE 802.166(2304,1152)

10‘5 L L L L
0.5 1.0 1.5 2.0 2.5 3.0
(E,/N,)/dB

Bl 2 HirikiEig IEEE 802. 16e fibf) BER PERE
Fig.2 Performance of the new codes and the codes in IEEE 802.16e

H O ELAE ST LU B 7 A A v RS BER M
REME LT IEEE 802. 16e H1 A5, i _E— /Ny rh 4wt
SEPRLEY A3 AT AT B T Al i B S 5 TEEE 802. 16e
rh R ELA AH ] ) i 52 % B, RIVHT 5 A 1 ) A
TEARUEAR SRS 2 2% B A JE Al EARAS T B f 2 vk
fE, [RIBTTREEHE 02, IEEE 802. 16e Fr 1 H 1Y i
SER PR BR 4% AR 2 A i HEBRFE SN BT 0
T AEAE B A W JE TR B B 5050 B 0 15 7 ik
FEml EAEATFTALRNAT B B AR, DA AT DA AL 2 —
KAEVEREPL S0 ] SE BB A 1 QC-LDPC 5

5 HRIE

ARSCHEFE T TG B 446 FE ) QC-LDPC %
P37, RILC A R EB 31T 7 b 3 1 QC-
LDPC A7 1 B A 4 A 1A DG [l A, 580 A2 4%
FERE . B, B8 T — OB A AT 4 A5 Y QC-
LDPC 54 3 77 % , 76 AT 145 P56 1008 B0 B 960 46 1
i) QC-LDPC 144 3t 77 vk Ffith b, i 2k 7 FL A4 7 2
e, A B0 e LA YR UK A 2R 454, T L) LA 6
SRR B3R T (AT SR DR 1 G 0, 7 R UE AR S PR R 1



%53 %

XA GRS — o a] PR 2% £ QC-LDPC 43 37 7 1%

14

Rl AR T LDPC 3 i RE S A 2 B o [R) IS 45
H T B R 2 % B EL A SE B I IR M e T
Gt B IR L . (i BLAE R KT, 5 IEEE 802. 16e
PRUEF B LDPC A5 A EE, 38 07 35 A4 3 9 QC-LDPC
T RAIEARR 2 i 52 2% HE OBl B AT 1 BB

PERE
S 3k

[1] Tanner R M, Sridhara D, Sridharan A, et al. LDPC block
and convolutional codes based on circulant matrices [ J].
IEEE Transactions on Information Theory, 2004, 50(12):
2966 — 2984 .

[2] Fossorier M P C. Quasi-cyclic low-density parity-check codes
from circulant permutation matrices [ J]. TEEE Transactions
on Information Theory,2004,50(8) : 1788 — 1793.

[3] Liu Yuanhua, Niu Xinliang, Wang Xinmei, et al. Design of
quasi-cyclic LDPC codes based on Euclidean geometries[J].
Journal of Electronics (China),2010,27(3) :340 — 344 .

[4] Zhang L, Lin S, Abdel-Ghaffar K, et al. Quasi-cyclic LDPC
codes on cyclic subgroups of finite fields[J]. IEEE Transac-
tions on Communications, 2011,59(9) :2330 — 2336.

[5] LiuK, Huang Q, Lin S, et al. Quasi-cyclic LDPC codes: Con-
struction and rank analysis of their parity-check matrices[ C]//
Proceedings of 2012 Information Theory and Applications Work-

shop(ITA ) . San Diego, CA:IEEE, 2012:227 — 233,

[6] Zhao Ying, Xiao Yang. The necessary and sufficient condi-
tion of a class of quasi-cyclic LDPC codes without girth four
[J]. IEICE Transactions on Communications, 2009,92(1):
306 - 309.

fEE T
YR (1983—) , &, ILIRR NN, 73531
T 2005 4711 2010 4F 3K P4 22 L TR BOR A5
= = b DEIAEE A, IO PG R L AR,
N EENIEE AR SRR T RS
' LIU Yuan-hua was bom in Xuzhou, Jiangsu
Province, in 1983. She received the B. S. degree
and the Ph. D. degree from Xidian University in 2005
and 2010, respectively. She is now a lecturer at Xi'an University of
Posts and Telecommunications . Her research concerns channel coding
and communication modulation technology .
Email : yuanhliu@ 163 . com
SEH (1982—) , &, ] ARMEMN A, 2010 4FF 75 2 L 1
BT 22, B 79 22 R vl R O, 2B
EEsS:s<w L0 e
ZHANG Mei-ling was born in Meizhou, Guangdong Province,
in 1982. She received the Ph. D. degree from Xidian University in
2010. She is now a lecturer at Xi’ an University of Posts and

Telecommunications. Her research concerns information security .

- 59 .





