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Design of Double Repeat Accumulate Codes
Based on Belief Propagation Decoding
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Abstract: A class Double Repeat Accumulate (DRA) codes is provided without small cycles by the jointly design

among repeater, combiner and interleaver in this paper. Degree distribution is optimized based on EXtrinsic

Information Transfer (EXIT) chart. Simulation results show that this class DRA codes has more flexible degree

distributions and lower error floor when belief propagation algorithms is used.
Key words: LDPC codes; Belief Propagation (BP) algorithms; Repeat Accumulate (RA) codes; ARA codes

il

1 5]

H i, Turbo ﬁ%[l]ﬁﬂ(“%gﬁﬁﬁé’@@ow Density Parity
Check, LDPC)H2LE 4aid U FE A RIS . (H
AA LM 451 Turbo MBS IER K, HiiRT)Z (error
floor) i, EACHEMBIE SEEA B BAFAE—ERE; M
LDPC 1, HARE R FEE, BRI W, H2Ey
g T STk I B T IRSE R . 1998 4F Divsalar, Jin I
McEliece $& 1 1 5 B F(Repeat Accumulate, RA)RE—
FhfE #1928 Turbo % (Turbo-Like Codes, TLC), [Fllf &
— IR LDPC i, X5 ) g iy B, AL EE R &
LA SR INAS G PRI T DL B = AT 15 A % 4 (Belief
Propagation, BP)RFHS#sEIL. WHITIERH RA 18 HA BT #
R AR RS

R, AR B A ) 2 (1) — 43 BRI AE AR /N ER (cyele) BIOK
W LR 2 175 L IR AISATHEIZ L BP SER A
Wedh, FEMERE S T . Bk, — RS RA IS, sk
MO, B )R . 2004 ERMI R ESZ EM
(Accumulate Repeat Accumulate, ARA)@ME%E' SR
T RAMSIIPERE, (B2, ARA MRIGHBFREE N 1 F1 2
WAV % o ASCHFRIF W T —RUEL RS, AN
Double-RA 5 DRA, XRG40 R, HEMEER R
&, XTI 2 BAANAEAE 4 35 (4 IAAE A RS I A0 B Hh R B0 A

2007-01-08 g &, 2007-12-12 [
[ 5% AR EL 342 (60602008), [F 5K 863 T1KITi H (2006A A01Z269)
FE K 973 v H (2007CB310604) 9t Bh iR i

PIATAERI I B AT “17 HBL) .
2 RA #3F0 ARA 3

R4 RA M HEE A AL dlA 28R BN as 20 ak (i
K1), Hrhg R ERREG o B8 a MR AN
i, 1/(14 D) £ Blngg, K RELFEH, P ERKFEH,
Bk, R% RA D% a/(atq) » KRIHFE Hy =
[H, H,], L H ATHEE o, SIS g, LM HTH R
YT H, R AR

K

K| mseasl ool Jaioay] | 2mes| P
xR fore) B

1 RA T3 gmfith 5% 45 44 [

ARA 15,2& RA 131 —FSult g, erEEE A
TA B, FULER oy BRES B, 0N R
I1H,0

' ’ 7H<EPI DA%‘ j|3¢, H’ EEE:/E%%\
0 H, H, e !

K HARA =

LA 5 AT -
3 DRAE

3.1 DRA fEARIE
AICERATIN RS DRA IS A RA PS4 (Wil 2). £
H H, 0

E’fﬁ%ﬁ]gﬁiHDR,A = 0 H' H
1 2

o H BIE ¢ 1THE N a5




S T R A 0 DRA R 1645

pove
K
B
K| |RA RA {1 .
((Ihﬂl) (‘Iz:‘l'z) P

2 DRA 15 gmfith 2% 4504

H HEN gy ITE N, » WMAGERFIK I, 214
RA gttt B, F&E5 2 4 RA il s i ios s
JFFE P, Dtk DRA @il 5 A% 73R8 & (K, B, P) -

1E 2% DRA MBI AR R, 2245 3 95 4 B (&l 3 A
7N)e

(1) H, 8¢ H, W AFE— SIS AES: “17 1, w54
i H, A4 ¥, Wi 3(a);

(2) H, 8% H, ZEA74E 4 38, Wil 3(b)s

(3) H, "W — TS IANESN “17 i, 5 1if H, 4
B4R, i 3(c).

...... 1
1 11 1
-1 11 1
[HIHQ]: ..... 11 11
...... 11 11
...... 11 11
S5 1K 4 5 H, 11
(a) 2 H;_ ______
T N U
11
Hlﬁle ......
T N U
(b) 452 % 43¢ () H3KAH

B3 3K4MpEE

3.2 DRA F3XX ARt

YT RS DRA 14, M & deH G m, b7
TR B, ASCRH T —Fh 2 9ATHIR S BRRE R
KBEN ke, ERIXKEN ¢ KABRSEN L, WEZHATHAZ
SIS R 4 iR .

(V) E SRR kIE BT HIES ¢ Ik, FATHRAS]—

%1%
o mes | L
1751 i -
—elzm| | wsus| | )
(k,q) : (/LD | | R4
) K/
% g9l L

A EAT g FINAZ LG TT &

) T FIE 1 JIEE— (k1) x I AT A AE S
&, {BHFI K,

) IT % 2 FILE WA (/1) x L AT HES AT 2]
&, {BAFIK, ;
4)[FJHE, K T R g NG g A (K1) < 1 AT ST
LR, RPN K, K, Ky, K, 2 L 2 HAT 5
LR .

3.3 DRA FB&HH&it

4l DRA MR 3 ek B AR I 4 3R] 40,
BRI 2 KA K I RERAAE—A RA TGP, il g
FERE— RA MAALEER—RFNEE — 2K 4 3F, DRA ik
HH 1R 2 2 4 57,

Bk RA BWESHRSH ¢>2, AEH3H e, &
LESHN 1, 5 RIPIIKIE R L(RAEW oFIERR) , W1 2
PLUF 440 RA 9% H 4 35,

Dk>la+a;

(2)k>1.

AL RA MHFIgmS BT &, AR I HR—F1 (K
BER VRN ET k/a dl, HHK N a.

(1) 14 IR RER AEAEAC A8 T 3R i S B 5 —
Yo LWEFRISS i + 15U 1 dla b2 18, XIRh, 450 +1
FIRIES 1 4 a LUREEHES ¢ ZIRIHT lo A HRRFE 2000, itk ]
H, RTERH1RATE, FEE>la+ao

(2) W RAZ G T TR A, T A o WRRELE T A
AHFEIE SR, A5 2 K4 B4 T . MBHATHIRL
MUBREIERTA, Mi>a HE/I> 1N, $250{EE—H
a W R 2 1 AMEEAE 15T — 4 o EEISHR; 24
EJP >N, 535 ER 4o WS RS 1AM BT
PIHMT R —H o LFEAHT . B, Mk > 198, 28 ¢ 5P AT
HHalWFRZH 1 MEEMET g — 1 SRR o LLFF
AHI o DR 2 25 1 (2) 3t mT LU f 58 2 25 4 3R

FAh, BT DRA BRI 2 2% 4 IR RE R AEAESE 2 A4
RA R, WMateil, MAHA0 25 hAH40R, DRA 13
HILES 3 28 4 3R, AR, Mgufid e S0 L 41 (1) £&1H(2)
W, 22 RATHIZLES, AT Re HIUAHAE Fdeze 8L T34
RIHIETe

JITLL DRA 5[ S50 2 45 (1) A4 (2) B, 7T ATl
4 3, [FEEL, XPpOTIEAL TR IE BT 6 P09 DRA fil,
3.4 MM ZEY DRA fB/E &t

IME BHEFR (EXtrinsic Information Transfer, EXIT) &
Brink 42 tH [ FH SR 700000 A5 e 850 v 2k A 84T 4 (9 —Fh T
H, 0 S PR M B S i B B S N RS
R IR 26 A W AW SIoRE I, AT TR I A TR
P BRAE RIS 2 AT S e A h5C . AR SC R EXTT HARK R
A4 DRA MBS HT T %t

N



1646 mF5F B %R

30 %

A8 ¥ — b8 47 38 (BI-AWGNC) (R 23 A 42 1(0,07)
Hero? =N, /2 A RBBMANWERGEER, EEriHm
SMEAF R . SRH BPSK I, W T4 577 5 (VND) K,
AR IR Ly BN SE R L Ty OO BRI B

I vxp [IA7dlr7]€,;7R] = J(\/(dv - 1)[J71(IA.V1\'D)]2 + Uzh) (1)

E)
I'g vxp [O,dq,,Nl,R] = J(Uch) (2)

0

Hrh R AL NG, E,/N, b AWGN f5M:tL, o2 =
4/02 =8R(E,/Ny): J & ABagiakl, 72T mr
BREL, d, SRR A B R B ) i 2R AR
T A EXIT #hk.

) B 0] LAAS BB E6 T A EXIT hek, d, S8 35 s
B, JLEBCRIER N

Ipeno(Taenps @) =1=J (Jd, =D x T (0= Liexp))  3)

J1—1,
[A,CND(IE,CNDvdv) =1- J[H] (4)
AFUN LDPC R B A1 2 120k
MG = Yoy M ) = 2 e ()

Horp )\, BN d AR RETT SRR, p, BN d BEETT
REEE; A = p(1) =1, W EXIT [}k EERE R

d,

Igvap = Z/\JIE,VI\'D(dle,VI\'D) (6)
da=1
d{,‘

Iy cxp = zdeE.CND(da IA.CND) (7)

d=1

/H\:'TI IEA,VND(d7IA,V1\'D) H‘lﬁ(l)’ iﬁ@)ﬂ‘ﬁ’ d’U i d f‘%’
IE1(7ND(d7IA<,CND) Hix(3), (4)TH5, d, i d U8

B AR ARSI Y R IS SR A AR R, AR
U AME BRI R AR R B, BRI A
1 EXIT ki e —i i35 T LDPC 1) EXIT Kl A
(45 e LA B oy Ao B T A A 2k, Rtz id EXIT K4
Mr, W LAAGBIOLA 0 BE A FORD ) B o {2 % 8 2 g {EL AN
AT 2 (PR AR A M A e B R AR
FINMRAMELSBANAEGHSE ¢ = a: 552> RA MW
¢ = ay, WL FRARIER, LR K 1/3 N DRA 51
HEER. BNMBMZARSZLUNNZE ¢ =9 =30, =a,
=3, =L=9. ®5£E,/N, =1.3dB ifiZ{E EXIT K.

1

go.x

=~ 0.6 WLl - 1.3dB
2 04 ’/ 154%:343:13/ ’

=02

0 02 04 06 08 1
Iy vxp Ircnp

¥l 5 BLAWGN f5i& T DRA 51 EXIT

4 MEMESERESN

K BP Y, U DRA RSNk (6w 045 1
(AWGN)T, &xd BPSK i, /53 1) 07 Z 4 Rl 6 Fros.
o fF B 504bit, FRERECH 3, AERECH 3, TH
ZH0h 9, WE 1/3, BAERKEEREN 100. BER &
RLAER, FER AW RE ., MFESGRATLIEH, SHIF
FAT T ARA FAHEL, (R(ERE LIS, DRA 474 7 — sk
WA, (BER AL N IR Z R .

10°

107

-o-FER-ARA
-8-FER-DRA
- BER-ARA
--BER-DRA

Ey/No(dB)

6 DRA T PERE () B 2k

DRA M) 9ni 5 24 R L0 2 RA I8 ARA [R5, (A
A& RA AR R R, PiFE RA Mgt R LB IR A 5
Bedale. BP BRI S % B 3 BEIGR T I IO MR R L
SIATLA RSSO . AHIRIRS A, MRS G RA, ARA M
DRA, R50 5 AU AR R o BRI IR 53 5% R 25K
IGAT AR BT SN . IRSIGEEE T G, DRA TSI
SERMER, B8N T FEAEIR, (HR e g A
WAL, SAJE TSI ), DR e AR i ) 52 2 A X
HHT . PCHL MBSt SR, MEmLLE 2.0 2 3.0dB
f, DRA 5 ARA [P35 ) L2 1:0.80.

5 fERIE

ZE LR, ACAH T —F DRA WGt Ak, AT+
FORIEEXS BP PRSI, P4 RA M EE A, 229
A ULL BRI Bk, MG T —FOE/NRY) DRA 155
Wit EXIT E#5C T DRA W4 H 1T, 5 ARA 5Lk, DRA
T BE oA R, AT G bl R grh B —
R FH AN

2 % X #k

[1]  Berrou C, Glavieux A, and Thitimajshima P. Near Shannon
limit error-correcting coding and decoding: turbo-codes.
IEEE International Conference On Communication, Geneva,
May 1993: 1064-1070.

2] MacKay D J C and Neal R M. Near Shannon limit
performance of low density parity check codes. FElectronics
Letters, 1996, 32(18): 1645-1646.

[3] Divsalar D, Jin H, and McEliece R. Coding theorems for
Turbo like codes. Proceedings of the 36th Annual Allerton



b

i ST TR ) DRA PSR

1647

(4]

[5]

(6]

Conference on Communication Control and Computing.
Monticello, IL , USA, 1998, 9: 201-210.

Abbaster A, Divsalar D, and Yao K. Accumulate repeat
accumulate codes. Proceedings of 2004 IEEE International
Symposium on Information Theory. June 27-July 2, Chicago,
IL, 2004: 509-513.

Johnson S J and Weller S R. Practical interleavers for
systematic repeat-accumulate codes. Vehicular Technology
Conference, 2006. VT'C 2006-Spring. IEEE 63rd, Melbourne,
Australia, Volume 3: 1358-1362.

Brink S ten, Kramer Gerhard, and Ashikhmin Alexei. Design

(7]

LT

s

of Low-density parity-check codes for modulation and
detection. IEEE Trans. on Communications, 2004, 52(4):
670-678.

Johnson S J and Weller S R. Constraining LDPC degree
distributions for improved error floor performance. IEEE

Communications Letters, 2006, 10(2): 103-105.

Yo, 197240, i, ISR SRR 1
W5

5, 1967 2, BIEGE, WA, AL
WU S T 5



