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Double decision residual confidence propagation decoding
algorithm for LDPC code
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Abstract; In order to solve the problems of greediness and silent variable nodes in multiple dynamic scheduling
residual belief propagation ( RBP) decoding algorithms for low-density parity-check ( LDPC) codes, a double
decision residual belief propagation decoding algorithm ( DD-RBP) is proposed by introducing the method of joint
decision based on the check equation and probability residual value. Firstly, the variable nodes that need to be
updated are selected according to the calculated probability residual value, which can reduce the number of silent
variable nodes. Then, according to the results of the check equation, the residual values of the corresponding edges
of the relevant check nodes are updated to further reduce the greediness. Finally, combined with the updated
residual value, in the set of edges connected by the variable nodes that need to be updated, the edge with the
largest residual value is selected locally or globally and updated, and the above process is repeated until the
maximum number of settings is reached. Theoretical and simulation analyses demonstrate that, for low-density
parity-check codes under IEEE802. 16e standard and 5G NR standard, the proposed double decision residual belief
propagation decoding algorithm performs better than other algorithms in decoding under additive Gaussian white
noise channels and Rayleigh fading channels with increased complexity.
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107 B
10
102 ) 102
M ——RBP!®! Es ——RBP
= +SVNF-RBP“°] = —e—SVNF-RBP!
100 —*—DSVNF-RBPU \ % 103 } ——DSVNF-RBP!'"
——RD-RBP!" ——RD-RBP"
10+ ——CI-RBPI2! 10+ ——CI-RBP!2
—=—DD-RBP(a=1.2) —=—DD-RBP(a=1.2)
—=—DD-RBP(a=1.3) —=—DD-RBP(a=1.3)
107 10 . . . . . .
2.2 2.4 2.6 2.8 3.0 3.2 20 22 24 26 28 3.0 32 34
5 LL/dB fE ¥k tt/dB

(a) IEEE802.16ekr#i

9 AREEERERAETED

(b) 5G NRAR#E

Rayleigh =% {5iE&H FER fgE

Fig.9 FER performance of different algorithms over Rayleigh fading channels under different standards

Hi & 9 AT, AHXF T AWGN {518, B RBP B3k
AN R R B 2 ) 1) 25 B B R 4 /N, (R AR
FARSCHTHE ) DD-RBP 13565 5507 78 15 Fh A [R] b
WE N IR M RE D T RBP . SVNF-RBP . DSVNF-RBP I
RD-RBP PR 5E  7E S50 o S FEA0 38 115 DL FI
fE W L A5 R PEREIIE T CI-RBP BRS 5L,

3.2 ERESH

#2 /T AFBEIL IR R C2V V20 FREE
ST R D, TR Hd M ox N RS
AR KN E AR AR TR 1 AL, d,
ST IR d, R SR IEL6 T D, <
B IR

R2 HHERE

Tab.2  Computational complexity

ik 2V V2C FREMETH S E R H D, 5
RBP E E(d, -1) E(d,-1)(d, -1) E(E-1) 0
SVNF-RBP | E/N|N  |E/NJN(d,-1) | E/NIN(d,-1)(d, -1) LE/NIN[d,(d,-1) —1] 0
DSVNF-RBP | E/NIN | E/NJN(d,-1) <|E/NJN(d,-1)(d,-1) <|E/NJN[d,(d,-1)-1] 0
RD-RBP E E(d, -1) E(d,-1)(d,-1) E(E-1) 0
CI-RBP E E(d, -1) E(d, -1)(d,-1) E[N+(1-8)(d,-1) +8(E-1)] N+E(d,-1)(d,-1)
DD-RBP E E(d, -1) E(d, -1)(d,-1) E[N+(1-8)(d,-1) +8(E-1)] N+E(d,-1)(d,-1)

5% 2 A%, DD-RBP S5k €2V V2C Fisk
ZEAE TS o B 1A i 5 B SVNEF-RBP F
DSVNF-RBP A HAh S5 2 BEA LR — 3, 430l e 22
EWA(1) E(d, -1) R (2)FE(d, -1)(d, -1)
W (4) 118, DD-RBP %5 78 He A b 5 H:

MR AN, e B R N IR TR KA &
SRR R 2E(H, SR 5 AR AR 2 5 T A2 AE 3R 7k 2 %)
R AR ZEH AT LU . 20 IR AL B ik 25 (A I 3
1T 8(E - 1) W HEE AHIZ , AT A% 16 5 2 (L i
1(1=-8)(d, - 1)K H#, DD-RBP B4 5H kiA 7



%6 1

F—3], 2. LDPC A5 0Ok 5 5% 22 B A P AL R PR 1 91 -

B D, BIAS T S AR 25, T B ARV IR
TR BEE T N UG A G SE g ik T E(d, 1),
(d, - D) UITE TEAKX N (15) . Besh, AT
$EH 1Y DD-RBP A% LA X F CI-RBP 555k
T BN 56 7 R (1) &5 SR 1E— 25 b B 17 7 S P
PRI AR b ST T R 0 S8 TS o A
FAFEAE T AEAS T, HUT AR 40 A% 00 T R 174 &5 SR Xt
AR A {RLE AT 88T, ARG T H A A B T 33 40N,
Zi BN, AR SC T 89 DD-RBP ¥ 1% 5 vk 5
CI-RBPIFRH S 4 B FA — 5, 5 H A 3 2 4%
JEAR LB
4 4 iE

ASCHE T —FIoHT A0 3 TR 25 (10 shZS TR 13
TS A 5 A 58 5 R RN SR 4% 22 (8 A [] ke 3R
() 7, SR R Ay A 1) 3 25 (L T TR M R
AR T AR R R 2 (e B T T A A T
ST AR A 56 Ty R 45 SR 6T A S ) A 6 1 a2
BT W, S5 S SR R 1 s G R] 3 422 1 00 R0 X
(FR 22, NI A ki R B 5 08 3 f K B ik
BOPU T —fe o R, 8 A ME R 5k 22 nT LA fif
PRBUE R IMEASTR R By 728 B39 AT RS B Pl 2,
WD R AR YT S B, AR AR B0 T R AL B
VEREA T S B0 R 577 5% 22 (AT 58T, vl LA
T 0 5 T B R AR 56 A O R AR DT Ak
Pk, B o B 5 05 H 245 R R WY, A SC T R
DD-RBPA 5 2% B s vy AR 4y 3300 MR A T
WA, EERERAR -SSR TR T
CI-RBP, fE IEEE802. 16e #l15G NR Wifhnifi |, i%
M>3R 24 R 10 =7 Bof, WSS 3 A 5 LAt B v e 4
5 ~15 Wk, HAE R RERR LR 30 IRET, T
(TR MR 5 15 AR R AR BRI e 30 A s 5 B )
WIEEE T LT AL,

2% ik

[1]GALLAGER R G. Low density parity check codes [ J]. IRE
Transactions on Information Theory, 1962, 8 (1) 21. DOI. 10.
1109/TIT. 1962. 1057683

[2]MACKAY D J C, NEAL R M. Near shannon limit performance of
low density parity check codes[ J]. Electronics Letters, 1996, 33,
457. DOL: 10.1049/¢l:19961141

[3]MAO Yongyi, BANIHASHEMI A H. Decoding low-density parity-
check codes with probabilistic scheduling[ J]. TEEE Communications
Letters, 2001, 5(10) : 414. DOI: 10. 1109/4234.957379

[4]ZHANG Juntan, FOSSORIER M P C. Shuffled iterative decoding[ J].
IEEE Transactions on Communications, 2005, 53(2) . 209. DOI.
10. 1109/ TCOMM. 2004. 841982

[5]HOCEVAR D E. A reduced complexity decoder architecture via
layered decoding of LDPC codes [ C]//IEEE Workshop on Signal
Processing Systems, 2004. Austin: IEEE, 2004. 107. DOI: 10.
1109/8IPS. 2004. 1363033

[6]CASADO A I V, GRIOT M, WESEL R. D. Informed dynamic
scheduling for belief-propagation decoding of LDPC codes[ C]//2007
IEEE International Conference on Communications. Glasgow: IEEE,
2007 ; 932. DOI: 10. 1109/1CC.2007.158
[7]ZHANG Huilian, CHEN  Shaoping.
informed dynamic scheduling for belief-propagation decoding of LDPC
codes [ J]. IEEE Access, 2019, 7. 23656. DOI. 10. 1109/
ACCESS. 2019. 2899106
[8]YAN Zipin, WU Guan, LIANG Liping. List-based residual belief-
propagation decoding of LDPC codes [ J]. IEEE Communications
Letters, 2024, 28(5) : 984. DOI: 10.1109/LCOMM. 2024. 3381220
[9]LIU Xingcheng, FAN Chunlei, CHEN Xuechen. Dynamic
scheduling decoding of LDPC codes based on tabu search[ J]. IEEE
Transactions on Communications, 2017, 65(11): 4612. DOI: 10.
1109/TCOMM. 2017.2732950
[10]LEE H C, UENG Y L, YEH S M, et al. Two informed dynamic
scheduling strategies for iterative LDPC decoders [ J ]. IEEE
Transactions on Communications, 2013, 61 (3) . 886. DOI. 10.
1109/TCOMM. 2013.012313. 120172

[11JASLAM C A, GUAN Y L, CAI K. Low-complexity belief-
propagation  decoding via  dynamic  silent-variable-node-free
scheduling[ J]. TEEE Communications Letters, 2017, 21(1) ; 28.
DOI:; 10.1109/LCOMM. 2016. 2615016

[12]CHANG T C Y, WANG P H, WENG J J, et al. Belief-propagation

decoding of LDPC codes with variable node-centric dynamic

Residual-decaying-based

schedules [ ] |. IEEE Transactions on Communications, 2021,
69(8): 5014. DOI: 10.1109/TCOMM. 2021. 3078776

[13]LIU Xingcheng, ZHANG Yuanbin, CUI Ru. Variable-node-based
dynamic scheduling strategy for belief-propagation decoding of LDPC
codes[ J|. IEEE Communications Letters, 2015, 19 (2). 147.
DOI:10. 1109/LCOMM. 2014. 2385096

[14]LIU Xingcheng, ZI Lie, YANG Dong, et al. Improved decoding
algorithms of LDPC codes based on reliability metrics of variable
nodes [ J ]. IEEE Access, 2019, 7. 35769. DOI. 10. 1109/
ACCESS. 2019.2904173

[15]LIU Xingcheng, ZHOU Zhenzhu, CUI Ru. Informed decoding
algorithms of LDPC codes based on dynamic selection strategy[ J].
IEEE Transactions on Communications, 2016, 64 (4 ). 1357.
DOI: 10.1109/TCOMM. 2016. 2527642

[16 ]JGONG Yi, LIU Xingcheng, HAN Guojun. Effective informed dynamic
scheduling for belief propagation decoding of LDPC codes[]J]. IEEE
Transactions on Communications, 2011, 59(10) : 2683. DOI; 10.
1109/TCOMM. 2011.072011. 100438

[17]XIA Tian, WU H C, HUANG S C H. A novel fast LDPC decoder
using app-based dynamic scheduling scheme [ C ]//2015 IEEE
Global Communications Conference. San Diego: IEEE, 2015 1.
DOI: 10.1109/GLOCOM. 2015. 7417208

[ 18 ] WANG Bingbing, ZHU Yan, KANG Jing. Two effective scheduling
schemes for layered belief propagation of 5G LDPC codes[ J]. [EEE
Communications Letters, 2020, 24 (8): 1683. DOI. 10. 1109/
LCOMM. 2020.2991473

[19] SUN Rong, HOU Xiaogeng, SUN Jingyuan. Reliability-based-layered
belief propagation for iterative decoding of LDPC codes [ C]//2018
IEEE International Symposium on Information Theory (ISIT). Vail:
IEEE, 2018 1156. DOI: 10.1109/ISIT.2018. 8437926

[20] ASLAM C A, GUAN Yongliang, CAI Kui. Edge-based dynamic
scheduling for belief-propagation decoding of LDPC and RS codes[ ] ].
IEEE Transactions on Communications, 2017, 65(2) : 525. DOI.
10.1109/TCOMM. 2016. 2637913

[21 ] DAI Jincheng, TAN Kailin, SI Zhongwei, et al. Learning to decode
protograph LDPC codes [ J]. IEEE Journal on Selected Areas in
Communications, 2021, 39 (7). 1983. DOI. 10. 1109/JSAC. 2021.
3078488

(%5

B T



