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Layered class fitting modified minimum sum decoding algorithm
for LDPC codes
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Abstract: Low density parity check code (LDPC) is a widely used channel coding, especially in long code.
Corresponding to coding is decoding. The complexity of traditional LDPC decoding algorithm is high. Approximate
operation has been adopted in the minimum sum (MS) decoding algorithm to reduce the complexity. Although the
complexity can be effectively reduced, some BER performance is sacrificed. In view of the problem, we proposed a
class fitting modified minimum sum ( CFMMS) decoding algorithm, which performs the approximate operation for a
second time based on the MS decoding algorithm. The algorithm constructs a fitting function according to the
nonlinear function in MS algorithm, which can make different processing for the variable node information in
different thresholds, and achieve accurate compensation for the updating process of verification nodes, so that the
obtained results are closer to the confidence propagation algorithm. On the basis of the hierarchical scheduling
strategy, a layered class fitting modified minimum sum ( LCFMMS) decoding algorithm was proposed, which can
change the update order of node information, improve the reliability of node information in iterative update,
accelerate the convergence speed of decoding, and save storage space. Simulation and numerical results show that
the proposed decoding algorithm improved bit-error rate ( BER) performance to a certain extent, and had low
computational complexity and fast decoding convergence speed.

Keywords: low density parity check code; minimum sum algorithm; class fitting modified minimum sum decoding

algorithm ; layered scheduling

1962 4F Gallager'" 38 1 TR 35 BF A (A I D IRADVEREREAS 2 B B R BR . H AT, LDPC % &
(low density parity check, LDPC) , {H&PH JHLifis BN ZS 805 WU S5 F e R
FOR ARG . B30 a5, L—WHH i K gi =, i HTE 5G SRS,

SR e LDPC 74 |-, SCHk[2]3EMI T LDPC 7Y {7 BE {5 B (belief propagation, BP) %1% Jg
LDPC fih i) Fert PR 387k, LDPC 5 i) PR Ak Kk £
W E A 2021 -12-22 zef BP 1%6%%;/£E’Jﬁéﬁthiﬂzﬁﬁﬁﬂé ¥ BP 1%70'%

E&WB . JcltpinmE 56 % i‘fi?inHMn % 1&%@ J\HL\i

J—Hﬁ;ﬁi%iﬁ)‘ﬁ(%ﬁ;(HKL —2021 - Y02) L (log hkehhood ratio, LLR) BP 7 ﬁﬂjﬁ{j& j{l Tfj*i
L (o) kM TS LLR BP 500 B3 05 5 AT 1, SOk [ 3 76

BE1EE . M, sunzhiguo@ hrbeu. edu. cn



511 3

TR, 45 LDPC R4 )2 S5 1 IE e/ VIR B 0k -89 -

AR R A AR P IR s AR, $R T B A
(minimum sum, MS) PR, DIRIPERE T AR
MBI T S AR BRAR s 7 MS BBt B, STk 4 -
5131 T2 &/ (offset minimum sum, OMS) %
A AN — 4k f% /N A1 ( normalized minimum sum
NMS ) R , J3 )38 o palk Fhafe vk s Sl 4 SR o
IR ; SCHR [ 6 ] AR5 A5 14 9 551 5 e/ N
SRS Y A L T — BT i L
HABIE MS 553k s SCHR L7 - 9 ] 43 5PRE dre /N AT 57
B R — A/ MER T, N SRS i 2
S/ MEHEAT IR SCHR 10 — 12 ] 7 36 A3 Y 3 72
HG AN AT 5 A BB A B 5 SCRRT 13 ] rb A [W] 124 g
A1 2B E fs/ IMEFNIOIME, I HIRFP g it it it
1303 Hr 5 SCHR 14 ] 388 2o 78 doe /N R RS 53092 9 e /M
B3I —AS AT AR R R B ME R H Y, i L
SR MS B30k AR TR I 1R BB 2R A T kA
FETF TR PERE ; SCHR[ 15 - 16 | 240 T —FhFE T
2 LDPC B3Rt i As 7 3 i i i O =X, 4
T+ T PRSI

TE— B b, X SR A MS B i A7 7R
TR BEA 2R AR 1 AMEE 4R T T IR PERE . OMS B3k
HINMS Bk, BORFEAR B E R INA £,
B2 A% R S — L R B TR S 2 ok T
YEREAHG AN, HL I 5E 19 22 8000 9K T0 25 HEf 1Y X MS
FE PR AR R ZESATE I, LA R HGHE MS 5535
T IUE A B hn 535002 A% B BT A R

BT A SCHE Y — RSB TE B/ NI (class
fitting modified minimum sum, CFMMS) iFi38E % 1%
SR SRR AR A R R AR Ze M R R i T
— NG REL, SR AR R A8 T U R R/ MELTTE
V) (L ) A [ T A 8 A [ 14 A 3L PR 0kt R 805 B i o
[IXT MS S5k R AR iR 25 HEA T OE s TRt R A I
BB EB E m/ NRIERS L 5 43 )2 1R 1Y) SEUAR A
ghA R — R4 )2 2R LA & IE f /I FI (layered
class fitting modified minimum sum, LCFMMS) {315
B MU T ARG PR S R B2 O = o R I
H A AR EHTAR JC T 4 S AT SR, bR TR IR 8L
HEE P2 Tt TR YERE . R AN PR B A Y
RSN Y SR A7 s il ey s 6]

1 LDPC ¥4 & %

LDPC A5 A7 & TR 4] R 1R T 5] e p) Y 2 15
F = AR fa B (R R R R 2 5 I
H R PERERAF , (I 0 E BRI, % T BP
PSRRI, A UCESCTE PRI OCR , G TERS
SEIRPERIFE

1.1 LLR BP ¥ &%

LDPC () PEAG 15 2 7E Tanner [8] (Y36l T 3
A9 L(6,2) LDPC A% g 451, A 06 o B A6 B
JAILA(1) , Tanner EULIE 1,

1 0 1 1 0 0 cl+c3+c4=0
01 0 1 1 0| ¢,+c+c;5=0
H-= (1)
1 1.0 0 0 1| ¢ +¢,+¢=0
0 0 1 0 1 1 C3+CS+66:0
r T, T r

1 &S FEXT R AY Tanner &

Fig. 1 Tanner diagram corresponding to check matrix

1% Sz 3 ity AL a9 15 8P 31 48 LDPC Zfth 7
JER BRI H ¢ = (¢ph ey, o0 ,c,) , HitS )75
2¢ BPSK i[5 15 B AL T 5N « = (x,,%,, 0,
x, ) AN T A1) 20 e T FA A T A e, e Y
BWFES R r=(r,r,, 1), 545 LDPC 1545
A EIRETIN y = (10,0 %0) o

7E LLR BPM7 340 503k v, 1 Je 4 Mo 4 i 3
ok A TE ARG S, HT BRI AR BRIkt R

PO P(x;=01r,)
Vi :h‘PEl; :lnP(xi =11r,)
Xof o MR 2%
Wt BT A 61 a6 A R B a5 A A
C; =2tanh”'[ T tanh(V;'/2)]  (3)

J1eJ()y

ij = Vg + Z Ci]i (4>
i eI\

Ao J(0) R AT R AR S ER LT
R ATR N AR R RS ORS8N AR
W) L L) RER AR R B AL BT A A
TG \NCRER IR R BT s R A (R &R
ARG R o

B E R B (5 B T A SR 5 BP
PERGSALAE L, LLR BP 653k 58 i 112 5807
Tk Bk AL, 2 2 A TR
1.2 S/ EREEREBHE L

AR B SR I BP 35 5 vk AR X iz 5
SRR — R B 4 (AR RIE N A AR LR
PERREL, AR . PR, BT MS Bk,
MS B2 7E LLR BP PRSI iP R L T lis 5,
Wz B s E

=2r,.,/a'2 (2)



90 - MoK BT

o

VAN S

%54 %

P10 51 5 KO S 0 T 57 B SOH S 4
B30 (3) T AL SN
Gy =2[ TT sign(v,")Jtanh™ [ TT tanh(1 vi;'221)]

hellhy eIy
(5)
X AR R RS o, #8047 tanh (1xl) e (0,1) 50
(5) LAz 5] e ey

Cif =2 H Si%n(vfj;l)]t"ﬂmhfl[t&mh(L min | V;‘ll I)]

iely iel@y

(6)
H1IHE , MS B3k rPRe 6 Y BB A 2T frf Ak
Ci] = H sign(ij_ll) min | ij_lll (7)

1 eThy el
MS B REUEEER o, - 1 A x, tHIIE
;P ERME(HT 0, HHIHE 2, e (0,1),i=1,
2,0, = 1) X R B A 45 R 2 b SE PR K.
PRI, X6F MIS B85 1 el g aok A A0 2 (74 38 1y 45 SR T
£ TR RN R L it 0 RE PO 8
X T MS B3 LR /A 4 R4 UG &2 44 B 1Y)
R, H BT 2% A 2% 0 e A, PR LA s e Y
Ok FE IR, 43 0 NMS LR OMS S35, £E
(7)) B LR b, A5 21 P Fb 50 Bk i A 01y
EoRuN iy
ij =« H sign( Vf;ll) min | ijql | (8)

Jedlny hell)y

C:j = H sign(Vfﬂl)max(jlglli(g\j| V;l l-8,0) (9)

J1elJ()y
HXH:ae(0,1),8>0,

AR, X PRI AR —E R B0 T3]
FRRE B0 A B, X MS B e P TR Y1 2558
B 7 B AMEAE R, A5 2 09 25 3 s A5
(R

2 Pk dEdy LDPC 37 &

2.1 EYEBERNMIFBEE

NMS 3L OMS B (i PR REARTE — € R2 ) b
LT MS Bk (HR AL R o A B A (E T 2
RO EAF BN X T R BT e R
RGN T ER AR R IR T 5 ARl
BIETT 5, 2 T2 A B IE &/ M il ( CEMMS) 4%
B R MS FE95 H— A AR B, MS 5335 %
LLR BP 589k i) 1 ARUJ2 1] b BT B, AR SCH i i 53
V2, AR MS BEBFER T 6] TG R, 1K B0 R
ZHHA,

L MS 0 T AR 7 A o B
CZ =2 H Sign(%jjl)]tanh_l[tanh( min \Vijzl/z‘)]

iedthy redy
(10)
o, LA (10) h fE 2o KA R
B, Bk
CFF(v) =tanh '[tanh(v) ]
v AR I
A= (10) AT 40, AR SCH v =0, L ZE BB B y =
tanh(x) il y = tanh ™' (x) T HHZE x =0 (F L KF
3 BRI BB ) A TR IZ TG I e ) B9 43 B
Al A SR A A — A 3 B Bk
$, %) y = tanh () REC SR IERERY 4 A 500 N
(0,0).(1,0.76) .(2,0.96) .(3,1),7F y = artanh
(x) 1, JERR AL EE BRI 4 4> 21435028 (0,
0).(0.4,0.42) .(0.8,1.1) .(1,2.5) , 432 }~E
2 RS HA Rl R AR I 2

(11)

1.0
-~
~
0.8 -
7

0.6 /

. /
/
0.4 /
/
0.2 // —— y=tanh(x)
4 — - T3

0 0.5 1.0 1.5 2.0 25 3.0
x

(a) y=tanh(x)
4.
—— y=tanh’(x)
— — EER 3
3t
= 2¢ /
/
/
1 =F
0 0.2 0.4 0.6 0.8 1.0
x
(b) y=artanh(x)

B2 EAgk R

Fig.2  Approximate linear function
K PiA~Jr BE R R AR AU R B, S iR

UEZRAULE RN B S 2% S, [R] I 2% SR AR 41y
s/ IME R AZ AT L 15 BI2RAU5 sR RO



551110 T,

% . LDPC Gy 2S5 1E )

NS - 9] -

0.8+ min |Vi-'/2], 0< mln \V '/21<0.53

el

CFF( min [V '/2]) =41.29

J1eJ()\ J1el()y

min ‘Vl 21,

J1el(i)y
HIZE L5 R ROAT LA ), IR SRR AL 1 A
T/ IMEITLE BIEL AR, At AN R] A B, g — ﬁB/ Y
TR TR 215 BAR ARk R 1 45
i b H, CFMMS B30k AR 5619 i BB 24 JU»J

Ci] =2[ H sign(Vﬁj:l)] CFF( rnln \Vl '20)

HEIDY (DY
(13)
WSRAE MS B th 5] AZEHLA PR BRI 2, MS

B PR IA PREL R Rk AN
CFFMS( mln \V’ '21) = min |V, '/2]

J1eJ(i)y

4EEU§E'A MS FEP R RS R — 1

(14)

] B 2 1R PR, BN 23 32 48 B RS B RS
e (12) w2045 pR B2 R A /M B9 A [R] T

RIBCATR] A A0 B 75 5, 45 30 AR 3635 05 8 2 3
e

WEAb, 53 B ek A Bt 23 52 i H 5 I ek R
UTRIFERE o PRI, X 70 B e BCBERU 0 18 O AN 2
BEEEAR , SR BEeR B BEEOE 22, it 2t B DL R
W05 I R B A PR P e vy, A AN BB TE Y H Y 5
Sz, o3 B R ) BEGE A, T 25 S B U R AL i
PRER i 725 AR A K, T BB A R B AR
2.2 ETHEMEMASEBER/NNFHEZX

BExf CFMMS S hin 1 /8 52 2% B H iR ik
S R 1 ) AL, R CEMMS 5303 5 73 J2 PR 114
SARAREE 5 P20 T —Fh R T R R R U A B IE i
/WHI(LCFMMS ) A5 533

O3 2R T R 1 D s T B 7 U
[, 338 [ LDPC 3R 580k X A 3619 i AL 545

S EECHTER SR R , Ao EE T O B R EE
11%7(57 S ) 25 7 R B s 13 T 40 2 8 AR 9 LDPC
PERGRE  R A 24 2 R B X R B =R 22
J%KW%E%LJ TR AL T 2 I LL)ZE Ry By
AT (AR RE L B 3, i B A 53k D )2,
MHTEECR ) o TERTR AR RN LT, 0=
PRIBE T BB 25 RISCA R ) 1/D, 5548 T 14
ZE MRl T H., A2 AR R R R H B AR —
JE RN RS 1 s A5 B 3T TR BT SR,
LCFMMS 53k 1A BARS R an F
1) e H, o LIAT B0 i D 2
(0<D<M);

min | VI 2] -

J1eJ(i)

0.26, 0.53< min |V, '/2]<1

J1ed(i)y

(12)
mln ‘V 2| =1

2) VIR R B
L P(0) P(x;=01Ir,)
VQ'_IHP(I) _lnP(szllr,;)
3)}§Wﬁ54ﬁ5ﬁ¥ﬁ
SR Yo

ij iy
i el(H\i

4) JZ ALY RS R
C, =2 ion( V. )]+ CFF( min |}/
i =20 TT sign(V;)] ( min |V, /2])

J1edJ()y

=2r./c" (15)

(16)

(17)
5 MR A T
V.=V +

> Ciy (18)
iyel())

6) T A5 B 2 ik B K2 B, Rk Bk iRk
JEE, R AR 3 AR S T 3T s 2R O Bk R R
JEH W E AR T

7)HPe ARV, >0, 00 y, =05 FIHA] y, =1,

S)Hi): K A5 BF 5 y 2 75 0 2 10 T e
H - y' =0, QR A5 5 B, D30t 5 1 75 0
15 BT y BERAE R aa et BRIk A 1 5 [ 5]
AR 3 AT HUHT, BRI AL PR SE B A5, BT 45
1EPERS

Bl

'

| EFEERA |
¥

\ E%ﬁl%&ﬂf‘%ﬁ |

]
E%‘?F%%: 2

] &

<ZEHAIEIRE?

i

2 2
B3 SEEREFELEEZLERREER
Fig.3 Processing flow of layered iterative decoding algorithm
Je b
3 HEGERAAMMN
3.1 BEHRERESH

14T MS & CFMMS % i  LCFMMS
B 3 PP R AE— YR T B TR 452



£ 92 . e N S W | A - =

%54 %

R+ )T <) BB, Hoh m AR
W H BF780, n RS AR H 19508, o, ISR

MHMITE, o, NEKEM H WY &, D BUE
Hmg

®1 HEERE
Tab.1 Algorithm complexity

ARG Ferkis iy Jnkis s a5

MS &3k (w, +2) Xw, Xxm [(w.+2) Xw, +1] xn (w,-1) xw, xm
CFMMS &4 (w, +3) X, xm [(w,+2) xw.+1] xn+w, xm (w, +2) X, xm
LCFMMS &3k 3xw, Xxm 3Xxw, xm 5Xw, Xxm

CFMMS A L T MS Bk ok ud, 3 Flis 5
I UEIIFE AT 1G5 17 LCFMMS B89 76 52 2% B 7 1
AT W BT, A 7T K/, feikiz 5
iz S s R BCER T — e B A b
R 1A LA AN A a8 e L AT
0 BN E B AT, 58 BRI ds 25 Fh iz Bk
$5 LDPC iy i< 2 B IE L oG &R 19, BRI 45 Bk 1Y
1B 2 S W A R A i iy
3.2 HEREER

IS IEAS SCHE ) CFMMS 8.3 F1 LCFMMS 55
B PERE, 75 AWGN {538~ , s 7 =0k H BPSK
Pl B RE AR 10 U, B3 172, 1K 47
SIBEBCR A 128 i AR R 1 024 A KA
2 048, FRHE LI 2% LDPC W E4 705 BLAMHT . 7
SCHR[4 -5,18 1 S& T el iy LDPC PS5 I PE
BEST T, BB LARAS RAE 48 bR . PRI FEAR SO rp 4y
PrHRm AR 4 A A5 R T

FEE 4 N FERS K 2 048 FIAS K 128 R,
MS %y:  CFMMS #4.35 Hil LCFMMS 09 3 fhig s s
RS R AN . AT ARt AN Al 7E R
SAFAHFE RGO T, 3% 3 A 8 vk (0 155 1 RE 40
S MS Bk i 2%, CFMMS 8 7: vk 22, LCFMMS 443
el o TERK A 2 048, PRA% 54510 ~ i, CFMMS
BkiE MS Bk LCFMMS & %% CFMMS & 3k 5k
Uk, RIS PERE BT T 25 0.4 dB; 7R K 128,
PRAD3 A 10 7 1, CFMMS F3k 58 MS Bk ok i, 1%
PEREE T T 29 0.5 dB, LCFMMS & 3 4 b % F
CFMMS Bkl , 7R AT 0.3 dB [ PEREMS 45 .

KI5 J&/R T 78R LCFMMS 53 47 PR 1Y
HIEE R K0 T A s iR g M ge 2 . MR
Tl LUA Y Bl A B 3G R AR () R P g
SRR Y, RIPEAS S X TR A% LDPC i1y
AL RE LML T 5K LDPC 5 Ay i M fi, 3k
J& LDPC A 3% F F R A . HSE, o]
AL I B B R 2 S LDPC 1 By 4 e
R, BRI, 78 52 B i F P A il — ik 138 SR
R LS PERE , R ELR 5 5 A 2R B i [, XA

A RERE A TS

R
3

—e— LDPC-MS
105 —<¢— LDPC-CFMMS
—*— LDPC-LCFMMS

10
0 05 1.0 15 20 25 3.0
{5 th/dB
(a) 132 048
100 -
10-1‘}=:::&:\\
%&;\
102 ¢ o
3 RN
B 1037 RNNGY
o g
s 104} NN
\\\G\
s | AR AN
10°F _ o . LDPC-MS K
106} -<--LDPC-CFMMS
| ~*- LDPC-LCFMMS %3
10°
0 1 2 3 4 5 6
{ZWEth/dB
(b) BB 128

4 FBEFBEREREBKTIRDERESTLL
Fig.4 Comparison of BER performance of decoding algorithms
under different code lengths

1007
10

102

103}

| —o— LCFMMS-iZK128
—<— LCFMMS-fi% K1 024
—— LCFMMS-fiZ 2 048
10

0 0:5 1.‘0 1:5 2.10 21.5 3:0
{5 tb/dB
BS5 AREEK TR
Fig.5 Comparison of BER performance under different code lengths

104




511 3

TR, 45 LDPC R4 )2 S5 1 IE e/ VIR B 0k - 93 .

&6 AR A5 R 2 048 1128, fe Rk ARk
HOR 10 RIS BLT |3 FlOAS [ (4 PRAD 53095 58 AR A5
T B AR, I T LB R i an
fa] , CFMMS R0 503k T 22 1 a5 AR U B2 L MS
RS> — 2 HE 22 BN K i LCFMMS vk i+
I T 53 2R B i B X 4 8 TR BT SR
AR RE A R Wi B, DRI T 0 B B A QR B 4
F—ERE AT,

B 7 AR TR KRR R iR R i 4, ok
FH A% gk LCFMMS 3658, fy ’IWT 50, 1
—EEE P, R R S R R AIREOR 2 IE
R0, T HAR R BRI BN T 10 IRAGIEBL T, %
T PERE M BTN B B s (ER | iR Rk ARk i it
10 YRJ , A5 R i 26 10 A8 Ak ka3 25 0N s i Kk
RKEGE L 20 5 , RS MR 2 BRI
B3 g & A2 A S AR Ak o AR SEBR R P R Rk
FRUREA B BUE 283 7e 50 B % 18 . AR A E e BGE
NGRS PERE , B BGE KSR PR PRI

104
9
K 8
o~
® 70
X
g 6
" 51 —— LDPC-MS
4| —< LDPC-CFMMS
—+— LDPC-LCFMMS
3 " L L L "
0 05 1.0 15 20 25 30
{54 tt/dB
(a) B51K2 048
10g o
oFTtig LDPC-MS
NN -~ LDPC-CFMMS
8 “% \», - LDPC-LCFMMS
7 N \\\®
:5 \ A
SN \ SN
ﬁ 6 \\ \\\\\
= 5 AN
g *\\ \\\®
M4 X, o
3 AN
2 S \@\\\\\
S
1 : k===
0 1 2 3 4 5 6
feMEEL/dB
(b) 128

E6 AREXMBERRE

Fig. 6 Number of iterations required by different algorithms

1001 B2 048

101

102

103 —o— EARIRHSIK
—<— B E10K
—— BRI E5K
ER R E20K
—— BRI ER25K
10% 05 1.0 15 20 25 3.0
{5 Lk/dB
BE7 AEASRKERXBTHIRBEERML

Fig.7 BER curves under different maximum iterations
4 % %

ARSCE ST MS Bk T —Fh CFMMS 5
e, X MS S5 rp i ARl s S R A 5T AR S U
AR B EFT TEIE, BARIT R R 2 E R MS &
DAEA RN (HJRA5 20 AR 56 5 S (T R R
ESLIERE b, 228 T CFMMS 85k i 8 B 7 =X,
e 0 AR SR B AR A 43 2 SR BE , X350k i i ) i
FEZS (B HEAT T 4 , i LA )2 70 67 o5 50T FH 20 1Y)
AR b — 2 MR B 5 5 A5 R, PR A B A5 R
B EA e PR R R SR (5 B RS B A
FE AT %) CFMMS 1 LCFMMS &7 76 1%
b vEfe T AR A BT . T H, LCFMMS 8. A8 Y
PETH T RIS PERE R FR AL T RE R SE IR 2 R
TR I S B, ok T R IR Y IR E R

5% ik

[1] GALLAGER R.
Transactions on Information Theory, 1962, 8 (1) . 21. DOI; 10.
1109/TIT. 1962. 1057683

[2]RICHARDSON T J, SHOKROLLAHI M A, URBANKE R L. Design

104

Low-density parity-check code [ J ]. IRE

of capacity-approaching irregular low-density parity-check codes
[J]. IEEE Transactions on Information Theory, 2001, 47 (2) .
619. DOI: 10.1109/18.910578

[3]FOSSORIER M P C, MIHALJEVIC M, IMAI H. Reduced complexity
iterative decoding of low-density parity check codes based on belief
propagation[ J]. IEEE Transactions on Communications, 1999, 47
(5):673. DOI: 10.1109/26.768759

[4] CHEN Jinghu, FOSSORIER M P C. Density evolution for two
improved BP-based decoding algorithms of LDPC codes[ J]. IEEE
Communications Letters, 2002, 6(5) : 208. DOI; 10.1109/4234.
1001666

[5]CHEN Jinghu, FOSSORIER M P C. Near optimum universal belief
propagation based decoding of low-density parity check codes[ J].
IEEE Transactions on Communications, 2002, 50(3) : 406. DOI.
10. 1109/26. 990903

[6]CAO Yue. An improved LDPC decoding algorithm based on min-sum
algorithm[ C ]//Proceedings of 2011 11th International Symposium

on Communications & Information Technologies ( ISCIT ).



- 94 - MoK BTk

PN

5 54 &

Hangzhou: IEEE, 2011. 26. DOI. 10. 1109/ISCIT. 2011.
6089747
[7]¥Ffk. 5G URLLC #4538 h LDPC 4 ity Jy i f 5t [ D] dt
AU JERUSH R, 2020
XU Xin. Research on LDPC coding and decoding method in 5G
URLLC data channel [ D]. Beijing: Beijing Jiaotong University,
2020
[8]KIM N I, LEE S Q, KIM J U. A modified min sum decoding
algorithm based on approximation enhancement for LDPC codes
[ C]//Proceedings of 2020 International Conference on Information
and Communication Technology Convergence (ICTC). Jeju: IEEE,
2020 1407. DOI: 10. 1109/1CTC49870.2020. 9289334
[9]VITYAZEV V V, LIKHOBABIN E A, USTINOVA E A. Min-sum
algorithm-structure based decoding algorithms for LDPC codes
[ C ]//Proceedings of 2014 3rd Mediterranean Conference on
Embedded Computing (MECO). Budva: IEEE, 2014 . 256. DOI.
10. 1109/MECO. 2014. 6862710
[10]#DT, B, R, & —Fheuay B 2 1E 5/ LDPC
PR T]. miERE, 2013, 29(6) : 89
HAN Shaocong, GAO Feifei, LI Yunzhou, et al. An improved self-
correct min-sum decoding algorithm for low-density parity-check
code[ J]. Journal of Telecommunications Science, 2013, 29(6) .
89. DOI: 10.3969/]. issn. 1000 - 0801.2013.06.014
[IT]BRES, PR —Fhaids A 20 1Em/Vi LDPC i i Sk [ T].
JERHR L R4, 2020, 43(4) ¢ 15
CHEN Rong, CHEN Lan. A dynamic self-corrected minimum sum
decoding algorithm for LDPC codes [ J ]. Journal of Beijing
University of Posts and Telecommunications, 2020, 43 (4). 15.
DOI: 10.13190/j. jbupt. 2019 —222
(2] 64, Phkth, AEGT. i H 2 B DL T]. 3§
WSR2, 2021, 43(2) : 76
ZHOU Zhiwei, SUN Fayu, BAI Ruiqing. Bias self-correcting

minimum sum algorithm [ J ]. Journal of Detection and Control,

2021, 43(2): 76

(13 ] BRAaE, 2500, 2202, BET A% f/Nl LDPC 0% B ik 5
WLJ/OL). RET RS FHA[2022-04-14]. http://kns.
cnki. net/kems/detail/11.2422. TN. 20210817. 1336. 010. html
CHEN Fatang, LI Hebin, LI Ping’an. Improved algorithm based on
offset min-sum decoding for LDPC codes [ J/OL ]. Systems
Engineering and Electronics[ 2022-04-14 . http;//kns. cnki. net/
kems/detail/11.2422. TN. 20210817. 1336. 010. html

[14] WU Ruizhen, WANG Lin, YUAN Tao, et al. A check nodes
correction approximate min-sum decoding algorithm for LDPC[ C]//
Proceedings of 2019 7th International Conference on Information and
Communication Technology ( 1CoICT). Kuala; IEEE, 2019. 1.
DOI: 10.1109/1CoICT. 2019. 8835237

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

[16]ZHANG Xinmiao, TAI Ying. High-speed multi-block-row layered
decoding for quasi-cyclic LDPC codes [ C ]//Proceedings of the
2014 IEEE Global Conference on Signal and Information
Processing. Atlanta; IEEE, 2014, 11. DOI. 10. 1109/ GlobalSIP.
2014.7032068

(17138, LDPC i Eaf 5 [M]. Jbat: A RMEHS A,
2009 122
HE Heyun. LDPC code foundation and application[ M ]. Beijing:
Posts and Telecommunications Press, 2009 ; 122

[18 ] LIU Xingcheng, ZHOU Zhenzhu, CUI Ru, et al. 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

(4%

wEZ)



