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Research on Polar Code Encoding and Decoding Algorithm
with Variable Code Length

ABSTRACT

Arikan first proposed polar codes in 2009 and provided a rigorous theoretical
proof that polar codes can "achieve" Shannon capacity under binary input symmetric
discrete memoryless channels . This has significant implications for channel coding and
decoding techniques in realizing high-capacity communication transmission. Polar
codes exhibit relatively low complexity in encoding and decoding algorithms, and their
performance is excellent within certain code lengths. Consequently, since their
introduction, they have attracted considerable attention and found widespread
application. However, in practical applications, the channel conditions change. To adapt
to these changes, it is necessary to flexibly adjust parameters such as the code length
and code rate of polar codes. Therefore, it is essential to study encoding and decoding
algorithms for variable-length polar codes. In this context, the present study analyzes
the existing problems in the current variable-length polar code encoding and decoding
schemes, and proposes an improved variable-length polar code encoding algorithm to
address the performance degradation of polar codes after adjusting the code length.
Under the traditional puncturing method for adjusting the polar code length, the error
probability of each polar sub-channel is calculated based on the channel reliability
estimation method, and the polar sub-channels with relatively low reliability are
punctured. To ensure better performance, the initial log-likelihood ratio of the
punctured bits is set to infinity (or negative infinity). Simulation results show that the
improved encoding algorithm proposed in this paper has better performance than the
traditional encoding algorithm.

To further improve the performance of the encoding algorithm, this paper
introduces deep neural network technology into the research of variable-length polar
code decoding. Deep learning technology 1is increasingly mature and stable,
demonstrating excellent performance in addressing classification problems. Polar code
channel decoding is a high-dimensional classification problem in practice, making deep

neural network technology suitable for handling and solving decoding issues, and has



gradually become the focus of current research. Based on this, the study compares and
analyzes the decoding performance of several common deep neural networks under
irregular code lengths. In terms of decoding system structure, this paper presents a
variable-length polar code decoding algorithm that achieves better decoding
performance by changing the learning objectives through modifying the system
framework. Traditional neural network decoding systems require the neural network to
learn not only the noise characteristics but also the codeword structure mapping from
the codeword position to the data information position. Research and analysis reveal
that the codeword structure is a distribution composed of N-bit parity-check problems
in practice, which is difficult for deep neural networks to learn efficiently. By altering
the learning objective of the neural network decoder, a variable-length polar code neural
network decoding system structure is proposed, which avoids forcing the neural
network to learn the codeword structure mapping and applies the highly generalizable
neural network to conduct variable-length polar code decoding learning. The final
simulation results show that the improved neural network's generalization ability has
been significantly enhanced, requiring only a small part of the codebook space to
independently learn the spatial dispersion characteristics of the codewords and achieve

performance close to the MAP decoding algorithm.

Keywords:
Channel coding, Polar codes, Coding and decoding algorithms, Puncturing scheme,

Deep neural networks
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2i-2
XW (yN +17 1 even | u2i )

bbhn, b3 N=4 ffEE, 72H1 LA I R R B B R A 15
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W (yyu) =" MAN H(y2 U @ U W (yg |uy) - {2.10)
W (20 1) = W (32,4 @ U WL () e 1
W, (yyuf [ug) = ZUMJ}%\N;”(yf,ul@uz|u3®u4)wz<2>(y;‘,u2|u4) ----- {2.12)

£ (3507 10,) = W (32,0, @, [y DU, WD (42,0 u,) ere(213)

FEXPYANTIRE (2.10) - (2.13) o, FRATAI ARG 3 — Le L ZE ) RFIE . 7277
(2,100, uw=argmax, , W (v lu) o FEREERITRE (2.11) - (2.13) 1, F&
AUKER T Z AT R s wes v o BONIRANS RSB ALEE, BT LA BERS T LA
BB AERAT AT 1 o Mk FR A AT (2.6) A1 (2.7) W A5 B (i W,

W2, 2L KR

EEEREMW(YIX) , RAOTEEER T AMRIFIEE, - ANBRENE
o HRIRATLRSEREN, MW AR ASE B, Fw Y RIw e SRR A
P S A EEW Y W B AR LAE B, AR TR T RK

LW D)< (WD) < 1 (W) < (WD) < (W) oo (2.15)

|(W)= |(W2(l))-|2-|(W2(2)) ........................... (2 16)

T 243RATEL n ASBIEE HH F XA 7 ok i) N AN bk w2 &
R T

I(W):Z'EE:\I(W'SI)) ------------------------------ (2.17)

Arikan W], BEF N MO, 20 (W) =1RT, B RO LR 0 1 He )
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AR 1 (W) ¢ 224 1 (W) ~ O i, S5l i 4 R (0 01 B S5 -1 (W)
AT 1 80 B LURHEIE I3 81 0.

2.2 AR g B
221 RAFSEIGRAS IR N

(B RS LE LR PR 0L TR OARS RIE (G V(W) =0}, BIUR AT REHHTIELS,
W BRI E AR V(W) =10, BEE LN, A EEEmD. Fk,
— 4 N MRAEE R TG RV R T W 1(W) =0 , FRATT “VR&E” XA Hs

i, MEEEE, FRE u=0; mE(W)=1 , HEBRAIEE Y, {01},
SRV YRR . FEVERDEE O, VR4 0L B A AR B SRR AL D i, [
BEFRAT A R B AR RS i

@

DHwow -
W(ylx) =y,
Wylx) =y,

W(ylx) =y,

@
@

T

@

W(ylx) =ys

®

W(y|x) Yo

W(ylx) =y

W(ylx) = s

[E 2.4 RIS, u BIBASAAREMIRSS, Blu =0

PN STBAEMRANALE b SR VR R ARy “mi g o HE
2R OE R R R IRME N RE B R B E W, Hop
argmin A [Ac[= N =KD AR (W), A R B B i R R )2 4 B . 181 2.4 o
A LA F] N=8 1 R=0.5 ARG R0 1. XA 4 MrEWERS, HPIRK
Fore T X=UG; , Hfu,,s=0,

BEC & — M54 W&, X TSRS, ©F — MR, B
(A AT LIRS B FRIE . WA LURREIE Pl Stk Z(W) , wT DURS B TH A R I

Z(WE)=2Z(W)~Z(W) ereereeremmsseeeeeeneenns (2.18)

n

ZWZ)=Z(W) eeeeeemmeeenmsreeemeeeeneanee. {2.19)

n
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A M Z (W, ) =Z(W)=¢ TF4E, b a REREEE, N =2" RARIHHk

Ko fEHE 2.5 FER T —EEAAREREMERT BEC FEH, B 2.5(a) ik
N=512,14 2.5(b) W% N=1024. vJLLEH, BEEIBIEPE n MM, 5%
BE AR i

1 : LSS B S s raiiory-aoy r . B - e o SO ac s amma
0ol ..'A .; ‘:- ol [ R
08l L e . 08l
_07 . L L ; _o7f
go.e . T . o goe
.éo.s L . éos—
£ o4 7 i ’ C - Eoaf
(703— : o - ”703—
02 ' et . L ’ 02
0.1 TR 01t
i L e . N ST ISF o3 DU .
0 100 200 300 400 500 0 200 400 600 800 1000
Channel index Channel index
(a) N=512 (b) N=1024
2.5 BERESHHS T
AV ETESER RN A, il MR zW") o IEaERATZ AR

##, Bhattacharyya S G HGEE W FEHRMRR ER. £ (2.18) M
(2.19) 1, Bhattacharyya ZH0H i ALEEW :x— y BIRTRIER ) IR
A A I8 T W x>y [ BES BE RS R S L T A R R A
Vixoy, 0P TAR A A & B)3EE Wy, FRATTRT DU IS X Bhattacharyya 24§ (1) 5K 1
B HPENRME RN B X2 A BR, B E W Aw s R SR AT RE
Fe A HARHUE), RO an SR PATTEPERD b tH IR 1R, XM IRAR AT e 1 T2 8 AH
RS IS M AEHE. {# liX 4 Bhattacharyya 24, FRATAT LAE R — DN HAHR 1
ERR:

222 ETEBEHAKRSEE:

B4R Bhattacharyya 875115 BEC {518 H ki {5 18 vl g1 05 T W8 217
Hszprd ST, R2{5iE28%0% BSC 5 BAWGN. [T Bhattacharyya %k
Ji X (2.15) 4 BEC {ZIEE ML MEH, HAEHAMEE TS fhiH EAFAE
JHFR. K, Mori R il Tanaka T 7€ T. Richardson £l R. Urbanke )% & {51k fti 11
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Bhattacharyya Z 8[54 fifi b, & 1P B AL IORMT E AL 5@ IE a4
Mo XA — BN E BT B-DMC {5 53818, 4 T % b /E R R AE
WA A5 5 E R I FESCHRAR X B D, AT EEAT T IRAIRT

{5 5 IBIE AL T 2200 5 F LDPC f5[f) Tanner PR H 4554 K HK R [t . L N=8
NZEB], W REREE 2.6 Fros: BRI SRR AR § MR G=4)
HIPEIDIRAE . & T AR LR AL R AR AE PR A B R 2 e Celt iR Ak 1
iz B R R, 5 1A BUARR R PR SRS AN DURT LUAF OIS A R AR R o AR AR
55 14 PURF R A EUARR S FH A0 2 3808 S ik o

[ P2 ANFE AT 570 I 2 s e 2 B A2 A s RSN A% B 2 1) 15 oo 5O R A
TR DRAF A LURFIUEL A O B 1R JLAR, AN A2 B8 42 1) 1 s U 2 P 32 AT I
AT A FE A )T A R BB RN AL B A O B SERRARIL . kg T Ab PS5, o0
B A AR AE R SR B (LLR, Wt RisH AR (221) ) o EXthr
A LR RIA DG, 3R] 3-2 T, AT R A AT

N W(t) yN ' ljt71|0
I—(|\t1)(y1N'u{ l)zln[WN&t)(()ZN,a}ll))J --------------------- (221

85 B Ak T VAR VA B TS B T S PERS, o Tanner PERDRY AR B
P A LLR B E RPN B . 1 a(X) o HA 261 20055 B M0 o 3

(PDF) , Xt FXFRK B-DMC {518, HKI&aZ HURFIN, AHRAZ &1 A
HRMER ARy (2.22) .

LA Tanner PRI JyMRACKEA, AR A2 3 B 56 1 AN ESOBE B 1 OT IR
ST I Jee 2 d A S 7 A — R o B 8y RS i A i SRR A T R IR AT 2K

. . t-1
%E,&ﬁ%@%ﬁ%@ﬁ%&%ﬁi¢%%ﬁwﬁuh)%M%ﬁﬁ%ﬁoﬁﬁ

T AW AT -1 DR S, E TR 2D 5 (2.22) WS R
RHS, 51 ANEFEIER LLR A% k5 (PDF) A] LUE LR IH
AR, BAATZ A (2.23) K (2.24) fi1 (2.25) .
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Horp, ORI )RR RALIR ST SRS BT S B BERE. “O” LLR 4%
JETTIB B AT BB, T Al A A0 . fE3KIaY) 2 )5, AT bLisid
(2.22) THEH i MR TEER R, AN E TS, 2% B 5 2 AT LLE
i (2.23) L A (2.24) M (2.25) B 1 AR PDF . KB <O 1+
(R A TH B . AR NI 925 17 F 56T AWGN {5 53diE, FTLAGE AWGN 155
TE (P R T I BT

{5 5 A AR T UL P 2.7 A B s . 82 BPSK 1 i,
FA+1 FI-1 AR R 0 A 1o 1 5/2 LLR 3 (fasefR 2 2y Lo 385 5d 43
MG, “O i G RE AR, HEAR TR R B2 205 W 7 Ai 4
I FEITHE R 4. BHEHEE | ME SIBEN M AR, ZORIEHR KK
MHERLER, I —A L 53] G . Bk A R L 83L& 2z 910, a
7 PDF; A fRE G IR z M504, a 23 PDF. WA (8] (1 4347 A2 46 18 47
2.1,

F 2.1 LM G EHYHHER

LtoG GtolL
A(l,z>0)=1-A (Incoth(z/ 2)) A(z>0)=1- A (1, Incoth(z/ 2))
A(-1,z >0) = A(-Incoth(z/ 2)) A(z <0) = A(-1 Incoth(-z/ 2))

a(1,z>0) =a(Incoth(z/ 2)) / sinh(z) a(z>0)=a(l,Incoth(z/2))/sinh(z)
a(-1,z>0)=a(-Incoth(z/2))/sinh(z) a(z<0)=a(-1Incoth(-z/2))/sinh(z)

fE G I, “O A RE N F,x[0,+0) 94T T30 Ly AL X) +
Lo pAGCLX) f1 L, BLX) +1 3, B(-1x), HEfT LA, TSR ) A =X
(2.26) , MIM3RTT R BEEIE K G oA, thht, UK L 8% MEHia
s
AOB =1, (AL)*B(L)+A(-L)B(-L")
1, (A=) *B(L)+ AL ) *B(-L1")
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AR 2.0 WG, FE LSRR, SR R I B A A (oo, +0) , FE
G, [ EME R B A BTG 040) . K (226) F1ifi Ly Pl K
WA RN L8 G SRR MO R L, L BIER 4 55 04 3 e e . 4
BAWGN {318 [y M5 5 8 5 N~ (2/ 0%,4/ o), JLXIBIAA L % PDF Kz Jy:

Xof T o AT AN B B A AR I IS B, BORAE L 30R G i .2
] e i o (B, IX SRR AR AR BV QI bR B y=Incoth (x) , XL H
THEAR T — BN A . TEICR e 2 5 75 Z kT A0 3], FARYES (2.50) i
TR, ARePATHR IR . I8N (2.23) . (224) K (225) , ATHRYE
FHUR GIAMEECR 510 I BEAT IS A THL . B R SR S R 2 A I 5 5
TERADR PORVEI 5 5 @IE M a7, JF B SeplE SilEiEs. o — RN HTE
(EATFIE 1 B-DMC {5 5l . (A2, FEsSLse ol fE i, FovERal (7. A
A RS E ], —RH R DS MR MR R, —BON10°H
AEFEm . BRI, A BRI R RN RBE TR SR, MBI PDF
WHE AR, BTEHSogN 43545 log(2N) 24 (f) PDF [, HITZ FIA 2
2RV, AT S R e T R T REVE . R, BRI A —E
WA E, ARt — PR A .

223 ETEERNMRGEE

FEALFRZ FIEE RS EIEIL N, B EE R SRR
B, AR AE R AN FERE S S8 0 EE A R R BT R ME . 2%
SCHR[26] PG T — 5 S IEIEAR I EOR, R Z T PR 5 8 5 R ORI

SEAE THIEN LR SR . MR E BB S A R, K758 A 2 TR
Ko NI T S A LS S22 8 A ARG N, & B AR AXUT B2 1 i
I E LUds . BE, PR S S8 TE R AR AU A%, B i i B REL
PERRAR, B (s 2 DR FIBER RS, B e iE B EEES .

ERERAR, Rk BMEE RNy LR, PGS S A . AR,
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ZITE R A SRS TE PRI RS 7, A8 HAE RG50S SR SO B AR Ak (15 35 A S
B 8 FH T S o A TE PRI A AR 368 T4 FH o RS o #48 2 22 A R i s TR 2., 497
WnAF R P A, EIE I R AER 7 A R 4 S R T B shiik, [RIR7E B 2%
etz ) 2 3 54T SC ¥, £ Z RIS, HREEMITIME. £N
AME TIBER TR K ANTE S8 R B sk 8E(E B Ry, 1M
BRI N-K ANT5 5, NHAEBSHET O & 1 g E E HRs .

W FEE S, AR H & A m B R, BARTE ORI AR AL A 5K A FH Y ] L
F— B ML N B H B BE (S S T IE T, — MRS LE — 8 1 FH R L 15 1
AR S iBIEE R, 1A S 3 EUR IR R IE RS K

2.3 ARACRDRIRE S

FEAR TR, AT AR S S2 I RS 5005 . 56 2.2 T p R B R AR )
RS ) f2 — o, RS AR A8 P IZ T BR PR 25 FT LUERHBE S N A KT
L E|7 5, {H5 Turbo f3A1 LDPC AR, K IMEREH AR IR HIL,
A TR B S LB AR B PEAD , SRS 3 H O 0 b7 6 S35 3 v S DA P e ) PR B
%o

TRAT TR AR SEIAN DAl — AN [R] R R A% 1) 14 B o FRAT IS By T2 T LLR 1y
FEIDES, KOS ET LR M USRI RIS ERFHEL, IXRIRM SR E B 52, JF
LG 7 HAR RS 5% o A7 72 1 — Lo 8 ) R AT RO AT R a5 AR AN AR R 45
&, 7l AR Ac .

230 TRAGKS A PRAS IR U

2.6 FELARIHIFR THIFRDEREZ

17



ThRFMEF{EH T

Arikan F FIZ AT BEADHIE 7B ALS05 75 58 o SESEARTH P — Fh ST AR
WREE, EM A R B EE KOO B LUR i TR

ui =arg g‘f}lXWN (le Uy, ) ----------------------- {2.28)

EEAEOU L, BREEFOUE U, R BHCR . SO

\

SRR ATT A, BT LS AT G B =y W1 2.6 B B 4R
XA E A 5 MU R SR, KOy BRI, 28R 2002 2 5 A k.

23.2 EF LLR [EREEE

X SC A #s, FET LLR B3 Xk,
FFieh:

STFieA :

1, otherwise

B, WRRGINIERRES, WABATR ES 5 H i EAE, MR
P ERAGRES, AN (2.30) F1A) LLR RRE s -
HI R AR ()3 58 4 i 3 VA R, BRATREEIE HE T N =2 (RS #R Aok J

ZaL L

YLR ?‘Zﬂ‘];{%"fuﬁ? [:K/T'_E')\(yg Yir =

N

Y1 U Il

Mﬁd%)
w(

—) , FERHBIAAZ (2.6) f1 (2.7)

#SH LLR, FoRAN Lio
@ (2
W, (Y; [0 *y o 41
L, =In % =1In Do B P2 2.31)
W2 (yl |1) ]/y1+7/y2
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L =In

2

I *y, ),u =0
we? (y7,u, [u, =0) _ nuse Jape
W£2)(y12’u1|u2 :1) |n(&}u1=1 '

iR Ly, ALy, Rk BEERIEY LLR, AT LLR (RN T, K
AIEH 1 3 2 A AR

L =sgn(L, )Jsan(L,, )min(min|L, |[L, [} -eereseeeeeene 233)

L = Ly2+LY1’u1:O
* L, -L,u =1

ATLAEH, XEPFFRIEE RS, MRS M Bas S aA s, EwiEHAT
S H . IXAEFRE T LLR B3 508 H 4 AR W (Y10),W (y]1) Bf LR &
BOAHELEE Infafd, X(2.33) Al (2.34) HEHEFHRAE 2.7 ) £ BRER g BREL

n n
Ly \‘l‘ j Li Ly! \+ /

(a) fERZEY (b) g R
2.7 EAXKIFBITE

23.3 ETESMEREGEEE

XIT SC GEZAH) PRiGs, B4y — P2 TR . R0
ORAE RS IR P it R e, SR AE BT I R rp A X e R R o AE VR S5 67 B IR 0
T, Joi LLR WEf, RS Esala i Bl ik &% . Fr 1 LLR 15 (2.33)
1 (2.34) 24k, B E 3 ged o6 iE s LR 2 A8 B AR 4

Upi 3 (K =1) = Uiy (K) + Uy (K)  wmmmmemmienaenenees 2.35)

Upi (K =1) = Ui (K) - coomreeemmsseeecaseeeccaeas (2.36)
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l
| T
|

T l

2.8 N=8 MEEHEFEHNANE—D

N =8 AL T ) Rt B AT RS IR /S AN B 2P IR L] 2.8 7] 2.8 i a) #RA5
FE e R (2.33) WERARZBHE— A SE-LRs, HIBH OIS . o)
E )il b)IEIL(2.34) (2356 4.  d) XHEILAIEH g REoHE LLR, REH f
RETTH

NHEA ARSI B . X R R SE AR PR, T R SR Y, P
DK P36V BB, 330955 LLR A3 L4k Eudy . 88093150 LLR A2 B4
T LLR, 3 AR LLRR R 2.1 B 11 & 15 A7 RRAD a0 i pee

Algorithm 2.1: Successive Cancellation Decoder

Input : the received vectory, with size NV

Output:approximated information sequence u

1 for =0, 1, ...N-1
2 L(ﬂ,0)=4%
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PAC AL A 8 i

Bk

Algorithm 2.1: Successive Cancellation Decoder

3

4

10

11

12

13

14

15

16

17

for ¢=0,1, ..., N-1
recursivelyCalculateLLR (m, ¢)
if u is frozen
B, (#.0)=0
u($)=0
else
if L(0, #)>0
B, (#,0)=0
u($)=0
else
B(¢, 0)=1
u(g)=1
if ¢ mod2=1
recursivelyPropagateB(¢, m)

Return: u ((zﬁ)il =¢

FESNE 2.1 1, HTMATHSIEIE LLR IN#EIAE LB, V)L, 2R EEK &
fF LLR. #RJa, PR LRy, HoA s 6-8 ATk &5 R il v % . 5
10-15 A7 R HE R H, AT TR RS U, F1 B, (4.0) , B, (4,0) RARAELLES

RAI AR

Algorithm 2.2:recursively Calculate LLR(2, ¢)

Input:layer 4 and phase ¢

Output:log likelihood ratio LLR(Z, ¢)

1

y=14/2]
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Bk

Algorithm 2.2:recursively Calculate LLR(4, @)

2 if 2=0

3 return

4 if ¢ mod 2=1

5 recursively Calculate LLR(A-1, y)

6 for f=0, 1, ..., pm-

7 if ¢ mod 2

8 L(B,A)="f[L(2*B,A-1),L(2*B-1,A-1)]
9 else

10 L(B.A)=g[L(2*B.A-1),L(2* -1 A-1)]

TEEE 2.2 v, @I A g REEEREAS j B AT LLR. MESYE 2.3 1,
A(2.30) Q3N R AT BRI B A HEATH .

Algorithm 2.3:recursively Propagate LLR(2, ¢)

Input : layer 4 and phase ¢
Output:log likelihood ratio LLR(Z, ¢)

1 P=[¢/2 |

2 for £=0,1,...,2""

3 B(2*5)=8(5.0)®B(4.1)
4 B(2*4+11)=B(A.1)

5 if y mod 2= 1

6 recursively Propagate LLR(A, ¢)

234 ETESEMETIROFELESE

SC PR asAEPERE T Tl A - ZE )i, — B BRI EORR R, B0IRA 70
FEAIERX MR UE, BIEE S H IR v TR O T B AR
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SegtR, RN TESAHTH IR (SCL) #Eiga%, BARHhSE T HEGE.
M, EARERKE, Reed Muller USRI SRR S, Jeaitl SAALASIHEH AR
th, FE NN

FI VNS 848 Y 532 T A A5 AR IR IO RS A, (HAESTIR 2.4 15 13
17, Ve AR AN U ERE S T A A A DRE » R PR S BEA 00 JS A BERD E 42
£ ARINLE, ERICXPA AR B8R IR JE AR ELIXFHE, 2
THARKZ , AR IX LR A 5 B XM 2 BRoE i T4 B IR A R AR 2
XA FEAR L B Z AR IR S B P81 u IR B PR A ME . AR B RN IF
HAE, mEERORINERE. EKEN N=8 MY, BoR T IRGIAE 2 3

7 ISP IR

a) )¢ b) ®
° °
° )
) ° a °
° °
° ° ) °
) o ) o
© 2] e}
) ° n °
° °
[e] L o o
) ° ° o
° ° ° ° ° °
° ) ° ° ) °
) ) )

2.9 SCL iIZTERRZ AR

IR MR R COR M B8 AE, W R R 42 . fEI&] 2.11 Hr, a)[&r
EARAE =1 &bo DEFRE - AMREIZSIE, B MPIABE, u,(1=0)=0
fiu,(1=1)=1, o)E xR MRS, BT us(0)=0F1u, (1) =0, WAEE
A )RR A B 5 BRIUABR AR, B TRAT ISR AN =3,
BRI — A BB AR A E G . o) B R IATH AR #8142, RERIETR 0 )5
(YRR AT R o TR TR 2 kA . DEITP R MRAR I R 5] BB R,
{HR WA — R AT T8, A B BIART SRR 2% R AR B T4

R HIRRE IR E S O(LNIog(N)), B2 € M E KR AT
VEARM AN EREE R 5| IBRAT AT HE Y o T IEE 2.4 J2 SCL PRSI .
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Algorithm 2.4:Successive Cancellation List Decoder

Input : the received vector y, with size N

Output : approximated information sequence u

1 |, = assignlinitialPath
2 for p=0, 1, ...N -1

Y
3 L|1 (ﬁ,O) =4-==

NO
4 for =0, 1, ..., N-1
. recursively Calculate List LLR(m,

$)
6 for =0, 1, ..., L-1
7 if U, 1isfrozen
8 if path / is active
9 B, (#.0,1)=0
10 PM, = CalcPathMetric(L,,PM,,0)
11 u(g,1)=0
12 else
13 path Pruning(¢)
14 if i mod 2=1
15 recursively Update List B(4.m)
16 |.., =arg min PM,
leL

17 Return:u (g, 1, )lN =¢

IR, s 18 AT, WFHA S ie B HAR vk A S



%2%F MALAE KT

ol B 2.11 a)-d)ios Tz EA RS TIFR KR/ L FRHERE. fERE
2.5, SR T BRRBIRIEIE. X2 SCL R EEEIEY —. 25 147
B 91T, FrANNGSIERAE Pactive Wy &, HiTHEHEMNMBEER. £ 10
TR 16 17, WA RELERX LY JR W PRIE Pextended 1, WRLE N 1% 4k 4
T2, R RZ A B o X 8 I AR B AR 0 R AT HE T, Rk L AN EE
[f] Pextended SK5E R WIRF &Y R H B A POEN L KEFMBHEL—,
HAFTA VIR IR ER AT Pactive.

Algorithm 2.5: path Pruning

1 for /=0, 1, ..., L-1

2 if path / is active

path Mettric Forks(l, 0)=CalcPath

3 .
Metric( L, PM,,0 )
path Mettric Forks(l, 1)=Calc Path
4 .
Metric( L, PM, ’1)
5 i=i+1
6 else
7 path Metric Forks(l, 0)=o0
8 path Metric Forks(l, 1)=c
9 o= min(2i, L)
continue Probability=sort path Metric
10 Forks and set L last indices to 0, and L first
indices to 1
11 for =0, 1, ..., L-1
12 if path / is active
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Bk

Algorithm 2.5: path Pruning

13 if both continue Probability of | is zero
14 kill Path(l)

15 for =0, 1, ..., L-1

16 if both continue Probabilities(1)=1
17 B, (0,¢mod 2,1)=0

18 u(g,1)=0

19 PM, = CalcPathMetric(L,, PM,,0)
20 lione = ClonePath(1)

21 B, (0,¢mod2,l,,,.)=1

22 U(@lgone ) =1

23 PM, = CaIcPathMetric( L PM,_ ,O)
24 else

25 if continue Paths(1)=1

26 B, (0,¢mod2,1)=0

27 u(g,1)=0

28 else

29 B, (0,¢mod2,1) =1

30 u(gl)=1

FAE A S 16]r PR HIAH R R R A AR B B PG A — 2 P
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VRS ARGEA S/ TTRERT AR . X T2 T LLR BB, KR ihaE ok At H]
AR RN . BVE 2.4 5 1 AT ISR L R R R
PM! (U¢,PM;1,U: ) —PM| ,+ In(1+ exp(-(l-ZuL,) L'(/,D ---------- (2.36)
Horp, 1R S, j2HRRG .
235 ET CRC HBIHBESMH SR KBEEEIA

5 SC RS #SAH L, SCL BB 2% M RE L1152, (A5 LDPC fi%F1 Turbo f
MLk, HMREIRAR TS 1. MTERR, EFSHRENT, EfL5E
e R B b, (H T AR B B AR P AN R /N, BT DB Bl T 3R
MIRARZ RS —A “HRER” , ERBIEFIR P HBERH T XA K R AT
DAL B in—~ CRC RSB, SRJEi%4#% 1) #id CRC k&Ml 2) BA R AT
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Algorithm 2.6:CRC-aided Successive Cancellation List Decoder

Input:the received vector y, with size N

Output:approximated information sequence u

1 |, = assigninitialPath

2 for f=0, 1, ...N-1
Y

3 hA]iO):4Rr

0
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