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Abstract: The influence of channel construction process on the algorithm performance is not considered in the
existing polar code puncturing algorithms. To solve this problem, a Puncturing algorithm of Polar Code based
on Gaussian Approximation (GAPPC) is proposed. Firstly, using Gaussian approximation for channel construction
of polar code and analyzing the relationship between Gaussian approximation and puncturing algorithm, the
modified Gaussian approximation function is derived to reduce the output value of channel construction with
introduced Gaussian correction factors. Then the ordered channel reliability set is obtained by ordering the
polarization subchannels under the channel construction with the modified Gaussian approximation function.
Finally, the mapping rule is determined according to the relationship of channel capacity, and the puncturing
bit set and frozen bit set are selected so that the puncturing polar code is completed. Experimental results show

that the frame error rate and bit error rate are significantly reduced under different code lengths and bit rates.

Vol. 43No. 11
Nov. 2021

Key words: Polar code; Rate-compatible; Puncturing; Gaussian Approximation(GA)

1 58
WAL H A R0 — i — R ™ AR AIE B Ik 2

Wk F3I: 2020-11-30; eI EH: 2021-06-11; PSS HIR: 2021-06-24
*EEEH: ZFE  lishibaoQupc.edu.cn

EETH: ExESTIRITR(2017YFC1405203), B K HRR
4> (61972417, 61902431, 91938204), R E AR 45 2 &
T 45 (19CX05003A-4)

Foundation Items: The National Key R&D Program of China
(2017YFC1405203), The National Natural Science Foundation of
China (61972417, 61902431, 91938204), The Fundamental
Research Funds for the Central Universities (19CX05003A-4)

BEAERMEERM I EY, (2 TR 2 i
S FET 3w B N SRV T, B AR A
FER R A 2m, FESCER R, AR K A
—EARRE2n, N BT AR R A SR K. T 4L
AR5 2 ) X A T A A i) 20 SR A A T ) L ik
1, RIS TWHIE R 2RI

SCHR[4] 8 R AR AT FLERE, BAERENLIT
FLAMS LR ST SLPARRSEA ST LB, AL TR K]
AR EER o SCHR[S]HR Y 17— Pl I B AR A AR 1
FTALERE, 3 MR 2 ol ) 4T FLASL AR 5457 14
HIRIAT Z Ja o A AL AR A AE R, AR T BEHLET FL


http://radars.ie.ac.cn/CN/10.11999/JEIT201007

3150 B 7 5 F

2 %

43 %

FETTLARAE1.0~5.0 ABRIERERE a5 . SCHR[6]42
T E ST AL &, @ LR B HE T AT AL
FOARr 35 50 20 A, $RAE 7 5 HL B A B0 i 3D 1k
AEo SCHR[7T)FESCHR[6) A, 2 — P B kY
SFTHLT R, fEmSERE T IRG L ERE . SCHR[S]
BT LU R3] B SRS AR 7] PP 81 9T FL3R tH— B 94T
FLEVE, =T T AR TR LM RE . SCHR[9] 4
H—Fhd TR AR T AL, MEREAEXS T
SEHTFT FLI SR AR AL AL R B AR A BE AL . SCHR[10]
F2 IR 1A ka4 ) AT DA E A A S R 4T
FLEERr S . SCBR(11)45 &7 B E AR X
FTALR RS, SR T — DA RE B ES.
SCHR[12) % B A5 '] (Reed-Solomon, RS)#SE N
AT AN, 3R T — R 7 A 4T LA, 1
i —FRS-HALASFT LT S, ¥R T AT AR
(S FHYEE . SCRR[13] 98 H T —FhrEST FL 5 18
T ALl (Gaussian Approximation, GA)X {5 &
BEAT AT LS, R T THTALARER
o FIRMFT LRI T EAEAT AL Ja kAT BB
i, (HREMEAREEE R, B I — i B,
SCRR[T4]32 T — PR R 44 (4T FL (Low-Com-
plexity Puncturing, LCP)%& %, fEMALLH)IE—
UGN T HESS 2T 4T FLAR RS BEATFT FL. ST
BR[15]42 th T — Mg 2 it & 47 L (Worst-Quality
Puncturing, WQP) 5%, fEll@EEEES X &
72 0 A T AT AT LN T SR B 4 (4T FL Y RE .

A SR A 7 JEAS T A 1 R T AR AL T AL
PERERIFZM, PR 7 M ALRSFT FL I BRIt — 2P 42
o RXMEEWIEH K, BEEEBFT LIRS,
P& H — ol 35 T ek vy Wl fRA P AR A A5 4T L (Punc-
turing Polar Code based on Gaussian Approxima-
tion, GAPPC)&Hi%.
2 R

P b A N B e 2 fEIE: X e Y,
Ho X ={0,1}R, i HMMmAN, YREERH,
EXGEIEHEBMAERN: W(zly),zeX,yeY., 1E
NA; A NSRS AZEW AT TS 1E & FE 5 2
ZJ5, BEANCAGM TR ML EEY, 1
Hi=1,2,--,N,N =2", TEIHEKNKEN LKA
(W) i i T 45 P et WAL 0 R
B, RIS A i SRS e B AU G
o B A I Sk, FEARA RS R i 2 JE I L
ATEEME E I LR E NS B LR E A A, T AR R
E R LRE A A, X T bR ARG 1E, %
48 LURE B 38 8] 52 SN0 .

G N A S EBOERE, A Gy = BNF®",

HAPN =2 e et , Byt LUARFE B

N 10 o
e, PRy i, P2 | Y| s

ul = (ua, uac)MENGRIDEMANL T FH, WA
gt it FE LR RN of =u)Gy, 2l =
(21,22, an) N IS JE IS T oyl = (Y1, 52, YN)
N R g S o

HECAME ST, GAME TR () Fis

o (1= (o e (1)),

E (L%)) = imod (2) =1
2B (L5, )i mod (2) =0
(1)
iR R BB E (Log Like-hood Ratio,

LR, LY ~ N (5.5,
SEot o FR S B i I 5 07 199 75 (Additive
White Gaussian Noise, AWGN){ZiE 7 2, E (L%)>
FOR LR LR 05 B 43 A B AU 41
GAMIIt R LM SRR, Hopifs
B (L) R SEAMTS A . 3
RO 5 G5 B LR, % 8P M (3
M2 SIS, San aodR ABRAT SIS, o
NP, TR IR R (2)
y¢1(1(1¢(I1))(1¢($2)))} 2)
z=1T1+T2

Hrp

¢ (x) = Varx
1, =0

1 +oo
—(r—x)2
1-— /tanh(%)e( (41))d7',:c>0

(3)

vy T3 AL R K P AT ADAHE 3R B B 1O A

SCHER[18], AR i 2% R B N T 1 A s 1 v 3

(R ABC SR G SR = B UR PR AR i LA T AP S

WHA LU 7iZA K, e e oK (4)
i

Wi W,

(1IN \
N

W W, .

1 ZEA R TS A5



FE11

PR — MR T R AAR RS T LA 3151

exp (—0.45272%%% 4 0.0218), 0 < z < 10
¢ (I) = iy T 10
— —— Ep—— >
\/;exp( 4) (1 7x>’ z=210

3 ETXuHESERLEIRLEITFLE L

GAPPCH % & B IE AR B i St (5 18 M i 2R
I, RFTILE R . WA AR IER T,
oSO R T I Bl R B, A5 B 5 0 T SE MR HET 4R
Hro HUKIREE 2 80 R HES H oo 15 1E it
U, i H B TE RE 0 bR 45 A 31T S5 24T AL
LR ES, JREE A TS 5 58 T FLik ik ig
Wik, a4 HGAPPCHARRIERA.
3.1 BuH#SHTIA LR

WAL RS FT FLEL VA% 0 2 2 3 LLRAE AR A B
BT, DRI T A A T A PR R R R v i AU
BRI A . TR v B AUl R R B, BIN
Aoy A1, Ao lh Kol BB IER 7, et s il ol ek 2
H(5)

—~
e~
~—

0<z<10

eAQ$A1+A27
gZ)(:C){\/?ei (1—10),33210 )
« Tx

¢ ('r) s LE (O’ 10)%(% (.T})%/j_"\‘, ¢ (33) , L E [10’ +OO)
F on (x) 37, AR 4 w17 bR 25000 38 & o A — Bk
H A @)mio- = 00 @omyior MO (@)], 50 =
on' ()|, 100 (RIS A w55 A0 AL B BB 2 = O
MRS GARBIRFE— 8 #HESHEIEERT

Ao, A1, A2 LA Jeaz 1] (1) 56 23 2 7 (6)

1

Ao = 2N A2
1
AL = = 6 (6)
24 (1 D252 _ )
(D))
Ao = 0.0218

P (6) T H, A A—NEE, HF o, M
a5 RN, BT Al s S IE R e . i
3 (2), et i el ek By B Ay an =8 (7) Fos

y=¢ '(1-(1=¢(@)(1-o(z2) (7

O ()RR (o) BN SR B, R R
W2, o ()Xol T AN

()\/01‘)\1 + )\0)\13?)\1_1)\1/) e/\oxh, 0<xz<10
—= \/?rcv_%e_z 1——O , =>10
2 Tz
(8)

Fhk, 3 (6) Ao, Ak afI R R A RN

¢ (x) =

r_ _)\1I
O 7 o402
e ! )

2
48c (log2 <\/?e_2'5$> — )\2)
o

(9), HHX <0, M >0, 4453(8)5
B¢ (x) <0, () g 5 66 U5 ok B, 3L R R 3L
o~ ()RR EL . AT =1 (1—¢ (1))
(1= (22)), A (x) € (0,1), PFIAT € (0,1), 3(7)
Hh e T AL R R i xR S, 331K (10)

1 ’ /
o (800 (1= 0+ ) (1 6(0)
(10)

Ho(x) <0, AHFe(r1) <0, ¢(z2) <0FI
o(T) <0, X (10), ATLAHHY > 0.

KT FLE R, R LR 3T FL, B4
L (yi) R0, fEMER g, WL (yi)2h0, 7L
FIL (u1) = OFIL (uz) = L (y2) (BAH L (u2) = L (y1))-
R PMEEHYTIL, AL () = L (u) =0,
TEARAIS Gt SE ke, A AR A2 AT W T SRk
REFHEEREL, XEEREHGESEZE, H
SCHR[17) AT AT, MR T RITFLIA, — BREA L
BeFTIL, WA sfEEss KAEGERS., K
LT A T8 ) 3 I 4 4T FL s Bk 10 15 18 B 2% 25 pE it
%, FBRL (v1), MIEHBFERFMGIE. EREH T
AR EES, ZEERFISm/NIEELLR
FRARAS D, MXTHEEInfa e ] 5E, R2ZIMA. %
FEEFT AL AFAS 4T AL LR T 7E (5 TE LLR B4 FRIC
90, Rk et A s oR B By Y 1S = A
AH B T Rl ol I 12 PR

(T TR, WERYBEAR, & (2) A% B %

K, B @HIA: on (@) > f (1—10)0

Tx
N T ARVEASE X BSL, il 2 ¢(10) < ¢(0) LA S bk %
WS R T A EARTE, AT IRV Jya € [1,10),
BLof 91, AR 4G X (5) 7T 48 £l = —0.16358
A1 =1.1092, [ bt ek i) s 2 30 Ak R Boan X (11)
PR

e—0.1635811‘1092+0.0218’ 0<x<10
T) = - 10 11
¢ (@) Vre 1 (1—), x>10 (11)

/!

y:

Tx

3.2 {SiEMRET

L, FAW, WodtoRa, woff (538, it
WA SR iR AW VAW . i S
P R 52 RO (12) BT



3152 B 7 5 F

2 %

43 %

IQw”)gmmaammIM@>
( (

~

W) = max (1 (W1), 1 (W2)) (12)

I (WQ(”) I (W2(2)> = I (Wy) + I (Ws)

AL R A BRI Z0 < T (W) < 1,
(i SegdTIL, WL (W) 2BER0. 1R Lidst(12),
LSBT th 2530 e T o 338 RO 6
IR 2 8 R I 22 SR ) 308
RT3 18010 30 0 4 3 0 2 B 3 —
— XM

W2, % T U B e 0 £
T(W,) % FIHEBL, S AR A 45 B R0 AR 5 2
XRL, 2, HRMAL. Mo s (w))
fapEtR, gl (W) = 0.1 (W) >0, 4
FOR R IS S R L T (W1) = 0,1 (W2) >0
WK L(Wh) > 0,1 (Wa) =0, {H it (WiV) >0,
(W) =0, I 50 5 0 2 000 1
W TRE, HR 0 B R M

(1) w1 (W) > 0.1 (W) >0, s
T(Wy) > 0,1(Wy) >0,

(2) s (W) =01 (W) >0, wsss
I(Wy) =0,1(W2)>0;

(3) w1 (W) =01 (W) =0, W
I(Wy)=0,1(W2)=0;

(4) s (wi) > 0.1 (wi?) =0, Rrete,

GAPPCHIEEMGARIE 2 J5 i I 0 2 1
WO BT L LR B B, o T ) L

oy B fiit i IRt

‘I(W.g“) 0, (WP)=0 I(W,)=0, I(W,)~0

‘1( W)=0, I( W?)=0 I(W,)=0, I(W,)>0

‘[(IV!Z”) 0, J(IVf;’):o| H(W,)=0, I{ W,)=0

I(W,)=0, I(W,)=0

‘ T(W®)=0, [ WP)=0

2 BRI R EE AR R AR

SR, BEILL (W) = 0, 40 B PR L
FUIULE R AR G R 25 8 T BEAT IR AR, FRH B & H4T AL
HRF RS
3.3 HiERiE

KMGASI MG, FEIMGAWIE, HMGA
1838 T E IR T PP R 2 P AR G N
Rycao Z5AMGARGIEMMES H AW RN, $2H
GAPPCHIL, HERMAKWMFIFIR,

FEGAPPCH %, HAEN N KR IDHEAT
MGAMIE, % BLLRAETF 15 750 1 ml S
FeFlRvGa. EHTCREIATANI ERAQ = {1,2, -, P},
By IR0 PLURFE N TERE ST ELRE, P= N — M, M
FH QM Ui 1) B S35 0 D00 6 40 A0 B s R 45 g ik X
FHITFLELRF RGP . RYERvca F1Q, SREULRE
HeRE Z AN AR TSI M — KLUEE, TENTIR RS,
H400 . MRIEQCMQNS LIS FIWR 45 LS S & AC K
GEREAA, FERRHT LR IS R R o

TESEARA T IE 2 J5, 5t NKAD ol AT 9
M8 Eley, His FITFLHARSE &P gatd o5 i it
ITHTFLAG B M KA RS Fy, 3 BN, M, K)FT 4L
WeAbny, 2K/ M., TEA IR 4T L EE AR A
SWORIE, TEROR, PR ST FLILAFLLR
{H BB N0I 56 il 26 B o
4 KBE5ERSH

SR F R AR RS S RS SRS T, 1%
S ERFHAWGNAEE, WA B R A AT
HEEEEE, LR X T LCPEE. WQPHIE,
SCHR[10]HI 4T FLEE (BDE R ) LLE BT #t GAPPCH
B2 [ 1R % (Bit Error Rate, BER)ATE M &
(Frame Error Rate, FER) T RE. 256 o fd FH 1)
ALK 512256, ARG y2/3,1 /2
1/4. 5346, BRR S MBS MIECH 107, 4R
1000/ R B L M4 17107, SR 24 k.

K3 R THB% N1 /2, K5 5l 512F1256
T, AR AT FLEVE K FERFIBERVEREXT LE o
K3 (a) on T HRALIEISK 512, FTHLEIK A
372, WFN1/20F, GAPPCHIESLCPHE. WQP
SILFBD S LM REXT H . A T W QPRI

#= 1 GAPPCE:%

BN ARSI KN, TUREKM, FRIRKEK, fTIWRKEP =N - M

(1) X NI AT MGAMIE, JAF 7 EIE S TR R A Rvca

(2) M TREA R EESQ = {1,2, -, P}, NSO EE M e iT 44 TR AT FLH R R B AR AP
(3) TERMGA ™R 275 A 7 FAS O BLAR TSR AR M — KEUAS, BRI AR IRGs Lt 4 QC
(4)

4) R QC RN QI i 45 LA R & ACHIME B AR & A




FE11

FHESE: MR T RN AT FLAEE

3153

LCPHEMBDE Y, GAPPCHIENBERMAEAE
SNRAN1~4 dBWIH —EMiEH, HBERTE
10737 LA3EA3 2 /00.3 ABITERENE 25 . TTGAPPC
FVEMFERYERE R AL T HAWSFIT LA, FER
E1072 2 /0 3R150.75 ABRITEREIN 25 . EI3(b) B T
TEMAAS R K256, FTFLIEISK 186, A2 [FIFE
N1/28f, GAPPCHILMFERMBERME e W]
P F HAB3F S, BERFELI02E /DA LLFK0.25 dB
tEREI 25, FEREL02E /DAl A3R50.5 ABIIME
RE 4. GAPPCHIATEER G EEAMGEES
I 2 J T MG ARSI P58, KiE 5
MLLRERS TS £ 5, TR ESNE
TEAEE B LR . IXFEA I H R AR A RS R PR AR HT
FLAFRETE B, W AT CASRAS 5 AT (1 1 B
H LA B drargn, fEARFRTG KA L% N GAPPC
HiLEA BENMERIRTE, B, &
EPERRIR T Z

KA RTEIS K 512, BSR4 5] N2 /3R11 /4
i, 4FEEZ M FERMBERMREXT L. K4 (a)
TR TEENALIGS K K512, FTHLESK J9360, Y
FR2/30F, GAPPCHILELCPHRIEL., WQPH XL
MBDHEER RN, ESNRAN1~3 dBH,
GAPPCHIZS5WQPH LK BERML, HEMRT
LCPHEIEMBDHE; 1M7ESNR N4 dBR), GAPPC

FUEPIBERYEREML T R 43P G, X TFERME
ft, GAPPCHEIEIESNRN1~4 dBIN B A B
FIEREL . E4(b) EoR TAERABILK A512,
LGS K A400, T3 N1 /48, GAPPCHEIEMIBER
5FERMAEEA REMRFA. fESNR N4 dBHY,
GAPPCHIEMFERA LLLF]5 x 107°, BERIAF|
6 x 1075, X FLCPHE. WQPHILAMBDHEZ:,
GAPPCHIEVEREIRTH10f5 LA . HE A E3(a)
SEIG g Rl A, EMESKAFIGER T, GAPPC
FIR T LURIG B M RE Y 25, ISR, ERE
B E R

F2HIR T AFEHTFLE T, WQPHIEIME I
FEmS = TLCPHIVEME 4%, BDHIESLCPHIE
HARE 8, MGAPPCHEILME IR EIEAFH L
e, HPLCPHEE. WQPHIEMBD R LA T
GAMER LR B HE T . SCHR[16) 7 T #1, GAHRY
W EZE NO (NIgN), LCPHE D, il by
5 B H PR 2 4T FLIL AR & S st e, LOP
FOE A TR BT IR B A SRR T AL LR A, Rl
B RENO (NIgN) + O (1), MWQPH KL
SHITEfRE T LR G HEAT EU R (R B A, AR
MEHNO(NIgN)+0(S), S=N-M., BDHEZES
LCPHEIEAMAL,  [FAE R T ik 45 & BT IR BRI AT
SREGT AL 4, HIBDHE N E 4 E 5LCP

10°

100 =
10" F
~ ~ 107" FEsn
g 102 ¢ &
S —%- BERLCP =
= -4~ BERWQP = 192 |
102 | -+- BERBD
N —e- BER.GAPPC
.| —— FERLC
¥ —2— FERWQP
104 —— FER,BD 1073 E L L L L L
1.0 1.5 20 25 30 35 40 —° FERGAPPC 1.0 1.5 20 25 3.0 35 40
SNR (dB) SNR (dB)
(a) (512, 372, 186)FT FLIRALIY (b) (256, 186, 93)FT FLIALIL
K 3 ARG K AR RIS R R (4R B AL RS AT FLEVE ML REXT EL
10° 100 ——
-1 =
_ 10
e TUESSEER -2 s
&8 W g 10
a 10! RN < S} 1073 ‘\ N
fae] N [ LN
<. 1 -+ BER. BD
-o BER, GAPPC  1(+
N —— FER, LCP
" . . . . y = FER, WQP 6 . . . . .
10 —— FER, BD 10
1.0 15 20 25 30 35 4.0 —— FER;GAPPC 1.0 1.5 20 25 30 35 4.0

SNR (dB)
(a) (512, 360, 240) FTFLARALIY

SNR (dB)
(b) (512, 400, 100) FTFLALAG

Pl 4 A RIS AN RIS 28 (R AR AR AL A T FL VA P RN L



3154 7 5 F B % MR ¥ 43 %
R 2 AMEENITEE RE N
FIALEE (256, 186, 93) (512, 400, 100) (1024, 860, 512) (2048,1900,1024)
LCP 2049 4609 10241 22529
wQP 2118 4720 10404 22676
BD 2049 4609 10241 22529
GAPPC 2608 5616 11880 24156

Hk 8. ZH X AETBDEEN K ESZ
I FH e ) s R 1 ORI S 2 LR R B R A 3R
31, MLCPHEIEM AL S 2R H AR T 5
R B AR IREU . TR G 7E BV AT /T S8 A
E, FEATFANFIEERE. GAPPCHIENE
FePE FER AMGAIE DL R S TEBLS, MGARKIE
MRS GAME R R EAR, #Z2O0 (NlgN),
MAS B G ) 2R ENO (SlgN), HILEIERE
HKEENO(NIgN)+O(SlgN). R4 Lk 5 #r vl
Wi, METHAM3FEE, GAPPCH LM TE5Em
SR R

5 ZERIE

N TSRS T FLEVE R PERE, fER
WA FTILEVE R RS B RATILAIIG, 1 & iie
BT, FFHES H S A0 & 8 T B AR L)
MGA, RHEF1E 28 5158 RIS H osCdh (045 1
SR, FRBNFTILELRR R G . T MGAM &I
HEREE B R, 5T T GAPPCRE LT M
KIIGIGUE . SLIRE R BN, EAE LAY
FTF, SLCPHEE. WQPHIEMBDHEEMEL, &
TR GAPPCH M FERMBERME 1A 5 3541
T+, B ZERAE K BOOOGRS R 2, (2
CRFIINY-F/S1- S LR R DiTR

& £ ik
[1] ARIKAN E. Channel polarization: A method for
constructing capacity-achieving codes for symmetric binary-

IEEE Transactions on

3051-3073. doi:

input memoryless channels[J].
Information Theory, 2009, 55(7):
10.1109/T1T.2009.2021379.

[2] gL, AR, 2R, S JET IS AR A RS s R AR AR

SRR EET]. BT 5EE%IR, 2019, 41(4):
959-966. doi: 10.11999/JEIT180324.
LIU Jianhang, HE Yijing, LI Shibao, et al. Pre-decoding
based maximum-likelihood simplified successive-cancellation
decoding of polar codes[J].
Information Technology, 2019, 41(4):
10.11999/JEIT180324.

[B]  EI, B, FEM. BT BUEH TR RS KR ALY B &
REHELEIUN SI R EIELT]. T 545 B, 2019, 41(7)

Journal of Electronics &

959-966. doi:

[10]

[11]

[12]

1572-1578. doi: 10.11999/JEIT180716.

WANG Qiong, LUO Yajie, and LI Sifang. Polar adaptive
successive cancellation list decoding based on segmentation
cyclic redundancy check[J]. Journal of Electronics &
Information Technology, 2019, 41(7): 1572-1578. doi:
10.11999/JEIT180716.

ESLAMI A and PISHRO-NIK H. A practical approach to
polar codes[C]. 2011 IEEE International Symposium on
Information Theory Proceedings (ISIT), St. Petersburg,
Russia, 2011: 16-20. doi: 10.1109/ISIT.2011.6033837.

SHIN D M, LIM S C, and YANG K. Design of length-
compatible polar codes based on the reduction of polarizing
matrices[J]. IEEE Transactions on Communications, 2013,
61(7): 2593-2599. doi: 10.1109/TCOMM.2013.052013.
120543.

NIU Kai, CHEN Kai, and LIN Jiaru. Beyond turbo codes:
Rate-compatible punctured polar codes[C]. IEEE
International Conference on Communications (ICC),
Budapest, Hungary, 2013: 3423-3427. doi: 10.1109/
I1CC.2013.6655078.

NIU Kai, DAT Jincheng, CHEN Kai, et al. Rate-compatible
punctured polar codes: Optimal construction based on polar
spectra|EB/OL]. https://arxiv.org/pdf/1612.01352, 2016.
LIU Wei, WANG Yue, LI Ao, et al. An improved
puncturing scheme for polar codes[C]. 2020 International
Wireless Communications and Mobile Computing
(IWCMC), Limassol, Cyprus, 2020: 154-158. doi:
10.1109/TWCMC48107.2020.9148522.

HANIF M A and VAFI S. A modified approach to
punctured product polar codes[J]. Journal of
Telecommunications and Information Technology, 2019, 3:
63-69. doi: 10.26636/jtit.2019.132219.

JANG M, AHN S K, JEONG H, et al. Rate matching for
polar codes based on binary domination[J]. IFEFE
Transactions on Communications, 2019, 67(10): 6668-6681.
doi: 10.1109/TCOMM.2019.2930502.

HONG S N and JEONG M O. An efficient construction of
rate-compatible punctured polar (RCPP) codes using
hierarchical puncturing[J]. IEEE Transactions on
Communications, 2018, 66(11): 5041-5052. doi: 10.1109/
TCOMM.2018.2854183.

ZHAO Jianhan, ZHANG Wei, LIU Yanyan, et al. A rate-

matching concatenation scheme of polar codes with outer


http://dx.doi.org/10.1109/TIT.2009.2021379
http://dx.doi.org/10.11999/JEIT180324
http://dx.doi.org/10.11999/JEIT180324
http://dx.doi.org/10.11999/JEIT180716
http://dx.doi.org/10.11999/JEIT180716
http://dx.doi.org/10.1109/ISIT.2011.6033837
http://dx.doi.org/10.1109/TCOMM.2013.052013.120543
http://dx.doi.org/10.1109/TCOMM.2013.052013.120543
http://dx.doi.org/10.1109/TCOMM.2013.052013.120543
http://dx.doi.org/10.1109/ICC.2013.6655078
http://dx.doi.org/10.1109/ICC.2013.6655078
https://arxiv.org/pdf/1612.01352
http://dx.doi.org/10.1109/IWCMC48107.2020.9148522
http://dx.doi.org/10.26636/jtit.2019.132219
http://dx.doi.org/10.26636/jtit.2019.132219
http://dx.doi.org/10.1109/TCOMM.2019.2930502
http://dx.doi.org/10.1109/TCOMM.2019.2930502
http://dx.doi.org/10.1109/TCOMM.2018.2854183
http://dx.doi.org/10.1109/TCOMM.2018.2854183
http://dx.doi.org/10.1109/TCOMM.2018.2854183
http://dx.doi.org/10.1109/TIT.2009.2021379
http://dx.doi.org/10.11999/JEIT180324
http://dx.doi.org/10.11999/JEIT180324
http://dx.doi.org/10.11999/JEIT180716
http://dx.doi.org/10.11999/JEIT180716
http://dx.doi.org/10.1109/ISIT.2011.6033837
http://dx.doi.org/10.1109/TCOMM.2013.052013.120543
http://dx.doi.org/10.1109/TCOMM.2013.052013.120543
http://dx.doi.org/10.1109/TCOMM.2013.052013.120543
http://dx.doi.org/10.1109/ICC.2013.6655078
http://dx.doi.org/10.1109/ICC.2013.6655078
https://arxiv.org/pdf/1612.01352
http://dx.doi.org/10.1109/IWCMC48107.2020.9148522
http://dx.doi.org/10.26636/jtit.2019.132219
http://dx.doi.org/10.26636/jtit.2019.132219
http://dx.doi.org/10.1109/TCOMM.2019.2930502
http://dx.doi.org/10.1109/TCOMM.2019.2930502
http://dx.doi.org/10.1109/TCOMM.2018.2854183
http://dx.doi.org/10.1109/TCOMM.2018.2854183
http://dx.doi.org/10.1109/TCOMM.2018.2854183

FE11

FHESE: MR T RN AT FLAEE

3155

(13]

(14]

(15]

[16]

reed-Solomon codes[J|. IEEE Wireless Communications
Letters, 2021, 10(3): 459-463. doi: 10.1109/LWC.2020.
3033850.

ZHANG Liang, ZHANG Zhaoyang, WANG Xianbin, et al.
On the puncturing patterns for punctured polar codes[C].
2014 IEEE International Symposium on Information Theory
(ISIT), Honolulu, USA, 2014: 121-125. doi: 10.1109/ISIT.
2014.6874807.

BIOGLIO V, GABRY F, and LAND I. Low-complexity
puncturing and shortening of polar codes[C]. 2017 IEEE
Wireless Communications and Networking Conference
Workshops (WCNCW), San Francisco, USA, 2017: 1-6. doi:
10.1109/WCNCW.2017.7919040.

LI Liping, SONG Wei, and NIU Kai. Optimal puncturing of
polar codes with a fixed information set[J]. IEEE Access,
2019, 7: 65965-65972. doi: 10.1109/ACCESS.2019.2918346.
WU Daolong, LI Ying, and SUN Yue. Construction and
block error rate analysis of polar codes over AWGN channel

based on Gaussian approximation[J]. IEEE Communications

Letters, 2014, 18(7): 1099-1102. doi: 10.1109/LCOMM.2014.
2325811.

[17] TAL I and VARDY A. How to construct polar codes[J].
IEEE Transactions on Information Theory, 2013, 59(10):
6562-6582. doi: 10.1109/TIT.2013.2272694.

[18] CHUNG S Y, RICHARDSON T J, and URBANKE R L.
Analysis of sum-product decoding of low-density parity-
check codes using a Gaussian approximation[J]. IEEFE
Transactions on Information Theory, 2001, 47(2): 657-670.
doi: 10.1109/18.910580.

S J, 19784, Wit BIEUER, W7 EDABENTE. f§

T A

wOR: B, 199644, WL, BRI NEIE D

FIRE: 53, 19974, iR, WEAUT R E D

g 5, 197844, WL, BIBERZ, BRI AN S

R Y, 197954, M. #UR, BTSRRI AE.

TS X K


http://dx.doi.org/10.1109/LWC.2020.3033850
http://dx.doi.org/10.1109/LWC.2020.3033850
http://dx.doi.org/10.1109/LWC.2020.3033850
http://dx.doi.org/10.1109/ISIT.2014.6874807
http://dx.doi.org/10.1109/ISIT.2014.6874807
http://dx.doi.org/10.1109/WCNCW.2017.7919040
http://dx.doi.org/10.1109/ACCESS.2019.2918346
http://dx.doi.org/10.1109/ACCESS.2019.2918346
http://dx.doi.org/10.1109/LCOMM.2014.2325811
http://dx.doi.org/10.1109/LCOMM.2014.2325811
http://dx.doi.org/10.1109/LCOMM.2014.2325811
http://dx.doi.org/10.1109/TIT.2013.2272694
http://dx.doi.org/10.1109/TIT.2013.2272694
http://dx.doi.org/10.1109/18.910580
http://dx.doi.org/10.1109/18.910580
http://dx.doi.org/10.1109/LWC.2020.3033850
http://dx.doi.org/10.1109/LWC.2020.3033850
http://dx.doi.org/10.1109/LWC.2020.3033850
http://dx.doi.org/10.1109/ISIT.2014.6874807
http://dx.doi.org/10.1109/ISIT.2014.6874807
http://dx.doi.org/10.1109/WCNCW.2017.7919040
http://dx.doi.org/10.1109/ACCESS.2019.2918346
http://dx.doi.org/10.1109/ACCESS.2019.2918346
http://dx.doi.org/10.1109/LCOMM.2014.2325811
http://dx.doi.org/10.1109/LCOMM.2014.2325811
http://dx.doi.org/10.1109/LCOMM.2014.2325811
http://dx.doi.org/10.1109/TIT.2013.2272694
http://dx.doi.org/10.1109/TIT.2013.2272694
http://dx.doi.org/10.1109/18.910580
http://dx.doi.org/10.1109/18.910580
http://dx.doi.org/10.1109/LWC.2020.3033850
http://dx.doi.org/10.1109/LWC.2020.3033850
http://dx.doi.org/10.1109/LWC.2020.3033850
http://dx.doi.org/10.1109/ISIT.2014.6874807
http://dx.doi.org/10.1109/ISIT.2014.6874807
http://dx.doi.org/10.1109/WCNCW.2017.7919040
http://dx.doi.org/10.1109/ACCESS.2019.2918346
http://dx.doi.org/10.1109/ACCESS.2019.2918346
http://dx.doi.org/10.1109/LCOMM.2014.2325811
http://dx.doi.org/10.1109/LCOMM.2014.2325811
http://dx.doi.org/10.1109/LCOMM.2014.2325811
http://dx.doi.org/10.1109/TIT.2013.2272694
http://dx.doi.org/10.1109/TIT.2013.2272694
http://dx.doi.org/10.1109/18.910580
http://dx.doi.org/10.1109/18.910580

	1 引言
	2 极化码
	3 基于改进高斯近似的极化码打孔算法
	3.1 改进高斯近似函数
	3.2 信道映射
	3.3 算法流程

	4 实验与结果分析
	5 结束语

