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A survey of polar code research
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Abstract: Channel coding (error correction coding) is the basis of ensuring the reliable communication. Polar code is the
first constructive coding method which can achieve the channel capacity. It has practical linear encoding and decoding complexity
and excellent error correction and detection performance. The unique advantages of polar codes make it have a broad application
prospect in the communication systems such as next-generation mobile communication systems, satellite communications, deep
space exploration. In recent years, with the application of polar codes in the fifth-generation mobile communication standards and
systems, the theory and application of polar codes are changing with each passing day. In this paper, several hot issues in the
research of polar codes are summarized, and the future research of polar codes are discussed.
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THEE K G SR RGEORMRALE . 2=, HAT, XA R AT 250 g X Fr
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0, WAL SC FML R B ATE LR, HATRE S EORGIER R | I . BT R IRER
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WAL WS P ez, PRTRE, AT T AR B 5 IS b Y — L HLAA R
XF YRR ACI TS B — SR T 10 HEAT 1 2Rak . FE ) R AR SR r ik s A R A PR AR A A
TR R R AR AR Tk SRR BT . RRIRGETE F AR AL BT TE AL SBT3 5 B A
SRR RO T SR Ty T o S — 1 EBAN T W I AR i A 1 5 DAk . S
BRI L RRE S B TT TIA 20 T HHR RO B ACRSRRS D70k  BR = EEAG TRRRAEIE T Bk
B 5 W IFAE AR B FTBUIR,, RIS S A M EIE T B B 5 iR kT . 56
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Fig. 2 Channel capacity distribution of BEC channel with error probability 0.5 after polarization
transformation in terms of different code lengths
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AN R B2 eR RO (U — 27 22 XM 2 s oA, DT g A O — eSS BN, BT
AT . SCER[A] 52— P T A S A G T i, AR AR TR S R L A, A
SR RS SR I B M P 1, RS AL AR AR M S M AR, AR E RS K T Y15
AIEEVEIT . HET, 78 3GPP BisE 1Y NR FEHilME AR AL it bn i rh SR FH T [ Ak 15 18 T S PRI
ML IE Tk, AR T I ARS8 1 S 2% BE 5 A I

PG & Ty R E ST R T A AR R FEPE, SRS R w] S B HE P R IE RS B4, SRR
LA AL 5 T8 AT SEMEU o THIE A AR AL 15 T DU o AT P SRR I 9 3 R A AR R B I TUAR
TR TR AR Y [ E MG A5, 77— L] SEMEAR R /NG 2R T8 T & o R T 264 £k
FAH T8 AT SR E 2 AR A I 5 R 0 T LIRS B A A AT SRR A A R, A A AT
FXE R . o, SCHBR[6] 48 ) — R0 T 7 OC R BARAL IS b 38 ik . ¥k Hasse ¥l 367k
WA TR B I 7 OG22, IR X S e 2 K BE TR (R BE R A5 M Ll — 7 A 075 15 18 W A i B 3R
KE o R P G R B — 53 A $0 07 VA R 7 A A 3 o v i 253 T SR A b 715 T B
FA AL SR A, SCHR[6] 1Y i BT 2B i R 1B H HA ROk 1Y 20%~46%, A ZUFE MK 1 #4372 1Y)
TS AT SHERT
1.3 FEEKRLENEESE

WA B Tl 5% 448 5G EfEH eMBB st ilE 1l g% /7 %8 . (0 i TSR AIS gt B2
PR E Ky 2 BREC, TESEPRIEAR RS /7 ST A )T, AW 2 R G0 2 M AR
Hilr, 535 Tl A F 2 1T L a4 ke
FEMOUT R R A& . 3
HR[9] 2 SCHR[12] 73 53t T BE T T F LA 4
R AR 38 D7, AR A A ] LUSE
T A SEBR B G PR B4 AT % B RAR

FTAL 7 1 8 FH T e 25 12 3 40 B 14 Fig. 4 Theencoding process of the puncturing codes
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5G = HMEIE A RIE B TR .

2 RRIEE

Arikan % H B BRAGIRALAS AS T 150 SC RIS HL . BEEMT T RIARIRA,, WAL RZ A Bfr @
AR RS, sk 1 BoR. BN, 456 BEIRSE SR I et R O AEER A9 T SC IS Y
GRS . BRIFAD | BASERERS . MR RS . SCAN PR LUK fi 28 [ 265 RS S5 R0
Hopr, SC 2% H i R ALk, SC A A L& . PR IEREIL RAFI0 . HAD
FERSRE BRI T SC BIEIUS T —E BPERERG 45, (HIX L T7 AR B 2wl TV LA e — 2 1Y
BRFE . AL, BEE AL R AAWTOUAL , BAl ER AE 1 S BT T R RS AR AR WIER A . A58
MR 1 5 B F S B AT T S AL A PR A AT ST BAR

A1 ARk
Tablel Decoding agorithms of polar codes

VR Bk P
% TR, T KR TR e
o s VERBILE , T Sbrs & PR B S, ARy
PATHBRIER g gy oI 2 W 8, 7 2 TP R
SCH Fii: Gh T HERE SR IRA , BB
wremm PR TIF AR, AT R A
BPlist £k AT R A S, AT BP AT T
R Sphere Decoding  FERITEAE M LI i e LA TR . FVRRb i J A 1
R Al R LR PR AE , (D& ZeE i o, BT R, JLIUa

SUMUIET LRI T BRo o

21 BFBEA
211 SC#EHH %

TERS RS KRBT, HibiS SC A REE IS R AF it vERe, JHeEHREE A BF A a . [H SC
PRRS R R 2 LR R AT, X — R P B R IR I i) 5 58 B . IR a2 3y O R S
JERT RS RO AR, AN, 7E LTE REeH, PRI URAEY i 10T 40%0 a5 0 B 9. b 116 I
— R BB A5 X TARARIE RS A ZR, Al 197 S0 R A B AR AR AL B 2 2 5 5 Tl A — B
PE R, H AT 2l 2 R T PR SR M R AR A I i, AR AL 5 B ARR IR 01T A2
BT S AT SR SR Ay LR IR TR AR

P Bl FRRER T A S A SR M R FH AR A URES LU A0 AR 54, 8 SCRRBR T Ao EXT ik SEkRak 1y
BT ST W PR BE TT LLSE B 2 A L RR IR AT iR, AR SR U7 vE A AT Ak A0 3 S M R 360 SSC

( Simplified Successive Cancellation) &7 ML-SSC ( Maximum Likelihood SSC) it k9
Fast-SSC 3R 3 LI | (H I 2 RS AR T A SR 0 4548, I ELAE BT AR R A3 5 5 A F)
B . T S PSSR BEE DS KRS RS R AR AR, 5 B RS B AN BB AR 4 Hb i f 2
TR A ZR A5 0 FH 5 ) 75 o

IR T A R, A7 G 4 R 1 A nT HE PR SR o LU RR I A T P i B . AR
TV EA NEP-SSCM LS HTHD-SSCU R B . ISk I s AT SR A £ B X1 25 AT
25, RO EENE S A AT 2 LR AR BRI . BEIREE S T AR E Y AW
RS ik, e — A SC PR AE A 11 [RI A A SCHE T 1 187 Ak 5 %) T AN [) A 4 A 36 ) 3
WP, AN, SCER[19)4EHE —Fh BT84 R ( Pre-computation Look-ahead Technology ), i id FllJCiXE
RO FNB U, [RIBT 58 BT B AR S B R, PRSI TR o O A TR R Y
T REEER, RERSIE /D BO%I) S LERT
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2.1.2 SCL #F#AH %

H TAELENALAS FE 43 (0 R, A6 BRAC AR AL S 4 SC IRAG M RERR 2% . A T HEFH SC i M:RE , SCk[20]
FSCHk[22)42 T3 THIERA) SCL (list-SC) Ak, R, RNEAREE—A LR f 5]
e, MR R RA T REM 2 &I . ZBE R/ T SC B RANRISY NS, JF HoaT IARYE 5 2:
PRS2SR A IR R IR LUAE, RIRARTE TR R e B . SCHR[ 2245 ) —Fh 3L T BAS 254 11
Fe RS 47L SCS ( Successive Cancellation Stack ). SCHK[23]H SCL 5 SCS R4 &, R BIIRA
SC Hybrid ( Successive Cancellation Hybrid ) ¥ 77 %, FEMALT A 2B i A7) B 5 IREE R,
DAAREIT [R) 52 2% B 55 2 (0] 52 2 BE A 3 . eAb, R AR AS SRR TU AR AL B CRC ( Cyclic Redundancy
Check ) 824?92 CASCL ( CRC-aided SCL ) ik A AEig it — 47+ SCL i fig .

M T SCL IRkt HAT AT IR0, RO AERTRC . ffal SCL ik SR i 1 ) 8, SC

Hk[26] 2] SCHk[ 28] #2 Hh 2 LU R PRI i, 1% 1k TR e AR AR R AR A8 A A4 LA A TR, s —3R 4 B
AT BRSO AT, R B TR S0 H 1Y . SCHR[29]48 1 T —Fh i fL 1 2 L FE SMSCL
( Simplified Multibit SC List) #f%J)5%. SMSCL F )5 tifb T ekl rat, 7ea i et BE4R
RBUE SE L2 ME B EES . M J7IE R RS AT B 5 A7 TR SE 3 T XA SCL Sk iy b, AH L+
MSCL P45, SMSCL PEAS#RIR /A T 4%~75% LR}, FAfif i/ 30%~33%., £ HLhFiRhs ik
RO s R I A L S A (3B T 254, R A HUAR R TR RS e, R T SCH AT HL AR 1Y)
B, BEAR TIFRSIERT . (HEET SCL M2 LRHFRS A e BE AR Y R A 1 KA A1, 35 B R I 3R % U
FEES, PIEBRE T K A — 23Tt . SCHR[3014R T —Fh i Ak i i AL i 22 HUAF R 5 i, 5K
BAR TR ERT . ZERIEPERE LT G AT OL R , R At R S B % 48 30 dnc e mT [%AIG 58%.

TE SCL DA e 2 FURF iR in vk b, AR B0 3 i S 80388 E R TF B 3 K. WAL SCL 2853k
M SRR, WD AN BRI R EAE, SCEIR[3L 48 —Fh 3t T %42 5354 PSS ( Path Splitting
Selecting ) SRISAYMNIE 4% SCL Bt ik, th FARFE AR v St 2 (B A 7E B i 22 e, AR EExT
UE R LR TR AR . R, PSS SRBSANAER 7y th A LURRER AR 8, AT LI SCL 1R A 2%
JEFEAR 20%~50%, [RIFREA JCH IR PERE . SFXF A AU 22 ods SCL IR 7RI r kA RE, S5
PN 2 B ), SCHR[32)4 HH T Fast-SMSCL Jrik, RSk 43 7K, B F L2 brr S
PR SR A BT R AT AL BB AS , EME £2 LU RS AL R4 O 2ERE 455 T Rate-1 PLK SPC ( Single
Parity Check ) %2, (FERAMBAMKBEE K, PR T £ R SCL Bk IR IERT
213 BP#FHHE ik

BRI 2 LR, ALK R B A5 TR T AYE— SRR L FRAIC SC 2SR i et 5 5 7%
B, {0 SC HBA BT REA B, AT MR BN . A 2B 1R LT 85 545 BP ( Belief
propagation ) kM ALIS RS vk, AISEEIEA TR . 7E BP PRI AT 552 i, Pamuk A
Xilinx Virtex-4 FPGA S2B1 T (1024, 512 ) # ki BP Fi% 250, 75 160MHz M4 T . R 5 tkik
FCAI Bbit Ak, FRLE Rk F] 27.83Mbps., BP 2SR AL AL T I TR, B Mg T L
RS AR LA, (E B R PRI PERER 22 . Bo Yuan 25 ABME I —Fh ALY BP IRISRS4sH, A%k
FETESPERE . 25T BP IR IFATHREE , TR A 28 X AR AL i BP 1A% 7 A T4k . STk
[35] E UK A /Nl OMS ( Offset MS) T3 T & M4 1AL IRRS , £ ) OM S S E 7T 224
Fimgisd, B FEEsEil. 3T SOMS #1228 [ 4% (1) PR B F ] DNN 28 25 111 25 BP 13665 9 2%
S8, SRAMHUELEE T BT 0 S SEE T, KA TAH LI BP RS SLTE fE 1 1R5  BE .
SCHR[36] 2 Hi—Fl m A AR A6 BP 1A 15 vk S A A5, ARUEAR T BP A% 19723 [ 2 2% B S AERT
22 RALIFRDESEE SN

P (5 T PRI AE S I R e IR FRAR R, BT R s R PR B 88 4 S B SR AE BRI ot
HE HAT, F RS T AR T 2FF 6 F b a8 sSe Bl 8, FEA R T L HEM R ASIC
( Application-specific integrated circuit ), ARM ( Advanced RISC Machine ). EIFEALHILES GPU ( Graphics
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Processing Unit ) 515 B AL IS 25 ST 8 .

BT AR G U T B 88 HA & BRI SR RiREE P ZOR IR E T R &0
T EM R L AR B ASIC A RBUN, T, DIFEIC. aldgtke . sAMRSEES . B
B, FP A i f2 1 1051 FPGA ( Field-Programmable Gate Array ) K17 ASIC %32 WimAT T
Kz —o VBN AR B rp ) —Fp ol e i FL i, FPGA BRFCHR T il LB I i, S T I
AR AT T BB R IE o B SR T 2K A9, FPGA AYIHEERLI A A Fr8E N I%
ARM 1ER—Fp faife S0 R, BA T AE M . mbERe . IRIIFEM M. hiT ARM &R 3
RWTEASERG, IR AT LT A RS E =0 ARM SF6& . 0K, T REdEN S5
FOE 5| a0k R T 22, GPU RYANEMEREAT T K B4, GPU #2448t T 2B TR IRt 454
Al DA SE PR s i A 1A

M2, FET FPGA (IS ds B RIGHR . nfEE mi R E S, SHTRERERSES ™MW
PRI & S8, 050 2 &P e flAL TR K, VLIRS ARG R . TEM A RF ISH
E R H TS R SRS T N . SR, i TS A SC IR AR BT 5
JEREIMAL R, oW RT T FPGA (IR Ab BRI A S A . ARM T HAT 555
FIR 55 PRAE T, 38 AR 3 LA R AMLAE B S I & 55 o T GPU IR R i 2 i T 1S AILIEDE Ak 3
BRI, et T RMGANER . RIS . RN ESEA SCR TR A Pk & e . IeAh, #R2s T
GPU AT RE S, T GPU MRS AR 7R THERD 2R A i S5y T HAT B R ) .

£ GPU Bt5 71T, JbE LA LR R 2 X o Bk 2 P B R TF AR AH DG ST, £E X SC s i) s A7
TS5 F LG R, BT GPU AR A 2R, BEiT T 3T GPU F & MM AL IR TR 424
£ 245 THT K20GPU & B ALis SC il iR #e e R 5 e . X T8 RIS K A 256 Hogs L
I 512 HeAF I ARAS, 3T GPU SEBLAYRAS AR rT 1A %] 1.2Gbps LA &2, SCHR[ 37 HR St fb ik
A AT ST RS, B GPU B IARIFAT45H, 78 GPU INFFHEFT BT AL, S ierg 4 A
i E] CPU, 4Ry AT BT Il R B AR RIML B2 )7 ik 1) 116, 7E K20 -5 LIy 2 i Ak R m ik
1.79Gbps. M#&Ft SCL iFfhdefrnmt R, SCHR[3IX A AT T4k, $&m TUIfERs, ek
RIfivESA, SR lazy-copy SR PLALERAR (G B E M, BB T XIFATRE . AR 5 B R ik
Gtttk 1E Titan X -6 FSCBLRORS R U2, 15K 512 HAF List=32 i) SCL i iU4ER ly 6.9 ZF).
EFXF GPU i3t 22 4b B2 22 18] 1 B AN 485 L K AL 58 BP PRAS B {512 B rP A7 SRR B0 1) R, SCRIR[39]4
HE TR o v 20k 10 R TR P Wl S S, A AR AT TR ZE P 1 (RIS T T s i R IR A P sl 8 LR
b, RSB ILmBAR AR T GPU ZALBEES Z M R M ) . 78 5dB /K, 3T GPU (1)
BP Fi33K15 T 1 Gbps 77t % .

£ 2 AT K20-GPU -F & 94540 Ah SC & ik 54 35 Ark & 5 st af
Table2 The decoding latency and throughput rate of SC decoder based on K20-GPU
A I (bit)  FFk# (Gbps)  fHFEAFNEAE (Gbps)  FEMf (ms)

0.25 256 1.79 0.45 3.79
' 512 1.48 0.37 9.16
05 256 1.49 0.75 4.56
' 512 1.28 0.64 10.57
0.75 256 1.59 1.19 4.26
) 512 1.33 1.00 10.23

34 THT ASIC 5 FPGA -5 B AL ididge it R, Hir ) 36T ASIC A SCL
PRAD AT BT B 26k 1031IMHz 4504 R i3] T 1.2Gbps B2 7R 5 T FPGA V- & AL IR ga 4
Bt J7iH, SCHR[4013% T — AL T FPGA fi s SMSCL PR w:, FIHESH S B4k, $2FF SCL
PRI IRIEATEE . PR SMSCL PR ZEMEIE L5 B LLAREN 137, Sl A T 58 1) LA TR AR Y
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&, S5E550 SMSCL A 1L, ATzl 3%~58%[ i 4h B3 . Stimming 25 %1110 SCL it 2%
S5, $EH T RN pointer fEAB#S R R G 22 A B Hd R, &S ASIC -5, SR uMC
9Onm FEA, SEEL THLK S 1024, list £ H R 2 MBI IS8 . IZIFEE AR AERT B A% 459MHz T, %
At 3k 181Mbps, SCHR[41] 2 SCHR[43]4T % SCL 365, $&H—FhEB /0 FitEE s, R s
B R AR . RIS, R —FRR AR MM 45 250, $Em T IR A IR R . S8
A SCL FHy g il s MM A EL , 76 list=4 i}, 3T 8192 AR 32768 HARIIMALAS,
AR BT T 23%H1 63%IFITH AL, SCHR[44])% 1T T 35T ASIC F S b idisss, R CMOS
90nm T.75, 7ERSK A 1024 ks, list B H N 16, BHPR A 641IMHz AT, IR 8t R a1k
220Mbps. SCHR[45]¥E1T T 3T ASIC A A SCL PEi%#S. KA TSMC65nm T2, 7£ list 5tH K 2,
I E l 885MHz 414+ F , PRSI R 1] ik 1.8Gbps, % T ARM -G AR IIAELHY, IT4ERA %
FHWPEH T LT ARM SRS ST . T ARM (IR AL RIS A AE B T Ak ey i H
HE R 5T R 23 18], SCHR[46] 3 Hi—Fh 2T ARM -4 ) LDPC 5 (AL /K S 43 2 4546 i e/
FPEAE S B A 2 WA T EEA , R G ER BT BC A5 Ab BR AR ZUA SR P2 TH RS . 7 ARM A15
P55 FSEEL T 58Mbps~160Mbps (R . MEES ik, it iEis s 1A k2428 7+ 80%.

%3 AT ASICF & t9AfuiF A 5 Sk
Table3 The decoding throughput rate of polar decoders based on ASIC

FEERZE MES5TZE B fith - Bk List #ARWE 'kl R
ASIC*?  45-nmCMOS  515MHz (1024, 512) BP / 7.57 7bits 13.9Gbps
AsiC®™  esnmcmos  SOMMHZ (1024, 512)  FsscL 2 ; Bbits ﬁiggggg
ASIC!® 65-nm CMOS  955MHz (1024, 512) FSSCL 4 / Bbits  1.223Ghps
FPGABY  Xilinx VIRTEX7 1.19GHz (1024, 512) BP / 26.7 8bits 9.45Gbps
FPGAPY  Stratix4 GX530  231MHz (1024, 512) FSSC 1 / / 237Gbps
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Fig. 6 Thegrid graph of the dicode channel
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L R R A S I SR AE R AR Akt P BB R SOz IO SRR S 5 (5 T R R B SR AN IE L, RS R] AD
DRI 7 TCE G A R G0 i SR B Bk P 7 B RS AR T, A RS R T REA—FE,
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R S AR T 1 D R R R AR R LU 1k 05 TEIRBGE AR, L Kb ER SRR I T
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WE 7 BN, TG R G RIRERRBGE AR, IRE LI | detect 13 FORF T B AT S 7E— L BUR N
WISk, SRERERIRAR A IT, PR . b T AR S R 1 B R R, FEE R R &
Vit B i — B TUR B o X TURE S5 R IS8R, B G AR I TS ANE R o BRI I TTA
AU EE RSN, A CAGEE R A F R A H shE L 1E K HARQ ( Hybrid Automatic Repeat
Request ) MLl .1 % 2% i 5 14 477 [R) AR5 R M SR T 7E TS0 5 X S AL AN R i i 4l s i
FAL R GEIRIT A 5 HERT AR SR 1T L [ S TE 1 26 [ AR RSl T LAGRE S AL, A R I 5
FERFASA . PRI, SR T8 St 21 I 4 A5 45 1R A T 2 A 3
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B 7 SK-RM Afift & Ak i IR & B
Fig. 7 Thereading process of SK-racetrack memory based on polar codes
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Fig. 9 Diagram of rate-adaptive distributed source coding based on polar codes




<14 - YRR EF, RUEBHREGR 41558 4 1)

WAt n] LUA I AE 3 2] (5 IR AR X ARG B B 1R R B (RD) St ARIEAETERALYERT, 7Erif
U TICTF R, ARSI IG5 S 0 RO PR S o — 070 nl e 5 1 0 1 £ S L SR A9 LR E
73— TR WG B) T58 A RERLAS . X LeRERLAL 7 BAAT HZ A E R E X, EIRAmiSTh, FEEER
Fe4i 58 A BEHLRAS , iR s Hh g BEATL S S0 1 4l LASE B DA 52 e REALAARZS o AR AL A 5 T
Fe 4 4k o HAT BRI 0 o (BRI — P P o, 58 e 20 RIS . e RGBT,
ST ARACS B 15 IR 48 i i 7 SR O PEREAF AR BRI LA A5 18] o B X A A R A £ 5T 4 A B P REAS
HUARR L, SCRR[80] 9 Hh —FhJE TAALI I A 4 5 IR IR i A 454, FER A iy 2Eal B255 TR
Gifith, MR E S RACR RS IS BT A BURSR, SRS AR GRS e AT IOt 4 o %750k T LA
ULIAE] RD 5, ARART: T RAE A TERE

5 £ERIG

AT XA BRI 5 1 FIFTE R LSS R, XA RS BRI BREAT T R R, F %
A5 AR SREESE I 7ERRAEE T B AL AR S BT ST DL R L 7 22 R |
TE PRI A LA R A 22 A S A0 ) R 45 . W RIS AE 5G 3155 TR MBS 5 PRI, ki
RORFFFE HBEH S, BRTASHR, AR SCERXE F R BT 4T b R B 3 40 A QM S AT T T R 2 3

FEANE R, WAL il B 4 Sy i — e 5 oR . VE M HERE L R SC B s iy gts r 8,
WAL g P A AT PR . A A S RIEDEA LR T . L RS 5N RIFRE X
TS G T e R M P PR K 585 B3 T RS . A5 2 TR AL R B e 1 R L
WALZS B AR 22 50, RIG B AL s Bk v] DL S B s ik i ol 45 B B A - — 25 4 T8 ohii
(ERGIF . ST UL 255 T SR VERE | 3T B SR ) S0 7 12 LA B 05 B S 3 i ) 8
WACHS ] LRI B2 % 4l M . 2 REMEM S L REE AR AL A, SR FAEHLH S BAL
BCRIGEET 12 (E B G REIE B, XHE 8 s i 2 EE M REZE R o MAb s AR B T ik
PR HAE S RIEEMG P AEE R . B2, WAL %Rk, El—R_RE s, TAE
5 VRZS NS4 ELAT 7 N 1) LR AT 5%

S 30k

[1] ARIKAN E. Channel polarization: a method for constructing capacity achieving codes for symmetric binary-input
memoryless channels[J]. IEEE Transactions on Information Theory, 2009, 55(7): 3051-3073.

[2] TRIFONOV P. Efficient design and decoding of polar codes[J]. IEEE Transactions on Communications, 2012, 60(11):
3221-3227.

[3] MORI R, TANAKA T. Performance of polar codes with the construction using density evolution[J]. |EEE
Communications Letters, 2009, 13(7): 519-521.

[4]  ACIEALES iR KA. — Pl AT A% A6 AD i e 57 T fBL 7 {5 201710840161[P/OL]. (2018-01-19) [2020-03-10].
https://dbpub.cnki.net/GB Search/ SCPDGB Search.aspx? D=CN201710840161.5.

[5] HE G, BELFIORE JC, LAND I, et al. Beta-expansion: a theoretical framework for fast and recursive construction of
polar codeg[C]. 2017 |IEEE Global Communications Conference, 2017.

[6] FENG B, LIU R, DAI B, et a. Low complexity method for channel-dependent construction of polar codes using partial
order[J]. IEEE Access, 2018, 6: 67404-67414.

[7] SCHUCCH C. A partial order for the synthesized channels of a polar code[C]. 2016 |EEE International Symposium on
Information Theory (ISIT), 2016.

[8] WANG W, LI L. Efficient construction of polar codes[J]. Int. Wireless Commun. Mobile Comput. Conf. (IWCMC),
2017: 1594-1598.

[9] NIU K, CHEN K, LIN J. Beyond turbo codes:. rate-compatible punctured polar codes[J]. |EEE International Conference
on Communications (ICC), 2013: 3423-3427.

[10] WANG R, LIU R. A novel puncturing scheme for polar codegJ]. |IEEE Communications Letters, 2014, 18(12):



2020 4F 7 H E M E F -15 -

(11]
[12]

[13]
[14]
[19]
(16]
[17]
(18]
[19]
[20]
[21]
[22]

(23]

[24]
[29]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[39]

[36]

[37]

2081-2084.

MILOSLAV SKAYA V. Shortened polar coded[J]. |EEE Transactions on Information Theory, 2015, 61(9): 4852—4865.
bR R K2, —MAl 28K polar A% AYAS A4 1S Jik: 201710036000.0. [P/OL]. (2017-08-01) [2020-04-28].
https://dbpub.cnki.net/GB Search/ SCPDGB Search. aspx?lD=CN201710036000.0.

“Multiplexing and channel coding”, document 3GPP TS 38. 212 V15.2.0[S]. 3rd Generation Partnership Project (3GPP),
2018.

ALAMDAR Y A, KSCHISCHANG F R. A simplified successive cancellation decoder for polar codesJ]. |IEEE
Communications Letters, 2011, 15(12): 1378-1380.

SARKIS G GROSS W. Increasing the throughput of polar decodersJ]. IEEE Communications Letters, 2013, 17(4):
725-728.

SARKIS G, GIARD P, VARDY A, et a. Fast polar decoders: algorithm and implementation[J]. |EEE Journal on
Selected Areas in Communications, 2014, 32(5): 946-957.

LI S, DENGY, LU L, et al. A low latency simplified successive cancellation decoder for polar codes based on node error
probability[J]. [EEE Communications Letters, 2018, 22(12): 2439-2442.

SUN H, LIU R, GAO C. A simplified decoding method of polar codes based on hypothesis testing[J]. |EEE
Communications Letters, 2020, 24(3): 530-533.

ZHANG C, PARHI K. Low-latency sequential and overlapped architectures for successive cancellation polar decoder[J].
| EEE Transactions on Signal Processing, 2013, 61(10): 2429-2441.

TAL I, VARDY A. List decoding of polar codeg/A]. |IEEE Int. Symp. Inform. Theory, 2011: 1-5.

TAL I, VARDY A. List decoding of polar codes[J]. |EEE Transactions on Information Theory, 2015, 61(5): 2213-2226.
NIU K, CHEN K. Stack decoding of polar codes]J]. Electronics Letters, 2012, 48(12): 695-697.

CHEN K, NIU K, LIN J. Improved successive cancellation decoding of polar codegJ]. |IEEE Transactions on
Communications, 2013, 61(8): 3100-3107.

NIU K, CHEN K. CRC-aided decoding of polar codes[J]. |[EEE Communications Letters. , 2012, 1(10): 1668-1671.

LI B, SHEN H. An adaptive successive cancellation list decoder for polar codes with cyclic redundancy check[J]. |IEEE
Communications Letters, 2012, 16(12): 2044—-2047.

SARKIS G, GIARD P, VARDY A, et a. Increasing the speed of polar list decoders[J]. |IEEE Workshop on Signal
Process. Syst. (SiPS), 2014: 1-6.

SARKIS G GIARD P, VARDY A, et a. Unrolled polar decoders, part Il: fast list decoders[DB/OL]. http://arxiv.
org/abs/1505.01466, 2015-05-06.

YUAN B, PARHI K. Low-latency successive cancellation list decoders for polar codes with multibit decision[J]. IEEE
Trans. Very Large-Scale Integration (VLSI) Systems, 2015, 23(10): 2268-2280.

HAN J, LIU R, WANG R. Simplified multi-bit successive cancellation list decoding for polar codes/A]. |EEE
International Conference on Acoustics, Speech and Signal Processing (ICASSP' 2016), 2016: 996-1000.

HONG T, TANG T, DONG X, LIU R, et a. Future 5G mmWave TV service with fast list decoding of polar coded[J].
| EEE Transactions on Broadcasting, 2020, 66(2): 525-533.

GAO C, LOU R, DAI B, et al. Path splitting selecting strategy-aided successive cancellation list algorithm for polar
codes[J]. IEEE Communications Letters, 2019, 23(3): 422-425.

HU H, LIU R, FENG B. Flexible and simplified multi-bit successive-cancellation list decoding for polar codes]J]. |IEEE
International Workshop on Signal Processing Systems (SiPS), 2019: 230-235.

PAMUK A. An FPGA implementation architecture for decoding of polar codes[A]. ISWCS, 2011: 437-441.

YUAN B, PARHI K. Architecture optimizations for BP polar decoders[A]. IEEE ICASSP. 2013: 2654—2658.

DAl B, LIU R, YAN Z. New min-sum decoders based on deep learning for polar codes[A]. |IEEE International
Workshop on Signal Processing Systems (SiPS), 2018: 252—-257.

FENG B, LIU R. Efficient-memory and low-latency bp decoding algorithm for polar codes[J]. IEEE Communications
Letters, 2020, 24(6): 1236-12309.

LI'Y, LIU R. High throughput GPU polar decoder[A]. |EEE International Conference on Computer and Communications,



16 - XISRBHE, MABHRGE 5 A1 B 4 )

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[49]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

[59]

(56]

[57]

(58]

[59]

(60]

China, 2016: 1123-1127.

HAN X, LIU R, LIU Z. Successive-cancellation list decoder of polar codes based on GPU[A]. IEEE ICCC 2017:
2065-2070.

LIU Z, LIU R, YAN Z, et a. GPU-based Implementation of Belief Propagation Decoding for Polar Codes[A]. |IEEE
International Conference on Acoustics, Speech and Signal Processing (ICASSP), 2019: 1513-1517.

DONG X, LIU R, HUANG Z. Fast simplified multi-bit successive-cancellation list decoding of polar codes and
implementation[A]. |EEE International Symposium on Broadband Multimedia Systems and Broadcasting, 2019.
STIMMING A, RAYMOND A, GROSS W, et al. Hardware architecture for list successive cancellation decoding of
polar codeg[J]. |EEE Transactions on Circuits and Systems |1: Express Briefs, 2014, 61(8): 609-613.

STIMMING A, PARIZI M, BURG A. LLR-based successive cancellation list decoding of polar codes[J]. |IEEE
Transactions on Signal Processing, 2015, 63(19): 5165-5179.

LIN J, YAN Z. A hybrid partial sum computation unit architecture for list decoders of polar codes[C]. | EEE International
Conference on Acoustics, Speech and Signal Processing (ICASSP), 2015.

FAN'Y, CHEN J, XIA C, et al. Low-latency list decoding of polar codes with double thresholding[C]. |EEE International
Conference on Acoustics, Speech and Signal Processing (ICASSP), 2015.

HASHEMI S, CONDO C, GROSS W. Fast and flexible successive-cancellation list decoders for polar codesJ]. |EEE
Transactions on Signal Processing, 2017, 65(21): 5756-5769.

LIUB, LIU R, LIU Z, et a. An efficient implementation of LDPC decoders on ARM processors[A]. |EEE International
Workshop on Signal Processing Systems (SiPS), 2018: 1-5.

ABBASS, FAN Y, CHEN J, et al. High-throughput and energy-efficient belief propagation polar code decoder[J]. |EEE
Transactions on Very Large Scale Integration (VLSI) Systems, 2016, 25(3): 1098-1111.

HASHEMI S, CONDO C, GROSS W. A fast polar code list decoder architecture based on sphere decoding[J]. |EEE
Transactions on Circuits and Systems I: Regular Papers, 2016, 63(12): 2368—2380.

HASHEMI S, CONDO C, MONDELLI M, et a. Rate-flexible fast polar decoders[J]. |IEEE Transactions on Signal
Processing, 2019, 67(22): 5689-5701.

SIMSEK C, TURK K. Hardware optimization for belief propagation polar code decoder with early stopping criteria
using high-speed parallel-prefix ling adder[C]. |IEEE 40th International Conference on Telecommunications and Signal
Processing (TSP), 2017: 182-185.

GIARD P, SARKIS G, THIBEAULT C, et al. 237 Gbit/s unrolled hardware polar decoder[J]. Electronics Letters, 2015,
51(10): 762—763.

WANG R, HONDAY J, YAMAMOTOY, et al. Construction of polar codes for channels with memory[A]. IEEE ITW,
2015: 187-191.

THOMAS E, TAN V, VARDY A, et a. Polar coding for the binary erasure channel with deletions[J]. |IEEE
Communications Letters, 2017, 21(4): 710-713.

TIAN K, FAZELI A, VARDY A, et a. Polar codes for channels with deletions[A]. The 55th Annu. Allerton Conf.
Commun. , Control, Comput. (Allerton), 2017: 572-579.

TIAN K, FAZELI A, VARDY A. Polar coding for deletion channels: theory and implementation[A]. |EEE Int. Symp. Inf.
Theory (1SIT), 2018: 1869-1873.

TIAN K, LIU R. Scenario-simplified successive cancellation decoding of polar codes for channel with deletions[J].
|EEE Access, 2019, 7: 18172-18182.

JALALI A, DING Z. A joint detection and decoding receiver design for polar coded MIMO wireless transmissiong[A].
|EEE International Symposium on Information Theory (1SIT), 2018: 1011-1015.

FANG J. Polar-coded MIMO FSO communication system over gamma-gamma turbulence channel with spatially
correlated fading[J]. IEEE/OSA Journal of Optical Communications and Networking, 2018, 10(11): 915-923.

CHEN Y, SUN W, CHENG C, et a. An integrated message-passing detector and decoder for polar-coded massive
mU-MIMO systemg[J]. |EEE Transactions on Circuits and Systems |: Regular Papers, 2019, 66(3): 1205-1218.

DAI J, NIU K, Sl Z, et a. Polar-coded non-orthogonal multiple access[J]. |EEE Transactions on Signal Processing, 2018,



2020 4F 7 H E M E F <17 -

[61]

(62]

(63]

[64]

[65]

[66]

[67]

(68]

[69]

[70]

[71]

[72]

(73]

[74]

[79]

[76]

[77]
(78]

[79]

(80]

66(5): 1374-1389.

TAIN K, LIU R, VARDY A. et a. Low-complexity hybrid ARQ scheme for polar codes with higher-order
modulation[A]. |EEE Global Telecommunications Conference (GLOBECOM) Piscataway, 2017: 1-6.

CHEN K, NIU K, LIN J An efficient design of bhit-interleaved polar coded modulation[A]. IEEE International
Symposium on Personal Indoor and Mobile Radio Communications (PIMRC), 2013: 693—-697.

TIAN K, LIU R, WANG R. Joint successive cancellation decoding for bit-interleaved polar coded modulation[J]. |EEE
Communications Letters, 2016, 20(2): 224-227.

LI'Y, LIU R, WANG R. A low-complexity SNR estimation algorithm based on frozen bits of polar codes[J]. |EEE
Communications Letters, 2016, 20(12): 2354-2357.

GRAID P, BALATSOUKAS A, BURG A. Blind detection of polar codes[A]. |IEEE Int. Workshop Signal Process. Syst.
(SiPS), 2017: 1-6.

GRAID P, BALATSOUKAS A, BURG A. On the tradeoff between accuracy and complexity in blind detection of polar
codes[A]. IEEE International Symposium Turbo Codes and Iterative Information Processing, 2018: 1-5.

CONDO C, HASHEMI S, GROSS W. Blind detection with polar codes[J]. IEEE Communications Letters, 2017, 21(12):
2550-2553.

CONDO C, HASHEMI S, ARDAKANI A, et al. Design and implementation of a polar codes blind detection scheme[J].
IEEE Trans. Circuits Syst. |1: Express Briefs, 2019, 66(6): 943-947.

SUN H, LIU R, TIAN K, et a. A novel blind detection scheme of polar codes[J]. IEEE Communications Letters, 2019,
23(8): 1289-1292.

EE AL AR K2, — R TR ARSI (L PDCCH B AR E R B 4 /7 7k: 201710581198. O[P/OL]. (2017-11-17)
[2020-04-17]. https://dbpub.cnki.net/GB Search/SCPDGB Search. aspx? D=CN201710581198.0.

JALALI A, DING Z. Joint detection and decoding of polar coded 5G control channels[J]. IEEE Transactions on Wireless
Communications, 2020, 19(3): 2066—2078.

REN Y, SHU F, LI L, et al. A novel D-metric for blind detection of polar codes[A]. |IEEE International Workshop on
Signal Processing Systems (SiPS), 2018: 106-111.

WANG X, QIN K, ZHU Z, et a. Low complexity blind detection scheme for polar codes: a segmented CRC
approach[A]. International Conference on Wireless Communications and Signal Processing (WCSP), 2018: 1-5.

DAl J, GAO J, NIU K. Learning to mitigate the far in polar code blind detection[J]. IEEE Wireless Communications
Letters, 2019, 8(6): 1692-1695.

WANG X, CAO C, SUN C. Nested construction of polar codes for blind detection[J]. IEEE Wireless Communications
Letters, 2020, 9(5): 711-715.

e A AR R . — R TR ARSI 2 PDCCH {18 H Rl J5 1% 2018113677865[P/OL]. (2019-01-29)
[2020-06-19] http://www.xjishu.com/zhuanli/62/201811367786.html.

N ARABRA T ETR AL A E K 77 12 K % 45 201810195457.0[P]. (2018-03-09) [2019-09-17].

MOSTFA A, LIU R. , ZHANG C. A novel scrambler design for enhancing secrecy transmission based on polar code[J].
|EEE Communications Letters, 2017. 21(8): 1679-1682.

LV X, LIU R, WANG R. A novel rate-adaptive distributed source coding scheme using polar codes[J]. |EEE
Communication. Letters, 2013, 17(1): 143-146.

WANG R, HONDA J, YAMAMOTO H, et a. FV polar coding for lossy compression with an improved exponent[A].
|EEE Int. Symp. Inform. Theory (ISIT), 2015: 1517-1521.

[1E4& B A

X RA 197354, HIx. HF, T2 T AHALLKERE (5G/6G) . LETHEN. A £ K

W, #4355,

FhOR 1994 FA4, 1L, TE2HMRFT@ONEELE R, LKBE. FAN,
BEF 1992 454, i, T 2R T AE LR, LLELE,
3L 3% 197784, AA, AN, T 2N EFEAHE T RARE S BT GE Y,



