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ABSTRACT

For the ultra-reliable and low-latency communications (URLLC) scenario, we must support a very low block
error-rate of less than 10~ ° without error floor. The polar code is considered as a candidate code of URLLC
scenario as they have superior decoding performance especially at short code-lengths. The performance of polar
codes can be greatly improved by concatenating the cyclic redundancy check (CRC) codes and adopting
successive-cancellation list decoding. However, researches on optimal CRC length and the structure is lacking.
Since the relative redundancy of CRC is large when the code-length is short, it is essential to analyze the
effect of CRC length on decoding performance. In this paper, we analyze the error-rate performance with

various length, list size, CRC length and propose a practically good CRC length for the given parameters.
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Block Error Rate
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2l 2. AWGN AldellA (128,64) 5359 SC, SCL,
CA-SCL B3 A%

Fig. 2. Block error rate of (128,64) polar codes for the
AWGN channel (SC, SCL, CA-SCL decoder were
assumed.)
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Fig. 3. Performance comparison of CA-SCL decoder
(N=64,P, =10"°, performance is better than CRC-11
when the value is larger than 0.)
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Fig. 4. Performance comparison of CA-SCL decoder
(N=128, P, =10"*, performance is better than CRC-11
when the value is larger than 0.)
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Fig. 5. Performance comparison of CA-SCL decoder
(N=512, P, =103, performance is better than CRC-16
when the value is larger than 0.)

CRC-69] B3 4l5°] CRC-4e°l B3l $<FaA| = +
Zro] wrA¥sl, [ =329 wj:= CRC-6°] CRC—4°1] H]
3l Adubdel -5 ey Gdellx 3 B3 A
oo 7Hek o= FEd Bl o7k Al A8t &
Fol] v]al] 71 Zole] CRC #4272 QI3 7& &&
o] Zolxl AR FAE 5 gl kA CRC-11
°] 79 P, =10 *elME F-5He] diy] 71 Hole]
CRC 3% ARg-C= <l3f 38 FAR I A
A7t FEEHA vehde] 2E odellx] CRC-60H
CRC-8° 3] #shd £35 A& 7tk

9)9] AP N=128,P, =10 wj2] A%
HolFe 7 4o A e Zlols 4= glrk vk N=64
oF 2] L =8(1¥ 4(b)]] 73-F- CRC-6°] 53 A5
°] CRC-4°ll H]3} 79} Hlszabr v} 4 g=paliA]=
dl, oli= F34e] tju] CRC #3537} 2

Ash= Hlgo] Yobda] CRC-62] H58 4 9

o2}

o] Hoix|7] wliolt ole} w]SE A
CRC-6T4- CRC-82] H|@AE Zol 2= ¢jr}

=64(1% 3)9 7 =E Lo ZAx CRC-6°]
CRC-82] B3 Aol vlal $=3l=d, N=128(1
3 4)°l4]= CRC-63} CRC-82| A% Aapr} Fo]
L=32(1% 4(c)llA= A9 vls==widlE & = 9l
t} spA|uh o#3] CRC-11-> CRC-6 ¥ CRC-8¢]|
vls] B3 Adse] A3k
fle] AR N=5120l14 B & Feix]H, o]
= 23 5¢l vehd olck A L=19] A-Had

1526

‘+('R(‘! 1-CRC4 —&—CRC11-CRC6 CRC11-CRC8

2
=)
S 1
§or
el
.
)
5 . . .
5 10 15 20 25 30 35 50
(\) N= 54 L=8, P.=10"°
2
Z MM
Sy
=
g o
=4
Z-1F 4
175}
5 . . . . . .
5 10 15 20 25 30 35 40 45 50
N N 6/1 L=32, P,=10""
o
g, AA
= s
E i}ﬁgﬁ* \
o~
Z -
&
2

10 I5 20 27 30 35 40 45 50
Number of information bits (i)

o

a2 6. N=64,P, =10 °% o 4359 CA-SCL 3%

A Bla0Xtr =29 CRC-11Et} B3 A5 9P

Fig. 6. Performance comparison of CA SCL  decoder
(N=64, P, =10"", performance is better than CRC-11
when the value is larger than 0.)

5(a)) CRC Zo|7} 2he5 Aol =3} st
L=8,328 AAGTE(2¥ 5(b),(c)) CRC4E= T}
Zole] CRC 25l vl3l| & 5840] Yolzich
3k CRC-6°] vls] &4 vls=3iAY A3l Ades
7F4® CRC-8-& N=512¢4= 23|2] 71 a4
o] 2 /H‘- 0 ;(]%Js—h;], _—lFJ 349} 7Lo] A]—\:HZJ o
2 ge B-5o]elA= CRC-8°] CRC-6 HH] ¥-&
Fol ZA veldor), N=512¢4= 1
5@}7} IRlal] 1% &84do] =2 CRC-80] 23]H
o =g B3 éo S 7k vbd, FsAde]el] H]
3 ZQ olake® 71 CRCY AMi.e., CRC-11 2
CRC-16)2 4] & *&4 AslE gk
a3 69} 7-2 CRC Zolel wj2} el BLER=10"°
< 2AEh= &7 SNR[AB]S M]3t Zzjo|c} gl
28] AgAzel vixr A2 a9 63 79 7E A
& CRC-11°]th N=64,L=8< v P, =10 32¥
3yt P, =10 (27 6(b)<! 755 HA Bl
t}. P, =10 *Y wj CRC-47} CRC-6 & CRC-8¢l| H]
gﬂ a’]— /Ké“ ° 7].;(31:4 O:]O:lo] E]PT ,J_XHEHI'ﬂ 74_1,}_
2e], o F& 28 dY(e., P, =10 )elrlE 23]
2] CRC-6 & CRC-8°| B|$3A o] 93t 25
Aes 7S FlE < olrk o]e B 28 4y
M o =2 #HE Z84E 7K+ CRC6 ¥
CRC-8¢] CRC-4°] w3 28 1el|=e] 7]&7] Al
Zrel 74 A5] dxleo] WA 4 9l ofrlgch
CRC-67} CRC-89] @AM = 18 32] 7$-xr} o

www.dbpia.co.kr



T/ CRC Zolol] ME S35 ALAA Y2E K53 A5

yS|
s

s

‘ —&—CRC11-CRC4 —4—CRC11-CRC6 CRC11-CRCS8 ‘
(a) N=128, L=1, P.=10"°
T T

2 ! ! ! ! :
g
=1
S y Ry = oA
o 0 = £ 8 |
4
v
10 20 30 40 50 60 70 80 9 100 110
, (b) N=128, L=8, P.=10"°
2 | i | | :
g, ’H\y e
£ \h\;;ﬂ"e/( W
z
%

) 10 20 30 40 50 60 70 80 90 100 110
(c) N=128, L=32, P.=10"°
T T T T
Py

SNR gain[dB]

) 10 20 30 40 50 60 70 80 90 100 110
Number of information bits (K)

a8 7. N=128, P, =10"°d o F439 CASCL £3%
A5 \laqoxr}l =W CRC-11HTE B35 A5 99

Fig. 7. Performance comparison of CA-SCL decoder
(N=128, P, =107, performance is better than CRC-11
when the value is larger than 0.)

e 0 oS eloR S o A% Axpt o
ol FIF = glrk F Pl 2§ <o) Yo}
A4E CRCY #HE FEAC] 8] o #AxIch
ole} ml=gt AR 13 7ex® vehdch
CRC-4+& 347t Aofdes 1 a8 o &
olxltl. CRC-8 P, =10"*(2¥ 4(b),(c)IME
CRC-6°] ®la| v|Z=3lA Aahdl 53 %55 7Hl
o} o g of oo w AeE Y 22 AHE R
4L 7o R A5 A3kE S5 kAL oA
3] CRC-11 Pl 280] 107 "ol = B3} &
I8 A o8k AsAIEkE S53F4] X8l CRC-6
2 CRC-8°l| ¥|3l Astel 55 A5-E 7ixivt. A
o2 Lo] AAW CRC-4¢} 2o] U #& 2ol
CRC AMH-=2 3] & dHox] &7 HE 5ol
Z8lE| 31, |- 31 Zole] CRC AH-2 138 £AE
3 H3 Aol A A 4 olrk SNRel| ubE

= CRC-8°], v]axd 71 Zolal N=5129] ¢

CRC-89] Algo] 74 A3k Alelele Talg 4 9
o} s} Ankse E3) CRC Zolrh L 21 5]
] /(i

= T S o3l B 28 el
o] A3k & U= s AL A
(undetected) 258 FHollx] CRC Zolol| ujE A5
vl x| Fesjr}. w2lEE{(crossover probability)
o] pal o]z A 2d(binary symmetric channel)--
7S W, 35 Y "IAHE 5E P

Undetected Error Probability
=

f[—=—Crc- ! f==—crca “1 [—=—crca

[|—e—CRC-6 [|—e—CRrRC6 | ||—e—CRrCs
i CRC-3 I CRC-8 I CRC-8
Pl el S.ISTY —6—CRC-11 —6—CRC-11
106 . l - ] i ey,
2 ) 2 4 6 2 4 6 8 4 -2 0 2
SNR[dB] SNRI[dB] SNR[dB]

(a) K=16 (b) K=32 (c) K=48

J2 8. N=64, K={16,32,48} )4 CRC Zole] wE
FH3F CRC 94 SCL B39 n7E o7& AsHlw
Fig. 8. Undetected error probability of CRC-aided SCL
decoder with various CRC lengths. N=64, K={16,32,48}
were assumed.

K+r

Pud — E ALPL(l _p)ls”rr*i (6)

i=1

3 Fo] Awm 4, (1 <i< K+r)& F35°]

FA E3E(weight distribution)S VERAT}. w8k P
2] AMA|(upper bound)+=

o

%, CRC AHo|7} ZojA4E odnkA
AE o782 AV Jolzich
2 8 N=64, K={16,32,48}< w] CRC 2
C 1% SCL 8379 viHE o578
e vt Aol AN sejrle]oie FA &
¥ oggko = qlg %1 Zole] CRC (ie., CRC-11) A}
RC-8¢]| H]&l] %2 SNR 4]
AA vIE 5758 Aol vls=iAIARE Ak e
£ CRC ZHol7} ZojA4-= SNRol| w2 v7E o
+ A5l s gl 5 9k
s, PIAE L5-80] F8AEE Alvle] L
= 71 Zole] CRC ¥-35 Adsh= Zlo] =2 7
vk, 55 28 A5o] F8AEE Alve]2edA
6 W= CRC-8°] 7P gejxfal Aot
%, F8AE= 715wl 234 CRC Aol Al=o]

2 hu
=]
)
)
&

o
o
ﬁ
Q
)
Q
e
o loi
rlo
@)

15217

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-09 Vol.46 No.09

A T A

i
;
w

v.d E

B =ollAe= CRC #37} <A%% SCL 23 4]
CRC #Zo] @ g2E Z7]q] ul Hukael 25 A
S8 vw, BAeledth FHEol| CRC H-35 o] %-%
32 A= 7§% vzi"‘s'“%] SRR, R
Zo] du] g o 71 Zs]e] CRC #-3E A}
2 olal o8 Aol 23]H
3} Z1o]¢] CRC Ald¥le] 4

T

7F 2 L]'E]'u’é‘ sholstelr). sAul Lo] 27|l
upeh v g ’°1°l CRCE Alg3hd 0 3A44%
#o] Aale] o], ¥ 71 1o]e] CRC AHE-L FH] ©.
& ddelae] yag AR WS Ay Asht
o1413] = vehd& 2te1sielet. Asbd 02 CRC-6
2 CRC-8¢] B EQ] FLs o] B 10~ 5 Aol B
2088 vEE v B35 AT WA 7P A9

i‘

A o 5 Ssiek W, vIE eRE A B
o

HollA+= CRC ZHo|7} A= dubx o2 o
T3 A5 2T webA, FaAlEE 71
2} 24 CRC #eolo] A=l el 5= 9lrh %9
T2 CRC thati]e]| wg s3] &

a=8k ## CRC th3tA] AAE =g 4 gk

References

[11 M.
block-length codes for ultra-reliable low-
latency communications,” [EEE Commun.
Lett., vol. 57, no. 2, pp. 130-137, Feb. 2019.

[2]1 E. Arikan, “Channel polarization: A method

for constructing capacity-achieving codes for

Shirvanimoghaddam, et al.,, “Short

symmetric binary-input memoryless channels,”
IEEE Trans. Inf Theory, vol. 55, no. 7, pp.
3051-3073, Jul. 2009.

[31 I Tal and A. Vardy, “List decoding of polar
codes,” in Proc. IEEE ISIT, pp. 1-5, Jul. 2011.

[4] K. Niu and K. Chen, “CRC-aided decoding of
polar codes,” [EEE Commun. Lett., vol. 16,
no. 12, pp. 2044-2047, 2012.

[51 B. Li, H. Shen, and D. Tse, “An adaptive

1528

successive cancellation list decoder for polar
codes with cyclic redundancy check,” IEEE
Commun. Lett, vol. 16, no. 12, pp. 2044-
2047, 2012.

[6] R. Mori and T. Tanaka, “Performance of polar
codes with the construction using density
evolution,” IEEE Commun. Lett., vol. 13, no.
7, pp- 519-521, Jul. 20009.

[71 P. Trifonov, “Efficient design and decoding of
polar codes,” IEEE Trans. Commun., vol. 60,
no. 11, pp. 3221-3227, Nov. 2012.

[8] G. He, et al,
framework for fast and recursive construction
of polar codes,” in Proc. IEEE GLOBECOM,
Singapore, Dec. 2017.

[91 D. Ryu, J. Y. Kim, J.-H. Kim, and S.-H. Kim,
“Performance of list decoding of extended-

“[-expansion: A theoretical

minimum distance polar codes,” J. KICS, vol.
38, no. 1, pp. 109-117, Jan. 2013.

[10] T. Murata and H. Ochiai, “Performance
analysis of CRC codes for systematic and
nonsystematic polar codes with list decoding,”
in Proc. Wireless Commun. and Mob. Comput.,
May 2018.

[11] Z. Liu, K. Chen, K. Niu, and Z. He, “Distance
spectrum analysis of polar codes,” in Proc.
IEEE WCNC, pp. 490-495, 2014.

[12] 3GPP, NR; Multiplexing and Channel Coding,
TS 38212, v 15.10.0, Sep. 2020.

[13] H. Ju, J. Park, and S. H. Kim, “On the
performance of successive cancellation list
decoding of polar codes with various CRC,”
in Proc. KICS, Feb. 2021.

F & M (Hyosang Ju)

20179 2 AdrEdst A
237188 gt

20179 24~&A)  AAFst
I AR | R FE e A

[ORCID:0000-0002-7808-086X]

www.dbpia.co.kr



JCRC Zold] W2 F5-359] AA&AA grE 53 A5

yS|
s

s

"t X| A (Jisang Park)

20199 84 : gh=Aksdzls st
3L gAb

2020 29~3A) : ArFiest
AR Pl s P e s = Bt o
A=A

<FHltol SHAA NS, AR
ol8, FH3%

[ORCID:0000-0002-6256-4632]

£ 2t & (Chanho Yoon)

2003 29 : ek #1713
A a4

2005 24 g e A
BEATER A}

2011 84 : Sh==slr]&sd &
7] ARt} ukal

2005 29~3A : Id=AAE
Al FAlvltolad+-4 Al

<ol FAAE, Ho3)l FT vliEu; Al

[ORCID:0000-0001-6421-820X]

X & & (Woncheol Cho)

20184 29 : Ul AEEy |4
A 7z &2

20204 249 A SIS«
A ARFAGFIHT AL

20209 3Y~3HA : F=HAE
A4 A7

<FAl ol A1, AdyE

[ORCID:0000-0001-7787-1101]

1998 29 : AgtEa #17]
sy shab

2000 24 : AglEhal A7)F
shaL A A}

20043 24 : A-gfEta 2113
FEFE whab

2004 39~2005 7 : A4
A} Aded A

200641 84~20071d 84 : MkALS <ILI(USC)

2007 94~2011 94 : Adddstw A w B3t
i Fag

20114 10€~20179 29 : AT ete AR BT
g g

20174 24~ Agaoeta A R EAFEE o

<A Hol FTAEX AHo|E, HFol|2

[ORCID:0000-0002-0660-5516]

o4

5

1529

www.dbpia.co.kr



	CRC 길이에 따른 극부호의 연속제거 리스트 복호 성능 분석
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 극부호 소개
	Ⅲ. 극부호의 최소거리 분석
	Ⅳ. 실험
	Ⅴ. 결론
	References


