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ABSTRACT

In this paper, we proposed a scheme to maximize the performance of binary polar coded higher order
modulation systems. In general, polar code is designed under an assumption that coded bits are transmitted
through channels having equal reliability. Unfortunately, polar coded bits experience different channel reliabilities
when transmitted with high-order modulation schemes. In this paper, we propose a scheme to maximize the
performance of binary polar coded high-order modulation systems by optimizing its constellations. The proposed
scheme offers a better performance compared to conventional scheme and demodulation and decoding schemes

developed for the conventional scheme still can be applied to the proposed scheme.
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Fig. 1. system model

1238

www.dbpia.co.kr



i
M
>
=

j
—Hz
}o(f
i
o,
ol
(o)}
E
o,
i
)
o

HIE i =0,1,-, K~ 17} &F=c}h oJ7]ela] 19}
I+= 7—1‘7# 3% Ed 1E9¥ AH mEg] e Aghe

A F 25 AdA wkale] wlel Ax=c)
B L{TOHH% nlelxie]o} A AAl 719 [4]% Bt
o8 o} I <lEls A3 Feisivh

2.2 16-QAM HiZ=7|

Qlefedl® £30] ¢, k=0,1,--,N—1 -2 73] 2
ol Wz A% s = {sfsf}oll AR 5.9 &
b AE (In-phase) sio}  AHmsF AR

(Quadrature) s+ 2] ()3 vepd 5 glch

Sk = {C’4k-7c’4k-+1}

J— 4 4 J—
50 ={¢ o aprsh K=0,1,1,

N/4—1. )

a7 2004 at= dubEQl A9 1019 o 3] 91
Mgl wel B9 ARs A RS MSB
(most significant bit)2} LSB (least significant bit)°]]
W 75 v =] Al wr} ul Al ek £ el

1* 16-QAM37Jr o]zl = RFZ ALgsls A El9)

52 Fohsksly] Slske] oo 9132 HAHstehs 7|
Hs% Alqriel,
0 si 8¢
N
1000 1100 0100 0000
L ] ® -3 [ *
1001 1101 0101 0001
L ] [ —+a ® L J
| | | } 1
-3 —a a 3
1011 1111 o111 0011
® . —=a ° )
1010 1110 0110 00‘10
3 . +=3 @ )

a2 2. 16-:QAM AAE
Fig. 2. 16-QAM constellation

II. Rigtsk= 718

16-QAMellA] E14F At 2|ans)ah Al 2zt

x3 xz xl xO
10 11 01 0
—r—————— ¢ —|—& ——————o—
3 3 _a 0 a 3
U u U

J2| 3. 4-PAM AAE
Fig. 3. 4-PAM constellation

38 33} 32 4-PAM (pulse amplitude modulation)
07 23T 5 9lon 4-PAM AlET HiF oUAE
12 AAs] Ysted A5#3F Q5 (normalization
factor) pE ARESIGITE 714 pe A (3)3 2ol
vehd = glck

(32+a?)/2 - 3

ubEel QAT (a=1)9} vlaslE® o <19l
73-5olli= MSBell W€ F-35 v|ES] A &rt 4
3 g > 141 79l LSBel| w3 H35 H|EQ]
A= =7} u‘i‘@v}. w2bA o2l 3hE W7dste] MSB
o} LSBell #j%d F35 v EEY] *@E ﬂOl% =24
& 4 ok MSB9Jr LSBe] wj% 5= H|ES9
e wERe 7 [t L2 UrEM% k«l z}o]
=4 (4)3} o] Yehd 4 glom

h— 14, =H,—Hy, 4)
HyZ} H 2 717 MSB¢} LSBell wi=%! ¥-3 n]E9]|

ZAF JERS (conditional entropy) & WERACE
H\7F H-& 27 2] (5) 2 (6)22 Akt of7]e]

A Ply) = ﬁexp(—%)om 4 @
RG]
095 | | | //_—

0.9

0.85 |-

0.8

S 075

0.7

0.6 -

0.55

0.5

0o 2 4 6 8 10 12 14 16 18
E./No [dB]

a8 4. _EF/]VE]C’” = ]i\I:[LE ‘j‘l'—é‘ﬁt a
Fig. 4. a satisfying 4, =1 versus E/N,

1239

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-08 Vol.43 No.08

~ (6)= °]&3to] Al=Hlo] A8k A% of AhaH]
(signal to noise ratio) °3 el e} 4, = °] == a
el S1AE 2S¢ Sk a2 4= R HE oY
2 o Akl E/Nell vt 4y =42 af SIAE
vepdl Zloln] of7le|x E = F-5 H|E & elz]o]
ol 23 4ol BRlek 5 9l ule} o] & E/N,
delli= a=1el4 43} 12] Fte] LAt
A s delld= a gtol 18} 2R -5 MSB
<} LSBell vig% 35 W =S AsAgnske] 5

e 2 olek

B el e Aljkske 71l s ERIsk|
SlaiA N=1024,40963] 735l thste] zb2k 3
£, Ro] 1/2 ¥ 1/3¢] = #39} 16-QAM HZEE
ARl AlEle] R ESE ABs Elslgler 1
A= 19 5, 63 vk F 5= nlepate]of AA|
WAL o]-83te] AAIEIgor B Ao R 2l
E =717} 4981 CRC (Cyclic Redundancy Check) <3
A B35 ARt

O% 45 53 & 5 s vk 2] dubHal &
zZb edodellA= o Fhel 1XHco} 2R 79 MSB9}
LSBel| vi%l F5 v|Ee] ks A weko] Fdslzl
oh weba] Fso] Ho] 2 Hsfol wEl A o
Fh ag= 2] 1A 13} 22 79-2] o ghell ot
HESE Aes glslgler 1 Ade 1% 5
2k M EQE 1077 Fgolx 9] Ae-g Istst

a s A71 SIEA (VR)e]  (1024,1/2),
(1024,2/3), (4096,1/2), (4096,2/3)al 735l oj
slo] E/N, S 27t 5.5,6.5,5.0 18] 6.0dBE A
Asla ik ARS Faslelon o7l Be A
H BB o ouA|th 23 5el4] B 4 9l wlet
o] AAF Alglol|A] arefdl BE 9ol dnbEsl A

fr o rfu

[e5

o, mi

10° T T T T T T T T T

t ——N=1024
I —%— N= 4096
¥ s ‘ —=R=1/2 |]
10 6 o T --=R=2/3

a2 5. a Fol W2 HELE A% (V= 1024, 4096)
Fig. 5. BER performances versus a (/NV= 1024, 4096)

A% (a=1)F AHSHE 350l 1Sl a <18 4}
Fok 45 A% Wle] Sl B BN
a,

B S DT

| | | |
0 1 2 3 4 5 6 7
Ey/No [dB]

a2 6. Al”keR= 71He HIELS A% (V=1024,4096)
Fig. 6. BER performances of the proposed scheme
(N=1024,4096)

Hy,=— /m % [P(y\:co) + P(ylz,) ] X logQ[% [P(ybvo) + Pyl )]

_ /°° % [ P(yley) + Plylz,) ] < 10g2[% [P(yley) + P(yl,)]

— oo

Q)
dy,

H = /:D % [P(ylzy) + Pylzy) | < logQ{% [P(ylzy) + Pylz,) ]]

7/00 l[P(y|:c1)+P(y\m2)}>< log,

4

— 0

1240

Q)

1 [Plyley) + Plyley) ] | dy,

2

www.dbpia.co.kr



E=EjolA F 52 913 16:QAM AR E H A5}

5 AH8HE 16-QAM WIE Wk o)x] =

Ak A52] e F)l Aolrk Aljleh= AJAtwEe]
A4S o e 28 5004 &EH o 2 A3k
5 60ll4] B 4 Qli= wiet o] HAs s
AL 7 dukAQl A AHshe en
t} HlECS 1078 SAshE dddld rR=1/2¢
= 2k 025 dB, 0.5 dBS] #3 o
ov p=2/3% W& 27} 005 dBO| 5 o]5S
A& & vk 27 604 FIF sl
HIEQ S 1078 sk B/N7E s AT
o]5¢] t] Trlshe A& E]ls 4= 9lrh

I
(o2
2,
[o

v.d B
E =l olF 5 H-39} 16-QAM W WA
& AMEhe AlEle] AE FlFsl] Slsked A

AES HAshe 7T ARkl erd oS Al
e 58l Flslole 5 e S Al ee
WS Sl s HIJ} Ak 7PLE° A

2k W xe) °4%j6}°4 F%L 75 Erx%] | gl
71& 7HEY A NEE aE §X)5kaL =
35 ARG F5 vES AT uiEsk=
e A= 71HEe] AltE o & atellA]
AT = ‘4;(—]§],3}._ HlokS- xﬂo}g]_oip]. /\-]/K]—t:oﬂ
ez Aol wE T3 v EL] AFEE E]1s}
7] $18te] MSB2} LSBell ¥ -3 vl EEe] A}
SARS Ao o]F Fd dubAel B

I YRS Tusi Y58 1Y ol

Asisiet. Alkehs s AHshe 739l
= 715— 7T FAE Bx Y S e AR
% 9lom Agkel= 74 % 16-QAM =t oz}t 1
Al Wz 7R oAl 5 et AR AlAwlell e

sasl 48T

o
=

i

References

[1] E. Arikan, “Channel polarization: a method
for constructing capacity-achieving codes for
symmetric binary-input memoryless channels,”
IEEE Trans. information Theory, vol. 55, no.
7, pp. 3051-3073, Jul. 2009.

[2] C. L Ionita, M. Mansour, J. C. Roh, and S.

Hosur, “On the design of binary polar codes

for high-order modulation,” in Proc. IEEE
Global Commun. Conf., pp. 2044-2047,
Austin, USA, Dec. 2014.

[31 D. M. Shin, S. C. Lim, and K. Yang,
“Mapping selection and code construction for

2™-ary polar coded modulation,” [EEE
Commun. Lett., vol. 16, no. 6, pp. 905-908,
Jun. 2012.

[4] I Tal and A. Vardy, “How to construct polar
codes,” IEEE Trans. Inf. Theory, vol. 59, no.
10, pp. 6562-6582, Oct. 2013.

[51 K. Niu and K. Chen, “CRC-aided decoding of
polar codes,” IEEE Commun. Lett., vol. 16,
no. 10, pp. 1668-1671, Oct. 2012.

0| O} &l (Arim Lee)
2017+ 2% st AR
E}\]J—-@‘]—J,]. b‘]—/\]—

20179 39~ - Zdosta
AR A
=]

o
<A Hol>  EAIAAE A

R

U P, 2FAE

X

oy
o

ok

(Donghoon Kang)
2009 24 : st 7]
A RFAZI At
20151 84 st Aw
EAlEEta Aubastabd vt
AL
> . 20151 99~2018 6 : 2
1;].]%]—*7 2] _H;_Ex‘lo‘:_]?_i o‘:_]%Od
2018 64~ : AR AL AT kel
T
<ol eRAANS, vAd EAl

1241

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-08 Vol.43 No.08

2 & E (Wangrok Oh)

19941 2 : EFIHEtaL Sf
199711 244 : Rt AjAt
2003 8 : gL WA}

ot

2006%1~2010%] : Sl

20109~20154 : 233t AR EAFs)
20153~ A : s A rgAlysl) w4
Il BAAE A 9 T, SFAANT

%, MIMO A|=¥l

=

N
o
%,

1242

www.dbpia.co.kr



	이진 극 부호를 위한 16-QAM 성상도 최적화
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 제안하는 기법
	Ⅳ. 전산실험
	Ⅴ. 결론
	References


