2020

o

AWGN Ad& 71A

:g_% 1= al

T, 1

16-QAM9] A= A3}

HES, A4

o
o

Aot A7 AR TN T o] B4 FEA T A

{smhongok, hoon0337, wj2dy, sckim}@maxwell.snu.ac.kr

Optimization of 16-QAM Constellations with AWGN Channel

Seongmin Hong, Jeong-Hoon Park, Doyoung Ham, Seong-Cheol Kim
INMC and Department of Electrical and Computer Engineering , Seoul Nat'l Univ.

8 o

-2 16-QAM(Quadrature Amplitude Modulation)] 7} W1A] 71-9-A10F 248 oA H|E Q {85 7)413]
At A A3 g AASAT AAE £88F7E BE5(Convex) Y-S SH38HL, ol AE o Fav

34 %= (Constellations) & EHAH 3Tl 16-QAMS] /g9 v &g AL
o] HE S FE&S HAES T

Z W Z(Quadrature Amplitue Modulation, QAM) 41 &7 * I ° °
2 EEo|A Fe) AHEEE Wz o]tk QAME 9 2 ;,"
1S o] g8k, WET §de] WglE o] &8t a4 HH 2
B8 gi$AIZIh @A AHEE I 9l QAMS AEES T ® . e e
o2 x50} glo] 7hehgh whA o 2 ¥ % (Demodulation) 7} 7Hs 8} I
A 823} HE 9 F&(Bit Error Rate, BER) #3041 2] 24 v ¢ M ¢
[e]

s AE dAl AR AEo] wiAH &
sl A9 AeS Hdlgsls WHS AAg.
B # ¥33 HZBit-Interleaved Coded Modulation,

£
S
K

R
(mt
re
uj
SO Rl

#Aato] QAMS] s s A %SS4
Abdol A A E Fal A7 v 2leh12] ey BICM 23 1 16-QAMS] A =

E = (y +13)/4

A ] TS SR, QAN A A AL E o) 190 AWaNS £ 2ol A ga, (30 olsto) 43 v o
o g A7 m o]l vt gl IR
B RO 16-QAMS) AAEE WAAA ALY W heale g e Db A
2(Additive White Gaussian Noise, AWGN) A HE ¢ 742 2 P= %x lerfe(y,) +erfe(y,) +2erfe(2-%)
e A Aoletn, £5 A48 24U FHA £ ojg 4l 41+ 3, 3.+, @
5 o 7-8v)(Signal-to-Noise Ratio, SNR)ol thal Aol £Alo) a2 terfe(—5—) —erfe(—5—)]
TE39 16-QAMS AAEE AAGY HE QFE, AE 0FE o] W erfel 7He-2 03} do|n A (3)7 7ro] AojHTh
(Symbol Error Rate, SER)¢] XS w3t} ely) = b -
eric \/» .
Y > 1,022 A (D HEHES We 02 Aol ¥ nde %

7h 16*QAM94 o*c} E%‘ 3} k= A= 4 (4),0)9 2

N minimize P,(y;.y,)
Y1y ER

0<0<m/4

0573

subject to Yy, =24/ cosb,y, :2\/Esin€ (5)



2020

CERE P EEERES:
9 43t 2AH 25 HA3) BAlo)) 918 FR2AL, BE 09l o)

2

P,
TR T IS W > 08 WS sleldk o) A
2
(6)7(10) 9; o] 7t g ol Aot
@ (y,) = 24/E,cos0(1+8Esin’) PG
e —erfe(y,) »COS pSin -
& fe(y,) = 2/E,sinf(1+8 )2 (@)
e erfcly,) = 24/ E, sin Ecos \/;e
d? Y1~ Y: ,
e —erfcl( 12 2) = \/E,(cosf—sinb) @
- , 9 7(y|;y2 )2
X (142E,(cosd +sind)?) \/—6
7T
d? Y T3yy, .
e —erfel( 5 ) = VE,(cosf+3sind) 9
. , 9 7(.7/14;3?/; 2
X (1+2E,(3cosh —sind)?) \/>e
™
& 3y Ty, . .
e —merfe(———) = /I (3cosf +sinf) w0
9 (3y.2+y 2

X (1+2F,(cosh—3sind)?

of i, 4 (6)

\/;e

10)9 el5ke] B B2oly] 98 $E2AS BERT,

o) 16-QAM 3% A3} EA 9 &4
B EA7E 25 HAg ZAolng, HAE T
o B/ Nyl w2 HA 5] yz/yl—tan = l‘jé 2 ¢ 2t}
Conventional> 57+ #i219] QAM 34%=2] k2l y,/y, =1/3 °]th

034

0.29 —e—QOptimized
- - -Conventional

0 5 10 15 20
Eb/NO [dB]
28 2 ¥]E" SNRell B3 16-QAM A= 243

E

of

o
i 02 N
—?I—‘ mh:

S

Aes SR wiAshs 719 16-QAM A2 AA?
7 Eas 7S W HAoltt. st Ey/

to

QF7L WA M) @

3
£ 0|3 ol ME OREL O BE F ¢
b

[N
o At wle

e
&

7t w2 BfeE VS AR
2l

o
9 o] wf el QAM A=l

(96)1& B/ Nyol Wk 29 3 7 26 72k B/ Nyol ek 109 Al gelo]
A 93, WE 27gdl tlalA olEde] AR AATE S5

o 2 zel= e HeEpisith

100 F=======—====——--mmmme .
<
5095
©
14
5 Y.
2 o9
1]
Q
2
®
< 985
o« —A—Relative BER |®
—e—Relative SER
98 : : : : : :
0 2 4 6 8 10 12

Eb/NO [dB]
E o SNRell Hig A} S8

HE Q783 A% o8 25 Jth4 e 99% Aes wol=d], o=

=10 16-QAME] A A2 2E M ool 1% Hadt

= ojnfo)t}

m Z2e

B mfol M 16-QAMS] AAES WEHAA AWGN A delA BlE
F&8 AAstete EAE A9, 1 BAF B2 A 5ele Y6t
Ak w3 ofg] E/N, ol sl A8 =E8 Wde ANTE A
o, 574 AE dib] HE &8, 48 2 FE&2 o 1% /Ad

ACKNOWLEDGMENT

0= ] =215 2A gl skl A5 E.

F1EH

[1] J. Zoellner and N. Loghin, "Optimization of high-order non-uniform
QAM constellations,” 2013 IEEE International Symposium on
Broadband Multimedia Systems and Broadcasting (BMSB), London,
2013, pp. 1-6.

[2] Arim Lee, Donghoon Kang and Wangrok Oh, “Optimization of
16-QAM constellation for binary polar codes”, The Journal of
Korea Information and Communications Society (KCIS),
vol. 43, no. 08, pp. 1237-1242, Aug. 2018.

[3] Dongweon Yoon, Kyongkuk Cho and Jinsock Lee, "Bit error
probability of M-ary quadrature amplitude modulation,” Vehicular
Technology Conference Fall 2000. IEEE VTS Fall VTC2000. 52nd
Vehicular Technology Conference (Cat. No.0OCH37152), Boston,
MA, USA, 2000, pp. 2422-2427 vol.5.





