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Design and Evaluation of Higher Level Modulation in Beam
Space MIMO Communication System
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MIMO Alz=dle]l wfsl] Ak=ElQleh. & =Rl 1719 S5aAle} 2719] 7144AE 7[X]+= ESPAR SHEv=
AHg3le] PSK WIZ¥TE ofel QAM HWIFOIME 8l ¥ MIMO Alzgle] 7hsshths 21 ¥s17] ¢4 16,
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ABSTRACT

ESPAR(Electronically Steerable Parasitic Array Radiator) antenna is the technique for overcoming the problems
of space limitation and energy efficiency due to the multiple RF-chain. Conventional MIMO system with multiple
antenna requires a large number of RF-chain for transmitting the multiple data because it transmits the data in
proportion to the number of antenna. Beamspace MIMO system using the ESPAR antenna which has single
RF-chain was proposed for solving the problems caused by using the multiple antenna and RF-chain. In this
paper, therefore we propose 2x2 beamspace MIMO system using the 16, 64-QAM modulation and evaluate the
performance of this system to reveal that it is possible that beamspace MIMO system can use not only PSK
modulation but also QAM modulation. We confirm that QAM symbol can be generated by adjusting reactance of
parasitic elements and making reactance set and also we confirm that performance of beamspace MIMO system
is similar to the conventional MIMO system by transmitting the QAM symbol made by reactance set through the

simulation.
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Table. 1. Slmulatlon parameters.
Parameters Values
Modulation 16-QAM
# of antenna elements 3
Inter-element distance /16
Detection rule ZF detection
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X X JX, M
747 119 412.1 64
745 113 12 64
7443 §11.1 j12.7 64
-7+l 5115 j14.2 64
741 12 j15.7 64
743 7.9 -§10.5 64
745 125 i16.3 64
747 8.3 104 64
5+{7 127 12.4 64

www.dbpia.co.kr




M
Z
ot
r:{_
£
<
o
of
2

AlzwlellA] sredl Wz Ao} g7}

-5+j5 4105 i10.8 64
-5+j3 j10.7 H12.1 64
5+l 114 j15 64
5.1 §12.4 j18.4 64
5.3 §12.9 j19 64
-5-i5 12.9 177 64
5.7 12.8 i16.6 64
-3+j7 i14 12.8 64
-34j5 §12.4 j18.4 64
-34j3 j12.3 13 16, 64
-3+j1 i8.1 411.8 16, 64
-3-j1 135 26.9 16, 64
-3-i3 14 24 16, 64
-3-45 4135 i19.5 64
3.7 13.1 172 64
-1+4j7 9.9 8.4 64
-1+4j5 j17.1 13.8 64
-14j3 j19.6 15.1 16, 64
-1+j1 j14.7 17 16, 64
151 j0.8 -6.8 16, 64
-1-§3 15.6 289 16, 64
-1-§5 -j14 j19.8 64
-1-§7 132 i16.7 64
1+j7 j16.7 132 64
1+j5 j19.8 14 64
143 289 156 16, 64
141 6.8 0.8 16, 64
141 17 j14.7 16, 64
13 -15.1 19.6 16, 64
15 138 j17.1 64
17 8.4 9.9 64
3+{7 j17.2 §13.1 64
3+5 j19.5 4135 64
3+i3 24 14 16, 64
3+l i26.9 135 16, 64
3.1 11.8 i8.1 16, 64
33 13 j12.3 16, 64
3.5 413 j13.8 64
3.7 §12.8 14 64
5+{7 i16.6 12.8 64
5+j5 17.7 §12.9 64
5+j3 i19 §12.9 64
5+j1 j18.4 §12.4 64
541 i15 114 64
5-i3 H12.1 j10.7 64
5-i5 j10.8 4105 64
5-j7 §12.4 j12.7 64
7+{7 104 8.3 64
7+5 j16.3 H12.5 64
7+i3 105 i7.9 64
7+l 157 412 64
741 j14.2 4115 64
7-3 j12.7 H11.1 64
75 12 j11.3 64
7-7 §12.1 j11.9 64

30
. . - . . . - .
20
v . . . . ~ . .
1oL* . » . . . 2 .
. H - . . . . .
0
* + . . . - H k3
-10 M T 0 B . - . 0
. . S . - . - .
-20
. . . . . ‘s . .
-30
-30 -20 -10 0 10 20 30

O3 6. 64-QAM HWEE 1% x #
Fig. 6. x values for 64-QAM modulation.

a3l 72 ZF FHE v)e 483 16-QAMY
16-PSK 4! ¥7F MIMO A]~El®] BER A5 v|x3F
T zelel. 7] 7] I ZE Fal 715 MIMO

A2~ ARSERlE wfel 3o] 16-PSK WA B
E} 16-QAM HW % HF2lo] t] £& BER A%5-2 Hol
2L ok 4 g)on 30dBellA] °F 9< 10 29 BER

S 2}017} IS AL o 2= glt)

:Lag 82 ZF A& Wl& A]%ﬂ 16—QAM Wz
8l 37F MIMO A|2=¥19] BER A%5-& vehdl Zlo]c.
73] 82 HH 20dB ©A7kA]E= ¥l F7F MIMO A2~
Eﬂo] BER Ml——o] 0_'k7‘_} —?% 7ATg__ o Z 9\}—0—1/},
20~25dB7HA= 78] A3t 7o) Koz, 1 0|3
£ 7129 t}E QkEL MIMO A]2<Elo] BER A50]
o 278 & 5 9k 23 8% F8l 16-QAM H
Z9] 7|Z9] t}E ot} MIMO A|2~El3} ¥ I7b

Bit Error Rate

Eb/No, dB

% 7. ZF A& WA AL&EP 16-QAM3} 16-PSK % ¥
7k MIMO A]%Eﬂﬂ BER A5 H]aL
Fig. 7. Comparison of BER performance of beamspace
MIMO systems for 16-QAM modulation and 16-PSK
modulation using the ZF detection.

225

www.dbpia.co.kr



The Journal of Korea Information and Communications Society ’14-05 Vol.39A No.05

=3 16-QAM B.S MIMO
=== 16-QAM Conv. MIMO

Bit Error Rate

>~

J8 8. ZF 7% WS M 16:QAM 1l 3% MIMO
]/‘\E" 0] BER /H

Fig. 8. BER performance of beamspace MIMO systems
for 16-QAM modulation using the ZF detection.

MIMO A]2~gl¢] BER 5] A e 21
og _/;\_ o]

13 9= 16-QAM} 64-QAM HXE &
37 MIMO A|2=Hlol|4] ZF 7% W& AH8-3818lS
ul BER 455 H|gh Zlo|th. ¥z A7) 169014
64% Z715el w2} BER A%°] &F 6x107° A=
A3lE= AL & 4 9ok

a7 102 ZFe} ML HEWA1Ss 53l 64-PSK e}
64-QAM #%2] ¥l 27 MIMO A 2~Hl9] AJ5-5- H|
gk Aolrk. A9 el == 64-PSK WEE AMS-3)
& wje] 2efze] s, AAE 64-QAM W EE *F%f;‘i
749-2] g =zolt}. w3t 0 7|EE AME3EF 1
ZF 71221 e AR A9 Ass _/]ﬂ]%}—j’ X
55 AR 29 Ze ML 7%%% & AR 73
A5 ofrigiel 18] 109} #Fe] 64-PSK Hzn)

m

Lo i e mlo o

Bit Error Rate

e B B

10" | I | L L
0 5 10 15 20 25 30

Eb/No, dB

2l 9. ZF #HE WS APH& 16-QAM3} 64-QAM %]
3%+ MIMO %]*E"f’] BER A54)al

Fig. 9. Comparison of BER performance  between
16-QAM and 64-QAM modulation beamspace MIMO
systems using the ZF detection.

226

Bit £ mor Rate

=) 64-PSK ZF) |:
=X 64-PSK (ML) |-
—&-64-QAM (ZF) [
5| HE640AM (ML)| ¢ : : :
0 5 10 15 20 25 30
Eb/MNo,dB

a3 10. ZF, ML #% WS *F&%P 64-PSK, 64-QAM
Wxo| v —‘—7]' MIMO A|2:®l2] BER Al5H]3L

Fig. 10. Comparison of BER performance between
64-PSK and 64-QAM  modulation beamspace MIMO
systems using the ZF and ML detection.

10 r T T
|
o %
R Y ]
o 10 2a
g ) R
< N
E 10° o
101 - 3¢ -64-QAM Conv,MIMO (ZF)
- -64-QAM B.S MIMO (ZF)
64-QAM Conv. MIMO (ML)
5| ——64-QAM B.S MIMO (ML)
10 L L
0 5 10 15 20 25 30

Eb/No, dB

J2 11. ZF, ML 7% WAS A3 64-QAM Wx2]
¥l 27k MIMO A]=®le] BER A59] 2

Fig. 11. Comparison of BER performance of 64-QAM
modulation beamspace MIMO systems using the ZF and
ML detection.

*414 64-QAM H&EHWOl Aol H T2 A5 &
T 803, ZF AE H 1
<& BER A%©] i% e o 4 9k

B E=elldE 1709 Seaake) 2719 Z1AaAt
= }zl% ESPAR <leubE AHE-31e] 16-QAM Mz
HRATE 64-QAM W FHFALS- o] 83} 2x2 H] %J
MIMO A|2=8l-& F33laL 455 ¥
o) NAxARe] PdelaE WA 16-QAMT}
64-QAM A&l Fdels HARlx 3hE 2k o) E

www.dbpia.co.kr



=4 B2 MIMO EAIA~HelA e Wz A ek 57}

Ao 2 whEo] Wl F7F MIMO Al&H9] A58 gl IEEE Trans. Commun., pp. 5348-5353, Jun.

stsict. Aleelo]dE &3l BER oo #eldt A3, 2007.

a8 7% E3) 16-PSK WEE 2R3} ¥l F7F MIMO [6] B.-I Kim and H.-G. Ryu, “Beamspace MIMO

Al~dlell B]3l] 16-QAM RIS 2183192 7% system with different elements distances in

30dBllA] @F 9 10729 BER A% &S Mol 2= ESPAR antenna,” in Proc. ICOIN, pp. 97-101,

gl 28 88 E3) 20dB ¢|Ad= 7]E MIMO Phuket, Thailand, Feb. 2014.

A|2~ElRr} ek v] & BER AS-S Kol 25dB [71 V. I Barousis and A. G. Kanatas, “Aerial

o]Fol&= BER Ao 27 943} =dx|qt 7|&9] o} degrees of freedom of parasitic arrays for

Z QS ARRE= MIMO Al 2~El3 §AksE A single rf front-end mimo transceivers,”

S Hol= AL sttt vl a3 1004 ZF Progress In Electromagnetics Research B, vol.

& 7% e AHElNe 49 ¥ 27 MIMO A 35, pp. 287-306, 2011.

2Hof| 4] 64-QAM WHFHT} 16-QAM ¥HZ7} v & [81 B. Han, V. L. Barousis, C. B. Papadias, A.

L A58 Hol: 7S Falskirh ¥ 10S £3) Kalis, and R. Prasad, “MIMO over ESPAR

64-PSK W FHT} 64-QAM HZ9] ASo] o] & with 16-QAM Modulation,” IEEE Wirel.

A& elsty, ZF S8 Hct ML 7S940 A Comm. Lett., vol. 2, no. 6, pp. 687-690, Dec.

o) ] £ AL ek 17 1164 7t 7 2013,

ZHlAol| 4] B 27 MIMO HH2le| 7]1& o= gk} [91 Osama N. Alrabadi, C. B. Papadias, A. Kalis,

MIMO v Rt} ¢k 20dB o|Aeoll= =7 o] =& A N. Marchetti, and R. Prasad, “MIMO

S5 Hol}, 25dB o|AdlAE Wl F7F MIMOY] A transmission and reception techniques using

o] ©] d3ly= AL O 5 9ok three-element ESPAR Antennas,” IEEE Commun.

Lett., vol. 13, no. 4, pp. 236-238, Apr. 2009.
References [10] S.-H. Ju, “Beam steering dipole array using
reactive loading,” M.S Thesis, Chungbuk

[11 A. Goldsmith, S. A. Jafar, N. Jindal, and S. National Univ, Cheongju, Korea, 2009.
Vishwanath, “Capacity limits of MIMO [11] E. P. Tsakalaki, D. Wilcox, E. de Carvalho, C.
channels,” IEEE J. Sel. Areas Commun., vol. B. Papadias, and T. Ratnarajah, “Spectrum
21, no. 5, pp. 684-702, Jun. 2003. sensing using single-radio switched-beam

[2] J. Weber, C. Volmer, K. Blau, R. Stephan, antenna systems,” in Proc. CROWNCOM, pp.
and M. A. Hein, “Miniaturized antenna arrays 118-123, Stockholm, Jun. 2012.
using decoupling networks with realistic [12] A. Kalis, A. G. Kanatas, and C. B. Papadias,
elements,” IEEE Trans. Microw. Theory Tech., “A novel approach to MIMO transmission
vol. 54, no. 6, pp. 2733 -2740, Jun. 2006. using a single RF front end,” IEEE J. Selected

[31 M. Taromaru and T. Ohira, “Electronically Areas in Commun., vol. 26, pp. 972-980, Aug.
steerable parasitic array radiator antenna- 2008.
principle, control theory and its applications-,” [13] O. N. Alrabadi, “MIMO communication using
Elect. Commun. in Japan, vol. 87, no. 10, pp. single feed antenna arrays,” Ph.D Thesis,
25-45, Sept. 2004. Aalborg Univ. Aalborg, Denmark, 2011.

[4] V. Barousis, A. G. Kanatas, and G. [14] O. N. Alrabadi, C. B. Papadias and A. Kalis,
Efthymoglou, “A complete MIMO system “A universal encoding scheme for MIMO
built on a single RF communication ends,” transmission using a single active element for
PIERS Online, vol. 6, no. 6, pp. 559-563, PSK modulation schemes,” IEEE Trans. Wirel.
2010. Commun., vol. 8, no. 10, pp. 5133-5142, Oct.

[5] A. Kalis, C. Papadias, and A. G. Kanatas, “An 2009.

ESPAR beamspace-MIMO

systems using PSK modulation schemes,”

antenna  for

221

www.dbpia.co.kr



The Journal of Korea Information and Communications Society ’14-05 Vol.39A No.05

21
=

& F (Bong-Jun Kim)

228

-

201349 29 FEgtw Ax
ek} =4

20134 3Y~&A  FHSt
b e S R Sl ot

<Al Hol> FAEAAAE], &~

ohEgeL, EuEs]

7 & T (Heung-Gyoon Ryu)

19881 d~8lA) : Rt A
Faha} wg

20021d 3Y~2004%d 2% : S5
ek AHFE| AR SAAT

=

-

By

=]

1996 3~3A) : IEEE, IET =%
AR

2002 : g=AdREelE] sk

200811 : ICWMC 2008 =A|st&t3] “Best Paper
Award” A

20091 : SPACOMM 2009 A8kt 3] “Best Paper

Award” A
<Al FUBAALE, S4EA, BAGISG o1
BAl Al Bx1EE A 9 B4l AlE A

www.dbpia.co.kr



	빔 공간 MIMO 통신시스템에서 고레벨 변조 설계와 평가
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. ESPAR 안테나
	Ⅲ. 빔공간 MIMO 시스템
	Ⅳ. 시뮬레이션 및 분석
	Ⅴ. 결론
	References


