DEBEris

= 22-47-01-20 The Journal of Korean Institute of Communications and Information Sciences ’22-01 Vol.47 No.0l
https://doi.org/10.7840/kics.2022.47.1.188

IRS-STLC A1221S 938t Greedy <kx}3} $2HA ]

AANE ADE

o v

Greedy-Based Quantized Phase Control for IRS-STLC Systems
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ABSTRACT

A new paradigm called intelligent reflecting surface(IRS), which can control the phase of propagated signals,
is attracting attention to enhance the performance in wireless communication systems. In this study, the IRS is
applied to a (full-spatial-diversity-achieving) space-time line code(STLC) system, and two IRS phase control
methods are designed to maximize the signal-to-noise ratio. First, a semidefinite relaxation(SDR)-based analog
phase control method is devised. The SDR-based analog phase control method can achieve optimal
bit-error-rate performance while causing significant growth in signal overhead as the number of IRS elements
increases. Next, to reduce the network overhead, a greedy-based phase control method is devised, and its
achievable rate defined considering the network overhead is evaluated. From simulation results, it was observed
that the greedy-based phase control outperforms the SDR-base phase control for the achievable rate
performance. Moreover, it was verified that there is a trade-off between the number of IRS elements and the

minimum number of quantization bits to achieve the SDR performance.

#oo] = 20219 AT ISA BEAM ] Ao AHFA17]E471819] 2]41(No.2021-0-00874, Al-82t A -5 714k 244
o 4 A& 7% 3 el Aiee] %]81(2021R1A4A2001316)S Wol =38 o174
+ First Author : Chung-Ang University School of Electrical and Electronics Engineering, kjhct9606@cau.ac.kr, 39

Corresponding Author : Chung-Ang University School of Electrical and Electronics Engineering, jgjoung@cau.ac.kr, <4131
=& 1 202110-261-A-RE, Received September 30, 2021; Accepted November 13, 2021; Accepted November 13, 2021

188

www.dbpia.co.kr



=/ IRS-STLC A28l $|8F Greedy F#}3} 91440

.M 2

A A B A2ES AR 0 ) F
stz A58 Mkl FHIRS: intelligent reflecting
surface)o| A 7% 3 9Pl IRSE= A= 4
27t Sl v g Al axlEE R
TERAZ, AAHT 2P Al AAE B3l A
A7VE SHATE BER &3 S S Qo
¢]g—]8]— E/KS]% AEI—E;] IRSE 7|& B4 A28 A= 7H
AS 913l oheksiAl 8=t v gt A 2H
o IRSE A3l A §3F 2 A AR SHE
ol Fglomitel =422 i3t ®ok XX % IRS
7}‘ 2_—]1_Q.E]o—h;"ll7,8] oﬂ];]z] _@‘L%XJO] /K]/\Eﬂ "éf“% 2]
—E;H’ IRSE 383} /H z{eﬂ Z] 4 /Hl—_ 7de "é:ﬁ‘i

5 gt 15 A
5] 8= ol
oAt o] Folxl IRSE -83HH

=AY Al Azmls 753 5 oded Ad 5
AL gk FdB3l A E FAlsA, 23 A Al
AAE S1gF it el sHo] ZA] X3k} wehA
AAA QL Ad G2 Sl AL ofsicks &
o] sick olE s3] flsl, 71A=(BS: base
station)°] F7}22l IRS & Ad =4S —.—f‘f}jﬁb~
IRS A $PAloE AAs, o] 5 IRSE AF3h=
FHo] o] FoizIck o]zt IRS SIAle] A% 74
= AA vE 451 SHox] ewF =R Ag3lEE,
AA| dlole] AfeF SHelA s AskE dod &
ek S8, ‘Eéi Al Az o] FolAl difR
IRS 739, e¥sl== qlg A5 A} Alzsl =
Huoz #Alxql RS AlzE AAE $3 Fo3
A Al L g

3hl, FHd 7k vleAlE] o] 55 ol A1EA
-3 3HSTLC: space-time line code) 7|%o] Al
QP> STLCE 7| Alamouti F=fa % o
2 AB7 B2 58 A A el A
§ 7Psqt clolulAe Aeleh % SARke F49
Ad AFel] 2 H(CSIL: channel state information)S &+
&3to] STLC QlZHS Fashn], Al <
CSI glo] A1 Ao o clo|uAfE o]
o] ou;] ;qi/\i,g 15] 81_1:]-. zﬂ‘ﬂ quol 041_\:_
gk STLC Alst 725 Zgalo], vhegh A|~
STLC7} A&=glet. ®1A] o ARgAlE e
STLC Al2=8) 77} vp A= g2, gl
2] A% ek BAPE 3 Zo71E 289 92
Al AP TISE STLCP} A48 wh gl 224l

oA Fad FAl Alz=gEh Pl STLC7F #4855

bl e g

r
re =
B

ruﬁ

T

\o
40,
2,

o o ot

A g

=

ol L
p

of

_u.4

oft m{ﬂ =

F|h3}el= IRS Al S AASlAL IRSE A=
t}. 4l SNR - FHuiE} EAle ZRE 1x2
IRS-STLC Al o A8 037} 5= |gie).
wA, QAN = 2 RS Sl JHeR
SDR(semidefinite relaxation) 7|9} opd =1 &JAkA]
o] 7|3}, & BAER SDR 7|l £l 455
3 0]= unit-modulus constraint relaxation 7|92 A
skalsich AWk IRS obd= 2 $lAkAle] 7S NV
o] 71”"/:\*1 WAl AR HE eW=r) F53)
= AP Qlek o)E arEsle] APl emEes
Zo]7] 17 IRS =13} $14dAle] 71HQl greedy 7]
vk Al 7S Aljsksic

B QAT 7)E AFPNE s, oS4l ot
e} IRS-STLC A28 541 SNR FH )3} #4112 3
i3t} H]E ©F-8(BER: bit-error-rate) A5 H|2L
77}, SDR 7|MF opd@ 7 $]AHA|)7} Mx 2 STLC
Al z="lofl A = 441 SNR< FH38l= 23] 24
7198 gelslde). vb, greedy 714F kA1) $14)
Aol 71 4-H|E o] kow ofxlstsfolit SDR 7]
Hh 9akA|e] gl =dshe, BER A5o] 3319
o} IRS fl*WM A% enfsl=s ey f4dAal
A5 vlaE 2, A2 dlole] AbaF medls Ao
3laz, SDR3} greedy 719F $°dAle] 714-& wlaghck

2oy A3, No] Sl whet greedy 714F 9144
Aol 7He] SDR 7]4F 9A3Ale] A& 5718,
N=4002] tH-F{- IRSeA 1-H]E greedy 7|%e]
A dlole] AE Asol =S gl v
2o 2, SDR A5 ES 93 H4 oA} vE 5
5 Falgt A7}, RS 1A 2AF 59} greedy FAF
3} U] E = Alo]ol] EF o] = @ Z(trade-off) FHAI7} A
HrE Felslsdek

H =rellA AR 1S o 7ol AE
Cia= b AR 7 i = e A
A A 12|x B4 g Aabs vzl ®
F2UA F QiRelck L& Nx N 9] 3H
gkl [z | & ®E] zol oIt Euclidean norm
oJulgke}. Re{z} et Im{z}2 22t &1 WE] zof
gk A AR HEl e} S AR wEE oelgh

nd
o p
o=

c

rulo
o

tlo

-

II. IRS-STLC &Y Ql Al gl

21w =&
a3 13} o), M 7N A1 qHlUE 2= BS7|

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences *22-01 Vol.47 No.01

&

Lo X UE

wittt Two receive antennas
Blockage

BS

M transmit antennas

32l 1. IRSE 243 M <2 STLC A=H 2
Fig. 1. IRS-aided A< 2 STLC system model.
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