6G FAlo|Ael <¢tely A &% 7

A7

—_

o, Ak

g
of)

AHEZE MIMO A28 3% £4]

{gykim7, nhkim, todghkfsla, bjlee}@inu.ac.kr

Antenna Fault Detection based 6G Multiuser User MIMO Systems

Gayeong Kim, Nahyun Kim, Sukbin Jang, Byungju Lee
Incheon National University

A T4 HEZAME AR Al ZE A

9<% (multiple-input multiple-output, MIMO) 7]%& &-&o
StElIUE A}83la W RF NS Q7 ofef, Al2=El EL),
Ry 8% S78kA "o 2 =dAe <tHY 2% 94 Ve 53 2 <Y Zge] o

MAE A% dskE Aug,

I.4 &

5G @ 6G EA A2®Eo = DauE s (mmWave)
9 g E22(TH2) 9 22 153 gide gl
ggs 93 dvE tEYEE(multiple-input
multiple-output, MIMO) 7|& &8&o] e A4S 43
Atk [1]. = MIMO 7]&& v orHUE
&

st uwhgl <tely Ad A Eo] Eolxa 19
E A B vlgo] FrtetAl drh mgh QbEHG
Astozg <3 A4 AE Ad¥ AHX(channel state
information, CSD9}e] EUAZ A& vFAEA
MIMO AlZ=®lel A 5 d3p7t dAgic [2]

2 =EdAE dEly A% 2R 7 skl s
Aw s <tav A% 247 gEsAREA MIMO
A28l el vAe TS EAg
I ¢ely 23 74 71 %

2 oA <tav A% 9X Vs %S AHE

319 dAFeAE= Hd wlE StEHY A <tEY AF
L./}_‘:é g5t HAAE 7ES Agkeith 4
# A 3} (particular swarm optimization, PSO), ¥l
A (pattern  search) Z|HE gt HFEo}
A A ZHS vtk (4] " 7]¥k otelY
A% &4 71HE Ackstth Aqtd JHLS A AE
T AHEE AR Fd Aol At A AT o)
Zhol A5 BxE S 2 AFE gusit, Hd
vl ot oA A3 Al (convolutional neural
network, CNN) UEQIE &g &= #HE % 3
25 J <gEd AF 9AE @A) <dEy A
g2 o]Sel= At UJS FHosta AHE dl-§ol
AAH] 28540 A=g o] " F A ek
Eia=
. <Y Ao wE MIMO s B4

A2
b e M oA Ba wHuE Ags
A se] Wl otHUE ALgetE K Wel ALgel]
ARE  AFSE GEASA  SgYa xS
e deh koA AERelA e Al AEE thed
7}

O

k

m

y=HOF)x+n €))

&8 o

dole] AEEW A ol52 BT + Ut oFw
| FEwn gtk iR MIMO /1% F= 94 e
& o orHlu A% 2o shmsel Al wE §
FAHEA MIMO Al 22 510]

LI T8
Antenna DD.D
Fault .DDD =

Communication
excluding antenna
fault elements

Antenna fault detection
using pattern search
or deep learning

Mismatch between
channel and CSI

[ INormaletement [®]Faultelement [ |removed element

29 1. gHu 2 @R wE CSI YA g3 Wt

= [hI,hL,- RE]" e M = Q9 PHola h, €
M = k WA AREXe] Ad WEoth x=
[xg, -, xy]T € ™t = FRA9E] ZACE[|x]?] =1 )9l
o) Astd £ A& #Hgo|th, aElal n=
[ng, -, )T €CMt & EA TRe-AIRE FHSE otk
(n~CN(0,62I)). A2 © &= olthvt2 s5(Hadamard
product) o= Z& AV F dHo A& H FS
gttt F=[f],f5, -, fx]T € COM = <t} A3

(

=
Ar Ahe dendn kA sl crend Ag
AR M fi=[fin o fum) €CVM O ZE A B
v 2o [3].
_ (0, if the m-th antenna is faulty
fiem = { 1, otherwise @)

otelv} Ast o4Vt 9 A fi=[L1,..,1]€
CxM ol Zro] AW T3, <HelY Aghe 9o
Aglte] sF=7] wiEed RE AREzre <Y Ag)

Xé—]#— Hj]Ei"\_:’ %%_]6‘]'1:]' (f1=f2 ="'=f1().
el A% 91XE A &A% A, 29 1 3%
ol <HHU A3 4B AW FE AY 4PL

TAst] A|A"HS 83 4 o) 79 otHuY A
247 = A, AE FH H A otHY AF
QAE AYsta Aol Ye 842 FAHI HI1

33‘?3_9* H e ¢K>*M=Dojg} g},
AEE AT W, # dE Ad
$}(Channel inversion, CI) 7]H<& $2AdolA
AAs7] 3l ArREE Ad FHe FAF
Fath o] 7]yl

wmma

ol

ol p= HH(HH")™! € CM*K &

18 A 18
o X & ofx



AAZANE] S AsuE xe e ol

Ps 1
x= —=—HY(HH") s € C" 3)
Vv Wy
A7 s =[sy,,s¢]" = QAM T WxE 713 AR
#Efo]1, y = || HIHH) 2= fFulote] A% 98
olg-Ht) F41 A5 &
1
y=—(HOQF)HI(HH") s + n @)
VY

2 gdfc. ddl 24 AAE FE) @AW
A%, %R WG 4 JYDEe P=H
CH-DKz AT F4 AEWE x9 £ A5

1o ,
X= —=—H{HH")s e CM-Dx1 5)
Y

HHY(HH") s+ 7 6)

<N
1]
~<|"‘

Stelu}  Agle] iR MIMO  Al2gle]  mX| &=
QS Fosr] Y8l 16 x 128 ©EANEA R A
Al2=Elo o] HIE o #&(bit error rate, BER)¥}
A 2] % (throughput)S  &9ls3itt.  QPSK  WHze}
Rayleigh fading <] 3l&AldS meslgich =3, Ad
FAH LR/ WS sl H=Hy +H,r o 71 A
F4 oF EAS ALtk 97X H Heg, Hepr ©
AA A WBd, FARE A Pd, FAH oF dES
YERI T H,,, o &4% Wit 0 o|a #4to] g2,9l
=y A BIXE @EY. gy 23 ARE vy
ra Ade] 44% H2H65t+Herr e A8kl
2

il

A, ctely As ¥vE 20%9 A$EZ 1y
E 98 D <ty Adto] gls wWlo Ad FWE
gto] WA= W QeI ©X AHT}
g 9W3 3) <tEHL Aol S E
3 $A ARE AHEs| ofe A5 Ad
Iy 2 v 944 7iss Al 7HHA
) %S| (signal-to-noise ratio,
R

SNR)®| @24 BER & dlassich 2)9 49 D

QPSK W=xE Ab&dh= 16 W AR&Atol
grEa o 7l Al
Aes vkt 2)o] 4§
Qbelvh Aol glol LA AuFsS BolF= D
uet s 43tz AAA
=

Iv. 28
B E=RdME <tEy Zsk €x & 53%S
ok Aslo] tFAREA digfE MIMO
)= S B39 oteu A B
ARE gl otely fx BT ofEE g3l A
Qtelu} Al Ads Al=¥l 88 T F Is
Aoz Jgidct. wEA, 7€ B4 A=y Ad
4, Ad gd=w, 9y xst 5o EAe <ty

3t
o

A% BA 1Ee Agstel dHd Al BAw
AEE QAR FF Fe A% ol Az,

10° f T T T
e .
107"
1072
o
L
m
1073

Clw/ antenna fault, w/ antenna fault detection information

-4
107 @@= Cl w/o antenna fault
=== C| w/ antenna fault, w/o antenna fault detection information

107 : . ! ! : : ‘ ' :
15 413 11 9 7 5 3 A 1 3 5
SNR(dB)
a9 2. 16 x 128 T}F AMEA 3lFH A A| 2 A 9]
SNR e w& BER (¢4 23 v & 20%)

32
—. B - O— © ©
8
S
2 315
c
©
=
o
2
2,
=]
£
5 31
>
[
£

=== C| w/o antenna fault
wefill== C| w/ antenna fault, w/o antenna fault detection information
Cl w/ antenna fault, w/ antenna fault detection information N
30.5 - ! . :
0 0.05 0.1 0.15 02 0.25

Antenna fault ratio

a9 3. 16 x 128 TFF AMEA} 31FH A A| 2 A 9]
ey A3 v g9 w= A=) (SNR(IB)=0)

ACKNOWLEDGMENT

2 97e FWNEARTAR 2 ARSA7EYrtA
HeHICT A AlEAg o] drdstz 3305 (ITP-2024-
RS-2023-00259061), A5 (FHet7|=H RN Hhdoz
g AT AEe] Ade ol FdE A7 9(No. RS-2023-
002524).

FaEd

[1]1 H. Lee, B. Lee, H. Yang, J. Kim, S. Kim, W. Shin, B. Shim,
and H. V. Poor, “Towards 6G Hyper—Connectivity:
Vision, Challenges, and Key Enabling Technologies,”
IEEE/KICS Journal of Communications and Networks,
vol. 25, no. 3, pp. 344-354, Jun. 2023.

[2] P. Zhang, L. Gan, C. Ling, and S. Sun, “Atomic Norm
Denoising-Based Joint Channel Estimation and Faulty
Antenna  Detection for Massive MIMO,” [EEE
Transactions on Vehicular Technology, vol. 67, no. 2,
pp. 1389-1403, Feb. 2018.

[3] N. Boopalan, A. K. Ramasamy, and F. Nagi, “A
comparison of faulty antenna detection methodologies in
planar array,” Applied Sciences, vol. 13, no. 6, pp. 3695,
2023.

[4] K. Chen, W. Wang, X. Chen, and H. Yin, “Deep Learning
Based Antenna Array Fault Detection,” [EEE 89th
Vehicular Technology Conference (VIC2019-Spring),
pp. 1-5, Apr. 2019.



