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(57) Abstract: A MIMO communication system and communication method, and a computing device for performing same are dis-
closed. Disclosed is the communication method according to one embodiment, which is a communication method in a multiple-input
multiple-output (MIMO) communication system comprising a base station device and a grid antenna array installed on the base station
device and having a plurality of antennas arranged in a grid, the communication method comprising the steps of: detecting a user ter-
minal by transmitting a pilot signal via the grid antenna array and receiving an echo signal corresponding to the pilot signal from the
user terminal; and performing beamforming by activating one or more of the antennas of the grid antenna array on the basis of sensing
information obtained in the step of detecting the user terminal.
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[129]
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[133]
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[135]
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[139]

2 5 QlTh EE, A A) AR AL whdke] 912 MEQ] g 2

di = |[dysin®cosO,, dysin®;sin®;, djcos®]T = 2 yebd o= gt o]
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AR og sd e Mg P4l o5t A A2 Gy mA A 18] = AL
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9 AuANA ) A2 (E, A8 To] o Faiy] Ao §17 9} o) 53 F AA
2] A el thge] 53k 9%} o] A& 4 Yok
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j&
E
N

D(®,0,¢".0) = Vfde - dy? - 2dydy(sin®sin® cos(© — ") + cosPeos®”)
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[141] z: O XLXH “~(multivariate latent varialble)2] ] &

[142] Dyrlqlp ): o5 w3 pe B ¥ X g Ae] 9] KL(Kullback-Leivler) 71 2]

[143] g, : A AREAF ehke] A4 91 %] g

[144] 794 1004 L5 W A HA &2 KL 712 £48 et i, 5 w4 &
2 A -A) 222 (reconstruction loss)S WEFE 4= )

[145]  <71A, 712 HE 9§l - o] 52 AR} DP“LOH M|~ AT g &2
=l W A Aol T % A e E7F ok whebA, Al LS4 3 ol A
Wk SA e Axsh st W E o5& olul, AL A Bl /el E A
A4 2H3F O B A4, MIMO &4 Al 225110009 A 52 FEAI- 5= 2l

[146] MIMO F4l A2 81(100)8] A5 A5+= 871 7814 112 Y = gt

[147] (7754 11)

[148] o e Gy = s DD = 110

[149]  Gg: AR&AF o] ol Aol Ho §l A& o] 5
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[152] 14,715 DEHICN HE 2} 7F5 4]
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[153]  ©171A, Gz Gy E (82.0,) o2 vetd 5= At

[154]  MIMO 541 A 28l 100)4 Qs A5 A stebr] A5 B4 $haei= o
128} ol verdl 4= g1t

[155] (77514 12)
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(1571  P:WER S fl&l dad 1u= 58 FAds) 5] s1d AL A H
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[163]

[164]

[165]

[166]
[167]

[168]
[169]
[170]

[171]
[172]

[173]

Z\Z3ke] W £¢ ] A Y@L e =g DYk Ao d A
) dSetE A2 714 gt 2ES E e 5 vk

%38 2ol o AAlefel] upE /17 sk g S o g bl m
oltt. & 38 Fxshd, Al 717 85 EE110)2 A= W (dy (¢.0),(p,0)°0 7]
z5to] A" A (dye,0)E ASstES nhdE 5 Tk gk A2 7] A g
7 212002 4 MFPa,0000(0,0)°1 7138t AHE)E o S8t 5
nheg 2= gk,

%4z 2o o AAjeol] e A1 1) sk mle] A4S vhehil mwlo]
o, & A A ool A, A1 7] A 45 2> VAE(Variational Auto Encoder)®= 7~
2 2= glont, ofo] 4 H = 51 ofch,

545 Fxstd, AT (12)E 9 F MRl E 5o, 4 (@.0)F 9 ol U]
olB] # X9 Ht(w) R FAHo)= AFESHL, FAk o)l AE § mol=w)E wE
% Far ot tlske] Al W) AR 4 Yok tlm(123)E A A
£ o= ol ATAE A (e, enE A5 5 Atk AVA, A ©G(2)=
AP B g o ()04 AR B2 A d 5 ek AT " A A}
FEE

1}{@ @}{{i}%ﬁ}ij‘]ﬂ k) :]; % Z,: 0114_
ALZIA e BR2000 4 R 52 Al WS 2 Ee T, 25
A M2 A FAE A8 E o Zas AL theo =8k 1307 LhER

A
T 3

(_rfﬂ-)\] 13)
zwﬂ{dg(@@ S84 (1~48)=v)

dgfti} @ = dy{(®,0) 08+ Fz) & {1 - §)

©: 24 " 54l (element-wise mulitiplication)

d: 7] A" mp

A1 71 A g5 (12002 v 82 142 48 5 9= 21 -5 (log-
likelihood)E H T3} & = 9}

(_rfﬂ-)\] 14)

log pis.e)(di) = log E,y[ps.e)(di|z)]

M

7|, 812 145 H A glst 7] 7F o] 7] Wil ¥ 5=E(variatonal
TT‘:_LSL:(pOStCI‘IOl‘ conditional

interference) S ©|-23Fo] th=F4 ol AL =74

distribution) = g4 oy (2z|d;) == B, pra ey (dilz) & S5 270 X
(likelihood conditional distribution) = {F5=3Fo] A1 7] A 3+5 E.9(120) 432
159} & 3hehe 7-8h= A o= H A3} o 5= Ao =, Al 71 A st 2 E(120)

o B4 g4 oh7] 34 152 vhebd 4 9)



12

WO 2024/106947 PCT/KR2023/018372
[174] (&3] 15)
[175]

[176]
[177]

[178]

[179]
[180]

[181]

[182]
[183]

[184]

[185]

[186]
[187]

[188
[189
[190
[191
[192
[193

e e e d e

log pp ey(di) 2 ~Drrlqe oy (zldi), p(z))
M%wﬂ&‘g 3:; ﬁ;‘i {..?.: ﬁ;}{h}%ﬁﬁ ‘@ ﬁ}{dfg E%
z: X]—;(H
d: 18 = 01 g o] ote v} 9} AF8-2) v 7o) A €]
i{}g}}{g{;?@)(dg): ((I)}E}) kol A 18] = o g o] ete v} oF AFEA} vt 1kl 7
£ YJHo R 5 %S v 21 9% (log likelihood)
Dy (glp): &E 3 pok &5 & ¥ q AFol 9] KL(Kullback-Leivler) 7] 2]
“?{@‘f@";(ﬂdﬁ): f:if)’? (-3}’} Hbgkol| A g, 0] o] A2 uf) A W (z)ol] #3 &E
3
p.e)(diz): (p,0) kol A Al My (n)7F AR E 0 g,0 #HE E P
E[]: &% [ W dlolH o A 4h& ot g
T2 1500 A, 91 Hd 3} shd log pro. ) (dr) y = st g A "ok

o] 71 A, A M) E 2= prypuE A A A FE} SFa 7FSA| o B B npE
thar 7EA sk, 28k A) 159l A KL A 2] &4 JDAL(*Y{@ & )(z{d;) | @@ (2ldi)) =
Dy (N{p, ¥° }if‘f{ﬁ NCE A & 7 A drh pe= 8 "o 15 AxKE

AAr oA EF¥ k= Ba HAHE YER 5= 9t o] 2% v=N(0, DE e
T Atk =, w0 L:OOM 1 Abol o] Rl g ghed o= Sl

whebA, AL 7] A ot RE(110)9] AA S4 2 KL A g SR 3 A 4 9
oz At 4= 9ler, o= MIMO 541 Al =51(100)2] A7 3 &2l 34 <]
A A SE S usgE o= Qd Tk ofol], ok, 109] Al H B4l FHA ol A
B 22210 3l7] 9] =81 163 o] MAE 2 gl

(TE‘P/J 16)

e

4
1
1(9,0,9,0) EZm +log(¥?) — pi* -~ ¥?)
e
1 P

,@maggﬁ @ (di(®.0) — di(d,0)]
2t

YA

g: VAEQ] Sl T A 8 3sl= 1
w: VAEQ] Q1 F ol A &85} H o
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©: 24 " 54l (element-wise mulitiplication)
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[194]

[195]

[196]
[197]

[198]
[199]

[200]

i@ o'y (©,0) BN el ol do] ehelviel ALg} v gkl A} 4

A

wheb A, IH A ARE 2 ©hdo] 9] X]of] whE MIMO 541 A| A~ E1(100)9] &4 & 5
i [e)

7] 82 172 FE A
(_rtﬂ/\] 17)
I'{$, 6,9 .0 ) = argmin I($,0,.¢ .0 .d)

(«’Z}{@A@N {:‘)”}
1) 104 Al 71 A gt ZE(110)9] &2 AAHE VER AT

Algorithm 1 Varigtional Auwtooncoder for sensing user location
and complete data distribution
Input: dggéﬁ @} {% ©),6
Output: dy (&',0 ), ey 08+ (1 ~8)¢ %ﬁi;{ij{} é??}
}m{iﬁhmuﬁn dy( B, O), (£.0),8.d; (&8
i: while I},..($,©,%".6') function not converged do
Find: m samples d; (D, O) from {dy(®, ©; D} 5
find: m Lid. samples 2 from prior, {2()}]);
Find: wm i.id, samples v from N(O,1), {#(1}}77 3
for ¥j € m do

26 }gyg zi’ ﬁr}ng@-,{,{dg{é; YA ﬁ!ﬁﬂg (ié)

iiz{‘iﬁ e AT {’w o (1)) using (131
Evaluate constraint: {i?u} and {Wf}

Calculate: {ngmm 1{$,0.¢",0":d;) using eq.
{ib = g{; f@ }

{10}, and (16);

1 end for

11:  Compute {ti} 9} gradient using (16) :
g (,0)+ L Z VB, O 1ossl®, ©,8,0');

12 Cnmpuﬁt (@, (‘“‘}) gradient using (16} :
g(®,0)« L X‘?t@* OV 1o (®.0,8,6);

i Perform smchmtlc gradient descent (SGD) to update
parameters:
{*‘i} é}}} i (D, %}} + oy ¥ gy (&, {’}’,}
w} {:}}ﬁm ({Ii {%) b £, sc:;,{\fi* {‘3“’%

14: end while

15 return o (PO ) and 08+ (1~ 80 di(®,0)

WO =i 2% AR e L be
%% we  ws wx  wm am €& ax

T

A1 71A st EE(110) A2 @ido] A& 7wk e & A 3 2 2=
78] Y & et 18] = QFEH Y of 8] 0] (104) 2 7B ARgAF dhika o] 7 2
E ATFAE F AEE I e F 19 1 ~73). Al 71 A g5 Z((110)
MIMO &4 A 2=81(100)9] H A3l &4& ALtsta(@argl s 19 8 ~95), Al
AR A A T 71E7] SHHE AREste] w7 E o) E s (¢l
255 19 11 ~133), A7 2 S oA Al HE(d), ' (9,0), 2 AT
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WE(F(z)E 7|02 ALgA o] A48 A E vEskst = loh&arg] s+
19] 15%).
[201] Sk, A2 7]

[202]

[203]
[204]

[205]
[206]

[207]

[208]
[209]

[210]

Al g E (1202 A1 71 A g5 ZA(110)E 53l o S8t A
TA A E Ve 2 H A o] LY B, tHWhE 2 steted H e
gt A& o Sato] e & = T A A Ao A, A2 7] A sFE EE(120)
GRU(Gated Recurrent Unit) 2.2 A 2 4= It} & 5= B b o] A A A o o)
wE A2 71 A g B Eq](120)/] T4 & YER = o] o}, GRU(Gated Recurrent
Uni)+= 945, A Aol Er), X AHCIE Aol E@)7t = A4 R vz &
o= AdE
A Al E(r)= A el A& H8l] 71t = ol d A AEY & A
Ak 7 ot ol E Alo| E(z)+«= A el 7 el shd sk ol d e &
AHE Ao @ 4 S1E. 2140 A o] £t §1Hlo] = Aol £yl F9 € 03} 1
Abolo] 2h& Zhi= Aol = 843 g5 b= bl A Z(fully connected
layer)®ll 2|8l Al&2 4= 1T} GRU(Gated Recurrent Unit) = 3]+ A El(h)E ¢ H]
olE &t7] ¥ &l st7] 5h4] 183 Lol wAlE 4 9
(_rtﬂ/\] 18)
he=(1—2)®he + 2 @ hy
2 A7 toll A 9] 3] & AL E]
: Al ZE 100 A 2] 8] = A
Xﬂ2 71A g BE(120)2 W E o] Qg d S o Sat] Al 82 194

2]
28 H 4 At 2 xH(Mean Absolute Error: MAE) 9} & =24 3145 712 4= Q)

_4

d

g

> |Predicted value — True value]

MAE=2321 @
Number of data points
A g1, g, g} GRUBEE s e dlelel g
25 A2 V1A g Bd(12009] 2 AaHE YERd A

ofm e 4= gt} &ary]
°]
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[211]

[212]

[213]

[214]

[215]

[216]

Algorithm 2 Communication Resource Allocation Algorithm

Input: dy,. & .0 PVl e L
Output: &, O, P*;
Initialization: Neural Newwork Parameters:
i+ while (Episode == Maximum} do
for Vi e Ldo
if (Training == True} then
Evaluate constraint: (12a), (12b), (12¢) and (12d)
Calculate: Mean Absolute Error using (19%
Save: Trained Model Parameters;
else
Evaluate: P~ from Trained Model;
Caleulate: X P (5in®){cos®),
Y = P*sin®)sin®), and Z = P {cos®)
for beamforming in (X, Y, Z) surface;
10: Obtain: Target Oriented Holographic Beams
abtlizing X, Y, and Z in (X, Y, Z) surface;
(58 end if
122 end for
13 end while
A2 71 A g5 BE(120)2 H o Aol L 2AHMAE) Al4HS -8 8
5 AAdstan(dard] 29 5~6), A2 717 g EE(120)F 53
(P) B7bekar (X, Y. 2) FHOIA WEL L 913 2 HE %L )
(&a1e]5F 29 8 ~ 105).
A= A A ol ol ahel, B4= Al o] Abg A} w4l B
A sk £42 Haststel $4 4%5S FYAL 5 QA Aok £, Al
7| 74] g 2l 53 *F‘lx} DP“H o] w}% AF-g-2} ek of

wos oWt

stol WEW A LT

)

= .
6w e A A o w}% MIMO &% Al =gl e] 4 Wi & vhEk
A

SR S04 ESEAAE B AE S5 NS AL el 7143
For RIS Rl SASE ENE WA FADA, I G AR
of G e E 71k, ARFE AL A EAS R Lyl of S E AL, i A
97 e s ovou A% #h ] 2 5 2

T 62 F23PE, MIMO 541 Al 2~ E(100)2 18] = ?_PE% L} o] e 0](102)E &
HdEl AT = %ﬁé}ﬂ AR Sk 2 HE 98 Azl tf-gEf= ol Z AT
= Q
= [e)

AREAR WS AR 4= QLUK 10D).
t} &0 2 MIMO E41 Al 2~ 8(100)S AF42 92he 741 5H= B4 ol A 851
g AR 7] Zste] “e) = qhE of glel102) ow o o] erel b 24
SIATA MRS 38 57 UTH(S 103).
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[218]

[219]
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A B 2(18)5 ¥t} T2 AM14)E AFE A (122 St F &

| A A Q1 A Aol whe}t F 2 st 5 o 4 Qlvh, ol 21 of], SR A A (14)
7Hs A v A (16)ell A4 sh o)l de 2RO ES AP
fuf ol de] T2 IMEL st o] o] FE A3 7k W E o
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a1

[7d - 2]

[ 3]

[7d - 4]

A8
A B =i e I B O I P e B [ B R R A S| R i o 2 AR 74 s A1 R
e o dd 22]= oty of gl o] & ¥ ¢}5H= MIMOMultiple-Input
Multiple-Output) 521 A| 2~ 8] o] 2 Al HbH 0 72 4],
271 2= jbeEIY ool & Bl A Al
2HE A7) L8 A& of-gshi ol Z 4l
kS 7hA] op = v Al B

7] A @Ee 7 sk Ao A B 5 A4 A Bl 7] Z2ahe] 4
@] = A

<
<

7] 2 = QbE|L of gl o] 5 shut o] o] QtEVE S SAA I EH &
Tt GAE E5tst, 54 WHE.

73 100 Qlof A,

A7 RIER & st G =,

A7 2N A = Aol A AL 71 A shE BEE o] -gato] AV ARg A e
o] o]-gol wE F7] AR ko] A A E AP E dSets dAE
it T4 WY

73 200 Qlof A,

71 AR E A8 E o Sehe @A,

A7) 1= QEEIL of glo] &} A7) AREAF v 1ho] A H AT AR
chbo] ko) Zh )t A 7S A1 Al 71 A ot B E e ko] ] AL
G2 o] o X oM 4] 12 = Qb of #l o] 9f 4] ARgA}
i o] AT E AYE SRS o, B4 .

78 300 dofA,

A7l Al 7NA g REE, 121y 2 Y=Y E 2 3eHE VAE(Variational

Auto Encoder) & ©] 50 #] a1,

A AL A B ] B S 6] oo ofd) BaAE e E
2,
(G4

iﬂ‘g ?f?i@ﬁ}{df} :”Ei MD}%{L(Q{@{@;}(zldf}hﬁ(ﬂ})
+E ”'wmfj;ﬂf:sg Pa.0)(di]2)]

[
' eyt
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10g pra.o) (di): (@) A 12 = of gl o] Qe Lo} ARG A} e ghe]

AL E Yo7 53-8 u &1 9% (log likelihood)

Dyr(glp)y: B8 32 p9 &5 WX g AFo] 9] KL(Kullback-Leivler) 7 ]
H

(}(ﬁ,f*@s}(zidg): (2,0 ko] }‘1 ] 01 Ae XLZH %Zl:(z)oﬂ 73t §j—f

= 9 5%

= ] e

Po.e) d;lz): (@,0) 3ol A ZA M z)7F AR E | g, &3 &
v

Ell: %35 [ 3 dlolel o] A7 ghe Tahs d4

[ 73 5] A8} 400 Qo] A,
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w VAES] Q15T ol A &4 O}L 1

j:VAES] /IAU 2 fH ¥ = jpd A A&

§:7] AAE afA~A

©: 24 " 54l (element-wise mulitiplication)

dy(®, ©) (0,0} oI A 12l = o elo] ehell s} ALt vk 2he) 7]
d(@ 0y (@,0)F A T2 gl Qhelihel g} v 7o) A)
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