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ofel ¥ Arldle] HFdH Ao} FAQA AEAH AoJH-(400)= thyFE MIMO Al=8ell M vh4=e] TToT W (U
E)3} 71A]=0(BS) Atele] EAle] T&EA] & o7 fAdE & %
(ARTP) = Hdf 8 AHZFARIP)e| 7|wkste] oux] agHom AR AEd9s} ey d
gotes .

B Aol e AARBS)S WhS delvkE Egskel, W ¥9 sl vk 4e AejsEA KAl ol
SRR HelHE $54% + drh. Telm KA [lol BB BF shtel wal otHluE Eehs
Aoz Fpgart.

e, AEAdE AojF-(400)= ™A AFHY d3H(410) B tPa AEdE SH420)=
F3e g Advk. ¥ AFAY d-R410)= Hd 7 A UARP) == Ho .7 A2FORP)ol whet
%

a9 R Ay 2954200 4R AEdE d3FU10)edM 2gE AR dEdHed met 7]
A= (BS)ol K7He] TIoT G2 (IE) = F4 A s A thedd d5d48s e,

AR AEQAY FIFH-(4100= B A AAF(411), B SINR S F-(412), 9F A SNR E2AH(413) 2
AT A5 HEFUIHE TFF 5 At

S B AelF AAFUIDE KA ol SR dole A%< Uehis B Ael@(Tpur) e A4
Atk o7]A EL AEE AFRGIDE VG uheh gol, BFE &7 AFURIP) wE A o A
ORTP)o 719keke] B4 A1) (Tput )& HEE 5

Bt 4 AYFURP)O] 71shs 45, 6 AeF A4%UIDE K9 [lol Be(UB)o] FHAow §%
dlofab tlolE A4&S B AB(pur) oz 44T 5 A, W, Ao 27 ALBORP)G] 7)ika
A%, B AP AATUIDE Foid 87 xdeAe] £9e & Qe Hd doly AFES B4 A
(Tput) 0.2 AAT 5 ek, % 8] B AR AAFUIDE Fola zdolA 7Fsd Aol A5t 4

=
54 (Signal-to-Interference and Noise Ratio: ©]3} SINR)E WA AFstar, AlLtE FHol SINRS wWE o]

Ni
e

I
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[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

ZIHSd 10-2022-0030568
B AFEs B A (Tput) o= AT 5 Ao,

EFAL SINR ¥ R-(412)= B Az A5 (41D oA A% e AelZF(Tput) S WHHAIZ 5 = g8 4l
o 7S 7Hd¥](Signal-to-Interference and Noise Ratio: ©]3} SINR)(SINR,)S ZAA 3T},

olwl B SINR ¥EH-(412)= B Ae® AAF-(U1DAAN Hot 27 A ZFARTP) ] 7]ubste] Rl A 2]
(Tput)o]l 2AE 45, 249 e AF(Tput)& HHAA = = B SINRSINRD) = 24 et

S B AR AAR@DA Hol a7 ARORP)e] Awelel 870 A (Tput)ol AAH A9,
sARY =

S ALY HNE (scaling factor) = B A& (Tput)oll 7Hstar, =A1YE HE (scaling factor)”} 7}
H e A= (Tput)S WHEAIZ 4 A= B4 SINR(SINR)S AAT 4 vk, o714 A SINR 3

(412)7} He) 27 ALFORIP)O] 71urste] A48 B4 AR (Tput)el 2ALY BEE Az e 3
5 A el

Agel mebd B SR WERUIDE B 8T AUFRIP)A J1wee] B AL (Tput)e] 44H B
=, 448 B AR (Tput)dl 2799 AE AEstel B SIRGIR)S 248 += 3.

# Ao s AT 5 Yx 3

OE

W SNR AAF(413)= B2 SINR HHE - (412)014 AA " e SINR(SINR) O Wt FAHEHE J8A A%
SH] (Signal-to-Noise Ratio: ©]3} SNR)(p )7} "2 AAE Ao & AHAI SNR(p ) S 23 IEH3)
Ho 318 482 SNR(p ) S Z2H3E A5, Hd 38 AF3 SNR(p )= BEA SNR(p )= A

2 & 2 m o2

WHEF(414)= ™A SNR AAF(413) oA F7he]a A" JF SNR(p ol whet 4= =
e dE93 AFEHA9 () 714 d9gF(100)2 Aggct. ool 714 di9gF-(10
A (p)el &3k &Y Ao (Transmission
g3 4= k. F 71A=(BS)S A" d¥A A
I e, KAMe I1oT @ (UE)2 TPC W&ol <

(p)oll W& A7I= g™ F4 ASE 7IA=BS)ex A 5 3

Power Control: °]3} TPC)
S48 (p)= TPC HWHOoZA K/l 10T \_‘?—J}(UE)E %l
=

af AHE A" A

&=
ofgorn, 7A=(BS)o] At vEPa AEdH (p)ol WE AVIE veda $A AEE K9] [Tl ©&

ANl e HEHE As AT el 0T BRADE] BEALE FAsolse delEl 05
Jsha, A B AeFe e

o,
i,
{
w E
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[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]
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#8141
Gé[gl gK]ECMXK
A7 gz € CYYe k(k = 1, ..., K)¥WA 1ol SRS et Y e o,

a2jal oA dlolE Ado] b 26 we mEgE 5 gl
T84 2
= \/pdGTx—i—w

A7IH y (v € CK)= gope) [1oT S (UR)ell 42218 21 A% WMEo]il, p= 1ol whute] 78 dedo] ut

de AEE deda SR, T AX 4he dehdd. aea xx € Ce A19=69)9 W el

el A Aol Zelmgd 98 weelx, wiw € CHe ge wyold

i v e g A9 Aleke 71AS(BS)] L aEH(300)oll M M FElvR Q17bE= Y Ao Zea
gE ZYad A5 98 AHE 7ter 34 3os A" § gl

T84 3

Ex'x] <1

o714 E[ - 1= 7IHAE e, t+= o ZnE & (hermitian matrix) (e Zd X 34)S e,
1A= (BS) I KR 11oT ©HE(UE) Atele] A (G) T kHA I1oT @ (UE) X 71A=(BS)] M7/l <telu oz

o Abelel A WE (gt FoH4 4% mdEE & v
7314 4

gké\/ﬁkhka k:177K

4714 Bz 7IskehA Ao 2o =W A= dolds REYsy] A% diatR slold Aselal, h(h, €

A
A aame A= by oy

CMye aitm solds FAshs dioltt. oo o] 2|
gom AR Hold Y FHMS 5H FY ¥ (independent and identically distributed: i.i.
= | =

zt= YAy do]d (Rayleigh fading) & R
[ToT @ (UE)S] dlolE AHE(q € (CK)O] 0 H ¥ (zero mean) ¥} ;
(uncorrelated)ql Ro= 7FAsIH, "oy HE(g)dl thE thed Ao digh e A2 $32 52 e,

. ) K _
v 7F$-A1ek #-S-(uncorrelated Gaussian noise)(w € C )& 53814 oz e},

do
M
2
=
=
=
<
o
=
o
=
(@]
(¢}
o
>SN
=]
=
0%
ac
ac)
X
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[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

#o4 5
Elqq'] = Ix
754 6

E[WWT] = IK

A7 L= K 2k

o2 4ol whet 3H2] 19] WHe] QtHUE Zie
72 xdd vt
T4 7
1/2 1/2
G=H- dlag{ w5 B ]
7120 TR MIMOSIA 9+ mRbA R, 2 ANdoME tgeEg Zgmyge ddgg J)FE A
signal: RS)Z 7|vte 2 S84 4 o},

K 7He) TToT ©2Z(UE)S 7143
= (BS)S] MW <telVE A%

Mean-Square Error:

A FAMS A ARG 5

ECREED

erde

ES
H #3]olid 2 7k (coherence interval
atiL, 71A=(BS)2 AEE K] 71E AZ(RS)9
o]st MMSE)E Altste] sHold Ad FH M) o 4
flom®, 7]# = (BS)<> MMSEe] 7]wksto] Hold Ad AHM) 9] +

ZIHS3d 10-2022-0030568

714 = (BS) 2 K7He] TToT @&H(UE) Abele] AHE(G)2 43H4

(reference

Yt oWl K9 71 AERS)E 71A

H2x FHd A S x(Minimum
gD 853 5 ot 24 Aol
=) S

g 53,
dutd o g R MIMOO A= Hd ¥l & (maximum-ratio: ©]3F MR) E2ZA|X~ Hi= A2 XA (zero-forcing: ©]
3t ZF) I Axe wel TPAYPS =3t} 53] YR IIoT(UE)9Fe] AZ2e APsl7] fsfide MR Z2A
27t T Il v ettt 4EA drt.
ol MR ZjF o] FH = FATE Mg, ZYIEF(300)A4 FHHE ZgPaY 252l 48 dHx)E
e 82 XdE 4 Aot
7844 8

w—1/2. 172
x=H DﬂTﬁDTI q

~1/2 1/2 —1/2A . =1 1/2 8 4 12 172

o714 2he a e i DY e apay Dain Zdiag (Il Mhil']  0F* & dingnf® )
no=ng, o, ngd = O 932 A8 Ale) AR, e B2 A8 Aol AS(n)E #8499 F A A
oF 21§ whEsjopnt gkt
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[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

ZIHSdl 10-2022-0030568

n € (0,1 and [[n]|; <1

o714, I - I = ll-norm ¥5o]t}.

k] 20 48k 89] Y WE(x)E diYdstd, F8k] 29 41 AT WE(y)E 8] 1002 T 13dE
T Sl

#8410

2E]al A 102 v ek 1R wedkd o gl

Yk 1/2
mr H D
A7|A Fy & ATH & et}
FH, KA ol SRR A a&4de 98] A5 B9 eR AFdhe 71E AZR)E AT + glo
o, 71% AER)E AL YEAAE K9 [1oT 9(IE)L thge] 8oz FiE mdavt gy, o)
e d o2 Kl [1oT @ (UR)o] LS aFo2 FiEE Aoz 7Hgsitt.  weba] K9 T1oT @ (UE)
Z4z2re (1 € 1, ., DHA 259 j(1 € 1, ., DHA IloT W= (U D= E389 = Jvt. gz 7t

[ToT ©HH(UE; )3 71410 (BS) Akole] wiafi slole Al5=(B; el whe} hqti Hold FH(Q)S 34 129

gol BAY 5 Atk

314 12
Bii Pip - Pir
Boi Bp - Bor
Q= . . . .
Bri Bix - Bir
e 12004 ZF doll dldsts 11T @2 (UK, UE;., -, UE;p), & LN 25 1loT @22 A= A s}
= 715 AZRS)E AMgstar, ZF 8o gt 11oT W (UE,,, UE,,, -+, UE; DE 43 7]& AT RS

Aggh. ol L) NG FHEASE AE Ase Al ST

o714 2t s (Lol EFE = TloT FH(UE) S s Mz Adold 5 gloy, o A5, LA 25 & AW
[ToT @2 (UE)& X3t 1579 [loT DH(E) AT (A7X= T/HE 7+ ]

ARl FHES 022 g d = 3. = otk dojd FH(Q)o] L

s Hold AF(BIE 022 A& 5 AUt

A 77 AZ(RS) AAFESEAL, MMSE] whel AdS FAske A9, 1HA 259 jUA TloT WZ(UE; el o

ftllo
e
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T84 13
2
TppuﬁjJ
A]’l pr— Y],lﬁj,l — L
1+Tppu Z ﬁj’l’
[0100] I'=1
[o101] A71A i 1A 29 jEA TToT W2(UE; ) 41 SNRelaL, 1, & 715 AZE[RS) dol& yepdr).
[0102] gl gl AdgA 71% MERS)7F AAMEHEE A9, o A the ¥3 SINRY FARIER, MR 2339
TaAzs} 7F Telmy TRAZ7F 448 ewa SRS 247 94 14 B 152 38 5 itk
514 14
MR.dl _ MPdY 1Biam;i
SINRjJ' - IRl RV R
1+de/l ): ): T?/z/+MPd7]1/3]1 ): njr
[0103] l’#
T84 15
SINRZ
_ (M —J)pay;iBjimj,
L J L
1+Pd(ﬁj,1_7j,lﬁj4l)lzl Zlﬂj’,tf-i-(M—J)Pde,lﬁj,ll): njr
' jI: /:1
[0104] U4l
[0105] A7 nyy & 1WA 1F j WA ol WU Dol digh A48 Alo] Algrolct.
[0106] a3 eI F4 AT 7zt =8k 169 whE JE de AlFS mESsforyt o,
T84 16
J B
nju =0, and Z Z 1<1
[0107] j=li=1
[0108] = K7l9] IloT @& (UE) Ztztell digk = Ao Al(n; )+ 00]7Felofof 3far, K/ e I1oT @& (UE) A
gk dg Ao AG(n; )9 g 1o]ste]ofof gy,
[0109] stH ™A 7l AERS) 7IRkele] R AdS FAske difE MIMOE 7] A& gish W= s
Zo]7] Yo gutrog A& FZ A (Time Division Duplex: TDD) REZ 2 &3kt TDD EEol A Z} 3]
e 1) F AHA 7IFE AZRY VE AE AE F0(ryel SFEcta sHHEtE, doly 2AEE
AEste 70 1. - 1, 2 FFE F vk, od g¥a 7IE AE eWEEE 1,/1. 2 AAEn
[0110] wetd T AAEY 8 (spectral efficiency)(SE)-& 438k 172 AAE 4= ).
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[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

SIS 10-2022-0030568
514 17

Z Ay ( ) log, (1 + SINR{")

1714 SINR, & i WA 110l ©te] Ui the® A SINROI R, x = B4 0% A3 A% 745E 1ol ot

+2 el 24 715 geolt. g3 (& dolE A4S 9% theddd ddw theda Agns

Ueha, ¢ & dlolE A4S 99 g s d9a 496 s ey, thega A49u ()9 9

3 AL Fe 10= ¢+ Dol W ggast oy P30 59§ Ao duEvin spgeid,
5 =]

$23 Agu ()9 99 ALu(LHE BF 0.

o

° 7%, K7l IloT ©(UE)9] A2 (Tput)& =oH4 182 A4t 4= Qlot.

514 18

3>

Tput = 0.5B (1 — %) log, (14 SINR?)
C

MR, dl ZF ,dl

o714 SR & E}% 3 SINRZA 7]A= (B9 Zglad Z2Axo] upgl SINN - E&E SINN S 2 75
of A" 9oy, BE g9 Fo|r}.

res ZRAAR NR ZRAST AEEHE des A0 AR, K9 IIoT GBS A F5s A
3l7] el oA A AHE Aojstel K1Y 11oT @2 (UE) 4249 A SNR(yi; = y)S &

dart ok, o] S KA I1loT @ (UE) zHzbel tiFE Holgd AF(B, NE 5Y3 A,z dAH3= A
L= vebdich, webd K9 10T @2 (UE) Zzbel that = #Hold A5 (B, e EF it ¥

x

e mv
old A (B)E HH(B:; = B)E & AUt
A A A SNR(y ;= y)2 A 198 YERE 4 Qi
T84 19
Yi=y= TPuP _ HPuB
o L 14 Tpd.

1+%p0u ¥ B pPulf

=1

R dold AF(B; )7 BE IIol wHZ(UE)d i3l
[ToT YZ(UE)ol sl 5L3 SINRo] HHg ¥ =% I3 A

I
IS
Z
N
4>

o
k)

Aol Al n;.

aeEE g dold B(B)E £ LETE 84 203 go] A5 5 A,
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[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

SIHEo
ol 10-2022-0030568

514 20

_(de K, d d
+KpuTp)L Jpq + 5y ) L T,
u —4Kp, JL L
Pu I: 2+M( —1)——-—]
P 14 14 SINRMR.dI

2 + —1) — v
»PdPu [JL2 M(L—1) M
SINRMR-‘“]

MR.dl

B, FoHa Lo IR Zeay = a 2 Ao} A%
8, oA 140
MR A.LE]
xa
4 ZZA~
A A88 hega s
g INR(SINR.
e 2ol
sd3 A
A8 Aol Al
(rle =

1/K) ¢ 3 T4l T
4=8hAl =
514 199] 42 u} o}
N SNR( y )oll wha} 43
- T84 218 Fold
p=4 T 9\)\ .

SINRY ' =
0= SINRMRA

M%j Tppuﬁz
1+7,puLp

1422 % § BoM

x L LB y

Y Y B+M%

dm1 =1 K Y lTppuﬁz
re +TpPuLﬁ

U4l

M% Tppuﬁz
1+7,puLB

1 paJL
+ Kﬁ +M% (L—I)Tppuﬁz
1+71ppulB
Mpd T[IpuﬁZ
147 pulP

K+ L-Drppuf?
J
PaJLB +Mpy L)ool
TpPuLp

(K+deLB |+E p 146 —i—Mp L—1)7 p B
)( prFu ) d(( )
pFu )

8 T 1 o = 1 0=
g E-] T} = SFA zzi ZFA]E] 2= o ]_

8
ACH
k!
4
&
>

Tpu
SINR — 20.53(1;%‘”)
c) —1

5

§l_
> ot Holy A+
2l 233} o] =&

5

( ) 1 = LG} gud - -l
B OE. —
;}‘ 20___2 E \:]' 1 % EH A y
e SNO1 Q
]_ v
1A S 2] = 1_’_ PN
=

1o
4

F54) 23

JL? A
R = (= ————
SINRMR.d! <0

o,
29
&
%
1>
S
o
=
=l
ol
é_l“
o,
of,
0%
:L},
®
e
&
%
1>
[N}
>
fit
=]
ol
it
4
0
i)



[0130]

[0131]

[0132]

[0133]

[0134]

514 24

ZIHSd 10-2022-0030568

(Pa+Kpu)JL+ | (pa+Kpu)>J2L2 +4Kpapu [T’ Eﬁf’—Kz—M(K—J)}

B=

2B0-%)

28(-4%) 4

2papu lTﬁi’f’ —KZ—M(K—J)}

MR, dl1

kAl 21, 23 W 242 XRE 7]AZ(BS)o] MR ZEA 20 wEt T FdstE A9, o&¥H 3 SINR(SINR W) &

PN
T =
8hal 259} ZFo] ZA}(approximation)® 4 AT},

SINRMR,dl,appr _ M

M

CJL2+M(L—-1)  J(K/D)?+M((K/T)—1)

2512 259 A A} the el S SINR(SINR'
=

54 e o4l Ao Y SIRE 2 %

R,dl,appr

)= AFAH (py, p)ol FHERE, AEAH(p,, pa)ol L

glom | o] 7]F SINR(SINRy)olgt & 4= ivt.

T A BS ] " AFAH(p)> A AEAH (p) 3 11T GZUE) S M=Kl #H(pa = Kop,)

HAold (Bl by 2602 Aejd 4 3.

— 1 sa —
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84 26
(Pa+Kp )L+ | (Pa+Kpu)'JPL? +4KPypa {T’i o —— —K*—M{K —J)]
ﬁ B 20.53(17%) 1
2papu | —mi—— —K>2—M(K—1J)
|:20.5BT11{51
(Kpu+Kpu)JL+ | (Kpu+Kpa)’J2L2+4K2pupy | — i —— — K2 —M(K—J)
2058 I’TL‘» =
2Kp,? | ——— —K2—-M(K -J)
20.53(17%) _q
2K2p,+ | (2Kpy) K2+ (2Kpy)* | —il— —K2—M(K —J)
20.53(17%‘)_1
2Kp,? oM K2 M(K-J)
28(1-4)
K+ |K2+ T K2—M(K—1J)
20.53(171%) i
JM 2
Pu|—m— —K*—M(K-J)
|:20.SBTI-.E—JC j71
K+ o —M(K—1J)
20.53(1—%_) q
Pu +K2M(KJ)}
[0135] Lm(‘g“jl
[0136] S804 26 e dEa A9u(1HE 0.52 AAE 45(1" = ¢ = 0.5)2 Agaan
[0137] olo] 423+ 260 ZHE thEH A SNR(pg)E F8H 272 59 5= Q).
T8k4] 27
K*+K el —M(K—1J)
20.53(17717) ,
Pa=Kpy =
B e ~K>—M(K—J)
[0138] 2055(17{;) {
[0139] a2]a Z1A = (BS) O] MR Z2A 2o we} T aysts A9, 71A=(BS)2 <telyt 4D 9] 3fehe =8k 28
2 A" 5 et
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[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

Z2=3}A)

512 309 TR A SINR(SINR ) & 2814 313 o] 2AbE 5= Qi)

ZIHSd 10-2022-0030568

T84 28
- SINRMRAlyr2 JI?
1-SINRMRN(L—1)  —gga+1-L

MR, dl -

A NAZBS)0] 2F ZEAze wek TelmPeti A, FIH4 15ZRE R dely () F3
2= A58 5 Ao
#3814 29

—L(Jpa+Kputp) \/ L2(Jpy+ KpuT,)? — 4T,papuK [(M +LI—-J)(L—-1)— %]

25pupu [(M+LT —J)(L—1) — gty |

soba) 2925 S8k 309 ThePa SRR e F5a

%
2
o

ZEdl ZF.dl
SINR“™ = SINRN ‘
. (M —J)paY;iBjim;

- L J L
1+pa(Bj1 — }’j,lﬁj,l)ﬂZl "):1 Ny +(M—J)payjiBji [/):1 njr
I E

I'#l
7 Puﬁ2

. (M_J)%d 1+pr,,puL[3
I BT

K i1 iz 1+7ppulf K /= T+opulB

I'#1
_ 1\Pd TpPuﬁZ

_ (M ‘I) K 1+t,puLP

P TpPup? P 7pPuB?

1+ Ydl“,(ﬁ - 1+Pr,,pz,Lﬁ ) + (M_J)Yd(L_ 1) 1+[Zz,'l,pl,Lﬁ

_ (M —J)patppuB’

K+ TppuLBK + paLIB + TpPyPuL* B* — Tppyp LI B2 + (M — J)pa(L — 1)T,pu?
— (M_J)pdfppuﬁz

K+LB(tppuK +Jpa) + [L2] — LI + (M —J)(L—1)]7,p4p.B?
_ (M —J)pat,puB?

K+Lﬁ(TpPuK+de) +(M+LJ-J)(L- I)Tppdpuﬁz’

ZF,dl

7814 31
SINRZF,dl,appr - (M —J )
M+LI—J)(L—1)
(M-J)

TMAK-D)(K/T)-1)
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ZF,dl,appr

[0148] g8k 319 AE A TR A SINR(SINR = IF ZR2A|Z0 49 SINRSD 7] SINR(SINRy)ol#t &
ATt
[0149] oJ71M &= 714 = (BS) ] v AEAH (p)e 48 A& (p) 3} 11T HZ(E) ] 7K 9] F(ps = K-

p)OE HAE F glom, ool £84 209 B Hely 44(p)E FoH4 2= 48 & vk

5814 52

L(Jpa+Kputp) + \/Lz(de+Kpqu) +47papukK [ﬁz&ﬂ (M+LI—T)(L— )]

ﬁ:
ZT[:PdPu [SIszF)dl (MJFLJ J)( 71)]
LI(Kpu+Kpu) + \/Ll(JKPu +IKp,)? +4p2K2 {S’[;I“;Q;LI —J(M+ LI —J)(L— 1)]
B 2Kp? [%J(Mujd)(un]
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