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Abstract

Reconfigurable Intelligent Surfaces (RIS) are an emerging technology composed of
numerous low-power and passively controllable reflecting elements that can reshape incident
electromagnetic waves by adjusting their phase and amplitude. With proper configuration,
RIS can enhance signal transmission efficiency and reduce propagation losses, making it a

key enabling technology for future 6G wireless communication systems.

In this project, we investigate how RIS can assist and improve wireless communication
performance. We first review relevant literature and wireless communication fundamentals to
understand channel characteristics, followed by building a mathematical model of RIS and
performing phase optimization in a single-user scenario. We then reproduce the Maximum
Ratio Transmission (MRT) method and analyze how the required transmit power varies with
the user’s position between the access point (AP) and the RIS under a fixed target Signal-to-

Noise Ratio (SNR), with and without the AP-to-user direct link.

Next, we adopt a codebook-based approach for transmit beam alignment and extend our
study to multi-user scenarios. Two user distribution models, random distribution and hotspot
distribution are considered. We further introduce Zero-Forcing (ZF) and Minimum Mean-
Square Error (MMSE) beamforming to compare their performance with the codebook
method. Finally, we evaluate the total transmit power required for all users to achieve the
target SNR and assess the maximum achievable system sum rate under a fixed AP transmit

power.



1. L ¥ F2 pn

B AP KRBT LR & TR AL~ AMAF R 2 FAERSAE A
G T ERAELG RIS) Fl 7 4 0 BIFHARSF S M R G
IR S R S o 4 %%{xﬁ@l LGE[1] e M ?[ﬁ‘kt‘ S P LI EY s s 2
Fin ™ RIS # 8% & &3 3 % sienai & > & § 3% § B >t Maximum Ratio Transmission
(MRT) ~ Zero-Forcing (ZF) ~ Minimum Mean Square Error (MMSE) -~ Discrete Fourier
Transform (DFT) 4 # % = ;2 g * >> RIS kst A &k = Alaw= 3 o Rm » g o RIS
¥ 176 §gad 3f 5 i F 3 (Channel State Information, CSI) J£B~7 % i > ¥ 5 A 7
AR L A R RS 2k R 1R A R S A RT i s 4R
AR S

AETE R ARFE 0 RIS codp o B 4] 2 5% S IRBT Ak AR e -

FEYCSLERZ b > AFF 7 #4533 & ax CSI 0 DFT 4 L & = 4 ok »
i'.I%afECSImZF*MMSE",é {5 7 Inbé‘]’ﬁg’&\#’?lf‘ﬁﬁk\!lm@{ opi/”ﬁ_ﬁ
#-A T fRE % 2 FRT RIS ehdp AP A K o 112 H ¥ M{@;@J PR BREHF A

CSI & wehfim™ » Fié * DFT /% » Z4c P PRpME AU L B2 v 5 s >
BE SMMSE~ZF T4 5% “ BB T d 238k s A58 3242 k* 2 0%
Tme;;;,,é;;‘,ﬁ_{ ’;1_1. pL ﬁq;‘_ )}grﬁgé\jﬁ_‘o

2. B

2-1. & 3 T H0A)

F1 7 I P4 & B S AR 42 (Pathloss) ~ i fo <l (Shadowing) &2 5 & i
(Multipath) % i g $% o H ¢ » 224058 (NLoS) B /2 2 Henig %] TR
Rayleigh % % #-4]:& (74 it > @ AREE (LoS) /3 2 %mlﬁ%] s * Rician
FERAE A o AT BRE A7 % BRI g 5 LoS A ¥ Rician i i
A e

2-2. RIS thik & #F 57

4 %é“ g®Ty ¢ o A a & @ * Uniform Planar Array (UPA) £ 5 RIS 7%

MU0 e 4R 5~ RR[2] - [3]2 [4] 0 UPA s 5 s &
AF(6,¢) = me D ylej[(m—1)kdxsin9cos¢+(n—1)kdysinesin¢] k= 2T
1) - n= p
] Nkd,sin6
Sin(dexsgwcosqb) sin( ySLZn cosd))
AF (6, $)l = kd,sinfcosp. kd,sinfsing
sin(xf) Sin(yf)

1



B e hdicF 4o 34 F 4o RIS i fg 44 » S sendrigdrdp iz - & 5
LR Sk o
1> ge[1] > % = SB7 £ 50~ RIS 18 e st @ iica) -

x(t) yin,n(t) yout,n(t) yr,n(t)
) IRS )
transmitter » » receiver
element n
channel channel
_-’igl.ﬂ B Jle"1 _}IE2:.'|
a e e a6 e
1,n n 2,n

Fig. 1 RIS s 42 = . -
x() 5 HUH o B BT £vd o RISAp =/ U] & [0,2m) »

yin,n(t) = Re{al’ne‘J'fl,nx(t)eﬂnfct }
Youtn(t) = ﬁnejenyin,n(t) = Re{ﬁnefé’nal,ne—ff1,nx(t)ej2nfc(t)}
yr’n(t) = a2,ne_j52,nyout,n(t) = Re{[al,ne_]gl’nﬁnejgnaz_ne_]fz,nx(t)]ejzﬂ'fct}

B bR RS BT e SUBLAGE e T e %Jﬁr‘s B o A S
Double Path Loss » 5 RIS #i23] endd 4 o dja s F ¥ M 4e™ & 7

1

ai 442
di d;
dl ~d2 4 %% B33 RISZ RIS I =4 apedr > al ~ a2 P 5 B JJ_#F%*%‘F]&
7P F A @%ﬁl@ﬁ“ SR R R e B o

Bfs o fde HUGHE RIS 18 ek Sf S anficf 2 EpF > 1452 1?&[1] JEAN RS

¥ A fAaREcd 0 A % L Ideal Model & Discrete Model o Ideal Model s34 14
»F B i R R AR l:%)&v:; FOREAE > HIRGE AP A G G

Prn X

Fp ={B B € [0,1]}
Fy={0]60 € [0,2n)}

Discrete Model B|# 12 jgs -5 = A 22 4g fed > fe (%% £ 30501247 & #2 Ideal Model
£ o BIRMGE fpi=i v 5

F’ﬁ:{Ef”ﬁ_Kﬁ} 0<m<m<1for1<m<m’<1(ﬁ
Flg={0,,0¢,0<0 <8y <2mforl1<I<l' <K,



% Discrete Model srjr tg 2 4p 248393 & (* P > JRig & 4p e 7 ¥ 1A i

ETRS= 1)

F'g ={0,48,,(Kg = 1)AB} > AB =

(K
F'yg ={0,40,-, (Ky —1)460} » A6 = 12<_n
[’}

T4t AR S A RIS #f 2 B

2-3. A g FORIS 4p =304

AR H 2 (T RIS dp ] o RipdtA Y o AR B Rk
T (CSD & ¢ v

B4 é}]?%[S] s A B H - % = RIS element 4p (3K TR AL o A H ¥
R T 5 SINR &

|(h?0G + hw|”
o2

SINR, =

hi € CV 5 RIS | * = el i + @ 5 diag(Bre ™%, ..., Bye™/ON) » RIS ehi st
afcEt S GeCV ML AP R RIS i 5 hl e CV*M 5 AP 3| % = gl if

weCls fpwop FiE#F o weCs Bxg ks ;o2 hennF

Bt T s RIS & edp 3k T4

en* = Qo — arg(hn,ngnHV_V) = Qo — arg(hn,rH) - arg(gnHW)

HY 50, 5% nB RIS~ s EAp 2B @ > @5 B B hjp =
arg(hgw) » hy," 5 % n B RIS 2 2 5] % & i if > g 5 AP ] % n i RIS =
SRl o iR TSI ELYE > TR 5d 3 R RS EB T i =
- 3R TP IR R B A ifa—i&iiﬁm&gﬁﬁm it jm g
H4v oo T4 B ELFEM (SNR) o

2-4. 3078 % erdp i)

RIFATHR Y o F F] CSIP 8 cnr ] » i & At CSTefp g = 54 5 A
s Fpt o DFT 48 2 7 0 42 s {.?b,#f LI ERdVE I
- B DFT #B*L 025 5¢ 4

o



11 1 1 1
1 w w? w? whN-1
L@ W o N-1)
W= Wiak o3 Wb o WAN-1)
(1 N1 2D BN (VD) |

_j2m

w=e N o
MweECVINLEBRAAHEDDITHST > heCVM L » wich™ ik
e R WMot & Pl efchak 5 M ff > HBEE 2 &5 ¥ nid 3 4
’ %wsﬁ?hﬁﬂ%ﬁﬁkm’(wﬂf?h%@) ) |hHw|ri-.+cg 30| hf||w| > REFERF 5 B

12

e

A-

2-5. B A2 BRERT

A ZF - MMSE 12 3 75 % » 5 7 F beamforming ~ precoding = ;%2
=R ‘?\@**W}*ﬁ MEEHE S B U W R v R EA B ERE o Z 87 2
FWyere> 840 o (H: AP X * # 0% P i)

® 7FiW,, = HY(HH")™!

® MMSE : Wy = HY(HH! +al)™ » 439} %4 < r[6]#as 5 ——eke

t
K% % # B » Popjeo > J23UH & » P 5 AP iliE st &
il

[ ] —-r:?' :“/—-tém'g'—]ljl\’kl"wtest,#ﬁﬂ

f\;
~=b
i
A
{a
i
5
Ry

(abs (H x Wtest))z W o5t ol s Wiy

BET SRAY o g SR ALFRCERY C ALWRLYV
RISAp )7 £ 4P ¥R E R FI 2R EfFE Ra - BT % = 7]
AT R S E Y — Rt FU % 23R ¢ 3 iE 3 RIS Ap P IR R
350 B HR-RISAP e B S 3P 550 o 3 #0pb » APl r 242 /ﬁ‘[s]CJ i
* 21SDR 3% 1 fRA R B A AL > 5 Bt RIS AP opF » JUAFH 35 B 0] » =
B frpr g A 2 4R o

ERA T APFALRL D WEL o =007 R AP R
= A P RS g S MYV ens it (Trace) 2558 - 2% 0 £ R A 2L
L e Rank-1 *24] » B 424 5 4R % 1 SDP P42 » ¥ 4% CVX 1 Z 45 K7 >
3B h LR

Bots o d 2 ELa fs enfRid ¥ 4 % & Rank-1 34 &2 B BA R - gp

e E 0 Fpt AR F g ArAE48 14 (Gaussian randomization ) B R f2 o 4t 2

4



SEHEE VEFHGEA B S S nigEe R 0 FA0 Eh R B3
Bool it BT i BB RIS el o
Foob s ALY 0 T A g;;;;.?r 2 g Hfgm;%p)\;gﬁ ;A g

B EH SRR ERE T R Wy, 0 % target SNR > 10dB pF > #1F enids
B F GRS A A SRS REY R IER g E P s g
RETRT o B SRR R e AR 53 ¥ [T 2 & hybrid precoding i
o R EESF AW, s S L & 2 4w £ (Analog beamforming vector)

M {6 S B Wyg ™ B DI Hyproj = HW gy 2 ZF 8 FIW g 25 B 238
Y75 (Digital precoding) » 2_ 1512 = Woppq = WpgyWar > & 210 15 i s B % 0l
FEvd o X Hgeq = HWipra)

PEERREE R

° e

2-6.

2-61 HRFRE

2

AN

“5¢%9’“Wwﬁi?ﬁﬁ%k*—ﬁmnﬁ Chzmmme
AP P o =3 A 15(0,0,0) 0% > % RBM =8 X8~ I 0.54 (HHEp*
HAPRAF L 24GH2)H 7 hyz T 6 5 @ RIS ? = § £(100,0,0) » ~ i
HEN=10x10~ B 0.05m £ 75| % y-z T & > RIS ehF 5d & » AP % 5 ;
2Rl A RIS G ¢ A z=-15ix-y Lo A oo 4+ui§fﬁ§q+ N
IRBET 0 AP EEEE B SIS 2.5m 0 @ A REA Tk 2
FHRr S B AS BLEL ImenFREN 0 5 BRIET A 2 HKE o
BRI S IR A PR R SRR LR H A RA L B

Table 1

0.3 3
5 e © © o o o o o 5 o000 0000 0 0 0
el e & w6 @ @ |e e 00000000 0
©e 00000000 0
0.1 e © o o o o o o 1
e e 0 000000 0
® & o o o o o o ®© 0 0 0.0 0 0 0 0
N 0 * AP N 0 * RIS
e @ B @6 @ # e e 0o 00000 00 0
oo 0000000 0
041 e © © 0o © o o o 1
: ©o 00 00000 0 0
LIRE T A A B ) EEREEREEEXEIX
202 e © o 0 0 0 o o E e 00000000 0
0.3 -3
03 02 01 0 01 02 -03 -3 -2 -1 0 1 2 3
Y Yi
(a) AP =8 % S i=% A ff (b) RIS = i (= % A fi



T T T T
= = = *Sector boundary = = = 'Sector boundary
= AP = AP
80" * RS 1 30 * RS 1
4 Random Users ®  Hotspot Users
201 oy | o0l Hotspots L |
’, s \
’ ® v \
o Q-
’ X ’ \
10 ‘ N 10 - ’ v
N \ ] \
1 L _AN T N
I' Ay ’é\ 1 AY
OleP \ RS = oiee ! KRS
) 4 > ' /
[\ 5 / \ /
\ 4 \ /
10 [ = 10 - \ o
L. 4 \ /
j / . /
. e < ’
20 ~ 1 20 F o 1 1
30t | 30k |
I I \ . . . . . . L L I . . . . . .
] 10 20 30 40 50 60 70 80 9 100 0 10 20 30 40 50 60 70 80 90 100
X (m) X (m)
N (% I = EAENGPIR T -
(c) Random * = & i (x-y L o ) © (d) Hotspot * = & f#(x-y T & ) °
e - - - 45 T T
= AP " AP
* RS * RS
20r ®  Random Users 7 20r ®  Hotspot Users
10 10
dP MRS kP KRS
E E
N 10 N -10
¢ : am
20+ 4 20
30+ 1 30+
-40 | 1 40 -
0 10 20 30 40 50 60 70 8 90 100 0 10 20 30 40 5 60 70 8 9 100
X (m) X(m)
4N 7 g - 4N 2 J -
(¢) Random * = &~ i (x-zT & ) ° (f) 10 Hotspot * = 4 i (x-z T w )

AP E A AR P v B ZF/MMSE/DFT 45 & = f8 2 2 ek
1. % % =8B T % = %25 SNR=0dB #+ F thd | 1% 5 &

2. AT APHBES F 5 10W> &7 ¥ AT ok it B SR

Hoo oo A sge sk g Fz 5 1071w .

H- = o B4 AP 2 RIS 0 5] 58
50T o

%~ RIS Ap 3% N =t #ek 25 30 =% >
R Mgk o APEE B 0

AR ER T - B R AR
B~ A BEHD R
CE SRR i SRR

f

M -\“b éﬁ‘a

oo A B T A S 50 BEAE Y
y%ﬁmﬂ$&ih@’ﬁaﬁ£?r&m&§%%o

2-6.2 & ﬁq.] % % 4c (Sum Rate) 3% * &

F TN

i ﬁ%lsi F % qc (Sum Rate) &2+ 8 = /&

Sum Rate = YX_. log,(1 + SINR;), K="*

T
R
|l

6



a25F% ¢ 5 ¢ FHifdem* SDP 3 2 A
C o ,’}_E]”"’fkd‘;é RS s AP anp R AR 4T B4
E N

P
'ﬁ%—‘i ‘?F‘ : Afr F %\H-:’*{ =3 /—\'_n‘[ l&ﬂ‘ F‘: ,
*

=R TR

Au\ﬁ IV ﬂfl%igra»g"‘ﬁf{
% B4 RIS 4p e B

gm
o

% 2SR AR R
B BiEat F R A @ﬁga] & ‘frmﬁﬁii

B SRR Y

Bk TS 3R R AR

T ERL > TR T K=5-10-15-20-251
s S g B LA T B(K »Lé'ﬁ group &)

I RISedi§G e CVM > 3 &

%Wﬁ%ﬁT?%%%@ﬁﬁ

-
A
W~
N

N

R T Lt T

@& WaW%ﬂRwavmﬁﬁé’ﬂﬂﬁpﬁﬁ -5

foarde Bonl EHF 0 kA E Y < eh

ﬁ%ﬂ 5B HEL V e (7R
¢ % "m@ﬁg‘]x? FRArdb & - B

o WoEEPF I * gk ua 2-6.1 5%

a7 ¥ S dce 5z AP

SEHEZ BEBEY SO0 G 0 L2 AP-* 2 el i Hy € CYXK{e RIS-* # i i H, €

CN*K s 14 3 4= 42 {v RIS e94p 1= o
Hidiag(w)G + HY » v = (e7/%, ...

EAR R AP NS

,eJony %

ShE o A il =
RIS &4p = 0 (5 F kBB b s

AR KNSR FFSG o T ATRISAE I 2 EE TP & SNR #75 ] BiX
HEAHLRES STV AT h S B S

BerT-mn 2R
I R AT S L T

l\zq l:f‘ S J-

e B3 IR S

CEE B P0G ﬁF’K?L F A s AT - B SR
=]

.Ij__:‘g_y;o

b

b



H

S

FFAansie
T A £ 4 (group) |
RIS& 48 o = .
T ErRrag {d
T B/ 2 BER
= ; :
1 3 3 5§ Hr ~ Hd BEBRBRTEES
) Hr(RIS—User) (ZF ~ MMSE -
s (]g — Hd{AP—User) Hybrid Precoding)
A
‘L i group = max  group N
# £RIS# 48 £ 2FRIS A2 firv e
SDP+Gassian
‘|' Randomization Yes
v
%}E {8 iteration )
_ R AESE o
Yes
. g # 7% 448K ~ gorup
iler = max iter ﬁé&ﬁé%éﬁmatﬁ'
v
HELEKEARE
BEHETHE
v
3 3
Fig. 2 i 7| P % SNR 2_ & -] @ % 7 F - 5 2 [B)




¥
#F$onieie
i HE—@
B £ 4 (group) |
#Z AP -
RISE 4T 245 . e
T ELAFME > 3R Rl .
= R M/ B2 N
=BG i g Sum Rate
(AP—RIS) v
‘L #ri##EHr - Hd RERAEMRELSS
Hr(RIS—User) (ZF ~ MMSE ~
HEMEA P K Hd(AP—User) Hybrid Precoding)
-~ vL
'lv group = max_group
Z 4 RISFn¥E4a4 B RIS firv
SDP+Gassian
l Randomization
%1518 iteration
#HHE 5 A A SINR
A BiE g EEfo
iter = max_iter
£ % 418K - gorup
FHE RS, natiE
v
HELEKEAEREA
ik £ 8o
FHE

Fig.3 Hl2 @Ex 57 7 d &+ B BAodt BT ARR]

32.% % kit 3] SNR=0dB #+ 3 chd | % &

4o BlATor 0 B BE S g ]‘\g":\f%’? S Aem A TG 2
BARS > PR T RAR P R A SR LA TR A S F R B iEs
SERE ET Gl GRS TR R U



50

T

~—&— ZF(Random)

=g MMSE(Random)
Codebook+ZF(Random)

45 | |= A - ZF(Hotspot)

= 4= *MMSE(Hotspot)
Codebook+ZF(Hotspot)

N
o

Average Power (dBm)
w
o

w
o
T

25

20

5 10 15 20 25
Number of Users (K)

Fig. 4Average transmit power vs. number of users.

Wk 22V UE R ZF fo MMSE #7F enig i # Sl o @ AN e
REFNFHRBTEL A PBES K B F L ZF {r MMSE £:g §4p ek |
A T UHEERETESR R BESE > A DFT A& Lascah  £G "L
EENpHREFORE R GESE > FP R ERY BB L - H
Wi MMSE fe ZF = % > 7 5 ) i # —”ﬁ’{ﬁl?r’ﬁﬁ)fg AAS LA Sk

r+*l

T > MMSE & /| v & % 3 3 FI' vk BEARPLE o F1 5 MMSE £_fdrd|+ # fosen
PRI ZF fré  2drd|F ko Flobr S Ak s o ZF B S R
Tfug%’xa Mo A TR FBEAFUESPHESNR

Evma i S HA A4 chiE % > A » ZFfo MMSE 2.4 &% = 7
Tﬁi}&ﬁﬁ'— e R o BB * ¢ EFHEN ZF o MMSE S 24 B8 o
K o B hA 0 RErP AT Fu o F O S HR AREE > HERY P ol i
%%&#Br’&é v BRI 2 ¢ s n g - BaED B ERA LD B S

= uﬁ’* c A B S ERpI R A R M EHTE B

S
N

5
&

# =
5t

10



33.2 % 8T F T B F

-y
(=)
<
k]
e
e
A=
i
&
(;;'

80

-~
o
T

[=>]
o
T

=i ZF (Random)

~—4— MMSE (Random)
Codebook (Random)

= B — ZF (Hotspot)

- ¢ — MMSE (Hotspot)
Codebook (Hotspot)

9]
o
T

Sum Rate (bps/Hz)
-
o

30+ 1
20 1
10+ 1
0 | | | . .
5 10 15 20 25
Number of Users (K)

Fig. 5 Sum rate vs. number of users.

BF Fig 57 BT MMSE 82 ZF ¢ i B~ 0 0 B F shi@ i 5 e
FAESE R E RS SE P EFLSNR TG OB ES F R AT o

H R Fk % 23 MMSE &2 ZF i i 95 CSIH Az -0 $fb 11 35 3 Sl F H 5
Trdl s % 23 FlP aApR R BES T %éﬂi*mg#@%&i,ﬁ

AAERL LTI U kG e o AEF T N HAFRORIS § o A
TRe 0 FRE JIF g ip B F i o
Vb R F A e ST 5 0 FIMMSE & ZF ¢ i f ox
Fl* 2 Reop d Rprd] 5 2GR Flpt g S B A PRI AE R R L
doie s M ABEFARIET ARG U ARSI ARG 0 B FERrdla 4
o SRy PR REE S R e R AR > AR AR LR DY

Mot 2 A G A A 2 A F E'Jm@%]x? TR rdBiT- R P A
SR B SRS B e R > RERY S A G R o
S e S S S BB AR @ BB e Y H
e P ERT i?gﬁfﬁ»DFT Bl ML E > RABE S g e R
ﬁo’ﬂLbfﬂilirsm@%xﬁ R

11



“W*P*%%@%’%%ﬁﬁﬁ%mWﬁ%wﬁ%#%%wZF#
MMSE 2 > Hafr v Gitagh g 2322 7 BRREELN B
A L& ﬁﬁngmﬂi@ﬁﬁﬁgﬂE%W?&ﬁ{ﬁN&o

v“ﬁ;ﬁﬁmm@%ﬂﬁﬁﬁﬁﬁ*ﬁﬁ&# Lfefs > N PEED] Ap
o CSI i ™ > d St g M-X i * A mRIL ] bt L FHEPmT
B AR R SRS S R A RS A SRR T 0 B IR AGrTi
%W ZF~MMSE £ o Bgom f 5 % 2 R T o H i AN R & N IE b
EEBRDE BN R

Ra ZaRhi s G R AR 20T o ZF fo MMSE = R il
CSI A i e o ml&%#ﬁﬁiéﬂ’mpﬁmﬁwﬁﬁigaﬁ%

e BF T ER S FRAARRE Y BFE PR FPE Ak S B CSI
T AR G LR T 0 AR ‘mwr}W?ﬁﬁw5 I

B R EHMN P R E TR %A CSIn ZF/MMSE B 4:4pt o

AP R A RT Y BBEEY 2 A % L& TDMA ~ OFDM % pFs ~
ﬁﬁ%%&ﬁ%&’%@%éi@ﬁl%uﬁﬁi%%mﬁijwwaﬁﬁﬁ
Gt S e L A S SRR S NI o

5${¢ﬁ
[11Q. Wu, R. Zhang, & J. Xu, “Intelligent reflecting surface-aided wireless
communications: a tutorial,” IEEE Transactions on Communications, vol. 69, no. 5,
pp- 3313-3351, 2020.
[2] Phased Array Antenna Patterns—Part 1: Linear Array Beam Characteristics and Array
Factor

https://www.analog.com/en/resources/analog-dialogue/articles/phased-array-antenna-

patterns-partl.html

[3] W. Tan, S. D. Assimonis, M. Matthaiou, Y. Han, X. Li, and S. Jin, “Analysis of
different planar antenna arrays for mmWave massive MIMO systems,” in Proc. IEEE
Veh. Technol. Conf. (VTC), 2017, pp. 1-5.

[4] Peter Joseph Bevelacqua, “Antenna arrays: performance limits and geometry

optimization, Ph.D. dissertation,” Arizona State Univ., 2008.

[5] Q. Wu and R. Zhang, “Intelligent reflecting surface enhanced wireless network via
joint active and passive beamforming,” IEEE Transactions on Wireless
Communications, vol. 18, no. 11, 2019.

12


https://www.analog.com/en/resources/analog-dialogue/articles/phased-array-antenna-patterns-part1.html
https://www.analog.com/en/resources/analog-dialogue/articles/phased-array-antenna-patterns-part1.html

[6] C.B. Peel, B. M. Hochwald, and A. L. Swindlehurst, “A vector-perturbation
technique for near-capacity multiantenna multiuser communication—Part I: Channel
inversion and regularization,” IEEE Transactions on Communications, vol. 53, no. 1,
195-202, 2005.

[7] Y. Huang, C. Liu, Y. Song, and X. Yu, “DFT codebook-based hybrid precoding for
multiuser mmWave massive MIMO systems,” EURASIP Journal on Advances in
Signal Processing, vol. 2020, no. 11, 2020.

[8] H. Gu and J. Chen, “Weighted sum-rate maximization for reconfigurable intelligent
surface aided wireless networks, ” IEEE Transactions on Wireless Communications,
vol. 19, no. 5, 2020.

[9] X. Wei, L. Dai, Y. Zhao, G. Yu, and X. Duan, "Codebook design and beam training for
extremely large-scale RIS: Far-field or near-field?" China Communications, vol. 19,
no. 6, pp. 193-204, Jun. 2022.

N %5'&' i_g
%

TR AR TR AP AR E S AR B R e - B R R SR
p e B RIS LAY o REARY > AP BAex 2R EA L S LB
ARk Skt o DI R ¢ & EAPEEY TR @tk 20% - EA
BINEEIRE 24P BFH? - NIRRT - B7 T RNEX |t 22 {7
HERFEINTE 2RO st o AW RN e [ 2 PGP AR > A
W TS IT FenfRiAysE 0 W RS PER ol AR 0 AR RIVA S
BI M o PR PR B KR b B AL s AR 4§
AR N A R EAP A L e o

A

BB AR L hBATY 0 R T F KRR TR RIS i B AT il et > A
T BIER RN L 0 AREOY T ¥ A TR T F - BB - B
FREA A AR Y APEY I F G A - BRI Boaaiks
ZENEdeirEz o U2 H S A SFA D NI G e HAG AL PARF S RAP
Hig? e A2 248> FARFERPAT Y B NFEF R heP | F R LD FD
WELB g S o dF AR TR DT A2 ARG o S A F Y P Sk
2 o LY RBPA P | AR AT P FHEFIEROERE > 8D 7 TR e i
FARS DIRG R T U - AL R THT RT3 o BB B P s Ay R
Pl il gt o $T A PR DG R f Ao - wE o4 gERAAPE
SRR g RAPT R R Y e

13



