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ABSTRACT

A reconfigurable intelligent surface (RIS) that artificially reconstructs the wireless environment to achieve
high spectral efficiency has been proposed in 5G and 6G broadband communication systems. However, there is
no device technology capable of ideal 100% beam tuning, and most studies using integrated circuit (IC)-based
metasurfaces have some limitations. This paper first formalizes the relationship in which the additional angular
change of the reflected wave is determined by the phase tuning range of the RIS. Next, a methodology for
designing RIS through meta-devices such as liquid crystals, 2D materials, and active THz materials is
investigated. Thereafter, the performance of the RIS via system-level simulation is evaluated through 3D ray
tracing that reflects the realistic communication scenario. Finally, we analyze the RIS system design and
beamforming throughput performance that incorporates various meta-devices. As a result, this paper provides

useful intuition for designing RIS suitable for the performance and application of the goal.

# O QY= 20229 % AR |SAHREAIN L] AYeR HRFAV|EFG L A]US ol 3= glg T
(No. 2021-0-00486, ABC-MIMO: 27} Hl2}-9-8] 7]u} Ao chs 01%;4 E41 A28, No. 2021-0-02208, 6G A He|e}al|z2= ©j
o =7} ghoElnl $omal Aa A

¢ First Author : School of Integrated Technology, Yonsei University, dongsoo.jun@yonsei.ac.kr, S83]%1

Corresponding Author : School of Integrated Technology, Yonsei University, cbchae@yonsei.ac.kr, 5413]%

=ArHE 1 202203-037-A-RE, Received March 4 2022; Revised March 31, 2022; Accepted March 31, 2022

882

www.dbpia.co.kr



=/ #lEkAA} 714 Reconfigurable Intelligent Surface 237 2 &4

.M 2

AR 29713 Au| 9]
=AASl S f18) Ao} AkjdAlellA beyond 5G
(B5G), 1|3 6G FAlol tigt A7) Bxx e
gk B} AgslEa Fr|HeR =2 74 A

(s} E
7= A EA MBI 23S Holy Af
&, VIE= AneA], duA] 288 a7dth As
A = S B
(reconfigurable intelligent surface, RIS)®] %83 <
& & Zlom oAE A Qlck FAl A9 S <)
THOE AT F gl RISE 2 T35 3y
AEe] el WA o] A oA

Ao stual 2= olrky zukelo] 9

RISE= ABk= AIte} 2zt "}01/] A AeE
FALoR FAsle] sk wEk AL 7 ]‘Z]lﬁ: 9]
2 A3 oh;], o)== nkrje} %}G _"5_37,]. Z].‘Lﬂ—
& X3P, £ =welile °]9]'
27l ES I:]! Felgl F-E2rt. ol& 53l RISE
Fgale] AR wHx JHS BEAYY THz
massive MIMO %5 AA|alP w2 1] Ezo]y
719S Agksle §Y w2 5] =] Yk
w3 Als A ZHe o5 W ohe} RISE 7159
FA7] (relay) 2} vt ot z]e} v]-§- T84 4]
T o|l5S 95 F gJor, a3 o224 [oT (Internet

u!

_4

of Things) 5 7% 7153 vIEH A A2 A} #]
SIS 5}3‘ g 3k
o] A3 52 Fhdslar oAb el wdlE

= <13 RIS ixM USRS
100% = 7FdskaL S gk wsdt el
W 7FRIS7F WS 4 9l M) Awe]
HAE s] sk ol AlaE Aes AR
ok 3Rk @Adel 100% 914 el 7Fsdt arbe
EAHA] GorE fd Il whe A melwst
R} 7o Aokl Alte] Fasir el
W mE|slelld 7shE ]l wEles S8l RIS wh| At
o] 1 73 Helek FPERl ul e A T
ABtslaL ofel] whE WAl Wl 23 whake] Alef RiSlE
AARre Z12]an o) & sl AAdA]l RISe| W 29
3] (sweeping) W& 483 A5 e FaEch
Hrt 2R g ollA] RIS 94?‘& ‘#z‘ %‘é% =z

Sleh A ool z11°13‘r z%xw ERERE
ol o8] T2 AR 4C) 7Nl AL RIS
unit cell £AFE AF&ake]. Sk QlAh Aste] Sl

gebvle], EM field dWell4] EAg} B =iollA]
£ 7= IC chip 7]RF RIS Al~F1e) IS AM<dla,
RIS unit cellol] A-4E 4 9l kst A4 713k
225 ARkkL 2= o) F HElaAlEa 2,
o]F 7[Hke.® 35 A-§ 7hsdh RIS HARIS A<
gk ot Zh wjetaate] w2]A 54 wE RIS
tzkelE A As A B IAE AY
gt

oyl B =ields AAAEl =4 AdE s
Hkedgt 3D o] Edjo]Al 7|k Al2El- ﬂ"’" Al Edo]
A (system -level simulation, SLS)S 3] RISS] X

O
o= large-scaleol|X] 37|gkc}. sk RISe| HkA} &
45 mkedainia] dlo] EdoldS o = gle &
eSS Ajketar 7l 7lest dAE wkedd o
oFgh Ave] ollx AlzE] o5 BAgh) 1 Al
2= RIS7} a2l Al A s )
Aloksk= RIS ti#kle] 7Hx|9} 7hsAlS i5’ich

I. RIS A|AH 2H

2.1 RIS 7[gt gkAL KMo & & /e

7134 Ze] RIS 54 &Ale) 22 o]Fo]
%1 2D w|efaEE 53l AA1=ke] A} (propagation)
AL AeIdd = ik ol RISel| ARt A=) &
A g wshs e lEdolel AA =7
(boundary condition)el] &Jall AA=|AzIc}. o] =t

8] E4 AX} 7] K74 JES Unit Cell

J2l 1. RIS 7]k A5 ¥l 23 A2
Fig. 1. RIS-embedded intelligent beam steering system

883

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’22-06 Vol.47 No.06

A Alle] 7153 oJe] AAp)-BeA 715s 2 5
Al Aol 7]ofshs Al Hhabel]l 248 whEar vt

Ab el velaHs 2 vEvk

dubd oz Al Ay} of| wfAls At
Aol wishalA sek. o) Ashe] gk SlAF
o vie] A, S, ke el oo S
Al 2732 qE o] 919 o= A M E RIEE
ofo} glel. A Aol wh2m Qe Ho] 2] oF Aje]
Zofl E-fielde} H-field #*4 A (tangential
component & @14ajololof gk webd Thet 7

r
Lo

N
&
ol
=

_oﬁ

o] W} A% WAE fat 4 gl
n; — Ny
r n, +n, M

olwf ny, ny= A2 A F3ellA 2] F7]e} v
2Agott o] WA 74 gike] A-goln, Al
JES sl sjdshe o =rdlat
A 2E ARSs) vehd o glek S E
= Ak A9ke] E-field A4l A E;oF AL A1gte]
A AR E,, o ¥l B, /E,°ln®, 543 q
Elgo] 204 Qla} Axbe} wba} Agle] E-field HE]
= HaEA] oAl "ok ohA] el ukap Algte] 914
WE7E dofuiar o) vhaat zdo] dofxick

Im (I
Re (I

~—

¢(I') =tan"*

)- @

~—

o

o) $14F sislel] o]k e} WA 7
P Ak 0,7k Wk 0,3 Rl B, 5wt

2700 A%

F

U

r
1N

H2lo| Aol g} HEA-Q EAlA = 0|9}
e AE Agsle] 3D A 2 T BES B

i)

ol o FlO J
é\.
Iy
o
ﬂ

X
f

XdJJr7]' RIS ofdlo] & jAletA =¥, 54
j% Z= 5 veasie) A ‘9”3}7“ Hc,
nit cell®] 5% wekixl= 999, -8 Ao
%}‘: Ao FHoF Wk 4 glck b 7} unit
celld] A&, AAAEA 58 A3l 85 =4
+, B[RS Qe e s U1
=3, §1 A 23 sl QL $12F Hst
AZIet oul] Zhzke] Fr1AQl $14 Wik AEE
Al 27 & ] =t o] =2 Q3] g vt
Are] ®AE guksle] ikl Aule] ukabzte] giAf
zhat SR A] B Alo] 7hssliRich As) AT o]

4“ rsi'

884

5 QlEFo] 29 9 EASAS Hbedd duisid
AL HZ o0& o] Tol W}l o] 5 Fal siak Hupr}
qe]e] uleko @ Eo| HEAL (anomalous reflection)”}
| Fo A =2 RISE] unit cell} HEMAFS- T] ARl )
Zlo] 7FssiAlct.

7. 29} Fe] 7|EkAQl mdlEgS Fa) RISl ¢
3k 9 s} B Ao vA| = dEE e
gtk Unit cell ZF A2]7} d <l RIS 1A 0,2
Fak s3] 9 wWiske dsind ol I 21/ A S
F3F Bolrh oluf RIS 23t F714]1 $14; sy}
ezl 712 9 W3l dsind, ol ¢ - 27/ \uF
Fol| Haflzick o] FrHal S WskR <ls)] vk}
B Aot aRbE Helzl 0, = 0, + o 2] BkAbzt
o2 A=A ok o|uf 7|3FH o2 shHeAA RIS
o 23k 94 W3t ¢ - 20/ A1 adl HE A

(tangen) FAlo] B2, 37149 2% i ot thest
o] x3" 4 3lch

a= tan_l(w). ®3)

17

o

e

r
o

~

JIJ
il

d

o)

2mdcosb,;

= A 0,0n] kAbEe] 1A Ql Wl Zhe
Jd a+= RIS 2|8k $|AF wistol] sl ZAA =W, ¢
o] M2 ARAoZ AxkE 4= it olu] Az}
kg Aol & $lside — nEl 7R AEE
= RIS ¢4k Wzl a7sck st dAdellA
100%4 A WskE WE 5 ole ) 7)eS EA
a4 ¢kom, o] & <lal] Al & 9li= ukARte] W
S7F Aol wlepd] £ =t RISE A=
wefaale] EAdol upE S E E {Fd SAEE =
AbslaL o] & glgk FAl Ad5te] IS Ak

T2 2. RISl & S wiskel S ak} 4w Alele]
A

Fig. 2. Relationship between RIS phase shift and
additional reflection angle tuning

www.dbpia.co.kr



J #l€}2=2} 714} Reconfigurable Intelligent Surface 37 2 4]

2.2 IC Chip ZIgt RIS AA]

RIS 7l 9lo] /M 07 84t 2 cell & T
ke 7 atelw, AEske et 77
Sl vkl St rkele] EAidie) w2 el
Al sk A1 71sE Wl Hﬂ A=, 2k
32 7] A=A slem, 1 5 Al
2] HL=E vxiele 2333} 2t} Printed circuit
board (PCB) substrate $]ol] T+ 7He] &< 3|27} ¢

Z8tar, =33 Fd chipe] 7hed| Az slet o
714, ] chip Alof 7Fsd AAAR L O} #3)

5 7PHAALR o]FolA glow, Tl EaiA|
2EE 23 A3 2 7 wekaaleta R
T Sk wEb 5 3l® oke] AsiAIRIAe} A3t
RS A AYE B3 2HEA 2xle] 2E o
A 2E Aejd 5= 9ler, o]= 57F RLC 3=
weledd o glvh frE 7441*1‘5diu a4 WA=t
IC chip Ato]9] o2 He] Frsn] & eluslr
= IaEk= 7]l oJE ‘3““4 ofuff 7 AsHA|
Bl Agroz  o]Fezl F IC chip EF
metal-oxide-semiconductor  field-effect  transistor
(MOSFET)ol| ]3] AlRlFlel), welx o] gdow o]
S AAsRe) sdelrlege 2agems 4]
she] 1%, Sl 52 BT 5 9l ol=A Wk,

5 59 4 AlF F 9lek AT AHgle
fhiiel Tl elek kel EElE A

e A7 W] S PN Tles b
ARg-8l] IC chip 7|4} RIS Hﬂlﬁh’/} o] &< unit cell
5 FRel PR PIHs 2nw BeuH 247
ChE A S-S ek wlalE dele st o
7} ulolel el Stel 7ha AR aAl2 o

Polymer film

“* Liquid crystal
" Electrode

O PCB sustrate B - glass s
% = ~ Grouns u)

O Copper | LG

=z IC chip (varactor diode)
[A] IC Chip 7]t A%} [B] Liquid Crystal 7|t AX}
onitite =0 Schottky

- metasurface

- Graphene =

Mobile carrier

Dielectric & 2 (1-GaAs)

Metal
Depletioy v SI GaAs wafer

[C] 2D Material 7|t AX} [D] Active THz Material 7|8t AX}

T2 3. RIS ¥ §d HEkiAl il
Fig. 3. RIS beam tuning meta-devices design

A Eal TERC) vl dolesy duow
o 2Vellx] 20V 2] Wl 2Hgae) o 7]
ARz dasre] Aol W elale] ol =
=, wlololz vigle] BAeIAE e AR~
Aol @37] 918 o] & A3kl Aasj. o) WAl
3 =7} AL o] L3l fE BT JIEAE vlE
4 glek. wele ol ese] S7) 5 zelq 2 ol
W2 7 ractor = T3 2] AR, lolo] 2ol
W As e g Ea Aed 4 glk

jwLyGwL, + (jwC) '+ R)
Jwly + jwl, + (jwC)~ !

7 =

varactor

(C)]

olwf f, Ly, Ly~= A7t Alele] Fal, o) #lo]
ofe] qlefelx, Wi #lojeje] <lewlzolch

PIN t}e] &=+ o] 547 P-type, intrinsic region,
N-type HF=AlS] Hitom 4% sAfe|ch PIN
Blol 25 ALE7E Aok i DAl Tol
o} zho] gxtelar, wFvlelxd= vk AFAH T3}
et olFA 25T} | RelA A7 e tole=s
B2 25 olojz Al uhleste, S AR}

T Aae vl Aolxlet =gk 57 3] RellA, =
Aste] ZhsAm Azl vk Agt e~ A
& s} 2k s HAdste] ZklAH, PIN tlo]
2= AL S Bolw, o|uf ATARAE
7kl skt Fsicl o]x¥ PIN thele==
Hpojojzof| w2} 292 AH 25 5 9lorn, 2=
R ae o) o] vhehdt

R+ jwlL, Forwardbias

jwL+1/jwL. Reversebias ©)

Zpiy = {
weba] Ale] 7Pk Be QleEag ()dld 2
& oAl AFsdt ofmrlElae) dgm Aed S 9,

TR oma) WAt Aol 98 2 4 gk o)e}

752 1C chip 7[MF A2k wlhE S5 el o]

o8, w4l FHoR A el RIS A4

ol el gk,

. RIS ¥2 HIEIAK}

3.1 IC Chip 7|gt RIS2| BHA|
RIS7} 5%l 41 Al=wle] F84-2 5G Hev

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’22-06 Vol.47 No.06

Eﬂ;ﬂi L-]o] 6G°ﬂ/ﬂ fsﬂ/ﬂ ;Ho:]o] = 7—]& oq]/\J—E]_‘E
THz 2] WErlelx FE1tar Qe sixqt W
B tlol == Al A $4F Ale] #1701 dA
ol #el 70% olskz AjtE= 22 AE alck
weba 3} 2o EAs) =2 AkS 7R} sl=
A FF o] S WiskE 28 glvh 1Ela
PIN tlo]e == o]ibxql 94 Wit 732 ls) A
3kl Fdo] ErbsstaL o] & I3k Ae sk i
Aghe}, w3k o] A g w2 vl =] Ao R
sl A 4m] JA] A= FAPE el o] & Ql
3l o] Tk diodellA] RISe] As AT 74 7}
A5 flsl vkt EElA EAE 7L A 7 HIA
s 22 A8 Fae] thedck

3.2 T2 okt & 7Y oAUS

dxdez T3 3-Be} o] AA(liquid crystal,
LC) 714k A4 7hsgt wlekiArt &gk LC
FAES] wd2 A o AR 5 oy 270 W
Slol] we} o} $AkS 71, o] & Sl wekam e

T4 7hsst A EAe] & 5 glok S AAE A
o] A7)l WskE 1 LCe| $1ide] 4o W3t
3, A Aol 2 Ee] W) AIE Aol & 9l
ol Le wetaste] A9 ) 2ate] gheksiA|Rt
S|} wisle] Zxo} Wl g} Ao 2 7
olch

13]]3474' 722D BAL =2 glEle] mielEe}

J 7}sg Fermi level S| Xdﬂ]rﬂp] A5 aa-s

iﬂéz} T oler, olF F3l ¥, 3-Cob #e] RIS
ZAtEA] A8 5 ik W J =2 b S A
el #lojo] 9ol A5 HER velrE reuvE -
A=, 97} 7<4°‘J'°ﬂ wE coupling condition?] 3}
5 53 WA WS o] welixle] A
% ¥ WX &% (modulation speed)”} vli-$- w212
2 Aoy LAY F=ARE, AR} o] &e) v]go] Tt
= A7} gick

I3 3.D9} 3] Active THz A EE o] &3t g}
a2k QA Thssbe, Aelel A8t HxE 2% 5
e HheA =4S 7Rke® ghe) disAel tzjal
< n-type GaAs #o]o] ¢l F resonator-S $12]A]A
TAEY, 2tE de= A <Y ke Alge] TS
Aefshz Ao, o] 2] Emiz|2~E] glo] a7}
= %’3}] AEET fdeS WsAA Bls 743t
o, Ao ® 22 Agte] JaspA|Rt 2 74

g 45 ok s viEaxEe] dere
45 £ 1o HehAgich

(e3

o

_L\_4

E 1. 51 dekaat 24 vl
Table 1. Candidate meta-devices comparison
RIS Design \ Operation freq Modulation speed  Tuning range
IC chip GHz to sub -THz Up to GHz 70 %
Liquid crystal GHz to Thz 20 Hz 15 %
2D material GHz 20 GHz 95 %
Active metamaterial THz 30 kHz 79 %

V. AlAHE-E AZ0/M X 85 =M

22744 RIS 7 Z2el sPsa 34l 27
of| izt A% Frke = wlE FHA s} g4 o]
EAo 2 o]FojHr) |t 7|E FA A~HlY] &
ar/“i Aes A1) I3k RIS EAE A7
W) A Aubdel 4l /\]/\E‘ﬂ A oA Akt
Alzdlo] mA]E kS BAsle Zlo] Haslt)l =
Ae] A3L -2 3D map, AEI} H & FREL
AR HAE FeA] g e) ol AAAR] EE
EA1E Wl W] T8 A4S gk ol
E =FollA $2= 3D dlo] EdoldS A8gE Al
g F7ellA] RIS tixjelel] whE A5 gk

F

4.1 RIS 7|8t X5& UIES=2} 2fo] Ezjold
A ARE = o] Bl AxEdel= st
Autel] gk RIS ofzo]e] F7P4g<l 2Hg-0= o] Fof
2= dukshe vbAE HAS A48 5= glo] siabat
HhApzbe] vl Seo| ubalrh AdsiE S giel?l nleia
= wrelAe A WA AlEdeldE F
A1 RISZ Adte = Alss Ao -+ A Al
o]AdellA] RISeA FAI7| 2 HRALE = A15E 43
o} oluf 7 s e A gt E 53 5 )
= ello] Eelo]ie] 5AL olgald R Aol
o elgtel el Aelele) YEew A
o]= E3) RIS-HKAF AEE x33) A AE gl A=
S w5 oglck
R A A1 B0 AelA 71A 5L point Hele] %
A71Z A= 3 RIS wiAE $1X]ell 9l point ¥
Bhe] 717} ek el SAl1e] W A e
Hte] RISE Fabct. o5 A AelA] #lo] =
oS alskar of2] 7ie] &5 5 line of sight
(LoS)sh 17} Hba} Amwt F333 v wbahe
BAEE 2F Aer) ol Als 47} A 5
Fohs vjels] BA-S wegele] RIsel Aksh A1)
£ LoSell 7718~ 722 3t Zlolck o]F & b
o[l RNE A FE A A, A AH,
angle-of-departure (AoD), angle-of-arrival (AoA) I}

(

www.dbpia.co.kr



-/ WlE} 222} 7]4F Reconfigurable Intelligent Surface 7] 2 #-4]

HUlE S 7R ea, oloR]= AlEHelAd H AFE
AlAkel] ARg-gHC)

tho 2 I WA AlEg oAl = AlAl A5 o
71 S1g 2 Al g o) dE zlaight). w4 RIS7} HF
Ab FAS Ml A FAl7]o| B o)A ||
A} 1712 9ol $417] pointZ wiAI gL 2]
large-scale A|Z~8l AR e} AHbA ~FFEE H7|
Sl 2171 TRE ) Aulel] T2= SR 6]
gk o]u] RIS+ dukshl v} WF o] 7153k Sol
AL 2 A =0 A|ekels v s Hats By
= oJth (3)ell 2l RIS Ak $4F 7 Weiel
AoA°] 23 A FrHHoR HelE 4 9le
W3} AAkE7] witel] QlFEo g Foixl &)
vlefel] we} $al719] ZbwE A wgh
Al A 71 AR A7) Al 232 214
Ap $A1 Aol Jge T Flk 7] A=
Hlgkol ] RISS| 84 7ol uhE WEje] & 3t
odlo] o]5-S uladste] FAE|R STl o
2|31 RIS7F $1& wje] Ame} FHsle] HFTH o=
55 vlasla #A gk

N
f

ﬁb%oﬁdr{r
S
Cha T

-

4.2 RIS & & AlZ2jold 3 3D 45 Eut

RIS t]ARR1F steflA] Q1ggE 22F 446l 719kt
o, 98] AAFQl 3D FHelA] dlo] EeldE
ARSEl Al2El-dd s B7EE gl 2 4B
o]Adellx] $2]+= Remcom AF2] Wireless Insite A23E
EoIE 218310, wall geometry$} material & 372
gk A B4l 3PS mgighel Tl 49} 3o &
Al 3742 9.5 m X27 mx3.3 m =AY bl
A F2E Hkdste] mdFslglnt. FREES 5

26.5m

S8 4. 3D map 714 Bl Eelloly $41 2
Fig. 4. 3D map based ray tracing surroundings

¢} sub-THz A3 ukedslr] ¢s) Jullo]=xcl ¢

= 28GHz®| He|n|e|zle} 120GHz9] sub-THz 5
A FapellA] dlo] Edo]dS sasisltt & o]
Edo]d A& ol A8 A seprE e
200 HephgiE

A WA Ade]eelA el 2 AlEH o] ellA
22l N5 A8sto] RISE 53 7 =915 Al
gatar W Adg LAl 2ol mE A" Aes 4
ghet $A17191M RIS Aok Ale7) wbaksw 5 8
7Ne] Wle] HAw, RIS7F $& wf $A7]e4] vi=
7 ] Rl 2919 Alaghe 2 AluE] QoA

S| J o

=

o,
o

i

FAslA) ke 7S RISS F7F4el 2k Alle] |
off w2 FAl sl dfolrt ulebr] vkt v
ekl Eo] M 4 ole Ak T HAE sl
a2A EAHS, oldd B A% 7 HE (3)
of ofs] Alxksle] #lo] Edo] Aol vkd ). o]uf g
AR 45 ° & 7)Ee 2 sidek oA el ok 7t
= 74 H9E e &R 7 wi)l ¥ wkekoe]
7F7lE Zhe WSI7) ek, olof wet i EA #
3l A7) vk A1E Adse] deiAA Hi
T WA A 2o = Bzt 7bES Sdskar o]
of u}2 W] NeE WstA|A AlEHelAdS
oA AU o= WEE wEEkA| @i JieE
Fddl W7 S Al e stk et
2 Ae] L. 26014 = ARSS= B SIS half power
beamwidth (HPBW)& HF3s}e] 2+ wl7k 7bA o2
HEnlg zlegie]. & AlEHo|AdelA A3l |
7¥243} HPBWE 3GPP A2 Zhar3lc). o] RIS
2] 74w 2ol WSI7E FoH oo wie} Agw =
9] Mgzt EEA Hok F Ak A 7 A
of| W AFFE AT Aol7) ] AAA =k

o

2. o] Edo]y A&weld sleirie]
Table 2. Ray tracing simulation parameters

IR =i Sub-THz

A 28 GHz 120 GHz

Rl 2 GHz 10 GHz

A A 23 dBm 43 dBm
%4 kel el [RF #l=gtelvl15]| A3 el
Al kL el] | S <kt A ek

RIS elements <= 200 1,000

RIS ol#le] o]= 15 dB 25 dB
Noise Floor -102 dBm/Hz -102 dBm/Hz

887

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’22-06 Vol.47 No.06

4.3 20t 24 3 RIS 47| HA

Akt darelEat A e weEE 483 3D
glo] Edlo]A)e] ulE SLS A} 18, 5, 60l vl
ZHolF g}, WA Ave]L 1, 25 E3) RIS unit
cell& TA8h= UﬂEP*X}EI 2 e W (A= 5
g W97k EAl Aol nlx] o ake 3lelak 4 )
o} dubd e s wE AlEHelxdels RISel 2§ 7
= 2 et Eers o 2 A S
o, W 7 Ael7t i.«%’ Adke o =ik
HejulEsleld £53° 2 £12° of vl8) 50% ©
742 dellA <f 5Gbps4 %y = A
RIS §lo] FAl7]olM nl= glzw)o] #18)=]9)-S o,

= AN2fe] Fakpel AofEo] w4

H*P RIS A5 A|2glel] vls] Adgo] dsf=lgiet. 2
2]3L sub-THzellA= TS @AF s M3t U5
olem RIS7} $1-& il B3] Z ] 20Gbps2] A%
o] 55 &l 5 sl =3 Aluele 204 = 2
o]z AR ¥ vt oh=r] witel] A
el A|AHl ARSE AFo] zfo]E BTl 94
H
o
A

A

A= el

A3 AAT 24 BA W AT 2ol vS A
#or] CDF9| 50% °]3} dollx = Al2H] o]50]
Mgk o 4= gldick ol& E 7R QAlelEE A

Ale), 91 8o weia] RIS7F wjAlEl A2l

(

J

oo HEIDIET} (28GHz)

CDF
NN
\\ g
AN N

Sub-THz (120GHz)
' | — 1530 sl — 153
' — tas° ! — 1450
8 ‘o | 320 ot |f 132
02 df — 123 bt / | — 230
,,,,,, ] +12° T +12°0
L /J == No RIS ot f == NoRIS

J Z

5 10 I 2 0 0
Throughput (Gbps) Throughput (Gbps)

J2 5. AzE-ed 2F5E A (L U
Fig. 5. System-level throughput performance (equal beam
number)

CDF

/ /‘HEIDIEiquxGHz) Sos| /
| —_— +53 4 [/ / =
= =
132 / +320
— 23 02f / [ |=&=

+120 +

$12°

8

10 15 2 0 E)
Throughput (Gbps) Throughput (Gbps)

38l 6. Azd ATE A (B W 1)

Fig. 6. System-level throughput performance (equal beam
interval)

888

ol o 2~ olo
éa'l"/\}\na

7% Azlnct 2els] s ol5S
Alz~El el A B 4= glelc) tjEe] RIS device
o] =2lAql ek 7 FHd ﬁ‘-ﬂﬂ AA A Al
ol <3 F=A Blslsdar, vlwE WAeE A5
o] 55 AR ﬁ&#s}%ﬁv}. A ol sheEle]
FIE sub-THz & AF&%W v A e]glom,
HPBWE wE{alo] H] 7S S3l5ds o e
7] @ellA A ol5e] sldch

Uel7} o]tz sl B4l A5t 2ol e} of
RIS wjebinbs AEshs Ao] vhex| s sakshe 7]
o] = = qlek B A w7 Aol ke EElH
Tl M o] A, |3 3% ol ololr|gl 7t 2}
AH, AzL vlg olwE aEElle W, ¥ =
Rlssl 22p M TRpelel] i3k rlel=rielo® Al
g 4 9ir} o)== AA ARR3ke] A A =4
S EEPEA B84 of FHE FHEsE] S
71E "kEeld Zeolrk

v.d B
B =Fella] aEE RIS AAZE B4 Al vl
ke A EHolAd As EAgo T Feldt
gJrk. Foln) 7+ tixlele] Fg ALE: Fu}
o} Ad o] th2 7], o]ef| w2 trade-off THA|
A2 Gulo|a] BA1skg] o] o] 2 &3] RIS T
Zp9)e] Beld EXF ~dEd 58 5 Ao gk
e DL 4 2lode =k AReld BelAe
tizkel sfeprlefo} tiie] Al RIS 7ol 9o &
sdo] vlg, oA &8, 424t ﬁwﬁr A= o4
EA310 Ad7 A digt eWHE A3k

L 4> fir

References

[11 S. Alfattani, et al., “Aerial platforms with
reconfigurable smart surfaces for 5G and
beyond,” IEEE Commun. Mag., vol. 59, no. 1,
pp. 96-102, 2021.

[2] W. Tang, et al, “Wireless communications
with  programmable  metasurface: = New
paradigms, opportunities, and challenges on
transceiver design,” IEEE Wireless Commun.,
vol. 27, no. 2, pp. 180-187, 2020.

[3] B. Ning, et al., “Terahertz multi-user massive
MIMO with intelligent reflecting surface:

Beam training and hybrid beamforming,”

www.dbpia.co.kr



-/ WlE} 222} 7]4F Reconfigurable Intelligent Surface 7] 2 #-4]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

(13]

[14]

IEEE Trans. Veh. Technol., vol. 70, no. 2, pp.
1376-1393, 2021.

Y. Changsheng, et al., “Fast beam training for
IRS-assisted multiuser communications,” IEEE
Wireless Commun. Lett., vol. 9, no. 11, pp.
1845-1849, 2020.

A. R. Ndjiongue, et al., “Toward the use of
re-configurable intelligent surfaces in VLC
Systems: steering,” IEEE Wireless
Commun., vol. 28, no. 3, pp. 156-162, 2021.
C. Molero, et al.,
reconfigurable intelligent surface: 3D meta-

Beam

“Metamaterial-based

atoms controlled by graphene structures,”
IEEE Commun. Mag., vol. 59, no. 6, pp. 42-
48, 2021.

M. Lee, Optics for Materials Scientists, CRC
Press, 2019.

N. Yu, et al.,, “Light propagation with phase
discontinuities: Generalized laws of reflection
and refraction,” Science, vol. 334, no. 6054,
pp. 333-337, 2011.

F. Liu, et al.,, “Intelligent metasurfaces with
continuously tunable local surface impedance
for multiple reconfigurable functions,” Phys.
Rev. Appl., vol. 11, no. 4, Apr. 2019.

L. Dai, et al,
surface-based
Antenna design, prototyping, and experimental
results,” IEEE Access, vol. 8, pp. 45913-
45923, 2020.

H. T. Chen, et al,
metamaterial devices,” Nature, vol. 444, no.
7119, pp. 597-600, 2006.
D. M. Renzo, et al,
environments empowered by reconfigurable

“Reconfigurable intelligent

wireless communications:

“Active terahertz

“Smart radio
intelligent surfaces: How it works, state of
research, and the road ahead,” IEEE J. Sel.
Areas in Commun., vol. 38, no. 11, pp. 2450-
2525, 2020.

E. Basar, et al., “Wireless communications
through reconfigurable intelligent surfaces,”
IEEE Access, vol. 7, pp. 116753-116773,
2019.

D. Jun and C.-B. Chae, “A

reconfigurable intelligent surface based beam

study on

tracking performance considering 3D mobility-
aware environments,” in Proc. KICS Winter
Conf, p. 558, Feb. 2022.

[15] S.-H. Park, et al., “MmWave Lens MIMO,”
IEEE WCNCW, pp. 1-2, 2020.

[16] M. Giordani, et al., “A tutorial on beam
management for 3GPP NR at
frequencies,” IEEE Commun. Surv. & Tuts.,
vol. 21, no. 1, pp. 173-196, 2018.

mmWave

™ S T (Dongsoo Jun)
20184 24 AAEw =
WgghgEt &4

2018 3L~ : AANE

. SEREFETE AEEd
s
- 14
‘ )4 <ol FAEA, A5

Al vt
[ORCID:0000-0003-1326-6978]

x| & Y (Chan-Byoung Chae)

20084 : "= Elap~ o Bl A
7|35 Eg- 8 ukal

20083~2009 : = ths}
AL S A4

2009%3~201143 : w]=F W I
2 ]l

=
20113~ : AA NS ol
O EFT 1

T— ST
<ok 74 WENZ

[ORCID:0000-0001-9561-3341]

889

www.dbpia.co.kr



	메타소자 기반 Reconfigurable Intelligent Surface 설계 및 분석
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. RIS 시스템 모델
	Ⅲ. RIS 후보 메타소자
	Ⅳ. 시스템-레벨 시뮬레이션 및 성능 분석
	Ⅴ. 결론
	References


