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« RIS/IRSOIERK (L. M A—RBE - XHZhIL-T5T1hER
« MerasurefaceD¥&R% (L. ILFSINZRMEZNLIINIDFE

Surface type Structure/Materials
: Diode ..
Intelligent surface m (pin, varactor) Dynamization method
Intelligent surface Liquid crystal
(‘E”V "\ B MEMS
BS UE
Graphene/Others
Metasurface Flexible

~ (film, sheet, etc.)

Rigid
(FR4, glass, etc.)

RIS: Reconfigurable Intelligent Surface
IRS: Intelligent Reflecting Surface 1 6
MEMS: Micro Electro Mechanical Systems
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 RepeaterlCBEE T 52010FLUFDHX & 5L B2 EIREIDE A CTEEIE
— 4= 77
o SFMIIXGMFeGEIRIMMAE 2SR
Type Frequency
AF Up to 24GHz |[111.3-23]]111.3-39]
24 t0 100GHz |[111.3-26]]111.3-29][111.3-31][111.3-37][111.3-40][111.3-41][111.3-47]]111.3-50][ 111.3-51][ 111.3-53][I11.3-54][111.3-57][111.3-86][111.3-89]
Above 100GHz
NA [111.3-307[111.3-34][111.3-42][111.3-46][111.3-55]]111.3-68][111.3-75][111.3-76][I11.3-81][111.3-83]
DF Up to 24GHz [[111.3-78][111.3-84]
24 to 100GHz |[111.3-66]
Above 100GHz
NA [111.3-34][111.3-43][111.3-49][111.3-58][111.3-59][111.3-60][111.3-63][111.3-71][111.3-72][111.3-79]] 111.3-80][ 111.3-82]
NCR Up to 24GHz [[111.3-91]
24 to 100GHz [[111.3-1][111.3-2][111.3-3][111.3-4][111.3-5][111.3-11][111.3-22][111.3-27][111.3-28][111.3-38][111.3-87][111.3-88][111.3-90]
Above 100GHz
NA [111.3-6][11.3-7][111.3-21][111.3-24][111.3-25]
I1AB Up to 24GHz
2410 100GHz [[111.3-3][111.3-4][111.3-5][111.3-15][111.3-16][111.3-17][111.3-28][111.3-32][111.3-35][111.3-36][111.3-45][111.3-48] [111.3-52][111.3-56][111.3-65][111.3-6 7] [111.3-69][111.3-
70][111.3-74][111.3-90]
Above 100GHz|[111.3-33][111.3-36][111.3-77]
NA [111.3-6][11.3-12][111.3-14][111.3-18][111.3-19][111.3-20][111.3-25][111.3-44][ 111.3-61][111.3-62][ I 11.3-64][111.3-73][111.3-85]
Others Up to 24GHz

24 t0 100GHz

[111.3-8]

Above 100GHz

NA

[111.3-9][111.3-10][111.3-13]
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« Metasurface. RIS/IRSICEIET B2010FELUPFDGRY L B2 EIREOE A CTEIE
o FFHIIXGMFeGEFI TR E2S08

Type Frequency

Metasurface| Up to 24GHz | [111.3-96][111.3-104][111.3-106][I11.3-118][I11.3-127][I11.3-128][I11.3-130][111.3-132][111.3-133][111.3-134]
2410 100GHz | [I11.3-94][111.3-100][111.3-101][111.3-103][111.3-108][I11.3-109][111.3-110][111.3-1LL][111.3-112][111.3-113][111.3-114][I11.3-116][I11.3-117] [111.3-119][111.3-
121][111.3-122][111.3-123][111.3-131]
Above 100GHz| [111.3-92][I11.3-95][111.3-102][111.3-115][111.3-124][111.3-125][111.3-126][111.3-129]
NA [111.3-93][111.3-97][111.3-98][111.3-99][111.3-105][111.3-107][I11.3-120]

RIS/IRS | Up t0 24GHz | [IN3=238][111.3-145][111.3-147 IS0 [11:3-153] [1:3-154] 1 11.3-168][111.3-169][I11.3-170] [111.3-175][111.3-176][111.3-177][111.3-184][I11.3- 186 ]I
189][111.3-193][111.3-194][111.3-195][111.3-196][111.3-198][111.3-201][111.3-202][111.3-208][111.3-209][111.3-210][111.3-211][111.3-212] [111.3-218] [111.3-223][111.3-
2241[111.3-225][111.3-226][111.3-227][111.3-228]

2410 100GHz | [I11.3-135][I11.3-136][111.3-137][Na-140] [II1:3-242] [ | [1.3-150] [II.8-25 L] [MI:a=152][111.3-155][111.3-156][I11.3-157][111.3-158][111.3-159] [111.3-160] I 1.3-
161][111.3-162][111.3-163][111.3-164][111.3-165][111.3-172][I11.3-173][111.3-174][111.3-178][111.3-179][I11.3-180] [111.3-181][111.3-182][111.3-183][I11.3-185][I11.3-
187][111.3-188] [IINS=G0][111.3-191] [IIS=102] (113216 [IIS=227][111.3-221]

Above 100GHz| [111.3-139][111.3-142][111.3-143][111.3-144][111.3-146] [I11.3-148][I 11.3-171][111.3-197 TN 204 NN 205 LIS 200 IINNS=207] || 1.3-213][111.3-214][111.3-
215][111.3-219][111.3-220][111.3-229]

NA [111.3-166][111.3-167][111.3-199][111.3-200][111.3-203]

* LC: Yellow

* Diode: Green

* Graphene: Light Blue
* MEMS: Bilik

* QOthers or Simulation: White 18
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 "Repeater”&"RIS/IRS"(EZARR T —R T — A TIHRFHFENEDHSN TS,
 "Metasurface”(FN/\LYSHLERDIAFHAFEN L 28% L8dD
Category Use case Category Use case
Repeater Coverage enhancement Single hop 23 RIS/IRS Coverage enhancement - 21
Multi hop 12 Spectral efficiency MIMO 6
Spectral efficiency MIMO 6 Beam Manipulation 13
AMC 9 Others Reliability 4
Reliability 11 Physical layer security 3
Others - 10 Sensing capabilities 2
Metasurface Coverage enhancement - 41 Energy efficiency 1
Spectral efficiency MIMO 0 Link management 3
Beam Manipulation 0 Wave domain processing | 20
Others Reliability 0 Others 21
Physical layer security 0
Sensing capabilities 0
Energy efficiency 1
Link management 0
Wave domain processing 0
Others 1
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North Others
America

Regional publication

Asia
Europe

Refraction

Technical category

Reflection

Design Method
10

Improvement of
coverage
6

Pattern shape,
structural effect
10

New meta-atom
shape
8

Research Area
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Industry

Semiconductor |

. Discrete
Integrated

PCM
Graphene

MEMS

Academia

Beam Manipulation

\ »' _ Holographic

MIMO

Li, Mingxiang, et al. "Beam Manipulation for Terahertz Communications: A New
Quiality Productive Force." arXiv preprint arXiv:2503.22158 (2025).

o0 @ [ 1] o ® o0 )
1 10 100 1000
Frequency [GHz]
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V1.1 Field evaluation of mmWave relays in various topologies
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V.1.2. mmWave massive analogy relay MIMO
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V.1.2. mmWave massive analogy relay MIMO
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V.1.4. Phased array antenna system for 6G analog repeater system
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V.1.5 Research on low latency relay technology to extend millimeter wave area
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V.1.6 Wireless transport technology for Xhaul
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V.2.2 Optically Transparent Dual-band Metasurface Reflector
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V.2.3 Metasurface technologies for controlling radio waves
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o the Sub6 band and above, and the results of verification
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V.2.6. Reconfigurable metasurface reflector with multi sheets/sliding sheets

C : 9
E—— - RV E)CEREE SRS R
. E%iﬁ_ — A1 I\E_@}ig‘_fﬁﬁﬂﬁﬁg (+45°#+20°) (+45°m +60°)

5GmmMWAVEDIU7eAZEZEHREL
JeXIY —JIZNMRET SN T\ 2w EE
BEARED—T, —fRM XY —J1
ASREHE DA B2 ZEE TER)

- AREREME

TEELELES(C. IR
RN — T AR BiEe%k
2592,

DA REATY —TTAREHR
DUNFS—hATH —TTAREHR

siruth (dog)
(d) Variable to Deep Angle (Mea

Sub-MTSs Multi-Sheet MTS
DOATY—TIATI, FHRDXS Papp——
F-J1ADATA REREALSEBCE , 47T DR ESRICLD
T, R 85400 EO#tE Co

T

@QONIY—TIAT(E, RETE%
DUPIZBZ S — Nt ant3
LT RAEO -~ LIRS

S-. < MTS- —_ A
MIS-A 0,= 54 MIS-B o sgo ’z:%t AH/EE
6,=30° { 6,=30° :
Combination = 30° 4 )
MTS-D
= 30° i 6,=30° 6, =66°
Design Frequency at 28.25 GHz

QOVINF>—hAIY - T ARG 50




V.2.7 An Efficient Beam Searching in Hybrid Intelligent Reflecting/Refracting
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V.2.10 Beam squint-aware frequency resource allocation
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V.2.11. Prototype and Evaluation of Intelligent Reflecting Surface for
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V.2.12 Experimental evaluation of impact of intelligent reflecting surface for 60 GHz

® band on radio channel in Sub-6 GHz band ®

o 5= o EERIEER

« HIRREHICEWTIRSZE A - HlfE T 5E(CLo T, * 60 GHZHIRSOR GHFHEDZAENS GHZF
LOBIREH DIGMIE N EEN T 5L FRIREHE(C EIRIS(CE X BB FIERITNS VL ZHER
éEﬁ(:IJ\J—X%UD%T%{f?5LtD‘\Eﬁt@é - Tx antenna: 1, Reflection direction: -50 degrees o Tx antenna: 1, Reflection direction: -20 degrees

o IRSOEIGIMEIISZT ST HEER \ /\
f \
.«__v/ \

- EBFIBENICHLT60 GHzFEIFIRSOIOMN AT |
(V.2.11#0) OREHFHEZZ(LEET. 5 GHZHEOD \,\ |
GRS (CE5 R 25  E2 ERLANE S Z RV TEA )

IRSR&F751A) : -50 IRSZ&3751H] : -20&

Magnitude of CSI

- Tx antenna: 1. Reflection direction: -50 degrees . Tx antenna: 1. Reflection direction: -20 degrees
Transmitter for o ///\
1 5 GHz band
: (wireless LAN AP) o os
g _ —
— \\ [\
Beacon nd é, / \ é'z
Receiver e 2 v R z,
= (CSI monitor) ol /
- o
IRs % s w0 o om s wm s w6 %o s W o @ B owm m w6
G/‘/z Zo,. 60 subearrier subcarrier
anq IRSZHT751E : 10/ IRSIZEI751E) : 40/

alEsmn AEEER (8YTHrUT7OEHRIR)
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V.2.14. Liquid crystal reconfigurable intelligent surface
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V.2.15 Multishape Radio and Its Experimental Studies using Airy and Bessel

® beams in Sub-THz Bands: RIS Perspective on Beam Manipulation
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