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Abstract: Wireless communication uses electromagnetic waves to carry information to achieve long—distance communication, which gets rid
of the shackles of cables and promotes world economic development and social progress. The wireless communication development para-
digm is a natural law, theoretical basis, and practical specification related to the evolution of wireless communication technology. The scope
of application and key technologies of the existing wireless communication development paradigms are reviewed, and it is pointed out that
development paradigms for both passive adaptation and active use of the wireless environment are restricted by the “space spectrum wall”.
The ability of existing wireless communication development paradigms to resist wireless disturbances is still at the stage of “depending on
heaven for food”, and the situation limited by the wireless environment has not been fundamentally changed, which restricts the improve-
ment of wireless communication service capabilities. In response to this bottleneck problem, a new paradigm of wireless communication de-
velopment by “reforming and customizing wireless environments” is proposed. The theoretical exploration of the new paradigm and practi-
cal specifications based on the reconfigurable intelligent surface (RIS) are introduced.

Keywords: paradigm; wireless communication; RIS
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Graphene—Based Reconfigurable Intelligent Surface for

Terahertz Wave Beamforming

FZ2AA/SI Liming, iz 8F2/TANG Pengcheng, EBf/LYU Xin

(AREBITAZBRRSAMBERANRDERFNE, PE IR,
100081)
(Beijing Key Laboratory of Millimeter Wave and Terahertz Technology,

DOI:10.12142/ZTETJ.202203003
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MLSHhREER: 2022-06-07
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Beijing Institute of Technology, Beijing 100081, China)

BE: RET WETORRAMZEREERE (RIS). BYEDKZBEE, Z2EBBREEESHIN SR ARMZL RIS SIS,
MR ZLR R . N S IRSBEIT 360°HREHMENEEEE, T T ISP RIERes =M OERNBETSM, XPENSII0R
S BRENGEEZ, R T REBLEEEE. EFRSREIIRISBERERE, Z288BREYESITPNRIRERITDNRDZTH
RATEIIEE, NRSBIEAMZ IR T 58K, SEIcH2I6GALRE. NZZER. TESBARAFTI,

KRR A% SHBRE; O2F; BERA; RISBEN; KERWE

Abstract: A graphene—based reconfigurable intelligent surface (RIS) is proposed for terahertz beamforming. By adjusting the chemical poten-
tial energy, the reflection phase of linearly polarized incident electromagnetic wave can be controlled. In order to obtain the 360° reflection
phase control range, a Gong-shaped metal resonator integrated graphene structure is designed. The Gong—shaped metal resonator
strengthens the local electric field of metasurface, widening the regulation range of reflection phase. According to the principle of anomalous
reflection and coding metasurface, the deflection of near—field beam and splitting of far—field beam are realized, which could be a new idea
for flexible regulation of terahertz beamforming. The results show that the proposed graphene—based terahertz RIS can be expected to play

a key role in 6G communication, terahertz remote sensing, and space situational awareness.

Keywords: terahertz; reconfigurable intelligent surface; graphene; anomalous reflection; coding metasurface; beamforming
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Abstract: Through the introduction of the basic concepts, methods, and applications of the reconfigurable intelligent surface (RIS), the unique

ability of RIS to regulate various physical characteristics of electromagnetic waves is shown. The key technologies of RIS in space—time ma-
nipulation are discussed in detail, as well as some iconic applications derived from these technologies in the field of imaging, perception,
communication, radar, etc., which fully demonstrates the application prospect of reconfigurable intelligent surface in related industries.

Keywords: RIS; beamforming; nonlinear harmonic manipulation; holography; wireless communication

5@&*9%Eﬁ%ﬁﬁ%%%ﬁ%,ﬁﬁ@&*ﬁﬁ%
WETIIT R Z . T EBHRIAN S AL NS,
Y59 2 (B I AR AL, XA A T S L SE
ML AR SR R TR T AR Pk
o FERZHER S, AR, B e e
T (RIS) HARZBHIGIAS T 4Bk (5 S~ 10 % Y] 6
Y, WOk 66 TELGl AR I B AR Z —

BRI — R R R IT (BURE S 1/10~1/3 4
Weke) Heke e 25 HER TG L N THUREZS ), BRI
B . AR . SIEAER R, L5008 R e B
SRR, FCEL R N K R T RE R AL T, JCIA AR
P PR R TS . (R 4 i R TR, R
AT PR AR A AT B RGP b ] G P 2 T ) M A
NIBTAE o 2014 AR B BR R 8 I H th 1 B b 5 AT G
TR R R T M, 4% 2 TR BT T 0% 52 S 038 S i 1 ) A [
RS R 01 K Fom, IR BT i i 2 i

EEmB: BXEXRMAITL (2017YFA0700201, 2017YFA0700202.
2017YFA0700203); EZREARIFESE (61631007, 61571117, 61138001,
61371035, 61722106, 61731010, 11227904); SE2RENOIFSIE L
(111-2-05); STAERNGS [T AREMAREI (BK20212002); PIRSRE
ARISSHEENARRE (2242022R10053)

20 | PRoEIRERAR
202268 55285535 Jun. 2022 Vol. 28 No.3

PR A AR T RS, STER A 2 1 B 9 R
BIGRR, HENSEIUREE R RETIRE . BT i ] g R
TP FE R R R TR AL T e R, AL TR R
TSR, IFa] SEGHE S ARSI G IE B 5k
JERY RIS,

IR P AR, W PIN A (P-1-N B )
)L EREMMALE RS (MEMS) H 4%, RIS A LAXF
ARG DR AR EE . AEE . AR L WA SRR A T S A AT G AR
PHPEET, T PRGBS R R AR AT, e
TR AR T IOk h Ay s iR, F A BE T g Fe T2k
IR R, BT RIS By Jo 2k 15 e & ML (14
T EA BT DIFEAR . AR SRR i, AU ] RIS F1
B BRI AT 58 pUAE B S, AR TESRM .
AR R, N —AUTe & E fE R TR A i ke
ES

1 RIS XJ BB #Z i By 3R = [R I8

1.1 ZEE R

B (a) JEAR T —Fhih — 0B ECT <07 = <17 AT
PR 1 bit ST a8 RIS, o, RISTEAR[A TAERAS T A9 I AH
MW 1 (b) i BT AR T 1 R A 22



180°, FRATHLE O AN M 4wt “0”, 180° AL A&ifL “17.
W AE RIS [ AR RS T4, SR HU IR A R Y
WEROR, WK1 () A (d) FiR.

1.2 EL MR RIEE

TEMS 18] i fith RIS $2 i 2 /i, R ZEWIE TAE HOGH: RIS
B2 ) G i A AR, 200 T AR [RI 4R RE A o Ik
bt RIS & —Fh 1 FH Ik 25 2 BOR 552 0 FR G R 5 81 428 1) 1) A2
arffo Y RIS ST FRERR S ) s AR, R il — 1
AR RS, IS A AR Letb i S SCaR41E 1 B8l RIS 7Y
SRS ST, AR I RS X RIS B S R A
FrRAMEVR S, SO ol 2o AR R MR I o i, TR 2
(a) iz BURT, RGFIEAMEA 2 F RIS (9 R 5T R B 4
TERARRL BIASFHEINAAL  TI2%F S o ZREOE (14 45 B AT
AT B b SRR X S A () R o X R A B [ 4 RIS
A PR B RE B (1 e

SRIMZ I — 2 AT & B, MRS SCHk (4148 19 07 ik 7=

BREBREINITRNA NRE F

A AR D AR TR I B VR )l R e 2 T ARk, R T R
IR V5 D Wt 32 AR 67 22 ) ) 1A A, SCIBR[O R T —Ffr ]
BRI 5 R SIS B U 1 B RURE 7 Y S 4, sl 2
(b) WirR. B E AR BE A, BRI ER 15 AR LATE
PRARFRME 1 ] o R A8 2t SR ARSI AR RS o DR b D5 i
FRIVREASE AT LA A 158 3 190 20 i 0 K 7 2 TS B Sfe SR 37 71

il
—> n bit (25 [A] bty RIS AL 5 2n P g FRIC. RISHYLL
FREohR e, JLARO AR 2208, TR L i 0 A s
BORGHE, AR s 1 LR S A M I 2k B S R
SR BT R A% . SCHRIT0THE H T — b 35 B i) 2 i ok 512
M2 R AR BT i, BRI 2 (e) FiR. &k
FIFH—Fh o5 A B TR B T R 22 LA A T SR AR 0L
P T 2 LR RIS MER . S8 BT (Bl SRS P50,
JE AT R AN, AT LASE BT B A e S [
V) it 3 ) %) 2 S5-I S5O R S R B, AR 7 5 % L mT A
RFNH A 3600 78X FhET 23 G i S ms i S HE R, T A
T B P BT 2 R R T 4R B R ok S B —

MEEZ R RISMY,

360

WL o 13 SUWRBAEE
o] R R SCHR[ 1214 h 7 B 23 4 RIS, 3@ 7E
L 120 P i 1 22 I SRR IS0 RIS BEA 4505, 1T LA S
2 ?i PLRISTEAS . B A5 L% Fi i D 1) 22 4
IR R VAR, P2 (d) Biw, i i
oy T RIS H AL T 77980388 B0 1 BTt b 1,
7 8 9 10 11 12 13 14 F A AN BA T T RS 0 B ) 4 o 7 4
| e o S AR TR £ 5 k) BE |

(a) 1 bit RISTEE (b) 1 bit RISNEMRSEIIEABIEN

(c) #REBEZ “010101-+++-/010107 -+ ? (d) #wEEEHI “010101 -+
TRISKERIEZEIER TRISKREIZEMER

RIS: EEEBFRE

A 25 G RIS FIR A8 78 25 SR B Jk | 2 [
G, SIS SR A ) [ o 45
TR SS (A 5 A SR 5 LA T B R]
243 G i RIS W] LA FE Jo 2 A1 23 11 S U 401 %
G S R P U R B

Sk TSI R R SR R TR R
S AR (RE—4 RIS I
AT EMES), SCHR413E T IRZe:
R 7 1) U AR A 14 ik o %0 T LUK
TR O B R R T BT R 1, i 2
101010----- (e) Fimso SCHURETEIAER ¢ 5] A4S )2
FREC()H, HITES kiR -
B e LN K VA o ST PU RSP

AB RSPV EIRRBIRIE

WHr BT 2 (8] A I SE AR B, AT LASE I 3

PrGERRA 21
2022 F 6 8 £ 28 %5389 Jun. 2022 Vol.28 No.3



RRER EpeBREINIT RN IRE F

(b) BERIBRISIE BB TET R EE

ORI Z20itEIL
——
velv,, v, Ve ¥,

(c) ERSHL AN IVEIRISRIS T EE] (d) B=RBRISH LIFREREE

20 31 4 Tine
Case 2

1517

B
(|

(&) EFRISHNERIVESIAERTRE
A: REIZHEBE £ AFERISHBIZRE £ BRISREIHNBIZEE
Jo: EBRISRETBNBEINE S ASTEINKRAWREKE S, o NSTRIRISHISBHLSINE
FPGA: IUZTMmIE IR o VB 6f: SBAMMEROVERIONIB
v.p: RETZMEVENE RIS BEEBERE

AB?2 RSTEIFFLMEERIBIRPINA

29 | RGERERA
2022 F 6 8 2528455388 Jun. 2022 Vol.28 No.3



BERIS LR ATRI AL M o RFIE 4900 i A bS5 TR AR
D T B AR 8L TT LUK I TR D e B 46 o O AR

2 RISHIN

21 AIRBEERE RS

4 UG R — P E Ao X 23 (] T B R O I R S G
TSR LI BUR A . B TR E 4 B BUR EA Bk
R RHER U RARNERE E R, e 2ep LR, R
TAEFATTARARSRE 7 35 FH T4 B R S B 1 e e T 4 L
Ao BRI, HPREZHTAERRE TR BE RN, ©
ATXF R R D/ R s /AR 7 S5 R S B0 i 2 B2 1, A
AR T A 2 B EUR, NS RZIR . 7T
X BRI, SCHERIISTEE H T 3T 1 bie A0 25 65 RIS 9 AT 4 2
A B RR RS

K3 (a) AIEFRISHEIEEBBGRER . EAR R
JEF, gk PIN Z A8 1Y RIS FROC HAA AR 0 G PERE,
LT L2308 3 A i A sl A s AR A - 2 ) Ky
33 V0 VI, ZHERIRAESS “ON” / “OFF”, o4 T
TETE “0” / “17 W AR ZES (7.8 GHz) o F 0 ek #F 19
Gerchberg—Saxton Bk, TR E S )4 B R T 1 2
T EI%E, I HAL By v R i 3 87 A7 A B v] R TR
F (FPGA) o 38X S8 FRJFFIR 20 x 20 (4 RIS W Hif5
5 (CREASEMIEL S S x SABATT) AT . AT Y IR
ST, RISTERUREE MY 1 bit AHOLAM AR, DT AEZS (] sl T

EreBREINTRNA NRE F

R R AEN, BRABSRPERAERIL. 5
b, BT WE EE AU AL 2 AT B RIS, AT LA4R iz i &
RGEHIPERE. MO, 20T IE AT DATE) S AR B

2.2 BIER & pERAN

X PR ZEECF RS RIS S, HAE & A R A
IHREFR AR AE TG4 5 1B FPGA S R AR Sl s B, I
N T AR D, X5 —TJ5 T, JETRmN R
Gi—HE—NHARRG, AR TEZRAE TN E RGP
YEs Ji—Jr i, XL RGN E AL AT, HELAHEST
AT A BRI RE R SN R R Gt . FRR A ) R X REAE
TR AL IR B T AR R, i A B S N
AEMI RIS,

ST BRI BB RIS B, SCER[16]T0 T — 4>
RISTE LAGEFH N T &, K3 (b) Pk, 4 LS
Bk CATHY, ORI R AEAE M, RIS W] LUBNIZAE AL
IF 13 R MR P AR S T ], IR AR A T T AR T
FRE A o KRl 5 I RIS AR 1 2 7 o 0 T )77 1 48 A
—DBEIRAAR AR | AR Rl gSHoT (MCU) FIFPGA: &%
i AT ARSI RIS S H IS 128 [ S Mg s RAS, TR AR
(1) £ B BN AR 2 S R BRI R 3% 8 FPGA ;. MCU #1 FPGA &b
PRI SRR I He R 04 S B30 77 A AEE 9 RIS % AR i
fE5 . X AL T, RIS JOH A THAERI AT $htT B E ok
KIIRE, H B SEI N R ), LR T A AR AL
O3 (b) PR, X AR E i R AR s 27 A ok iT

— W EAEBECR ., L2 B EIRME 3 (a) PR, PS5 ANTER (AD . RERSFIHHEAME S, IidE—
A HOUH R ER
S5 0 v R I
2 MO Rk

TRRRL

(a) BEFRISHIRmEERHNEAF T =D
FPGA: Iiz04wiE %l

MCU: iEfIssEsT

YIRE.

2.3 FikHl T ki@
BER%

TEICE ARG
B, B
E R IR
RSS2
R R A TR
IS LA S A A
L2 LR A E S R
TR S, HR

SN\ T RIREEEIMCU
(b) ENENRISEDEBEPONAZRE

RIS: EEEBZRE

AB3 RSETRIEE DG EIEN EBREREAIPEIN A

GAM TR, HH

PrGERRA | 23
2022 F 6 8 £ 28 %5389 Jun. 2022 Vol.28 No.3



EaeBREINRIT ANA

\\\\\\\\

PRI A FEFR B 5t . RIS REBSARE 4t 3 911 B i sh 2 11 iz
Yrtastor mE ARG E %, AR R 7 A b 1 28T A3k
TEARFE RS . T — B, SCk(17]. (18141 T —Fh
F5F RIS (87 (A 1 JC 2 38 15 284, B2k 8 422 305 A
(DDM) #%t. DDM R4 2 FPGA, RIS FHZIER LT,
4 (a) &R T {5 BIRSIEL RS 7 B DDM RSt
EHLHRER; F4 (b) JEBR T R4 5 MR izl s
MBS, ZAEFUEM T R G R

ITJLAE, BHIF B3 AE B Sk g i AT 23 4 A RTS (9 B A
FEHRIUE T A A RO, g 5 A 23 2 5 RIS BEAS
fESE RO M E S i B AR O, X AR B
PEI T LA A RIS BT B EAT, oW A B IR
AL SR T R . R TSR D RIS G, SCHR[41E
T—A it R s (BFSK) JC4lfs 2% . K4 (e)
HIBFSK RGEHREE, F4 (d) JBR T Homik & ok iy

J1o BRYAE3.6 GHz BUEBR T TAE, HE & fns Ay
78.125 kbit/so N T 4B E R EIR L AR, SCER19]
HE— 2GR T T RIS Y IE SRS 4 4% (QPSK) JE4k il [
R, RG MBI AL R F AT IS F) 1.6 Mbiv/s, S TR
7. G L. 4 (o) BR TR ITLE Y
LI, MR, SCER[7). [20]. [2113E T QPSK {5 4k i
— TR T I RIS M\ BERIAHRS . (8PSK) . IEZZIR
FEVIH 16QAM . 256QAM (1= By il AR il JoZesai (i 7 58, H:
TSR e B T 2R P Y, AT RIS 1)
BRI TC LR R A3 1)z e

FESGHI6GC K EhEfE T, s TEZHP G RNEZ(EIET
Ll fFHA —H&AZEN, MR EELLBEN—FEE
BARBRRGEE AR SCHR221 T —Fh 5T i 42 4
Tt RIS (143 (8] -0 R 0 6 52 I 22l 18 40 15 R 40, B
BT R AR B LIS RIS 3 00 S A% 4 2215 8

BRI B 2 SED T BRSK Gl {5 RAPAUEMITERNE  BRASIIE, REOREEIWEA (D Por: WESHTLEH,
IR T B 4

ey LS 2 Q B ot 51 2 F A I
A ¢ S,

' P 2R

EEBMHML

HW=mES
01010101+ -+

(a) BRASBHTLBERAN TENGIT=SE
Fra HI
I e
14VQ\
FRUERIISS 1 {1

o
FPGA Ag;z‘

(c) ETIVEURISRISEY H B RIT TE0BIERAY

RIS

OEHITENI PXle-1082
OHKFINSSIR

(e) [EXEBRIETLBEESASIEIIRE

RIS Sis =l
(b) BB BHTSEERANEA EESNER

() ZE-MENEERNTLRERAAT=E
fy: DRISRETENERIMES NETREOIREE [ \FERISNBURINE FPGA: IIZ04RE M40 RIS: HEEBRE

’ £ BT\ Bl I VBT B 0
:“ Ny G4 o ek
swmmms | T RIE R E
M5 8. S 4h, ok
[23]. [24] #& 5 T #%
MIMO A fil A 3] T
RIS 14 37 1A i JC 2k 38 15
RGN 2 F A A o
T, Wit R#%
RISTEZ H Pl 15 R 4
HRE RN S, N
W SFe TS 1 A AR AR 1Y
R LR MIMO 2 55 42
T —FhARA W T 52
By

2.4 K i& 77 1@ (DOA)
&t

Wik Iy Al AR
ETCLGEE . Ik

AB4 RSEFRHITTLBERATIINA

24 | RGERIAR
2022 F 6 83 £ 28 %5389 Jun. 2022 Vol.28 No.3

WP 000 45358 PN ) — T3 5



RRER

HEROR o A PR AR A SR A L AR H AR
RIBE RS . HOEEEFE, B B T e T W
%, RISAEMEAE—E WAL T L [RIINE . o B R g 4
W] LR, XA AR A DOA AT RSt T S
R, SCERRSHE T T —F LT RIS DOA G : 1EH
—A “BENLERECREERIRES ", RIS A2 B — F 5 B ALY 48 5T
J5 1} RS . SRS S, Bl S R (CS)
FIEACICEGE L (OMP) FRkXHE S T B, PR
DOAfFE. RGEFHEWMES (a) PR, HEit—4H, Sk
(2614 H 1 2R G0k DOA MR FN 7 i I FH A 22 K 0 1 7 FH
h, FIESZS gt RIS TE 2K PEMB SE B T DOAAG T, JfHL
AT LARGEA R B>k T o 7= AN [E] R G D e . RGeS 3 ]
wWES (b) PR. FIRPIFHTE DOA AT RS R Sk R H
BRI IR T IE RS, WA T e g . B oLk
WE RGN L

3 HERIE

ARILCH RGN T RIS AL . Py FEHLER 5
Tk, JRIL T AR - 25 - A5 22 Ak B X L RE A T
FERRES, s B RIRIY | JEL R S 2 S
e o HK, IR T RIS Y —SL 8 PR Y, A4 4 B
1B, BRI JCEGmAE SUGE TG 1 k3R 4
MR —, RISHGS 0T e e i B 4, & 4T
MG 71, I HAEARSR e R Ge i R R H AR

Bigt
ASCAFEN TARM R SRS TR BE A 2 I

BREBREINITRNA NRE F

FETEIE AR TR IE S A B AN SO, 7R 3R st )

SENE
[11 BASAR E, DI RENZO M, DE ROSNY J, et al. Wireless communications
through reconfigurable intelligent surfaces [J]. IEEE access, 2019, 7:
116753-116773. DOI: 10.1109/ACCESS.2019.2935192
[21CUI'T J, QI M Q, WAN X, et al. Coding metamaterials, digital metamaterials
and programmable metamaterials [J]. Light: science & applications, 2014, 3
(10): e218. DOI: 10.1038/Isa.2014.99
[B1CUI T J, LIU S, ZHANG L. Information metamaterials and metasurfaces [J].
Journal of materials chemistry C, 2017, 5(15): 3644-3668. DOI: 10.1039/
€7tc00548b
[41ZHAO J, YANG X, DAl J Y, et al. Programmable time-domain digital—
coding metasurface for non—linear harmonic manipulation and new wireless
communication systems [J]. National science review, 2018, 6(2): 231-238.
DOI: 10.1093/nsr/nwy135
[5] DEBOGOVIC T, PERRUISSEAU-CARRIER J. Low loss MEMS-
reconfigurable 1-bit reflectarray cell with dual-linear polarization [J]. IEEE
transactions on antennas and propagation, 2014, 62(10): 5055-5060. DOI:
10.1109/TAP.2014.2344100
[6] DI RENZO M, ZAPPONE A, DEBBAH M, et al. Smart radio environments
empowered by reconfigurable intelligent surfaces: how it works, state of
research, and the road ahead [J]. IEEE journal on selected areas in
communications, 2020, 38(11): 2450-2525. DOI: 10.1109/JSAC.2020.
3007211
[7ITANG W K, DAI J Y, CHEN M Z, et al. Programmable metasurface—based
RF chain—free 8PSK wireless transmitter [J]. Electronics letters, 2019, 55
(7): 417-420. DOI: 10.1049/el.2019.0400
[8ILIU S, CUI T J, ZHANG L, et al. Convolution operations on coding
metasurface to reach flexible and continuous controls of terahertz
beams [J]. Advanced science, 2016, 3(10): 1600156. DOI: 10.1002/advs.
201600156
[9] DAI J Y, ZHAO J, CHENG Q, et al. Independent control of harmonic
amplitudes and phases via a time—domain digital coding metasurface [J].
Light: science & applications, 2018, (7): 90. DOI: 10.1038/s41377-018—
0092~z
[10] ZHANG L, WANG Z X, SHAO R W, et al. Dynamically realizing arbitrary
multi—bit programmable phases using a 2-bit time—domain coding
metasurface [J]. IEEE transactions on antennas and propagation, 2020, 68
(4): 2984-2992. DOI: 10.1109/TAP.2019.2955219
[111KE J C, DAI J Y, CHEN M Z, et al. Linear and nonlinear polarization
syntheses and their programmable controls based on anisotropic time—
domain digital coding metasurface [Jl. Small structures, 2021, 2(1):
2000060. DOI: 10.1002/sstr.202000060

(a) ETFRISHIDOAHIT ARG ER

DOA: RIXTI[E
FPGA: IO 143

fy: BIRISRFIONSKINES NG RINE WK Z=
RIS: EEEBRE

By =RESRERE
(b) EFHRIBRISHIDOANIFIZIREE

£+ NSTEIRISHIBUERITE
0, 0, 0,: TEEIFRITHIF

ABS5 RSTERIATS BIGTTHPEIRF

PRoEIRRA | 25
202268 55285538 Jun. 2022 Vol. 28 No.3



RRER BREBREINRITRNA

[12]ZHANG L, CHEN X Q, LIU S, et al. Space-time—coding digital
metasurfaces [J]. Nature communications, 2018, 9(1): 4334. DOI: 10.1038/
s41467-018-06802-0

[13]1 DAl J Y, YANG J, TANG W K, et al. Arbitrary manipulations of dual
harmonics and their wave behaviors based on space—time—coding digital
metasurface [J]. Applied physics reviews, 2020, 7(4): 041408. DOI:
10.1063/5.0017885

[14] ZHANG C, YANG J, YANG L X, et al. Convolution operations on time-—
domain digital coding metasurface for beam manipulations of harmonics
[J]. Nanophotonics, 2020, 9(9): 2771-2781. DOI: 10.1515/nanoph—2019—
0538

[15]LI L L, TIE J C, JI W, et al. Electromagnetic reprogrammable coding—
metasurface holograms [J]. Nature communications, 2017, (8): 197. DOI:
10.1038/s41467-017-00164-9

[16] MA Q, BAI G D, JING H B, et al. Smart metasurface with self-adaptively
reprogrammable functions [J]. Light: science & applications, 2019, (8): 98.
DOI: 10.1038/s41377-019-0205-3

[171CUI T J, LIU S, BAI G D, et al. Direct transmission of digital message via
programmable coding metasurface [J]. Research (Washington, D C), 2019,
2019: 2584509. DOI: 10.34133/2019/2584509

[18] WAN X, ZHANG Q, CHEN TY, et al. Multichannel direct transmissions of
near—field information [J]. Light, science & applications, 2019, (8): 60. DOI:
10.1038/s41377-019-0169-3

[19] DAI J Y, TANG W K, ZHAO J, et al. Wireless communications through a
simplified architecture based on time—domain digital coding metasurface
[J]. Advanced materials technologies, 2019, 4(7): 1900044. DOI: 10.1002/
admt.201900044

[20] DAl J Y, TANG W K, YANG L X, et al. Realization of multi-modulation
schemes for wireless communication by time—domain digital coding
metasurface [J]. IEEE transactions on antennas and propagation, 2020, 68
(3): 1618-1627. DOI: 10.1109/TAP.2019.2952460

[21]CHEN M Z, TANG W K, DAl J Y, et al. Accurate and broadband
manipulations of harmonic amplitudes and phases to reach 256 QAM
millimeter—wave wireless communications by time—domain digital coding
metasurface [J]. National science review, 2021, 9(1): nwab134. DOI:
10.1093/nsr/nwab134

[22] ZHANG L, CHEN M Z, TANG W K, et al. A wireless communication
scheme based on space- and frequency—division multiplexing using
digital metasurfaces [J]. Nature electronics, 2021, 4(3): 218-227. DOI:
10.1038/541928-021-00554—-4

[23] TANG W K, DAI J Y, CHEN M Z, et al. MIMO transmission through
reconfigurable intelligent surface: system design, analysis, and
implementation [J]. IEEE journal on selected areas in communications,
2020, 38(11): 2683-2699. DOI: 10.1109/JSAC.2020.3007055

[24] CHEN XY, KE J C, TANG W K, et al. Design and implementation of MIMO
transmission based on dual—polarized reconfigurable intelligent surface [J].

26 | RGERIAR
2022 F 6 83 £ 28 %5389 Jun. 2022 Vol.28 No.3

|IEEE wireless communications letters, 2021, 10(10): 21565-2159. DOI:
10.1109/LWC.2021.3095172

[25]LIN M T, XU M, WAN X, et al. Single sensor to estimate DOA with
programmable metasurface [J]. IEEE Internet of Things journal, 2021, 8
(12): 10187-10197. DOI: 10.1109/J10T.2021.3051014

[26] DAl J Y, TANG W K, WANG M T, et al. Simultaneous in situ direction
finding and field manipulation based on space—time-coding digital
metasurface [J]. IEEE transactions on antennas and propagation, 2022,
(99): 1. DOI: 10.1109/TAP.2022.3145445

£ & & N

RE, FEAFERNFSIRESRARET
& E2MROONTYRESBERE. FEIIREA
BT SHBRENTRESRT: KREX 2R,

252, FEAZERNZSIREZRAEET
RE; E2RRDOANEEBREST; K&
1B 2o

8, FEAFIEENES TIES5ER, 20084
2010 BRI REIANEEIER; F2
ARIDENBIRIIETIE. IR REDE
. SIEMNKREPBINA; 3K 2010 F (New
Journal of Physics) BRIFEPIZ. 2010FFHERS
TRHER. 204 FERSRRERHR, &K
1B 10056, 45 IFH2 000K/ K,




RRER B STERINTAER SEEEHARGE el 5

SHERNHEBEMNERERS B
REEF MRS

Survey on Intelligent Reflecting Surface—Assisted Wireless
Information Transmission and Power Transfer
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BE. BERSE (RS) B6GHIXERAZ—, I IRSEIEIIRETERIT, FEIBNTHEREE (WIT) ST&EEEEh (WPT) #HiT
), MMARIESIMENZE, £ENAE S IRSEUARIR. &0, WIRSEEIWITSARIAET T304, FREBIRS WA RIuEEMAE
RAKRIE; RS, WIRSHEIWPTSFFMTTHIE, BT IRSENBIEFERICANKSENSHE; B, ERUAT IRSHEIES
EREBENHRINR, HEETYIEEZE. T AVBEHZ RS DEHENE 6 ™A T-50,.

*H218: IRS; WIT;WPT; JTE&HEEEEE

Abstract: With the ability to assist and greatly improve the spectrum efficiency of wireless information transmission (WIT) and wireless
power transfer (WPT), intelligent reflecting surface (IRS) is envisioned as a key technology for future 6G communications. A comprehensive
overview of the domestic and international research status of IRS—assisted WIT and WPT is proposed. First, the research on IRS—assisted
WIT is summarized and analyzed, which shows that IRS plays an essential role in improving the performance of various WIT systems. Sec-
ond, the research on IRS—assisted WPT is discussed, which reveals the great potential of the IRS in enhancing energy transfer efficiency.
Then, the research on IRS—assisted simultaneous wireless information and power transfer (SWIPT) is emphatically described, and six future
research directions of IRS—assisted SWIPT are prospected, including physical layer security, unmanned aerial vehicle (UAV) communication,
multi—IRS cooperative assistance, and so on.

Keywords: IRS; WIT; WPT; simultaneous wireless information and power transfer
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Abstract: In order to solve the problems of high energy consumption and high cost in 5G communication system, a multi—antenna communi-

cation system based on transmissive reconfigurable meta—surface (RMS) is proposed, and the transceiver design, the channel model and

the channel estimation in the communication system are described. Finally, the application of transmissive RMS in future communication is

discussed. It is considered that the multi—antenna communication system based on transmissive RMS has a good application prospect in fu-

ture communication systems.
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B2 REART T EFEESENSHRHENERL, ZBFHRSBEHIRRAEAT T2 LBREMIBOHN. RRELTHR
HRITEVBETH Vivaldi X&k; THHBsTRBREEE30x15 T ETE, BT RTSHBEBESBRNTREFIHINSEAN. SIAFRLE

EEOBSATITESIE, FNEIERRXBIZH TR
*B2i9: BHBERE; BHMERL; WHRE; FBETRX

Abstract: A wideband transmitarray antenna based on tightly coupled dipole is proposed in this paper. The transmitarray antenna is com-

posed of a wideband feed antenna and a wideband transmission metasurface. The feed is an improved ultrawide band Vivaldi antenna. The

wideband transmission metasurface consists of 30x15 cells, each of which consists of a tightly coupled dipole antenna and parallel metal

lines. The concept of equivalent delay distance is introduced to design the transmitarray and its Fresnel zone electric field is investigated.

Keywords: electromagnetic metasurface; transmitarray antenna; wide band antenna; Fresnel zone
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Abstract: Based on the scalar theory of diffraction in Fourier optics, the approach of the code book design for reconfigurable intelligent sur-
face (RIS) is proposed, including designing the width of the beam, and manipulating the direction as well as the rotation of the beam. The in-
fluence on the beam pattern is also studied considering the granularity of phase quantization based on simulation. The approach proposed is

effective and useful in the fast code book generation for a real—time RIS beam tracking.
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Abstract: After reviewing the functionalities, advantages, and practical applications of reconfigurable intelligent surface (RIS)—assisted wire-
less communication systems and RIS—assisted radar sensing systems, the feasibility, advancements, and prospects of RIS—-aided integrated
sensing and communication (ISAC) are revealed. Then, the challenges and opportunities of deploying RIS in various ISAC scenarios including
near—field communication and sensing, bi—static sensing, and wideband systems are discussed, as well as the promising future directions
of various RIS deployments in ISAC systems including active, multiple, and unmanned aerial vehicle (UAV)—mounted RIS. It is believed that
artificial intelligence will provide more effective and robust solutions to related research.

Keywords: RIS; ISAC; reflection coefficient design; multi—antenna system; beamforming design
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Abstract: Through the systematic introduction of the concept, development, application scenarios, and state—of—the—art of the reconfigu-
rable intelligent surface (RIS) assisted integrated sensing and communications (ISAC), it is believed that the performance of the current ISAC
is passively constrained by the wireless electromagnetic environment in beam design, resource scheduling and communication security. By
actively reconfiguring the characteristics of wireless channels, RIS introduces an additional spatial degree of freedom to improve the capabili-
ties of the traditional sensing and communications, which enhances multiple performance metrics of ISAC systems, including the communi-
cation rate, interference cancellation, trade—off between radar and communication, and communication security. Such improvements pro-
vide high—precision sensing and broad—coverage communication for future vertical use cases, such as intelligent transportation, smart fac-
tory, and unmanned aerial vehicle networks.

Keywords: ISAC; RIS; interference cancellation; communication security
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Reconfigurable Intelligent Surface—Enabled Vehicular Edge Computing
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2. State Key Laboratory of Networking and Switching Technology (Beijing
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BE: ZH5ITE (VEC) EMSERMSEINLSITEN O, (INEEYEENERMDEDNST (RSU) RFSMERESIFIN,
RE—PEREBEE (RIS) B VECEDTSHEDER, 8%, GoNMERBINENAZNETIT; HR, BRSHIIRTINE. HELEIA
LD, EARY—TERR/IEDREZANOR; &6, XA—MEFIHRRISG (PPO) 8URERKFY (DRL) TOZEKBZII
B, HESREN, B FENvERIDREE, PHEE AR/ IR ENEZELLPIDBIIRH S 61.9%F046.8%,

F13: RIS; FEHUGITE; RERNWZY; E5HEH

Abstract: Vehicular edge computing (VEC) is a new paradigm of integrating the Internet of vehicles and mobile edge computing. To compen-
sate the influence of obstacle occlusion on the service performance of road side units (RSUs) in the Internet of vehicles, a partial offloading
scheme based on reconfigurable intelligent surface (RIS) is proposed. First, the mobility of vehicles is considered. Then, the minimum
average—rate maximization of the vehicles is formulated. Finally, the proposed optimization problem is solved by proximal policy optimization
(PPO) driven deep reinforcement learning (DRL) method. Simulation results show that the proposed algorithm improves the minimum aver-
age rate and offloading ratio by 61.9% and 46.8%, compared with the random time division strategy.

Keywords: RIS; vehicular edge computing; deep reinforcement learning; task offloading
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4215 5G—Advanced; 6G; RIS
Abstract: Reconfigurable intelligent surface (RIS) is a technology with low cost, low energy consumption, programmable, and easy deploy-
ment characteristics, which can reconstruct wireless environment dynamically. Hence, RIS is viewed as a potential key technology to break

through the restriction of traditional wireless communication and bring a brand—new paradigm to the wireless network in the future. Now, it
is necessary to clarify the problems and challenges in the theoretical model, application technology, engineering research, and standardiza-

tion of RIS implementation in the current and future.
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Abstract: Main technical challenges faced by 5G TSN are proposed, including high—precision time synchronization, low latency and determin-
istic forwarding, and high reliability connection. ZTE Corporation develops a series of innovative technologies, and a number of proposals
have been adopted by 3GPP, such as the propagation delay compensation based on timing advance (TA) and round—trip time (RTT), enhance-
ment of configured grant (CG)/semi—persistent scheduling (SPS) configuration, and method based on uplink survival time. At the solution
implementation level, the smart NIC technology is introduced, and the solution adaptable to various industrial Internet is also considered.
These technologies and solutions have further promoted the development of 5G TSN. At the same time, ZTE Corporation has made some

progress in the end—to—end practice with telecom operators and industrial partners in 5G TSN.
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Abstract: Cellular vehicle—to—everything (C—=V2X) has stringent requirements not only on the wireless communication delay and reliability in
the driving environment, but also on the communication security. The physical layer security issues in the C=V2X communication are ana-
lyzed, including malicious detecting of physical data and abnormal channel occupation using resource allocation method based on channel
sensing. Solutions through allocating dedicated scrambling ID for unicast communication and abnormal channel occupation monitoring and
identification scheme are put forward to deal with those problems, respectively, and the communication security of C=V2X would thus be ef-

fectively improved.
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IoT Device Management with Deep Integration of Multiple Technologies
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(China Academy of Information and Communications Technology, Beijing MZ%{;HH&EI,HH: 2022-06-21
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Abstract: In view of the problems such as unclear classification of Internet of Things (loT) devices and inconsistent coding rules of devices, a
new method of loT device supervision for the deep integration of multiple technologies is explored. On the basis of classifying the catalog of
loT devices based on application fields and use scenarios, unified industry coding rules are established and voluntary product certification is
implemented. Some strategies for strengthening the management of loT equipment from the perspective of the industry, the market, and
the government are proposed.

Keywords: loT; multiple technologies; equipment management; unified coding; product certification
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