512 1 S F ¥ M Vol. 50 No.12
2022 4E12 A ACTA ELECTRONICA SINICA Dec. 2022

4 QJCA ], - 4 B AR T W HE 1Y)
AL MIMO v =X

REH KRR E R SRR KA RA R

(1. AEFT R T24 B AL AT 1008715 2. MEIRS2E 2, 1 AR I 518055)

W OE: SaTEEEHED BREEBLZ H A L5 H (Multiple Input Multiple Output, MIMO ) £ A 5%k R Sk 265
Z ARG 5 B A3 s S S0 e 55 0 A B B R 285 F AR SRR 2 — . ARG R MBS MIMO R E BURFEAR e AT i 70 9t
ARG B RUBEARAZ R S B . SR, B A FEL I 14 o DR 5 8 P FO AR BELAT: 1 R RS AR 2 9 A 5 s T P A
FH S ATTBELAT 1 MU MIMO Y SEBrifl 2B 5 6 e . AR SO 8 T — Rl R MBS MIMO BTl —— 2 B R4l . a4
ST AL T BN T BRANY B9 KR 00 B AR B, FEAR R AR B9 0 T IR B e O [ M 2, M TIT BE A8 X v T e
17 RIE TR I A RAR T TC LR G M Be . A SCER LR T — b 44 S 7T 4 42 58 3R 18 (Reconfigurable Holographic Sur-
face, RHS) BB AL AR R Lok S 42 B IEZk iy . BARIT =, RHS o S (R BAS R S 6 mT 81 18 A kB T 2 g, L5t
U5 3R T R — A7 A VLRG0, PRI A o 2 T A BB I 12— Rl RHS AR 5 BT , 551> RHS @ 3 ST & iR
A 5T i B A T e R 4 ) P e 1% R S R (DA T S B B R O . AR RHS B AR SRR, AR ST
BT —FP IR 2% B B T 2 ik 2 A 5 R ——42 B 2412 A (Holographic-pattern Division Multiple Access, HDMA )4
A, FC A BRI ARUR R T A R AR RS 5 o 2 o R A ) B — A R TRTRE AT Sy 22 1 4 BRI 55 . AR S
X HDMA J7 S5 4T TARAL BT AR ORAL RHS B T B9 Z2 AP ) Fd (5 RERE G . O 17— BB HDMA R
AR A SCIIL T 4k RHS M5 (1 S AR HLF 45 2 T RHS I T i 2 B EL i i (57 & . J T HDMA HR 1%l (5
V-5 RE 8 LR TIAE SR 22 0 P s i UL 1Y S A . 20045 SR 3 W] RHS HAT LATRT 504 73 ey =ORMIR D 6 55 30 ) 1
fit B ELWE 3, INTTE— AP B0 UE T RHS S84 B JCZe H A R AT . Ah , ASSGA TS 1 56T RHS Ay 42 B JEZ LAY
ARFBEFETT 15 FISCHEPRAK .

X HEANEE; 2RRRLE; B ZMAZ L, TEASRBERERE; 2RZHHEA

hE4ES: TNS21 XEkFRIRES: A XEHRES: 0372-2112(2022)12-2984-12
L F 23R URL:http://www.ejournal.org.cn DOI:10.12263/DZXB.20221136

Holographic Radio: A New Paradigm for Ultra-Massive MIMO
Enabled by Reconfigurable Holographic Surfaces

DENG Ruo-qi',ZHANG Yu-tong',ZHANG Hao-bo', DI Bo-ya',ZHANG Hong-liang',SONG Ling-yang"*
(1. School of Electronics, Peking University, Beijing 100871, China;
2. Peng Cheng Laboratory, Shenzhen, Guangdong 518055, China)

Abstract: Benefited from the capability of spatial multiplexing, ultra-massive multiple-input multiple-output(MI-
MO) is one of the key techniques in the forthcoming 6G communications to provide high-speed data services and global
massive connectivity. Traditional MIMO technique is realized by large-scale phased-arrays with high-resolution phase shift-
ers. However, the high power consumption and hardware cost of phase-shifting circuits hinder the implementation of ultra-
massive phased arrays in practice, thus limiting the deployment and development of ultra-massive MIMO. In this article, a
new paradigm named holographic radio is considered for ultra-massive MIMO, where numerous tiny and inexpensive anten-
na elements are integrated into a compact space to realize high directive gain with low hardware cost, such that the electro-

magnetic waves can be flexibly regulated and the wireless communication performance can be effectively enhanced. We

Wk H 3 :2022-10-10; & [ H 1 :2022-12-20; ST 44 - Aoy
FATH - E K E SR TR E (No.2020YFB1804800) 5 [ 5 [ 48 B} 253 45 (No. 62271012, No. 6194110) 5 AL 5T TT H ZARL24 3L 4 (No. 1212027,
No.4222005)



%

12 XS 4 SR TC A H - 4 S 3R THI TR 1) R RURE MIMLO 73 =X 2985

propose a practical way to enable holographic radio by a novel metasurface-based antenna called reconfigurable holographic
surface(RHS). Specifically, RHSs are composed of numerous densely packed tunable metamaterial elements with low pow-
er consumption and low hardware cost. The feeds of the RHS are integrated with the meta-surface to generate electromag-
netic waves propagating along the meta-surface and exciting the RHS elements one by one. Based on the holographic inter-
ference principle, each RHS element can control the radiation amplitude of the incident electromagnetic waves to construct
a holographic pattern on the meta-surface, thus realizing holographic beamforming. Based on the working principle of
RHSs, we introduce a novel multiple access technique called holographic-pattern division multiple accesscHDMA). We de-
velop the principle for HDMA with the main idea of mapping the intended signals for receivers to a superposed holographic
pattern constructed by the RHS. A holographic beamforming optimization scheme is also developed to maximize energy ef-
ficiency of RHS-aided multi-user broadcast systems. To further verify the effectiveness of HDMA, we implement a proto-
type of the two-dimensional RHS and build an RHS-aided communication platform. Based on the HDMA scheme, the com-
munication platform is capable of supporting real-time transmission of high-definition video for multiple users. Experimen-
tal results also show that the RHS has great potential to achieve high directive gain with simple wiring layout and low pow-

er consumption, thereby substantiating the feasibility of the RHS-enabled holographic radio. Moreover, future research di-

rections and the corresponding key challenges for the RHS-enabled holographic radio are also discussed.
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