F40E oM 5 % b Vol. 40 No. 6
2024 4 6 A Journal of Signal Processing Jun. 2024

XEHS: 1003-0530(2024)06-0993-14

AEHERREHINEEESLERAK

KAEE Hnes
(1 W AK¥EH A 25 TE%K, LAFT250061; 2. LA AFEERA¥2ETIRYR, UAFY 266237;
B ARERLBEHAE L LHE, LR E 250061)

W E. nl HAEEER I (Reconfigurable Intelligent Surface, RIS )i adh 76 - 1) _F- 4 il K AR T I iz i oo, 5K
X TR AL PR BE 1) BRI, DA T Sk 25 i B 5 W 2% i MR o LAk i, RIS b AR [R) S S o vl LA i 458
T W R/ B 7 S Al 37 S S A 5, AT IR S0 = 2 T | S5 5 i3 aR sk 35 . 5 AR AT
AR WY L A SR , RIS 38 3 v B2 T P b R A5 5 R = a8 IE ok A% a5 1, SR 3G s I BB 5 o 3, sl M i T
e, gt — AR T ICLGE 5 M 28 PR B AL T Ak A R BE . Sk RIS FEd 8 AARRVIN AR 5 ERE BE R AEA |
U A T L ke FEBR B R E R M s RIS A RE 45 K38 & LU /N R Rl A gk R 2R [RGB T a6 AT
TRRA YRR E o i, RIS & — kb 78348, W HLH 28 76 A TO A 3R G0 P AN 55 28 T WSOAH g v o IR A7, AN 75 %o i
FEIBGH T A B S, FETF LA B RISTIE T 12 i, Tolb At 2 AR T HF e T K EF 58 TAE , s &5
BOETE  RGEAE R AT BEEMIESCR T W ER L A RS T R . RS AR (HEZBIRIS 54
TeLeM (5 R AT RERE MR IR E 2P K . 58, 7 RISHF B o4 (5 R, Sl AT RIS 19 E9E sl &8
PRI 2 RAIE R GE M BRI FEAL o RIS B T A5 RRIA , TORE AT ASRHE 5 HEAT A0 B, K Be w3l (1 S A S5 5, )tk
Ah, RIS R o8 B K, R BOLZ L2 I o 1 RIS B8 80 SO I & AR Ak AR & 52 2 FERT . I, RIS
1l B JC {5 2R 0 T T TR IS 198 R 0 95 A R 14 D B I 8T« (1) An T R I A2 2% 8 O Ak ik LA S 6 0 RIS 294 8
PEHRIOE I 535115 (2) 76 RISHBh LGB 15 R G0, Wl i+ & B PMEIL 7 28, LLSCIL R etk se i el
o ASCERTLL B, 35 AT T RIS B 0 TCL 1R RGUR AR EAF 5 AL 4R, R RIS 4 B T4 15 3% 5
P2 £ RIS Hl W WMEE A5 S, BR1TE B RURE RIS i B R Ge AR 2% B k17 vk #E 30 RIS 78 32 Brigse h i
eI

SEgER: ATEMERERN; FHSIKSEORRIE; IR R

FESSES: TN929.5 XERARIRED: A DOI: 10.16798/j.issn.1003-0530.2024.06.001

SIRAME: SkilfF T, DI . v H A R AE 2% T I A8 A 1 S AL FREOR [T]. £ S AR, 2024, 40(6) : 993-1006.
DOI: 10.16798/.issn.1003-0530.2024.06.001.

Reference format: ZHANG Haixia, MA Xiaoyan. Signal processing technologies for RIS-assisted wireless communi-
cations[ J]. Journal of Signal Processing, 2024, 40(6) : 993-1006. DOI: 10.16798/j.issn.1003-0530.2024.06.001.

Signal Processing Technologies for RIS-assisted Wireless
Communications

ZHANG Haixia'® MA Xiaoyan™"
(1. School of Control Science and Engineering, Jinan, Shandong 250061, China;
2. School of Information Science and Engineering, Qingdao, Shandong 266237, China;
3. Shandong Key Laboratory of Wireless Communication Technologies, Jinan, Shandong 250061, China)

ek HA: 2024-02-04; [ H . 2024-04-08

SEEIES : DM maxiaoyan06@mail.sdu.edu.cn *Corresponding Author: MA Xiaoyan, maxiaoyan06@mail.sdu.edu.cn
BAWH . FEK AR IS (U22A2003,U23A20277)

Foundation Items: The National Natural Science Foundation of China (U22A2003,U23A20277)



994

f& = 4 M

Abstract: Reconfigurable intelligent surface (RIS), as a revolutionary technology, can realize intelligent configuration
of the wireless transmission environment by integrating numerous low-cost passive reflective elements on a flat surface,
thus significantly improving the performance of wireless communication networks. Specifically, different reflection ele-
ments can independently reflect incident signals by controlling their amplitudes and/or phase shifts, thus cooperatively
achieving three-dimensional passive beamforming for directional signal enhancement or weakening. In sharp contrast to
existing technologies, RIS can provide a new degree of optimization to further improve the performance of wireless
communication networks. Owing to its ability to actively change the wireless transmission channels through highly con-
trollable intelligent signal reflections, RIS can enhance the desired signal power at the receiver or mitigate undesired sig-
nals such as channel interference. Moreover, owing to the specificity of their hardware structure, RISs are generally
lightweight and small. Therefore, they can be easily installed and removed from surfaces such as walls, ceilings, build-
ings, and advertising panels, allowing their reuse. In addition, RISs are usually significantly cheaper than active small
base stations and relays and, therefore, can be rapidly deployed at a low cost. RIS is a complementary device that can be
deployed in existing wireless systems without changing the corresponding standards or hardware, as only necessary
modifications to the communication protocols are required. Owing to these advantages, RISs have been extensively in-
vestigated in research areas such as transmission protocol designs, system capacity analysis, energy/spectral efficiency,
physical layer security, and modulation/coding schemes. New challenges have also arisen in the design and implementa-
tion of RIS-aided wireless systems. According to existing studies, for RIS-assisted wireless communication systems, the
joint active-passive beamforming of the base station and RIS is fundamental to ensuring system performance. However,
because of their special structures, RISs cannot process incident signals but only passively reflect them. Moreover, be-
cause of the high number of RIS reflecting elements, the joint optimization of the active beamforming at the transmitter
the design of RIS-
assisted wireless communication systems should address the following issues: (1) how to design a low-complexity opti-

and the passive reflecting at the RIS can be highly complicated and time-consuming. Therefore,

mization method to achieve joint active and passive beamforming at the base station and RIS, and (2) how to design ef-
ficient collaborative transmission schemes in multi-RIS-assisted wireless communication systems to achieve optimal sys-
tem performance. To address the aforementioned challenges, an in-depth study is conducted. Herein, we focus on the
low-complexity signal processing techniques for RIS-assisted wireless communication systems, extend from single RIS-
assisted wireless communication systems to multi-RIS-assisted collaborative communication systems, explore a series of
advanced digital signal processing techniques, and design a low-complexity design methodology that is suitable for
large-scale RIS-assisted communication systems to promote the deployment and application of RIS in practical
applications.

Key words: reconfigurable intelligent surface (RIS) ; joint active and passive beamforming ; low-complexity
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