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GUEST EDITORIAL

Guest Editorial: Intelligent metasurfaces for smart connectivity

Current 5G wireless systems depend heavily on the quality of
the wireless propagation environment, which had convention-
ally been modelled as an exogenous entity that can only be
adapted and not controlled. This is challenged by future wireless
networks which integrate communication, sensing, and localisa-
tion in a single platform, and where the wireless environment
is not treated as part of the network design parameters. This
new vision of wireless network design is enabled by an emerg-
ing technology of reconfigurable intelligent surfaces (RISs),
also known as intelligent reflecting surfaces (IRSs). RISs are
thin layers of electromagnetic metamaterials capable of shaping
radio waves that impinge upon them in ways that the wire-
less environment can be customized to fulfil specific system
requirements. As a result, metamaterial-based RISs can create
favourable propagation conditions by controlling the phase and
amplitude of the impinging radio waves through nearly pas-
sive and low-cost scattering elements. Recently, metasurfaces
have received a surge in research and development interests in
wireless communications and are seen as a promising transfor-
mative technology with the potential of fundamentally chang-
ing how wireless networks are implemented, optimized, and
operated.

This special issue aims to create a platform for researchers
from both academia and industry to disseminate state-of-the-
art results and to advance metasurface-empowered wireless
networks. In total, 15 excellent papers were accepted after
a rigorous multi-round review process. These papers can be
divided into two topics: key techniques for metasurface-enabled
multi-input–multi-output (MIMO) systems and integration of
metasurfaces and existing wireless techniques. In the following,
we will introduce these papers and highlight their contributions.

1 KEY TECHNIQUES FOR
METASURFACE-ENABLED MIMO
SYSTEMS

In this topic area, the authors focus on key techniques for
metasurface-enabled MIMO systems. Specifically, we have one
paper providing a comprehensive survey for the state-of-the-art
of RIS-assisted MIMO communications, one paper introducing
channel estimation for RIS-assisted MIMO systems, one paper
studying equalization with RISs, and four papers dealing with
joint beamforming solutions for both the transmitter and the
RIS.
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In their survey paper ‘Exploring Reconfigurable Intelli-
gent Surfaces for 6G: State-of-the-Art and the Road Ahead’,
Basharat et al. explore the state-of-the-art research on different
aspects of RIS-assisted communications. Emerging applications
of RISs in 6G wireless networks are discussed with their crucial
challenges. They also highlight important research directions for
RIS-assisted 6G networks.

In their paper ‘Multipath Separation and Parameter Estima-
tion by Single DMA in Fading Channel’, Lou et al. establish
a general multipath separation and measurement framework
based on a dynamic metasurface antenna which can rapidly
change patterns within a single pilot symbol period. As a result,
equivalent multidimensional received signals can be obtained.
Based on the framework, they propose a multipath channel
estimation scheme.

In their paper ‘Over-the-Air Equalization with Reconfig-
urable Intelligent Surfaces’, Arslan et al. explore performing a
sort of virtual equalization over-the-air for frequency-selective
channels using an RIS. Specifically, the frequency-selective
channel from the transmitter to the RIS is transformed to
a frequency-flat channel through the elimination of inter-
symbol interference (ISI) at the receiver. It is demonstrated
that conventional RIS phase alignment methods can success-
fully eliminate ISI, and the RIS-aided communication channel
can be converted from frequency-selective to frequency-
flat.

In their paper ‘Joint Optimization Scheme for Intelligent
Reflecting Surface Aided Multi-Relay Networks’, Li et al.
consider a hybrid network with multiple decode-and-forward
relays and an IRS. They maximize the end-to-end trans-
mission rate by jointly optimizing the beamformer at the
IRS, relay selection, and power allocation, subject to a total
transmit power constraint. Compared with the single relay
case, the proposed scheme shows significant performance
improvement.

In their paper ‘Dynamic Wireless Networks Assisted by RIS
Mounted on Aerial Platform: Joint Active and Passive Beam-
forming Design’, Zhu et al. design a joint beamforming scheme
for a MIMO system assisted by RISs mounted on aerial plat-
forms. Considering the time-varying channels and the mobility
of users, they minimize the long-term power consumption
using a Lyapunov-based drift-plus-penalty algorithm for stabil-
ity, under the requirements of the time-averaged minimum rate
for users and the total transmit power constraint for the base
station.
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In their paper ‘Multiuser Beamforming Optimization for
IRS-aided Systems With Discrete Phase Shifts’, Shi et al.
design the beamforming for an IRS-aided MIMO net-
work with discrete phase shifts. An alternating optimization
algorithm based on the gradient extrapolated majorization–
minimization approach is proposed to solve a minimum
signal-to-interference-plus-noise-ratio maximization problem.
Simulation results show that the proposed algorithm can
achieve similar performance as existing methods but with lower
complexity.

In their paper ‘Design of Dynamic Active-Passive Beam-
forming for Reconfigurable Intelligent Surfaces Assisted Hybrid
VLC/RF Communications’, Han et al. investigate hybrid visible
light communication (VLC)/radio frequency (RF) communica-
tions with the aid of RISs in dynamic wireless networks. Under
average minimum rate constraints for VLC/RF users and total
transmit power constraints for VLC/RF access points, they
minimize the average long-term power consumption by joint
beamforming.

2 INTEGRATION OF METASURFACES
AND EXISTING WIRELESS TECHNIQUES

In this topic, the authors focus on the integration of meta-
surfaces and existing wireless techniques. Specifically, we have
four papers studying the integrations of RIS and physical layer
security, three papers working on the integration of RISs and
non-orthogonal multiple access (NOMA), and one paper inves-
tigating the integration of RISs and device-to-device (D2D)
communications.

In their paper ‘Design of A Novel Wireless Information
Surveillance Scheme Assisted by Reconfigurable Intelligent Sur-
face’, Ji et al. investigate an application of an RIS for physical
layer security. Especially, they propose a wireless information
surveillance scheme aiming at monitoring the information of
a suspicious illegal user. They jointly optimize the RIS phase
shifts, the combining vector for the legitimate user, the transmit
beamformer, and the jamming power to maximize the effective
information monitoring rate.

In their paper ‘Artificial Noise Aided Directional Modula-
tion via Reconfigurable Intelligent Surface: Secrecy Guarantee
in Range Domain’, Chen et al. provide another case study for
integrating RISs and physical layer security. They propose an
artificial noise (AN)-aided directional modulation scheme via an
RIS. An optimization problem is solved to maximize the secrecy
rate.

In their paper ‘Optimal Design for the Artificial-Noise-Aided
IRS-MIMO-OFDM Secure Communications’, Ren et al. inte-
grate IRSs and physical layer security as well. An AN-aided IRS
MIMO system is discussed for secure communications. They
jointly optimize the beamformer at the base station, the AN
covariance matrix, and the phase shifts of the IRS to maximize
the sum secrecy rate.

In their paper ‘RIS-Assisted Secure UAV Communications
with Resource Allocation and Cooperative Jamming’, Guo et al.

combine an RIS with unmanned aerial vehicles (UAVs) to
improve the physical layer security of a wireless network. They
introduce a friendly UAV jammer with a fixed location to send
jamming signals to confuse an eavesdropper with the assistance
of an RIS. The average secrecy rate is maximized by jointly opti-
mizing the flight trajectory, the transmit power, and phase shifts
of the RIS.

In their paper ‘Performance Analysis for Reconfigurable
Intelligent Surface Assisted Downlink NOMA Networks’,
Gong et al. investigate the performance of an RIS-assisted
downlink NOMA network. In particular, the asymptotic outage
probabilities and asymptotic upper bounds at a high signal-
to-noise ratio are derived and the diversity order achieved by
the network is obtained. They show that the outage proba-
bility can be enhanced by increasing the number of reflecting
elements.

In their paper ‘Performance Analysis of RIS Aided NOMA
Networks With Hardware Impairments’, Lu et al. study the
performance of RIS-aided NOMA networks with hardware
impairments over Rician fading channels. Exact and asymptotic
expressions of the outage probability for a pair of users are
derived, where imperfect successive interference cancellation
(ipSIC) and perfect SIC (pSIC) are taken into considera-
tion. Moreover, the system throughputs with ipSIC/pSIC are
also presented. Their results show that the outage probability
decreases when the number of reflecting elements or the Rician
factor increases.

In their paper ‘Resource Allocation for IRS-Assisted MC
MISO-NOMA System’, Javadi et al. consider a downlink
multi-user communication of an IRS-assisted power-domain
NOMA system. They optimize the beamforming at the base
station, subcarrier allocation, and phase shifts at the IRS to
maximize the system throughput. Numerical results illustrate
that a higher throughput is obtained by the proposed sys-
tem compared to the IRS-assisted orthogonal multiple access
systems.

In their paper ‘Resource Allocation for Multi-IRS-aided D2D
Communication Underlying Cellular Networks’, Forouzanmehr
et al. propose a resource allocation scheme for D2D com-
munications underlying cellular networks, which is assisted
by multiple IRSs at the cell boundary. They maximize the
sum-rate of the D2D pairs and cellular users (CUs) by
jointly optimizing the D2D transmission power, the sub-
carrier assignment, the beamformer at the base station,
and beamformers at IRSs. Simulation results reveal a non-
trivial trade-off between the sum-rate of CUs and D2D
pairs.
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