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Beyond 5G Wireless Communication Technologies

The fifth generation (5G) wireless sys-
tems have been begun to be wide-
ly deployed over the world in recent 

years. As the 5G technology will not be able 
to meet the demands of the huge data traffic 
growth from massively interconnected devices 
that is forecasted for future years, the attention 
of the research community is shifting toward 
what will be the next innovations in wireless 
communication architectures and technologies 
for beyond 5G. The topic of beyond 5G wire-
less communication technologies has gained 
much momentum in the industry and the 
research community very recently. In this issue 
of IEEE Wireless Communications, we are pleased to present 
two Special Issues to bring together researchers, industry practi-
tioners, and individuals working on the related areas to address 
some of these technical challenges for 5G and beyond wire-
less communication technologies. The Special Issue on “6G: 
The Paradigm for Future Wireless Communications” includes a 
collection of nine articles presented by Guest Editors S. Mum-
taz, C. Jiang, A. Tölli, A. Al-Dulaimi, M. Butt, H. M. Asif, and I. 
Ashraf; the other Special Issue, on “Smart, Optimal, and Explain-
able Orchestration of Network Slices in 5G and Beyond Net-
works,” includes a collection of five articles presented by Guest 
Editors Z. M. Fadlullah, M. M. Fouda, K. Rabie, and R. Li. Thanks 
to the two Guest Editor teams who did an excellent job in edit-
ing these two Special Issues for our readers. Please stay tuned 
for new developments in the research area of beyond 5G wire-
less communication technologies, and read the editorials and 
the articles in the Special Issues.

In this issue of the magazine, we are also very glad to pres-
ent 11 articles accepted from our open call. 

The first article, “The Design of User-Centric Mobile Crowd-
sensing with Cooperative D2D Communications” by S. Yang 
et al., provides an overview of recent theoretical and practical 
developments in mobile crowdsensing (MCS) with cooperative 
device-to-device (D2D) communications. The authors focus 
on the fundamental challenges for the design of D2D-enabled 
MCS, covering adaptive sensing and networking, user-trans-
parent and secure D2D connections, and effective incentiviza-
tion to participating phone users. To further exploit the great 
potential of D2D-enabled MCS, many research opportunities 
are also discussed. The authors believe that the development 
of D2D-enabled MCS could not only greatly support urban big 
data collection, but also provide valuable insights to other sys-
tems with social-aware D2D communications, such as D2D-en-
abled mobile social networking and mobile cloud computing.

The second article, “Symbiotic Communications: Where 
Marconi Meets Darwin” by Y.-C. Liang et al., proposes a new 
symbiotic communication (SC) paradigm through which the 
relevant radio systems, called symbiotic radios (SRs), in a radio 
ecosystem form a symbiotic relationship through intelligent 
resource/service exchange. Radio resources include spectrum, 
energy, and infrastructure, while typical radio services are com-
municating, relaying, and computing. The symbiotic relationship 
can be realized via either symbiotic coevolution or symbiotic 
synthesis. In symbiotic coevolution, each SR is empowered with 
an evolutionary cycle alongside multi-agent learning, while in 
symbiotic synthesis, the SRs ingeniously optimize their operat-

ing parameters and transmission protocols by 
solving a multi-objective optimization problem. 
The proposed SC paradigm breaks the bound-
ary of radio systems, providing a fresh perspec-
tive on radio resource management and new 
guidelines to design future wireless communi-
cation systems.

In the third article, “Grant-Free Random 
Access in Machine-Type Communication: 
Approaches and Challenges,” J. Choi et al. 
first introduce grant-free random access and 
discuss how it can be modified with massive 
multiple-input multiple-output to exploit a high 
spatial multiplexing gain. The authors then 

explain preamble designs that can improve the performance 
and variations based on the notions of semi-grant-free random 
access and non-orthogonal multiple access. They finally present 
design challenges of grant-free random access toward next gen-
eration cellular systems.

In the fourth article, “6G for Bridging the Digital Divide: 
Wireless Connectivity to Remote Areas,” A. Chaoub et al. 
explore the key challenges associated with constraints on 
network design and deployment to be addressed for provid-
ing broadband connectivity to rural areas, and propose new 
approaches and solutions for bridging the digital divide in those 
regions. It is argued that optimally integrating non-terrestrial net-
works and free space optical technologies can provide low-cost 
broadband solutions in extremely harsh environments and can 
be the next disruptive technology for 6G remote connectivity.

In the fifth article, “An Integrated Optimization-Learning 
Framework for Online Combinatorial Computation Offload-
ing in MEC Networks,” X. Li et al. provide an overview of the 
online computation offloading control methods in mobile edge 
computing systems. They introduce an integrated optimiza-
tion-learning framework, deep reinforcement learning-based 
online offloading (DROO), that takes advantage of both past 
experience and model information to provide fast and robust 
convergence as well as close-to-optimal real-time offloading 
control. By incorporating the Lyapunov optimization, the 
authors demonstrate the flexibility of DROO to solve long-term 
stochastic online control problems. Furthermore, they highlight 
several valuable future research topics and discuss the challeng-
es therein.

In the sixth article, “Realizing Ambient Backscatter Commu-
nications with Intelligent Surfaces in 6G Wireless Systems,” C. 
Liaskos et al. propose the synergy of ambient backscatter com-
munications (aBC) and programmable wireless environments 
(PWEs). PWEs are shown to promote stable and continuous 
operation of aBC devices within them by continuously adapt-
ing their received power levels and carrier stability. The PWE 
can facilitate the aBC operation further by handling medium 
access and operation scheduling duties, creating prospects for 
more simplified aBC hardware. Finally, they propose a reverse 
synergy, where dense arrangements of aBC devices can act as 
metamaterials, creating the prospect of ambient-powered PWEs 
in the future. 

In the seventh article, “Fundamental Wireless Performance 
of a Building,” J. Zhang et al. introduce a new and interdisci-
plinary concept of building wireless performance (BWP) to a 
wide audience in both wireless communications and building 
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design, emphasizing its broad impacts on wireless network 
development and deployment, and on building layout/mate-
rial design. They first give an overview of the BWP evaluation 
framework proposed in the state-of-the-art works and explain 
their interconnections. They then outline the potential research 
directions in this research area to encourage further interdisci-
plinary research.

In the eighth article, “Blockchain and 6G: The Future of 
Secure and Ubiquitous Communication,” A. H. Khan et al. dis-
cuss the potential of blockchain and 6G for future communica-
tion and highlight the synergy between them. They divide 6G 
application requirements into performance-related (RG-I) and 
security-related (RG-II) groups with the objective of making 
the synergy more understandable. They show that the trust-
less nature of blockchain would make it easier to manage and 
audit 3D network resources and AI model parameters in 6G 
networks with complex ownership models. This flexible use of 
increasingly large and complex network resources in 6G with 
the help of blockchain would significantly facilitate RG-I targets. 
Through appropriate selection of blockchain type and consen-
sus algorithms, RG-II needs of 6G applications could also be 
readily addressed. Therefore, blockchain and 6G combined can 
provide secure and ubiquitous communication.

In the ninth article, “A Path to Smart Radio Environments: An 
Industrial Viewpoint on Reconfigurable Intelligent Surfaces,” R. Liu 
et al. present the latest progress on research, development, and 
standardization on reconfigurable intelligent surfaces (RISs), and 
provide some insights on how RISs can be integrated into global 
standards and commercial networks. Critical challenges down this 
path are analyzed and possible solutions are suggested.

In the 10th article, “Semantic Communications: Overview, 
Issues, and Future Research Directions,” X. Luo et al. give an 
overview on feature-extraction-based semantic communica-
tions, which are relevant to future intelligent communications. 
Semantic communication works very differently from tradi-
tional communication in many aspects, including communica-
tion channels, source, channel encoding (decoding) schemes, 
performance metrics, and so on. The design of an end-to-end 
semantic communication system is related to the types of mes-
sages transmitted, and thus the deep neural network structures 
of source encoder (decoder) and channel encoder (decoder) 
can be very different. In particular, the use cases in IoT net-
works, intelligently connected vehicle networks, and smart fac-

tories are discussed for possible implementation of semantic 
communications. In addition, the open issues are summarized 
to highlight the challenges in theoretical research and practical 
implementation of semantic communications. 

In the 11th and last article, “Decentralized Spectrum Access 
System: Vision, Challenges, and a Blockchain Solution,” Y. 
Xiao et al. propose a blockchain-based decentralized spectrum 
access system (SAS) architecture called BD-SAS that provides 
SAS services securely and efficiently, without relying on the 
trust of each individual SAS server for the overall system trust-
worthiness. In BD-SAS, a global blockchain (G-Chain) is used 
for spectrum regulatory compliance, while smart-contract-en-
abled local blockchains (L-Chains) are instantiated in individual 
spectrum zones for automating spectrum access assignment 
per user request. The authors hope that the vision of a decen-
tralized SAS, the BD-SAS architecture, and discussion of future 
challenges can open a new direction toward reliable spectrum 
management in a decentralized manner

I hope you enjoy reading these articles in this issue of IEEE 
Wireless Communications. 
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