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Ricently, extensive research efforts have been dedicat-
d to develop fifth-generation (5G) wireless mobile
networks aimed at providing ubiquitous connections for
anyone and anything irrespective of time and location. The
number of connected devices and data traffic is increasing
exponentially every day, and future data-intensive applica-
tions like AR/VR, holographic communications, V2X, autono-
mous driving, high precision manufacturing, and ultra-massive
machine-type communications would demand high through-
put, ultra-reliable transmission, extremely low latency and
high energy efficiency. 6G is expected to extend 5G capabili-
ties to higher levels where millions of connected devices and
applications could operate seamlessly with trust, low-latency
and high-bandwidth. Thus, major research is now focused on
three areas, ultra-reliable and low latency communications
(URLLC), enhanced mobile broadband (eMBB), and massive
Internet of Things (mloT) in 6G wireless communications.

Ultra-reliable and low latency communications is per-
haps the most challenging task because of its demanding
requirements of low latency combined with ultra-high reli-
ability. Using more resources to increase reliability will in turn
increase the latency, and therefore a combination of various
technologies like software-defined networking (SDN), virtual
network slicing, and physical layer technologies are currently
experimented for achieving uRLLC with various applications.
This special issue solicited high-quality papers reporting on
new techniques and concepts, standards, future applica-
tions, novel physical-layer solutions, network architectures,
resource allocation schemes, and other issues, challenges,
and promising solutions for ultra-high speed, low latency and
reliable communications in 6G network.

We received a very good response to our special issue
call for papers from around the world. Each submitted article
was assigned to and reviewed by at least three experts in
the field, with a rigorous multiround review process. Thanks
to the dedicated work of the numerous reviewers, we were
able to accept 16 excellent articles covering various topics in
Ultralow Latency and Reliable Communications for 6G Net-
works. In the following, we will introduce these articles and
highlight their main contributions.

In the article “UAV-Assisted Vehicular Edge Computing
for 6G Internet of Vehicles: Architecture, Intelligence, and
Challenges” Hu et al. discuss an UAV-assisted network archi-
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tecture to support 6G vehicular edge computing. The arti-
cle further presents discussions on leveraging the big data
feature of historical information, artificial-intelligence-based
solutions that are anticipated to facilitate fast, automatic, and
efficient UAV deployment to support 6G V2X applications.

The article “Embedding Security Awareness for Virtual
Resource Allocation in 5G HetNets Using Reinforcement
Learning” discusses various security threats and vulnerabil-
ities due to the complexity of virtualization in 5G HetNets
possibly leading to major performance outbreaks and infor-
mation leakage and presents a novel secure framework
(VRA-RL-SecAwa) based on the emerging reinforcement
learning approach.

The article “Secure Virtual Mobile Small Cells: A Stepping
Stone toward 6G” presents some key discussions on 6G and
a next generation communication platform, which aims to
extend the rigid coverage area of fixed deployment networks
by considering virtual mobile small cells (MSCs) that are cre-
ated on demand.

In the article “Research and Analysis of URLLC Technol-
ogy Based on Artificial Intelligence” Zhu et al. introduce the
performance indicators and critical technologies of URLLC in
the physical layer and list the advantages of deep learning in
solving technical problems in the physical layer.

In “Several Key Technologies for 6G: Challenges and
Opportunities” Ji et al. present a survey that compares the
system performance between 5G and 6G, and further dis-
cuss the rapid increase in wireless data traffic and the achiev-
able rate that can be reached up to terabits per second to
improve the communication quality.

The article “URLLC Key Technologies and Standardization
for 6G Power Internet of Things” analyzes the application
scenarios and service requirements of URLLC for 6G Power
Internet of Things (PloT), summarizes the key technologies
and standardization of 5G/B5G URLLC and end-to-end
URLLC guarantee technologies, and outlines the possible
evolution directions of URLLC in 6G.

The article “6G Vision: Toward Future Collaborative
Cognitive Communication Systems” presents an innovative
framework for 3C (collaborative, cognitive, communication)
systems that is able to analyze and predict both human and
machine behaviors. It proactively diagnoses issues and recom-
mends solutions without requiring any human intervention.
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The authors mention that the proposed concept of 3C sys-
tems would potentially contribute toward 6G standardization.

The article “Mobile Edge Computing for Ultra-Reliable
and Low-Latency Communications” investigates the advan-
tages of MEC in comparison with mobile cloud computing
and then introduces several specific themes and the existing
techniques in MEC, which are concerned with efficient com-
munication and reliable mechanisms in MEC.

In the article “When Wireless Communications Meet
Computer Vision in Beyond 5G” Nishio et al. mention that
with the recent advances in machine learning and the avail-
ability of non-radio-frequency (RF) data, vision-aided wireless
networks have shown to significantly enhance wireless com-
munication reliability without sacrificing spectral efficien-
cy. Further, the authors demonstrate how computer vision
enables look-ahead prediction in a millimeter-wave channel
blockage scenario before the blockage actually occurs.

The article “3D Network Modelling for THz-Enabled Ultra-
Fast Dense Networks: A 6G Perspective” discusses the new
6G ultra-cell scenario along with a potential 3D network
architecture. Several recent developments in network mod-
eling applying a stochastic geometry-based clustered process
are also presented in the article.

In “Sparse Code Multiple Access for 6G Wireless Commu-
nication Networks: Recent Advances and Future Directions”
Yu et al. present an overview and outlook on the application
of sparse code multiple access (SCMA) for 6G wireless com-
munication systems, which is an emerging disruptive non-or-
thogonal multiple access (NOMA) scheme for the enabling
of massive connectivity. The authors then propose to apply
SCMA to a massively distributed access system (MDAS),
whose architecture is based on fiber-based visible light com-
munication (FVLC), ultra-dense network (UDN), and NOMA.

The article “Novel Joint Index Modulation and Physical
Layer Network Coding Mechanism for Beyond 5G” discuss-
es a novel mechanism combining Physical Layer Network
Coding (PNC) and Index Modulation (IM) to achieve a bal-
ance between energy efficiency (EE) and spectral efficiency
(SE) for URLLC applications beyond 5G.

The article “Key Technologies for Ultra Reliable and Low
Latency Communication (URLLC) in 6G” presents the key
technology enablers for deployment in ultra-reliable and
low latency communications for 6G networks. In addition,
the potential issues related to system security and spectrum
management in 6G networks are also discussed in the article.

The article, “Extremely-interactive and Low Latency Ser-
vices in 5G and Beyond Mobile Systems” provides an over-
view of extremely interactive and low latency immersive
services as well as on the relevant industry and standardiza-
tion activities, and also presents some insights on the relevant
architectures and solutions, and highlights some research
challenges and directions.

In the article “Spectrum Sharing for 5G/6G URLLC:
Research Frontiers and Standards” Yang et al. discuss 3GPP
standards, recall the recent advances in spectrum sharing
algorithms, and analyze the challenges of spectrum sharing
in 5G/6G and also provide potential research fields in future
5G/6G applications.

The article “Reinforcement-Learning-Enabled Massive
Internet of Things for 6G Wireless Communications” pres-
ents a reinforcement-learning-based and a framework for
a wireless channel access mechanism for IEEE 802.11 stan-
dards (i.e., Wi-Fi) in mloT. The proposed mechanism suggests
exploiting a practically measured channel collision probabil-
ity as a collected dataset from the wireless environment to
select optimal resource allocation in mloT for upcoming 6G
wireless communications.

We would like to express our sincere thanks to all the
authors for submitting their papers and to the reviewers for
their valuable comments and suggestions that significantly
enhanced the quality of these articles. We are also grateful to
the Editor-in-Chief, Zander Lei for the great support through-
out the whole review and publication process of this special
issue, and, of course, all the editorial staff. We hope that this
special issue will serve as a useful reference for researchers,
scientists, engineers, and academics in the field of Ultra-low
Latency and Reliable Communications for 6G Networks.
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