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etworks are continuously evolving with the provisions of new com-

munication capabilities and services; while 5G is being deployed,

several research activities are starting to define the next big step
in mobile technology, 6G, with the expectation for commercial develop-
ments in the 2030s.

Technological advances are paving the way for unlimited possibilities,
such as those offered by haptic and Tactile Internet or holograms, for an
immersive experience. A number of challenges remain to be addressed
while evolving the networks to support these applications. Some of these
challenges are analyzed in the articles that, after a scrupulous review pro-
cess, have been selected for this issue of the Mobile Communications and
Networks Series. These articles present proposals for solutions in the areas
of edge computing, device-to-device communication, digital-twin-based
architecture, and massively parallel nonlinear processing.

The first article, “Design of Edge Computing for 5G-Enabled Tactile Inter-
net-Based Industrial Applications,” presents the design of edge computing for
Tactile Internet (TI) industrial applications in response to the stringent require-
ments such as high data reliability and sub-millisecond latency. After a brief
description of the increasingly important role that 5G-based communication
networks play in industrial applications, the authors summarize numerous Tl
industrial use cases. Detailed analysis of the missing building blocks in the edge
computing design is also provided. These blocks include the aspects of com-
putation, communication, and storage resource management. Several open
challenges toward Tl industrial applications are listed as part of the conclusion.

One direction of 5G and 6G research and standardization is the use
of millimeter-wave and terahertz frequency bands. However, there may
be a gap in terms of the enthusiasm of researchers and practical concerns
from operators. This is the focus of the second article, “The Proximity Radio
Access Network for 5G and 6G.” After discussing some potential 6G use
cases and some commercial deployment restrictions (e.g., deployment
limitations at high frequencies, operation cost, and electric cost), the author
presents a possible solution called operator-controlled proximity radio access
network (P-RAN), where a user without connection or with a weak connec-
tion can be helped by operator-controlled relays, forming device-to-device
communication. The corresponding challenges and potential solutions are
summarized, along with evaluations in terms of improved user data rates.
Several applicable business use cases of P-RAN are also identified.

Digital twins is a relatively recent concept, where objects or systems
are represented virtually. The third article, “Digital-Twin-Enabled 6G: Vision,
Architectural Trends, and Future Directions,” studies the digital twin of a 6G
physical system by first presenting its key design requirements such as the
decoupling (generalization) of twins from the underlying physical system.
The architectural components are presented, along with trends based on the
deployment fashion of twins, such as edge-based twins, cloud-based-twins,
and edge-cloud-based twins, which might be needed for scalability purpos-
es. We believe that the future research directions provided in this article,
such as the mobility management for edge-based twins, also provide good
pointers for community members interested in working within this domain.

Our fourth article addresses a critical need of finding the suitable pro-
cessing approach in 6G. It proposes massively parallel nonlinear (MPNL)
processing as the potential approach, considering the anticipated 6G sce-
narios of extremely dense networks and devices, ultra-massive device con-
nectivity, combination of human-type and machine-type traffic, and higher
frequency bands. The linear approach has been broadly deployed in 5G
systems. However, it has limitations as far as achieving the required capac-
ity and capability of 6G. A nonlinear approach has the potential to over-
come the limitations, but it is highly computation-intensive and sequential in
nature, hindering its deployment in practical communication systems so far.
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A massively parallel processing framework is proposed to make nonlinear
processing useful by supporting optimized use of available spatial, frequen-
cy, and time resources. The article also provides a direction for additional
research to extract more out of MPNL to enable its deployment in 6GC.

This issue of the Series presents a collection of articles addressing some
of the key aspects related to the evolution of mobile networks as moving
toward 6G, which we hope will be of interest to our readers.

We would like to thank our contributors for their excellent articles and
the reviewers for their effort in reviewing the manuscripts, helping us to
maintain the quality of the Series. We also thank the Editorial Board and staff
members for their invaluable continuous support during the entire process.

We would also like to welcome Stefano Ruffini, who recently joined the
Series as an Editor. In addition, our deep appreciation goes to Alberto Per-
otti for his contributions and leadership during his role as Lead Editor for the
Series. We congratulate Alberto and wish him best luck in his new endeavor.
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