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Guest Editorial
Special Issue on 5G and Beyond—Mobile

Technologies and Applications for IoT

FOLLOWING the tremendous success of 2G and 3G
mobile networks and the fast growth of 4G, the next

generation mobile networks (5G) was proposed aiming
to provide infinite networking capability to mobile users.
Differentiated from 4G, benefits offered by 5G is much
more than the increased maximum throughput. It aims to
involve and benefit from many current technical advances,
including Internet of Things (IoT). As the IoT integrates
many heterogeneous networks, such as wireless sensor net-
works, wireless local area networks, mobile communication
networks (3G/4G/LTE/5G), wireless mesh networks, and wear-
able health care systems, it is critical to design self-organizing
and smart protocols for heterogeneous ad hoc networks in
various IoT applications, such as cyber-physical systems,
cloud computing for heterogeneous ad hoc networks, large-
scale sensor networks, data acquisition from distributed smart
devices, green communication and applications, environmen-
tal monitoring and control, etc. Moreover, based on the survey
conducted by the World Health Organization, the world will
lack 12.9 million health care workers by 2035. Hence, it is
important to develop wearable health care systems to per-
form self-health monitoring. In general, wearable health care
systems demands low power consumption and high measure-
ment accuracy. Smart technologies including green electronics,
green radios, fuzzy neural approaches, and intelligent signal
processing techniques play important roles for the develop-
ments of the wearable health care systems. This Special Issue
aims at providing a forum to discuss the recent advances on
5G and beyond mobile technologies and applications for IoT.

The response to our above theme was overwhelming, with
30 papers submitted in the open Calls for Papers around the
world. During the review process, each paper was assigned to
and reviewed by multiple experts in the relevant areas, with
a rigorous two-round review process. Thanks to the courtesy
of the Editor-in-Chief of this JOURNAL, Dr. Sherman Shen,
we are able to accept ten excellent papers covering vari-
ous aspects of “5G and Beyond—Mobile Technologies and
Applications for IoT.” We are also glad to note that many
authors of these papers have industry background. In the fol-
lowing, let us introduce these papers and highlight their main
contributions.
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In “On Social-Aware Content Caching for D2D-Enabled
Cellular Networks With Matching Theory,” the authors pro-
posed a novel approach for minimizing the downloading
latency and maximizing the social welfare simultaneously.
In particular, authors first model the problem of maximizing
social welfare as a many-to-one matching game based on the
social property of mobile users. Authors study this game by
exploiting users’ social properties to generate the utility func-
tions of the two-side players, i.e., content providers (CPs) and
important users.

In “Insole Optical Fiber Sensor Architecture for Remote
Gait Analysis—An eHealth Solution,” the authors presented
the development of a noninvasive optical fiber sensor archi-
tecture adaptable to a shoe sole for plantar pressure remote
monitoring, which is suitable to be integrated into an IoT
e-Health solution to monitor the well being of individuals.
This paper explored the production of the optical fiber sensor
multiplexed network (using Fiber Bragg Gratings) to moni-
tor the foot plantar pressure distribution during gait (walking
movement). From the acquired gait data, it is possible to infer
the health conditions of the patient’s foot and spine posture. To
guarantee the patients mobility, the proposed system consists
of an optical fiber sensor network integrated with a wire-
less transceiver to enable efficient ubiquitous monitoring of
patients. This paper showed the calibration and measurement
results, which reflect the accuracy of the proposed system,
under normal walking in a controlled area.

In “Advancing NovaGenesis Architecture Toward Future
Internet of Things,” the authors addressed the current chal-
lenges for IoT and emerging architectures, including 5G and
future Internet. Many architectural limitations, such as weak
security, data distribution efficiency, provenance and trace-
ability of sources, excessive human intervention, lack of
interoperability, and service-awareness in device configuration,
have been exposed and called the social attention. Authors
also addressed these limitations by properly integrating five
strategies: 1) efficient IoT data exchanging, storage and pro-
cessing via information-centric networking; 2) contract-based
IoT services composition; 3) software-control/management
of IoT devices accordingly to the services requirements;
4) naming and name resolution of the physical and virtual
entities, proving identifier/locator splitting and contextualized
self-organization; and 5) name-based routing and network
caching.

In “Spectrum Sharing With Network Coding for Multiple
Cognitive Users,” the authors considered an intelligently
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cooperative communication network with cognitive users,
wherein a primary system and a secondary system, respec-
tively, a message is communicated to their respective receiver
over a packet-based wireless link. The secondary system
assists in the transmission of the primary message employing
network coding, on the condition of maintaining or improving
the primary performance, and is granted limited access to the
transmission resources as a reward. The users in both systems
exploit their previously received information in encoding and
decoding the binary combined packets.

In “Design of Hybrid Wireless and Power Line Sensor
Networks With Dual-Interface Relaying in IoT,” the authors
designed a relay equipped with a dual wireless and PLC inter-
face, which connects both the PLC and wireless sensors into
an IoT network. Furthermore, the dual-interface relay forwards
messages by adaptively selecting an interface according to the
channel state. A general mathematical probability model of
the dual-interface relaying system is presented. The proba-
bility density function of the output signal-to-noise ratio is
developed, which is based on explicit closed-form expressions
derived from the statistics character of the PLC and wireless
channel.

In “Energy Management in RFID-Sensor Networks:
Taxonomy and Challenges,” the authors presented an overview
of an RFID sensor network (RSN), its types of integration
and relative applications. We then provided the state-of-the-
art energy management techniques and strategies for RSN
from August 2009 to date, thereby reviewing the existing
energy harvesting and energy transfer mechanisms designed
for RSN. The taxonomy on various challenges for EM in RSN
has also been articulated for open research directives.

In “Industrial Internet of Things Driven by SDN Platform
for Smart Grid Resiliency,” the authors proposed a new SDN
platform based on IIoT technology to support resiliency by
reacting immediately whenever a failure occurs to recover
smart grid networks using real-time monitoring techniques.
We employ the SDN controller to achieve multifunctional-
ity control and optimization challenge by providing operators
with real-time data monitoring to manage demand, resources,
and increasing system reliability. Data processing will be used
to manage resources at the local network level by employ-
ing an SDN switch segment, which is connected to the SDN
controller through an IIoT aggregation node.

In “Cross-Layer Optimization for Cooperative Content
Distribution in Multihop Device-to-Device Networks,” the
authors discussed the content distribution problem by mul-
tihop D2D communication with decentralized CPs located in
the networks. The authors considered a cross-layer multidi-
mension optimization involving frequency, space, and time,
to minimize the network average delay. Considering the mul-
ticast feature, the authors first formulate the problem as
a coalitional game based on the payoffs of content requesters,
and then, propose a time-varying coalition formation-based
algorithm to spread the popular content within the shortest
possible time.

In “A Lightweight Authentication Mechanism for M2M
Communications in Industrial IoT Environment,” the authors
proposed a lightweight authentication mechanism, based only
on hash and XOR operations, for M2M communications in
the Industrial IoT environment. The proposed mechanism
is characterized by low computational cost, communication,
and storage overhead, while achieving mutual authentication,
session key agreement, device’s identity confidentiality, and
resistance against the following attacks: replay attack, man-
in-the-middle attack, impersonation attack, and modification
attack.

In “Interference Cooperation via Distributed Game in 5G
Networks,” the authors designed a novel framework of the
Nash noncooperative game with iterative convergence for
downlink MU-MIMO. The authors first decompose the MU-
MIMO into multiple virtual single-antenna transmit-receive
pairs with a stream analytical model. Afterward, based on
streams, the authors proposed a noncooperative water-filling
power game with pricing (WFPGP) where the power strat-
egy space of each stream can be dynamically determined by
iterative water-filling. The authors derive the sufficient condi-
tion for the existence and uniqueness of the WFPGP game,
in which the verification of the sufficient condition can be
executed in a distributed manner.

To conclude, we first would like extend our appreciation
to all the authors for their support and excellent contribu-
tions. We also would like to thank all the reviewers for their
efforts in reviewing the papers, and for their valuable com-
ments and constructive suggestions for improving the quality
of the papers. Finally, we appreciate the advice and support of
the Editor-in-Chief of this JOURNAL, Dr. Sherman Shen, for
his help in the whole publication process.
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Shahid Mumtaz (M’13–SM’16) received the M.Sc. degree in electrical and electronic engineering
from the Blekinge Institute of Technology, Karlskrona, Sweden, in 2006, and the Ph.D. degree in
electrical and electronic engineering from the University of Aveiro, Aveiro, Portugal, in 2011.

He was a Research Intern with Ericsson, Stockholm, Sweden, and Huawei Research Labs,
Karlskrona, Sweden, in 2005. He is currently a Senior Research Scientist and a Technical Manager
with the Instituto de Telecomunicações Aveiro, Aveiro. He received funding from the Swedish
Government and FCT Portugal for his M.Sc. and Ph.D. degrees. He has been involved in several
EC Research and Development Projects in the field of green communication and next-generation
wireless systems. In EC projects, he holds the position of Technical Manager, where he oversees
the project from a scientific and technical side, managing all details of each work package, which
gives the maximum impact of the project’s results for the further development of commercial
solutions. He has been also involved in two Portuguese funded projects (SmartVision and Mobilia)

in the area of networking coding and development of system-level simulator for the 5G wireless system. He has several
years of experience in 3GPP radio systems research with experience in HSPA/LTE/LTE-A and a strong track-record in the
relevant technical field, especially physical layer technologies, LTE cell planning and optimization, protocol stack, and system
architecture. He has over 10 years of wireless industry experience and 150 publications in international conferences, journal
papers, and book chapters. His current research interests include architectural enhancements to 3GPP networks (i.e., LTE-
A user plan and control plane protocol stack, NAS, and EPC), 5G NR-related technologies, green communications, cognitive
radio, cooperative networking, radio resource management, network slicing, LAA/LTU, cross-layer design, backhaul/fronthaul,
heterogeneous networks, M2M and D2D communication, and baseband digital signal processing.

Dr. Mumtaz was a recipient of the Alain Bensoussan Fellowship by ERCIM to pursue research in communication networks
for one year at the VTT Technical Research Center of Finland in 2012. He was nominated Chair for IEEE new standardization
on P1932.1: Standard for Licensed/Unlicensed Spectrum Interoperability in Wireless Mobile Networks. This standardization
resulted from his novel idea on “WiFi in Licensed Band.” He is also actively involved in 3GPP standardization on LTE release
12 onward, along with major manufacturers. He is an ACM Distinguished Speaker.

Anwer Al-Dulaimi (M’12–SM’17) received the Ph.D. degree in electronic and computer engi-
neering from Brunel University, London, U.K., in 2012.

He was a Post-Doctoral Research Fellow with the Department of Electrical and Computer
Engineering, Toronto, ON, Canada. He is currently a Technical Product Owner (TPO) with the
Research and Development Department, EXFO Inc., Montreal, QC, Canada. He has authored
many academic papers in prestigious IEEE journals and have edited two books on mobile net-
works design. He is also the Editor of the IEEE Future Networks Series of the IEEE Vehicular
Technology Magazine, Editor of the IEEE Vehicular Networkings Series in IEEE Standards
Magazine, and Guest Editor for many IEEE journal special issues. His current research inter-
ests include 5G networks with a special focus on dynamic spectrum access, network function
virtualization, vehicle-to-everything and Internet-of Things.

Dr. Al-Dulaimi was a recipient of the 2013 Worldwide Universities Network Cognitive
Communications Consortium Best Paper for outstanding research in cognitive communications for his edited book entitled
Self-Organization and Green Applications in Cognitive Radio Networks and the Best IEEE/WWRF Vehicular Technology
Magazine Paper three times. He is an Associate Fellow of the British Higher Education Academy, registered as a Chartered
Engineer by the British Engineering Council since 2010, and an IEEE Distinguished Lecturer. He is the Chair of p1932.1
“Standard for Licensed/Unlicensed Spectrum Interoperability in Wireless Mobile Networks” and a voting member of IEEE
MobiNet-SC.
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Valerio Frascolla holds the M.Sc. and the Ph.D. degree in electronic engineering.
He is Director of research and innovation at Intel, Neubiberg, Germany. He had been working

in different roles at Ancona University, Comneon, and Infineon. He has expertise in mobile ter-
minals system architecture, requirements management, standards bodies attendance (3GPP, ETSI,
and IEEE), and project and program management. He serves as coach and mentor with Intel,
as well as in European projects (Fashion Fusion, WEARSustain). He acts as facilitator of inno-
vation activities using agile methodologies (CSM- and CSPO-certified). He has authored 70+
peer-reviewed publications. His main research interest is 5G system design with a focus on spec-
trum management, mm-waves, and MEC technologies.

Dr. Frascolla currently participates in several international research projects serving as consor-
tium lead for business, standardization, innovation and exploitation matters, and organizing special
sessions, workshops and panels at international conferences (VTC, EUCNC, WCNC, EUCAP,
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