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o cope with the high traffic volume demands
spurred by the proliferation and penetration of 4G
services, significant improvements to wireless access
techniques have been made. Notable examples are

massive multiple-input multiple-output (MIMO), coordi-
nated multipoint (CoMP) transmission and reception, and
D2D (device-to-device) incorporated in 3G and 4G specifi-
cations. Furthermore, to boost network coverage and
capacity, mobile operators have also been increasingly
deploying heterogeneous networks (HetNets), consisting of
micro-, pico-, and small/femtocells. However, despite these
advances in core wireless technologies, Third Generation
Partnership Project (3GPP) mobile networks are still chal-
lenged to handle the ever increasing mobile traffic, particu-
larly due to the use of specific-purpose networking
equipment that can neither dynamically scale with mobile
traffic nor easily be upgraded with new functions.

With the emergence of cloud computing as an important
information technology in support of virtualized services, it
is promising to design 5G wireless networks by exploiting
recent advances in network function virtualization and ben-
efiting from advanced virtualization techniques of cloud
computing to build efficient and scalable networking infras-
tructures. Researchers have been designing new architec-

tures for elastically composing and operating a virtual end-
to-end network platform on demand on top of fragmented
physical infrastructures provided by federated clouds. Soft-
ware-defined networking (SDN) techniques have been seen
as promising enablers for this vision of carrier cloud, which
will likely play a crucial role in the design of 5G wireless
networks.

In response to the Call for Contributions, we received 57
paper submissions. After a careful review process, seven
outstanding papers were collected for this special issue.

The volume opens with an article on 5G wireless back-
haul networks, “5G Wireless Backhaul Networks: Chal-
lenges and Research Advances,” authored by Ge et al. The
article presents potential wireless backhaul network solu-
tions for future 5G mobile communication systems with
massive backhaul traffic. Based on numerical results and
analysis, the distribution solution is suggested for 5G wire-
less backhaul networks considering the throughput and
energy efficiency constraints. Furthermore, some chal-
lenges, such as ultra-dense cell deployment, frequent han-
dover in small cells, and energy efficiency, are discussed to
satisfy requirements of 5G wireless backhaul networks. The
second article, “Toward 5G: When Explosive Bursts Meet
Soft Cloud,” written by Zhou et al., investigates explosive
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bursts and their influence on next-generation 5G cellular
networks, for which a software-defined cellular networking
architecture has been proposed based on an interconnected
cloud computing platform with open interfaces. In particu-
lar, this novel approach not only avoids the potentially neg-
ative influences of bursts, but also provides a software
controlled end-to-end service management framework for
future 5G cellular networks. Therefore, by taking advan-
tage of the open interfaces of cloud based network ele-
ments, a unified intelligent (smart and soft) management
across the RAN (radio access networks), core networks,
bearer networks, and service platforms can also be
achieved.

The demand for broadband network connectivity has
dramatically increased in the last decade. It has gained
additional momentum along with the increase in the num-
ber of Internet-connected mobile devices, ranging from
smartphones, tablets, and laptops to sensor networks, and
machine-to-machine (M2M) connectivity. This increasing
demand, backed by always connected concepts of mobile
applications, are pushing network infrastructure to the
limit. 5G is the technology that will provide a solution by
offering higher data rates with lower latency and much
larger coverage radius. For 5G technology to be applicable
and achieve its objectives, some of the challenges have to
be overcome. As 5G networks will offer higher connectivity
speeds with much higher support of mobile devices, the sig-
naling traffic generated in the core network will be boom-
ing. In “NFV: State of the Art, Challenges and
Implementation in Next Generation Mobile Networks
(vEPC),” Hawilo et al. study network function virtualiza-
tion (NFV) technology as a solution in the mobile core net-
work. The article provides a glance into the state-of-the-art
in NFV, one of the leading edge technologies that will
bring the advantages of IT virtualization to the telecommu-
nication industry. Moreover, the article discusses chal-
lenges in security, computing performance, VNF
interconnection, portability, operation and management
that hinder NFV adoption progress.

With the advent of 5G toward the end of the current
decade, cellular operators may have to manage up to four
different technologies — GSM, UMTS, 4G, and 5G —
while deploying more network nodes to cope with the
increasing user data demand. The resulting increase in
operational complexity and expenditure poses one of the
biggest challenges for next-generation broadband cellular
systems. In the fourth article, “Challenges in 5G: How to
Empower SON with Big Data for Enabling 5G,” Imran et
al. investigate self-organizing networks (SONs) to cope
with challenges in 4G cellular networks. The article propos-
es to transform the state of the art reactive SON to proac-
tive SON by empowering it with big data. More specifically,
it proposes a systematic approach to exploit the deluge of
control, signaling, and contextual data produced during
routine operation of cellular networks thus far largely
untapped, referred to as big data, to deduce unprecedented
amounts of system-level intelligence that can then be fed
into SON engines to make it proactive, thereby transform-
ing it into a key enabler of 5G.

To support the insatiable data demand, in addition to
the existing licensed spectrum, cellular operators are con-

sidering to access spectrum in unlicensed and shared access
spectrum bands. The article “Carrier Aggregation/Channel
Bonding in Next Generation Cellular Networks: Methods
and Challenges” by Khan et al. first reviews recent research
efforts pertaining to the implementations of carrier aggre-
gation/channel bonding techniques that can be used by cel-
lular operators to offer unified services in licensed,
unlicensed, and shared access bands. Then the article iden-
tifies challenges faced in the scenarios whereby multiple
independent operators decide to combine channels simul-
taneously in the licensed, unlicensed, and shared access
bands to obtain wider bandwidth and higher throughput.

The sixth article, “Visible Light Communication for 5G
Wireless Networking Systems: From Fixed to Mobile Com-
munications,” targets visible light communication (VLC) as
a potential access option for 5G wireless communications.
This article investigates VLC’s strengths in energy efficien-
cy and ultra wide bandwidth, as well as its weakness in
transmission range and obstacles in transmission paths.
This paper aims at providing a conclusive investigation of
the latest progress in research on VLC which can be used
as part of 5G wireless communication systems. This work
highlights the strengths and weaknesses of VLC in compar-
ison with RF-based communications, especially in spec-
trum, spatial reuse, security, and energy efficiency. The
article also investigates various lighting sources proposed
for VLC systems. It summarizes the literature on VLC net-
working in two categories: fixed and mobile VLC commu-
nications.

The last article, “Heterogeneous Statistical QoS Provi-
sioning Over 5G Mobile Wireless Networks” by Zhang et
al., proposes a novel heterogeneous statistical QoS provi-
sioning architecture to support the transmission of highly
bandwidth-intensive and time-sensitive multimedia ser-
vices, including 3D immersive media services, over 5G sys-
tems. Observing that more than one type of multimedia
traffic with different delay-bound QoS constraints coexist
in 5G mobile wireless networks, this article develops a set
of schemes to efficiently guarantee the heterogeneous sta-
tistical delay-bounded QoS requirements through employ-
ing three promising 5G-candidate wireless techniques: i)
D2D; ii) full-duplex; and iii) cognitive radio, respectively,
under their proposed heterogeneous statistical QoS provi-
sioning architecture.

In closing, we would like to thank all the authors who
submitted their research work to this Feature Topic. We
would also like to acknowledge the contributions of many
experts in the field, from both academia and industry, who
participated in the review process, and provided helpful
suggestions to the authors to improve the content and pre-
sentation of the articles. We would in particular like to
thank Professor Xuemin “Sherman” Shen, Editor-in-Chief
of IEEE Network, for his support and highly appreciated
suggestions and comments during the delicate stages of
concluding this Feature Topic. Last but not least, it is our
hope that the readers will enjoy these articles. 
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