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The research of deployment and management of small
heterogeneous cells toward the 5th generation of mobile
cellular networks has been extensively investigated in both
academia and industry. With the densification of small cells,
the traffic requirements within each cell will fluctuate notice-
ably, so the traffic distribution and user behavior need to be
studied based on different deployment and management sce-
narios. Furthermore, it is envisioned that 5G networks will be
mostly for data-centric applications rather than voice-centric
applications. Rethinking the systems architecture for ‘‘5G’’ in
various deployment and management of small heterogeneous
cells, supporting ultra-reliable and low latency communica-
tions, is needed to support a variety of new services, e.g.,
automotive, health, energy, and manufacturing. Therefore,
designing ultra-dense cellular networks using new transmis-
sion technologies is a promising and challenging field.

This Special Section is intended to provide a platform
for researchers and practitioners from both academia and
industry in the area of ultra-dense deployment of ultra-dense
small heterogeneous cells for 5G technologies. In this Special
Section, we have included 14 high-quality articles from lead-
ing research groups around the world working on different
research aspects of emerging wireless networks.

LTE usage is rapidly increasing with the increased demand
for high data rate services. This may cause blocking for some
users or degrade the quality for others. Aldabbagh et al.,
in ‘‘Hybrid clustering scheme for relaying in multi-cell LTE
high user density networks,’’ propose a new algorithm for
relay selection in a multi-cell scenario based on K-means and
selection strategy. Several techniques are adopted to increase
the capacity of LTE cells. In the article by Eramo et al.,
‘‘Trade-off between power and bandwidth consumption in a
reconfigurable xhaul network architecture,’’ a trade-off solu-
tion between power and bandwidth consumption is proposed
and evaluated. The proposed solution consists of: 1) handling
the traffic generated by the users through both RRU and tra-
ditional radio base stations (RBS) and 2) carrying the traffic
generated by the RRU and RBS (CPRI and Ethernet flows)
with a reconfigurable network.

Another emerging technology in big data analysis has also
attracted attention, from academia to industry. In the article by
Qiu et al., ‘‘A novel framework of data-driven networking,’’

the authors propose a novel network paradigm to jointly
consider CCN, SDN, and big data, and provide the architec-
ture internal data flow, big data processing, and use cases
which indicate their benefits and applicability. Simulation
results are exhibited to show the potential benefits relating to
the proposed network paradigm. Duong et al., in ‘‘Energy-
efficient signaling in QoS constrained heterogeneous net-
works,’’ consider a heterogeneous network, which consists of
one macro base station and numerous small cell base stations
cooperatively serving multiple user terminals.

Heterogeneous networks (HetNets), which consist of tradi-
tional macro-cells overlaid with newly envisioned small cells,
are an appealing technology to satisfy the ever-increasing
capacity requirements in future mobile networks. Yan et al.,
in ‘‘Modeling and analysis of two-tier HetNets with cognitive
small cells,’’ consider a two-tier cognitive HetNet, and utilize
the statistic tool of stochastic geometry to model and analyze
the coverage performance for macro-cell and small-cells over
general Nakagami-m fading channels. The results can be used
to help design the constraints on the configuration of small
cells, considering the minimum requirements of coverage
performance for macro-cell and small-cell.

The introduction of millimeter-wave (mm-wave) tech-
nologies in future 5G networks poses a rich set of net-
work access challenges. Filippini et al., in ‘‘Facing the
millimeter-wave cell discovery challenge in 5G networks
with context-awareness,’’ propose novel cell discovery algo-
rithms enhanced by the context information available through
a C-/U-plane-split heterogeneous network architecture. The
results show that the proposed solutions have an outstand-
ing performance with respect to basic discovery approaches
and can fully enable millimeter wave cell discovery in 5G
networks. Xu et al., in ‘‘Energy-aware power control in
energy cooperation aided millimeter wave cellular networks
with renewable energy resources,’’ consider power control
in energy cooperation enabled millimeter wave networks,
to alleviate the harvested energy imbalance problem and
reduce the energy waste. Power control is formulated as
a stochastic optimization problem, aiming at maximizing
the time average network utility while keeping the net-
work stable. Zhou et al., in ‘‘Fair downlink traffic manage-
ment for hybrid LAA-LTE/Wi-Fi networks,’’ propose a fair
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downlink traffic management (FDTM) scheme for hybrid
LAA-LTE/Wi-Fi networks. Numerical results show a FDTM
scheme can guarantee the throughput performance of Wi-Fi
networks in a shared unlicensed spectrum while supporting
proportional fairness for the LAA eNBs with different traffic
loads.

Wang et al., in ‘‘Safeguarding the ultra-dense networks
with the aid of physical layer security: A review and a case
study,’’ give a review of the classical techniques in physical
layer security from the perspective of resource allocation.
Meanwhile, in a case study, it is shown that effective blockage
of the eavesdropper in UDNs is achievable with the aid of
physical layer security.

Arshad et al., in ‘‘Handover management in 5G and
beyond: A topology aware skipping approach,’’ shed light
on the HO problem that appears in dense 5G networks and
proposes an effective solution via topology aware HO skip-
ping. The article by Gerasimenko et al., ‘‘Adaptive resource
management strategy in practical multi-radio heterogeneous
networks,’’ is based on network flow optimization techniques,
and adapts the concept of weighted α-fairness for efficient
resource management in future HetNets. Qiao et al., in ‘‘Joint
deployment and mobility management of energy harvesting
small cells in heterogeneous networks,’’ develop a tractable
framework of the location deployment and mobility manage-
ment of EH-SCBSs with various traffic load distributions and
environmental energy models.

In the article by Shojaeifard et al., ‘‘Stochastic geometric
analysis of energy-efficient dense cellular networks,’’ the
authors develop an analytical framework using tools from
stochastic geometry theory for the performance analysis of
DenseNets, where load-awareness is explicitly embedded in
the design. Müller et al., in ‘‘Analyzing wireless indoor com-
munications by blockagemodels,’’ apply a regular transmitter
grid, show the influence of the relative orientation between
walls and transmitter–receiver path, and also elaborate on the
influence of interferers in different tiers around the desired
transmitter.

We would like to thank all the authors and the reviewers
for their efforts to make this Special Section successful.
We would also like to thank the former and current Editors-
in-Chief, Prof. Michael Pecht, and Prof. Derek Abbott, the
Managing Editor, Bora M. Onat, and the Publication Editors,
Kimberly Rybczynski and Margery Meyer, for their help
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