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EXTREMELY DENSE WIRELESS NETWORKS

T he ever growing demand from mobile network users
is pushing the current wireless technologies toward
their limits. As a matter of fact, not even the most opti-
mistic promises from emerging standards, such as LTE-
Advanced and IEEE 802.11ac/ad/af, will be able to satiate
the huge appetite for bandwidth of the future users of 5G
networks — at least, unless the size of cells is reduced dra-
matically. This situation will soon create a desperate need
for extremely dense wireless networks (DenseNets).

Unfortunately, merely shrinking the cell size is not suf-
ficient due to several technical and economic factors. On
the technical side we find interference, which is a real
challenge as the number of cells deployed nearby increas-
es, and energy consumption, which also becomes impor-
tant due to much more irregular usage patterns. Among
the business/deployment issues, we mention the availability
of sufficient backhaul capacity everywhere, the current
lack of very low-cost/very small base stations, and the need
for economically viable operation, administration, and
management (OAM) activities.

In brief, low-hanging fruits will not be there to be
grabbed by the telecom industry. Rather, a new ecosystem
of solutions, possibly characterized by the use of coopera-
tive approaches, will be required to take full advantage of
the new opportunities brought by extremely dense wireless
networks. The nine articles in this Feature Topic deeply
investigate some of the hottest research challenges in this
context.

The first challenge addressed is related to the deploy-
ment of future mobile networks. In “Spectral and Energy
Efficiency of Ultra-Dense Networks under Different
Deployment Strategies” by Syed Fahad Yunas et al., it is
shown how extremely dense indoor femtocells and outdoor
distributed antenna systems both outperform a densified
macrocell deployment in terms of capacity and energy effi-
ciency. Therefore, to meet the 5G requirements, alterna-
tive paths to the long-standing processes of cellular
network provisioning must be experimented.

The second article, “Interference Coordination for

Dense Wireless Networks” by Beatriz Soret et al., presents
the problem of interference in dense scenarios: as the den-
sity of cells increases, so does interference. This article
revisits the options on the table for LTE and LTE-
Advanced, proposing two algorithms to apply time domain
and frequency domain small cell interference coordination
in a DenseNet.

The third article, “Understanding Channel Selection
Dynamics in Dense Wi-Fi Networks” by Akash Baid and
Dipankar Raychaudhuri investigates the impact of increas-
ing enterprises’ or service providers’ access points (APs)
with centralized channel assignment on the performance
of typical residential APs and vice versa. A parametric
approximation scheme is proposed for estimating the AP’s
throughput.

The fourth article, “Per-Node Throughput Enhance-
ment in Wi-Fi DenseNets” by Kyungseop Shin ef al., pro-
poses a joint dynamic sensitivity control (DSC) and
transmit power control (TPC) approach to control inter-
ference in dense residential, enterprise, or indoor hotspot
deployments. The simulation results show that significant
per-node throughput improvements can be achieved
regardless of the deployment type.

The fifth article, “On the Efficient Utilization of Radio
Resources in Extremely Dense Wireless Networks” by
Arash Asadi et al., tackles the joint utilization of WiFi
relays to improve the performance of LTE. This work pro-
poses a resource allocation mechanism opportunistically
exploiting network density as a resource. Results show that
intracell opportunistic relay can reduce the complexity and
boost efficiency of intercell interference coordination in
LTE.

The sixth article, “Toward 5G DenseNets: Architectural
Advances for Effective Machine-Type Communications
over Femtocells” by Massimo Condoluci ef al., presents a
novel architecture to handle the growing MTC traffic by
the use of small cells to handle the massive and dense
MTC rollout. This work introduces a novel 3GPP-compli-
ant architecture that absorbs the MTC traffic via home

88

IEEE Communications Magazine * January 2015



GUEST EDITORIAL

evolved NodeBs (HeNBs), providing significant reduction
of congestion in radio access and core networks.

Efficient mobility management is a firm but challenging
requirement in future extremely dense scenarios of mobile
networks. In the seventh article, “Distributed Mobility
Management for Future 5G Networks: Overview and
Analysis of Existing Approaches” by Fabio Giust ef al., the
authors propose a novel and highly scalable mobility man-
agement architecture based on the distributed mobility
management concept currently under study at the Internet
Engineering Task Force (IETF).

C-RAN is a promising technology to increase the densi-
ty of the network at reduced cost. This topic is investigated
in the eighth article, “Software-Defined Networking in
Cellular Radio Access Networks: Potential and Chal-
lenges” by Mustafa Y. Arslan et al., where the concept of
SDN is applied to the fronthauling in C-RAN deploy-
ments. The results can also be applied to extended support
for coordinated multipoint approaches.

Finally, the ninth article, “Scalability of Dense Wireless
Lighting Control Networks” by Conrad Dandelski, address-
es an interesting technological alternative for DenseNets,
that is, the use of LED-based lighting networks already
deployed in buildings for broadcasting messages and col-
lecting sensor data, thus providing a control system for the
lighting network increasing its scalability.
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