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Guest Editorial
Special Issue on Signal Processing for Large Scale 5G Wireless Networks
The increasing demand for any-time any-where wireless connectivity has posed a formidable `1000 ×
data challenge' for service providers. With the envisioned 1000 × explosion in mobile data traffic by
the end of year 2020, wireless network architecture needs to rapidly evolve. In particular, the evolution
trajectory should be charted such that exponential gains can be realised in network wide resource
efficiency. This requires a clean slate design for future 5G wireless networks while provisioning
interoperability with the legacy deployment. Both operators and technology providers realise that 5G
will not merely be a newer version of 4G simply provisioning faster data transfers. These 5G networks
are expected to be more dynamic due to heterogeneity in terms of devices, technologies, spectral bands
and deployment models. Heterogeneity is indeed the intrinsic and central feature of the evolving
networking paradigm.
Now several potential solutions have recently been proposed to meet the aforementioned challenges
and all address both network architecture and technologies. On the architectural front, concepts such
as (i) cloudification & softwarisation of radio access networks; (ii) split-plane deployment; (iii)
licensed shared access; (iv) decoupled uplink and downlink transmissions; and (v) information/content
centric networking are all being considered as the enabling candidates. In terms of new technologies:
(i) mmWave communications; (ii) massive MIMO; (iii) D2D communications; (iv) small cell
deployment; and (v) low power IoT communication technologies (such as Bluetooth Low Energy,
802.11.ah WiFi, LoRA, SIGFOX) are all vital design tools for future 5G HetNets. In addition, the socalled concept of `tactile internet', which has a wide spectrum of requirements ranging from ultra-low
latency to ultra-high throughput via deployment of HetNets, cannot be realised without significant
advances in signal processing algorithms. Thus, the main objective of this Special Issue is to provide a
platform for the dissemination of important results in those signal processing techniques necessary for
enabling large scale, heterogeneous, 5G wireless networks.
The first part of this Special Issue presents four contributions. In the first paper, Mumtaz et al. present
an energy efficient algorithm for D2D users in the presence of other cellular users (CUs). The authors
employ Lagrangian duality theory for optimising both the power and rate of the D2D users while
guaranteeing an acceptable quality-of-service (QoS) for the CUs. Finally, the solution of the proposed
algorithm is then employed to achieve proportional fairness between the D2D and the CU users.
The second paper (Butt et al.) reflects a growing interest in the area of green communication. It has
recently been accepted that opportunistic exploitation of ambient energy sources is going to be the
cornerstone of future wireless networks. The authors discuss relay selection schemes with the
objective of minimising outage probability for a network consisting of a single source, multiple relays
and a single destination. The relays are powered by radio frequency (RF) signals from the source and
the authors present an optimal relay selection strategy to minimise outage probability for the system.
Finally, a numerical solution is developed to determine the optimal number of relays.
In the third paper, Gurjar et al. examine the significance of wireless channel estimation error on the
performance of an analogue network coding (ANC)-based MIMO two-way relay system employing
zero-forcing (ZF) transceivers in a Rayleigh fading environment. An analytical framework has been
developed to study the overall outage analysis and some interesting (exact) expressions have been
derived for special cases such as when the relay is equipped with less than two antennas. Some of the
important contributions of this work are: a) exact expressions for the overall outage probability and the
ergodic sum-rate have been derived within the context of channel estimation error; b) the authors have
shown that system diversity may reduce to zero in the presence of channel estimation error due to
imperfect self-interference cancellation; c) they conclude that a low complexity solution can be further

derived by exploiting channel estimation error with ZF transmission/reception for an ANC based
MIMO two-way relay system.
In the final paper, Li et al. propose a hierarchical precoding approach for multi-cell, multi-user
systems with any number of base stations and users, which is suitable for any number of data streams.
The key feature of this approach is to align the inter-user interferences within the same cell to the
room spanned by the inter-cell interferences, by which both the inter-cell and inter-user interferences
are cancelled simultaneously. The effectiveness of this proposed method is demonstrated with an
extensive set of simulations.
In summary, this Special Issue presents some important recent advances in D2D and relay assisted
communication networks with a special focus on energy efficiency. Moreover, some of the state-ofthe-art methods in multiuser MIMO systems have also been studied. For those interested in future 5G
wireless networks, these articles will serve as a good springboard to appreciate further developments
in this important topic.
Finally, we would like to thank (i) all the submitting authors for considering this Special Issue as a
potential journal in which to publicise their research work; (ii) the reviewers for their high quality
evaluations; and (iii) the Editorial team of the IET Signal Processing journal for their professional
support.
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