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The emergence of data-extensive applications such as
online gaming and video sharing has resulted in an
exponential increase in mobile data traffic. Advances in the
Internet-of-Things (IoT) and 5G also require the fusion of
multiple sensors and wireless devices operating in real time.
Supporting such high data rate demands within the frame-
work of existing wireless access networks is a challeng-
ing task. Addressing this ever-increasing demand of data-
hungry devices in an efficient and effective manner has
driven the wireless industry to look into new paradigms.
Device-to-Device (D2D) and Machine-to-Machine (M2M)
communications are viewed as promising solutions to this
complex problem and hence a key enabling technology
for 5G and IoT applications. The D2D is envisioned to
operate either in out-band mode, representing use of a
dedicated spectrum, or in-band mode, representing oper-
ation within the same spectrum of the existing cellu-
lar spectrum. Variations of Vehicle-to-Vehicle (V2V) and
Human-to-Human (H2H) are used to deal with the spe-
cific nature and application of the wireless network under
consideration.

D2D communications provide the closely located users
with an opportunity to communicate directly without travers-
ing traffic through a fusion center. While offering excit-
ing advantages of improved throughput, increased spectrum
reuse and enhanced energy gain, integration of the D2D with
legacy systems brings new technical challenges. Interference
to primary users is one of the major challenges that needs
to be managed and mitigated effectively in order to have an
optimal system performance.

This Special Section in the IEEE ACCESS is intended
to reflect current research trends and novel approaches to
address the interference issues in D2D communications.

Particular emphasis has been put on the interference mit-
igation in in-band underlay/overlay D2D communications,
out-band network-assisted/autonomous D2D communica-
tions, uplink and downlink LTE-A channels, cross-tier, and
co-tier. Interference mitigation using power control, efficient
radio resource allocation, spectrum splitting, MIMO and
beamforming is also addressed. Interference-aware transmis-
sion for interference mitigation, hybrid mechanisms for inter-
ference control, and design of multiple antennas for interfer-
ence cancellation have also received particular emphasis to

present a holistic view of different approaches in this Special
Section.

Our call for papers received an enthusiastic response
with 30 high-quality submissions. To adhere to the IEEE
ACCESS policy, it was ensured that handling editors did
not have any potential conflict of interest with authors of
submitted articles. At least two independent reviews were
sought for each of the submitted articles, evaluating the rigor
and eminence of the work as well as its relevance to the
theme of our Special Section. After a careful and detailed
review process, ten articles were accepted to form the Special
Section.

In ‘‘Resource allocation and interference management for
D2D-enabled DL/UL decoupled Het-Nets,’’ by Celik et al.,
the authors investigate the interference management and
resource allocation issues of D2D communications under-
lying HetNets. The dead-zone problem is alleviated by first
considering downlink/uplink (DL/UL) decoupling user asso-
ciation and second, by proposing an UL fractional fre-
quency reuse scheme where sub-band bandwidths are adap-
tively determined based on density of user equipment and
e-node-B, and ON/OFF switching frequency of small cells.
A novel concatenated bi-partite matching (CBM) method is
then proposed for joint sub-band assignment and resource
block allocation of cellular UEs. Numerical results show
that the CBM provides a close performance to an exhaustive
solution with greatly reduced running time. The CBM is
then extended to a centralized mode selection for D2D cells.
Alternatively, the authors develop offline and online semi-
distributed approaches where a D2D cell can reuse white-list
RBs (WRBs), which are not occupied by the adjacent small
cells.

In ‘‘Disaster management using D2D communication with
power transfer and clustering techniques,’’ by Ali et al.,
the authors employ energy harvesting (EH) at the relay
with simultaneous wireless information and power transfer
to prolong the lifetime of an energy-constrained network.
In particular, a user equipment relay that harvests energy
from radio-frequency signal via base station and uses har-
vested energy for D2D communications is considered. Clus-
tering technique is integrated with D2D communications into
cellular networks such that communication services can be
maintained when the cellular infrastructure becomes partially
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dysfunctional, for example as an aftermath of a natural disas-
ter. Moreover, a novel concept of power transfer in D2D clus-
tering with user equipment relay and cluster head is proposed
to provide a new framework to handle critical and emergency
situations. The proposed approach is shown to provide sig-
nificant energy savings for both mobile users and clustering
heads to survive in emergency and disaster situations.

In ‘‘Coverage and effective capacity in downlink MIMO
multicell networks with power control: stochastic geome-
try modelling,’’ by Al-Hmood et al., the authors discuss
coverage probability and effective capacity in downlink
multiple-antenna cellular systems using stochastic geometry
and tractable, analytical expressions considering two sce-
narios. In the first scenario, it is assumed that the system
employs distance-based fractional power control with no
multicell coordination. The second scenario assumes that the
system implements multicell coordinated beamforming so as
to cancel intercell interference. For both scenarios, the BSs
are assumed to be randomly, uniformly distributed in the area
according to Poisson point process. It is shown that fractional
power strategy works better in stringent delay quality-of-
service (QoS) constraints while constant power allocation
performs better when the delay QoS constraints get loose. For
coverage probability, a fractional power control is better than
constant power for low signal-to-interference plus noise ratio
(SINR), while the constant power strategy performs better in
high SINR thresholds.

In ‘‘Multi-hop relay-aided underlay D2D communications
for improving cellular coverage quality,’’ by Gui and Deng,
the authors consider the underlay D2D relay function to
improve cellular coverage quality. An improved scheme is
presented that improves spectrum efficiency by using under-
lay spectrum sharing mode and alleviating its weakness (e.g.,
co-channel interference), enhances the performance of under-
lay D2D relaying links by jointly considering multiple QoS
metrics, reduces overhead of relay selection by using a greedy
algorithm based on a distributed local search, and improves
both energy efficiency (EE) and convergence time by hav-
ing a new power adjustment scheme based on the improved
potential game decision algorithm.

In ‘‘Large system analysis of heterogeneous cellular
networks with interference alignment,’’ by Jiang et al.,
the authors conduct a large system analysis of heterogeneous
cellular networks (HCNs) which are modeled as a two-tier
cellular network consisting of one macro base station and
multiple micro base stations distributed according to a Pois-
son point process. Interference alignment is performed via
rank constrained rank minimization to design the transmit
precoding and receive beamforming matrices of the users
in HCNs. Analysis of the average achievable rate for both
macro users (MaUEs) and micro users (MiUEs) is carried out
obtaining a closed-form expression, which is a function of the
transmit power, noise power, micro base station density, and
the transmit distance.

In ‘‘Energy-aware radio resource management in D2D-
enabled multi-tier HetNets’’ by Ahsan Raza Naqvi et al., the

authors propose dynamic resource sharing between coexist-
ing network entities in a downlink transmission scheme to
maximize EE of the cellular users (CUs) served by either
macrocells or mmWave small cells, while maintaining a min-
imum QoS for the D2D users. The base stations and CUs can
operate on both sub-6 GHz as well as above 6-GHz frequency
bands. The problem is addressed by first formulating a self-
adaptive power control mechanism for the D2D pairs, subject
to an interference threshold for the CUs while satisfying their
minimum QoS level. Second, an EE optimization problem,
which is aimed at maximizing the EE for both CUs and
D2D pairs, has been solved. Simulation results studying the
inherent tradeoffs between system EE, system sum rate, and
outage probability for various QoS levels and varying densi-
ties of D2D pairs and CUs demonstrate the effectiveness of
the proposed algorithm.

In ‘‘Joint optimization of device to device resource and
power allocation based on genetic algorithm,’’ Takshi et al.
propose a genetic algorithm-based method to minimize the
interference and maximize the spectral efficiency (SE) in
D2D communications. Use of the genetic algorithm carries
the advantage of its capability to escape from local max-
imums and evolve toward global maximum by searching
different parts of search space simultaneously. Since D2D
underlay cellular network degrades the SINR, a minimum
SINR is considered for cellular users CUs. Numerical evalu-
ations demonstrate the superior performance of the proposed
technique in terms of SE and interference mitigation.

In ‘‘Resource allocation for NOMA-based D2D systems
coexisting with cellular networks,’’ by Yoon et al., the authors
describe a nonorthogonal multiple access (NOMA)-based
D2D communication system underlaying a cellular network
sharing time and frequency resource. To optimize total trans-
mit power for all users in the network, a resource allocation
solution consisting of joint subchannel assignments, user
pairings, and power control is investigated. The optimization
problem is taken up as a mixed integer linear program, which
is solved in three low-complexity steps; grouping D2D users
to minimize mutual interference from CUs, demonstrating
a heuristic solution for coupling D2D users in each group,
and minimizing the total transmit power of all devices in the
network while maintaining the SINR requirements for both
CU and D2D users. The optimal solution is derived offline
using the Rayleigh fading channels for any given QoS level of
CU and NOMA-D2D users. It is shown that both subchannel
assignment and user pairings play important roles in reducing
the total transmit power of the network.

In ‘‘Improving energy-efficiency for resource allocation by
relay-aided in-band D2D communications in C-RAN-based
systems,’’ by Gui et al., the authors address the degradation of
the EE and the QoS in D2D communications underlaying cel-
lular systems, based on the cloud radio access network. The
degradation is due to strong intracell interference and intercell
interference caused by dense deployment and spectrum reuse.
An energy-efficient resource allocation scheme to deter-
mine channel selection and power allocation by introducing
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the relay-aided in-band D2D communication mode and the
noncooperative game theory is proposed. This hybrid and
noncooperative game model enables each player to optimize
its EE individually with the aid of remote radio heads (RRHs).
The intercell interference is alleviated from the cellular UEs
near the cell edge by allowing these UEs to select in-band
D2D relay links to shorten the long transmission distances
between them and RRHs. Moreover, the interfering signal
processing load of the BaseBand Unit (BBU) is lowered due
to the reduction of the interfering signal strength, and the EE
is improved due to the reduction of transmission powers of
these cellular UEs.

In ‘‘A distributed multi-agent RL-based autonomous
spectrum allocation scheme in D2D enabled multi-tier
HetNets,’’ by Zia et al., the authors investigate the inter-
ference mitigation and resource allocation in the D2D-
enabled multitier HetNets using a distributed multiagent
learning-based spectrum allocation scheme. The method
makes D2D users learn the wireless environment and
select spectrum resources autonomously to maximize their
throughput and SE while causing minimum interference
to the CUs. The distributed learning is employed in a
stochastic geometry-based realistic multitier heterogeneous
network for validation. The proposed scheme enables the
D2D users to achieve higher throughput and SE, higher SINR
and low outage ratio for cellular users, and better computa-
tional time efficiency. It performs well in the dense multitier
HetNets without affecting network coverage compared with
the distance-based resource criterion and joint-resource allo-
cation and link adaptation schemes.

The articles in this Special Section provide a good overview
of current research and development activities going on in the
selected areas of interference mitigation in D2D communica-
tions. The editors hope that this Special Section will benefit
the scientific community and contribute to the knowledge
base.

The editors would take this opportunity to applaud the
contribution of the authors to this Special Section. The efforts
of the reviewers to enhance the quality of the manuscripts are
also much appreciated.
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