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Guest Editorial
Special Issue on Unmanned Aerial

Vehicle (UAV)-Enabled Green Communications
and Networking

SUPPORTING explosive data traffic and massive connec-
tions is the most critical challenge of 5G and beyond

networks. To overcome this challenge, an unmanned aerial
vehicle (UAV) can be exploited as a promising communica-
tion platform in future wireless networks due to its inherent
advantage of flexibility, mobility, hovering and low cost. In
particular, the air-to-air and air-to-ground channels are much
better than the ground-to-ground channels when a UAV is used
as a base station. In many cases, the communication between
a UAV base station and a user equipment can benefit from the
line-of-sight (LoS) channel in between. Under such circum-
stances, mmWave transmission becomes practicable for UAV
communications, which could provide much higher data rate.

However, the most challenging issue for UAV enabled com-
munications and networking is the short endurance for UAVs
due to the limited on-board energy storage. For example,
the endurance for rotary-wing UAVs with batteries is usu-
ally less than one hour, while the charging process could be
several hours. This is because UAVs need additional propul-
sion energy consumption to maintain airborne and support
movement, which is even hundreds of times higher than the
communication-related energy. Thus, energy efficiency (EE)
should be optimized including the propulsion power to make
the utilization of UAVs more practical. As the propulsion
power is closely related to the velocity and acceleration of
the UAV, the EE optimization problem becomes extremely
intractable for UAVs. In addition, to prolong the endurance of
UAVs, energy-saving techniques for battery life of UAVs are
also attracting more and more interest from both academia and
industry. On the other hand, wireless power transfer (WPT)
is a promising solution to provide perpetual energy supplies
to low-power devices, which has substantial applications for
future Internet-of-Things (IoT) networks. Until now, the effi-
ciency of WPT is still its bottleneck mainly due to the severe
terrestrial propagation loss over long distance with fading.
UAVs can fly close to the ground energy receivers with excel-
lent LoS air-to-ground channels, and the WPT efficiency can
be significantly improved. Nevertheless, the propulsion power
of UAVs should also be considered as the cost for WPT, and
the whole EE of WPT by UAVs needs to be further improved.
In addition, to make WPT by UAVs more effective, the

Digital Object Identifier 10.1109/TGCN.2021.3099605

beamforming and trajectory should also be carefully designed.
As UAVs can be flexibly combined with most of the latest
wireless advances to achieve better performance, e.g., intelli-
gent reflecting surfaces, edge computing, covert communica-
tion, etc., the green issue of UAV-enabled communications and
networking should be emphasized with great effort. Therefore,
it is imperative to conduct thorough investigation and research
on UAV-enabled green communications and networking, i.e.,
to achieve sustainable, energy-efficient, energy-aware, and
environment-aware communications and networking assisted
by UAVs.

This special issue collects together some of the latest
ideas and research on UAV-enabled green communications
and networking. Particularly, 14 original articles have been
accepted and included in the collection on the following pages.
The topics of these works on UAV-enabled green commu-
nications and networking are mainly concerned with energy
efficiency, wireless power transfer, energy management, green
edge computing, and so forth. We believe that these articles
will play a role in inspiring our readers.

I. SUMMARIES OF ACCEPTED ARTICLES

The first invited article titled “Trajectory Optimization
for UAV Emergency Communication With Limited User
Equipment Energy: A Safe-DQN Approach” authored by
Zhang et al. proposes a framework for UAV-based emergency
communication networks, where the special challenges in post-
disaster communication scenarios including obstacles and the
limited energy of affected user equipment are both consid-
ered. Aiming to maximize the uplink throughput, a trajectory
optimization problem is transformed into a CMDP and solved
by a safe-DQN algorithm.

The second article titled “Green MEC Networks Design
Under UAV Attack: A Deep Reinforcement Learning
Approach” authored by Zhao et al. proposes a novel
optimization framework for the secure MEC network, based
on deep reinforcement learning. Under this framework, four
optimization criteria are proposed to reduce the system latency,
energy consumption and price, which outperform the conven-
tional schemes substantially.

The third article titled “Trajectory and Resource
Optimization in OFDM Based UAV-Powered IoT Network”
authored by Lu et al. proposes a UAV-powered IoT network
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based on OFDM. In the proposed network, two UAVs supply
energy for the two ground nodes through wireless power
transfer (WPT), and receive information from them. An
optimization problem that involves UAV trajectory, time
allocation, power allocation and subcarrier allocation is
solved to maximize the sum average transmission rate.

The fourth article titled “Flocking Control Algorithms
Based on the Diffusion Model for Unmanned Aerial Vehicle
Systems” authored by Chen et al. presents a diffusion model to
characterize the flock generation process of a UAV system, for
which the system capacity is analyzed. Furthermore, two flock-
ing control algorithms are put forward based on the diffusion
model. The first one can regulate the packet exchange between
UAVs, while the second one can be adopted by a follower to
determine its flight status.

The fifth article titled “Cooperative Transmission of
Wireless Information and Energy in Anti-Eavesdropping
UAV Relay Network” authored by Ning et al. focuses on
UAV-assisted wireless MIMO interference networks, where
a scheme for energy harvesting and physical layer secure
transmission in wireless communication networks based on
interference alignment is proposed. Power division technology
and artificial noise technology are used to collect energy and
ensure the confidentiality of communication, and interference
alignment technology is employed to manage the interference
between users and artificial noise.

The sixth article titled “Robust Design for UAV-Enabled
Multiuser Relaying System With SWIPT” authored by
Wang et al. investigates how to maximize the sum har-
vested energy of users while satisfying the quality of service.
Specifically, they propose an alternating optimization scheme
to tackle the intractable non-convex problem. Furthermore,
a low-complexity scheme based on the singular value
decomposition-zero forcing (SVD-ZF) technique is designed
to reduce the computational cost.

The seventh article titled “An Energy-Efficient Selection
Mechanism of Relay and Edge Computing in UAV-Assisted
Cellular Networks” authored by Liu et al. investigates how to
minimize the energy consumption of users served by the UAV
relaying network, where a selection mechanism of relay and
edge computing is proposed, and the transmission mode, the
location, the transmission power of the UAV are optimized
jointly.

The eighth article titled “Trajectory Design for Throughput
Maximization in UAV-Assisted Communication System”
authored by Gupta et al. investigates the problem of UAV 3D
deployment to provide on-demand coverage to the users to
maximize their sum rate. Particularly, the optimal UAV loca-
tion in 3D space is first obtained, followed by a trajectory
optimization problem that finds an optimal UAV path from
the initial to the final location by maximizing the sum rate
averaged over time in the presence of on-board energy and
flight duration constraints.

The ninth article titled “UEE-RPL: A UAV-Based Energy
Efficient Routing for Internet of Things” authored by
Yang et al. proposes a feasible attempt to integrate RPL into
UAV application scenarios to implement MP2P and support
P2P transmission. By taking advantage of the highly modular

nature of RPL, they integrate on-demand routing into the RPL
and design a routing metric which optimizes link quality and
balances network load simultaneously.

The tenth article titled “Heterogeneous Mobile Networking
for Lightweight UAV Assisted Emergency Communication”
authored by Zhang et al. presents a novel heterogeneous
mobile networking scheme for energy-friendly UAV assisted
emergency networks. By creating the interesting areas (IAs),
the UAVs support the mobile nodes to achieve lower delay
and higher delivery ratio. Particularly, the social relationship-
based message splitting algorithm is utilized to guarantee the
message’s timeliness value.

The 11th article titled “Energy and Spectrum Efficient Blind
Equalization With Unknown Constellation for Air-to-Ground
Multipath UAV Communications” authored by Liu et al. pro-
poses a low-overhead blind equalization method to combat
frequency-selective fading in air-ground multipath UAV chan-
nels. The proposed method requires less information and
no training sequences and pilots, and therefore, it achieves
energy and spectrum efficient Air-to-Ground multipath UAV
communications.

The 12th article titled “Cellular-Connected UAV Trajectory
Design With Connectivity Constraint: A Deep Reinforcement
Learning Approach” authored by Gao et al. proposes a novel
approach based on deep reinforcement learning (DRL) to min-
imize the total outage duration by optimizing the UAV’s tra-
jectory. Specifically, the outage time of the UAV with different
on-board energy and communication quality of service (QoS)
requirements is investigated to evaluate the effectiveness of
the proposed method.

The 13th article titled “Contract and Lyapunov
Optimization-Based Load Scheduling and Energy
Management for UAV Charging Stations” authored by
Lv et al. proposes an online algorithm based on Lyapunov
optimization to schedule the charging of UAVs and the
energy management of the charging station. To reduce the
power purchase cost as much as possible, contract theory is
used to design the optimal charging strategy in the case of
information asymmetry. Through the incentive system, users
can spontaneously charge at low peak times and avoid the
risk of grid overload.

The 14th article titled “On the Influence of Charging
Stations Spatial Distribution on Aerial Wireless Networks”
authored by Qin et al. aims to accurately capture the influence
of the battery limitation on the performance of a UAV-enabled
wireless network. Specifically, queuing theory and stochastic
geometry are exploited to investigate the effect of the limited
capacity of each charging station and spatial density on the
performance of the network.
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