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Guest Editorial
Airborne Communication Networks
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Katia Obraczka , Fellow, IEEE, Cheng-Xiang Wang , Fellow, IEEE,

Dapeng Oliver Wu , Fellow, IEEE, and Halim Yanikomeroglu , Fellow, IEEE

WELCOME to the IEEE JSAC special issue on Airborne
Communication Networks. The goal of this special

issue is to disseminate the contributions in the field of airborne
communication networks.

Recent advances in sensor and communication technologies
have witnessed an unprecedented application increase of the
airborne communication networks in both military and civil-
ian fields. Airborne communication networks are engineered
to utilize spacecrafts and/or aircrafts, which are equipped
with various types of transceivers and sensors, to build
seamless communication access platforms. These spacecrafts
and aircrafts include satellites, airships, airplanes, Unmanned
Air Vehicles (UAVs), and high/medium/low-altitude platforms
(HAPs/MAPs/LAPs). Compared to terrestrial wireless net-
works, airborne communication networks have many dis-
tinctive features such as high dynamic network topologies
and weakly connected communication links. Therefore, many
standards, protocols, and design methodologies used in terres-
trial wireless networks are not directly applicable to airborne
communication networks. To address this, new techniques
suitable for airborne communication networks need to be
developed [1].

This special issue has called for papers from the entire
spectrum of the research of airborne communication networks,
aiming to present the latest developments in the various
topics on airborne communication networks, and to provide
an overall view on this important field. We were delighted
to receive 68 papers spanning all research topics in airborne
communication networks (see Table I). Following a thorough
and very competitive review process 17 papers were accepted
and are presented in this special issue. We hope that this
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TABLE I

AIRBORNE COMMUNICATION NETWORKS TOPICS STATISTICS

selection of papers will highlight recent findings in airborne
communication networks and contribute towards the further
development of this important field.

I. AIRBORNE COMMUNICATION NETWORKS

The accepted papers in this special issue cover three major
areas of airborne communications networks, namely: low-
altitude-platform (LAP) based communication networks, high-
altitude-platform (HAP) based communication networks, and
integrated airborne communication networks.

A. LAP-Based Communication Networks

The LAP-based communication networks have received
extensive attention from industry and academia. A LAP
equipped with a transceiver can act as an aerial base sta-
tion to extend communication coverage and boost network
capacity [1]. Except for acting as mobile relays or flying
base stations, LAPs can be utilized as mobile-edge comput-
ing (MEC) systems. For example, in the paper “Computation
rate maximization in UAV-enabled wireless powered mobile-
edge computing systems” [2], the computation rate maximiza-
tion problems in an unmanned aerial vehicle (UAV)-enabled
MEC wireless powered system are investigated under both
partial and binary computation offloading modes, subject to the
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energy harvesting causal constraint and the UAV’s speed
constraint. Moreover, the accepted papers describe the design
of LAP-based communication networks from two major
perspectives, i.e., networking and transmission.

1) Networking: The networking mechanisms can effi-
ciently improve network resource utilization and quality-of-
service (QoS) through identifying the optimal spatial locations
of deployed LAPs. For example, the authors of the paper
“Flight time minimization of UAV for data collection over
wireless sensor networks” [3] consider a scenario where a
UAV collects data from a set of sensors on a straight line. They
formulate a trajectory optimization problem with an objective
of minimizing the UAV’s total flight time from a starting point
to a destination while allowing each sensor to successfully
upload a certain amount of data using a given amount of
energy. Numerical results present insightful behaviors of the
UAV and the sensors. The paper titled “Capacity characteriza-
tion of UAV-enabled two-user broadcast channel” [4] studies
fundamental capacity limits of UAV-enabled/aided multiuser
communication systems. Specifically, this paper aims to char-
acterize the capacity region of the new type of broadcast chan-
nel over a given UAV flight duration, by jointly optimizing the
UAV’s trajectory and transmit power/rate allocations over time,
subject to the UAV’s maximum speed and maximum trans-
mit power constraints. The authors of the paper “Dual-UAV
enabled secure communications joint trajectory design and
user scheduling” [5] investigate a UAV-enabled secure com-
munication system. Specifically, they maximize the minimum
worst-case secrecy rate among the users within each period
by jointly adjusting UAV trajectories and user scheduling
under the maximum UAV speed constraints, the UAV return
constraints, the UAV collision avoidance constraints, and
the discrete binary constraints on user scheduling variables.
In the paper “Spectrum sharing planning for full-duplex UAV
relaying systems with underlaid D2D communications” [6],
the authors consider the spectrum sharing planning prob-
lem for full-duplex UAV relaying systems with underlaid
device-to-device (D2D) communications, where a mobile UAV
employed as a full-duplex relay assists the communication link
between separated nodes without direct link. The authors of
the paper “Formation tracking in sparse airborne networks” [7]
investigate the formation tracking problem in UAV networks.
A weighted component stitching (WCS) method to find the
reliable sub-components and weightily stitch their local struc-
tures to the other components by rotation and transformation
is proposed for calculating the formation of the network
accurately. Extensive experiments are conducted, showing the
proposed method can improve the formation tracking accuracy
21% to 48% over existing state-of-the-art methods, especially
in sparse, noisy UAV networks under different parameter
settings. The paper “Deployment algorithms for UAV airborne
networks towards on-demand coverage” [8] investigates the
deployment of multiple UAVs for on-demand coverage while
at the same time maintaining the connectivity among UAVs.
To solve this problem, the authors propose two algorithms:
a centralized deployment algorithm and a distributed motion
control algorithm. The centralized algorithm is applicable
to the scenario that requires minimum number of UAVs to
provide desirable service for already known on-ground users.

This distributed algorithm is applicable to the scenario where
using given number of UAVs to cover users without users
specific position information.

Besides, the paper “Rendezvous on the fly efficient neighbor
discovery for autonomous UAVs” [9] investigates the neighbor
discovery problem of UAVs which is a significant communica-
tion primitive for adjacent UAVs to construct a flying ad-hoc
network. The paper “Cooperative UAV cluster assisted terres-
trial cellular networks for ubiquitous coverage” [10] aims to
analyze the coverage performance of UAV-assisted terrestrial
cellular networks, where partially energy harvesting-powered
caching UAVs are randomly deployed in the three-dimensional
space with a minimum and maximum altitude. A novel
cooperative UAV clustering scheme is proposed to offload
ground mobile terminals (GMTs) from ground cellular base
stations (GcBSs) to cooperative UAV clusters. The authors
of the paper “Energy-efficient UAV control for effective and
fair communication coverage: A deep reinforcement learning
approach” [11] investigate the problem of controlling a group
of UAVs to achieve certain communication coverage in a
long run, while preserving their connectivity and minimizing
their energy consumption. The emerging Deep Reinforcement
Learning (DRL) for UAVs is leveraged to control UAVs to
obtain high communication coverage and fairness, and low
energy consumption.

2) Transmission: To enable the LAP-based communication
networks to provide high-speed and reliable data transmis-
sion, the support from transmission mechanisms is crucial.
The paper “Network-coded multiple access on unmanned
aerial vehicle” [12] presents the first network-coded multiple
access (NCMA) downlink system on UAV. NCMA makes joint
use of physical layer network coding (PNC) and multiuser
decoding (MUD) together with a new superposition coding
scheme, referred to as NCMA-based superposition coding,
to achieve high NOMA throughput under an equal power
allocation. The paper “Regularized zero-forcing precoding
aided adaptive coding and modulation for large-scale antenna
array based air-to-air communications” [13] proposes a reg-
ularized zero-forcing transmit precoding (RZF-TPC) aided
and distance-based adaptive coding and modulation (ACM)
scheme to support aeronautical communication applications,
by exploiting the high spectral efficiency of large-scale antenna
arrays and link adaption. Moreover, the authors of the paper
“Channel modeling and parameter optimization for hover-
ing UAV-based free-space optical links” [14] address accu-
rate channel modeling to assess the benefits of UAV-based
deployment for free-space optical communication links. The
proposed model considers the joint effect of atmospheric tur-
bulence along with position and angle-of-arrival fluctuations.
Besides, the high accuracy of the proposed analytical models
is verified by comparing numerically solved and Monte-Carlo
simulation results in terms of link outage probability.

B. HAP-Based Communication Networks
In contrast to LAPs, HAPs have a larger footprint and longer

communication persistence. HAP-based communication net-
works also have a bright future in providing mobile com-
munications and broadband wireless access services [1]. For
instance, the paper “Air-ground integrated vehicular network
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slicing with content pushing and caching” [15] proposes an
Air-Ground Integrated Vehicular Network (AGIVEN) archi-
tecture, where the aerial HAPs proactively push contents
to vehicles through large-area broadcast while the ground
roadside units (RSUs) provide high-rate unicast services on
demand. To efficiently manage the multi-dimensional hetero-
geneous resources, a service-oriented network slicing approach
is introduced, where the AGIVEN is virtually divided into
multiple slices and each slice supports a specific application
with guaranteed quality of service (QoS).

C. Integrated Airborne Communication Networks
The integration concept is significant for airborne com-

munication networks. The integration cannot only comple-
ment pre-existing airborne communication infrastructures, but
also improve services provided by airborne communication
networks [1]. The authors of the paper “Investigation on the
UAV-to-satellite optical communication systems” [16] con-
struct a theoretical model of a UAV-to-satellite optical commu-
nication system. Specifically, this paper analyzes the Doppler
effect, the pointing error effect, and the atmospheric turbulence
effect on the communication performance based on a theoret-
ical study and numerical simulations. Their numerical results
can provide data references for practical system designs.
Besides, the paper “Heterogeneous statistical QoS provision-
ing over airborne mobile wireless networks” [17] formulates
an optimization problem to maximize the aggregate effective
capacity subject to heterogeneous statistical delay-bounded
QoS requirements for both downlink and uplink transmissions
based airborne mobile wireless networks groups (AMWNGs)
in Airborne mobile wireless networks (AMWNs). Moreover,
this paper solves the aggregate effective capacity maximization
problems and derives the optimal heterogeneous statistical
QoS-driven power allocation schemes for AMWNs.
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