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Enabling Ultra-Dense UAV-Aided Network with Overlapped Spectrum Sharing:

Potential and Approaches
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ABSTRACT

UAYV aided communication technology holds
tremendous potential to upgrade outdoor link
throughput and provide on-demand wireless
services. The flexible deployment characteristic
makes UAV-aided networks competent at emer-
gency situations, including natural disasters and
sudden traffic hotspots. In this backdrop, UAVs
are required to be densely deployed to accommo-
date the huge volume of data traffic, where inter-
ference amid the neighboring cells turns out to
be extremely challenging. To break this stalemate,
this article systematically investigates spectrum
sharing technology for ultra-dense UAV-aided net-
works from the architecture level down to the
physical layer. We shed light on design princi-
ples and key challenges in utilizing overlapped
spectrum for interference-enabled concurrent
transmissions. With these principles in mind, we
introduce SpecShare, which utilizes coding redun-
dancy at the PHY layer for UAV spectrum sharing.
We explore the optimal UAV placement strategy
in the network layer to fully unleash the potential
of such spectrum sharing capacity. We discuss the
feasibility of SpecShare, and demonstrate its effec-
tiveness in terms of network throughput.

INTRODUCTION

The proliferation of outdoor wireless traffic intro-
duces a paradigm shift in cellular network architec-
ture, from fixed terrestrial infrastructure to mobile
connectivity “from the sky” [1]. Unlike the tradi-
tional cellular networks that heavily rely on the
fixed ground base stations (BSs), using unmanned
aerial vehicles (UAVs) such as drones and aircrafts
as aerial mobile base stations or access points
(APs) possesses the ability to provide on-demand
wireless services with no infrastructure restraints.
In this backdrop, both industry and academia have
placed growing interest in UAV-aided wireless net-
work architectures, as they present many opportu-
nities for mitigating urgent communication issues in
a cost-effective approach, such as prompt service
recovery after natural disasters, traffic offloading
in sudden traffic hotspots, and ubiquitous cover-
age against severe shadowing [2]. This flexibility on
deployment and reconfiguration makes UAV-aided
networks a promising architecture in future com-
munication systems.

A representation of a UAV-aided network is
depicted in Fig. 1. To realize the above visions,

UAVs are normally equipped with a cellular back-
haul (LTE/5G) connected to a ground BS, and a
WiFi interface to build a WiFi network by hover-
ing above a certain area. The clients communi-
cate with UAVs via WiFi links, and the backhaul
network operates via LTE/5G links backward to
the ground base station. If there is an emergency
situation, such as the failure of a terrestrial infra-
structure, or a sudden and temporary increase in
traffic demand, the UAVs relay and offload the
clients’ traffic to the remote functional ground BS
station. Note that these situations are considered
to be two critical scenarios that need to be effec-
tively addressed in 5G wireless communication
systems. With UAV-aided networks, traffic offload-
ing is more flexible and efficient. In case of emer-
gency, UAVs are required to be densely deployed
to accommodate a sudden traffic explosion.

The ever-increasing density in UAV-aided net-
works has placed considerable pressure on the
network design [3]. Unlike terrestrial communica-
tions where the attainable communication range
is limited to a certain range by obstacles, UAV
communications with a higher altitude have a
larger communication range. With less shadowing
and multipath from the terrestrial obstacles, line
of sight (LOS) links dominate the communication
among UAV APs and clients. As UAV deploy-
ment grows ultra dense, interference amid neigh-
boring cells becomes inevitable and extremely
challenging. The limited spectrum cannot afford
non-overlapping between spectrum adopted
by neighboring cells [4]. It is unavoidable that a
huge amount of UAV APs and clients in range
of each other operate on overlapped channels.
The network operators need to find the optimal
UAV separations in both frequency and spatial
domain to guarantee wireless services. This prob-
lem is non-trivial, with considerable design issues
entangled from the architecture level down to the
physical layer.

In the literature, several attempts have been
made to share spectrum on overlapped chan-
nels. The authors in [5] leveraged direct sequence
spread spectrum (DSSS) to leverage partial chan-
nel interference for concurrent transmissions.
As DSSS spreads each particular bit information
over the whole spectrum, the SINR is adequate
to recover the bit information even with partial
channel interference. However, when it comes to
the prevailing orthogonal frequency division mul-
tiplexing (OFDM) modulation, the feasibility does
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FIGURET. An illustrated example of ultra-dense UAV-aided network with over-
lapped spectrum sharing.

not hold. OFDM partitions the spectrum into a
bundle of subcarriers, each sustaining a bit infor-
mation. High data rate makes OFDM vulnerable
to partial channel interference, as the SINR on the
overlapped portion is inadequate for bit recovery.
In [6], the authors proposed to harness multiple
retransmissions in the time domain to sort out the
collision-free bit information. Another solution in
[7] exploited overlapped spectrum sharing via
spectrum fragments, with the overlapped sub-
carriers nulled to avoid interference. Despite the
growing interest in partially overlapped spectrum
sharing, the existing endeavor requires sacrifice in
certain domains (e.g., code, time or frequency),
and thus fails to satisfy the demand for a large vol-
ume of traffic in ultra-dense UAV-aided networks.
The flexible deployment feature of UAV provides
a novel degree of freedom (DoF) for network
optimization, and thus requires new thoughts and
insights in the spectrum sharing architecture.

In this article, we investigate these key chal-
lenges of spectrum sharing in ultra-dense
UAV-aided networks, and discuss possible solu-
tions to harness partially overlapped spectrum
along with UAV spatial DoF for concurrent trans-
missions. Through comprehensive analysis of the
existing encoding capacities, we present a novel
UAV-aided network structure, termed SpecShare,
with both PHY layer and MAC layer design.
SpecShare reaps the benefits of coding redundan-
cy at the PHY to enable concurrent transmissions
in the overlapped spectrum. It further explores
the spatial DoF for UAV placement strategy at the
MAC to fully unleashe the potential of overlapped
spectrum sharing capacity. We demonstrate the
benefits of the SpecShare architecture through
experimental evaluations, and offer suggestions
about future lines of research in ultra-dense
UAV-aided network designs.

SPECSHARE: DESIGN PRINCIPLES AND CHALLENGES

A potential UAV-aided network with overlapped
spectrum sharing is illustrated in Fig. 1. We con-
sider a typical ultra-dense UAV-aided network sce-
nario with a sports event held inside a stadium. As
the ground BS is highly overloaded by the crowd,
UAVs are densely deployed as mobile APs for traf-
fic offloading. The dominant LOS links between
UAVs and clients raise the probability of inter-cell
interference. In this section, we consider the possi-
bility of interference-enabled spectrum sharing on

overlapped channels. Clients transmit concurrently
with UAV APs on partially overlapped channels,
leading to an increase in traffic volume. For inter-
nal traffic, where communication can be conduct-
ed within the cell, the UAV APs handle the traffic
cooperatively, without involving the local ground
BS. For external traffic that has to be transmitted via
the local ground BS, the UAV APs relay the traffic
to the remote ground BSs for load balancing. With
the help of UAV APs, overlapped spectrum sharing
can improve network throughput in a much more
efficient way. We first review the existing spec-
trum sharing and UAV deployment technologies.
Then we investigate the coding redundancy that
can be leveraged for interference-enabled spec-
trum sharing. We also discuss the challenges of
enabling overlapped spectrum sharing for ultra-
dense UAV-aided networks.

SPECTRUM SHARING AND UAV DEPLOYMENT

In recent years there has been an explosion in
wireless network deployment [8]. Earlier investiga-
tions indicated that the existing neighboring WiFi
cells always operate on overlapped channels.
The authors in [5] demonstrated that spectrum
sharing on partially overlapped channels is viable
in WiFi 802.11b with DSSS. As OFDM becomes
more prevalent, the authors in [6] and [7] pro-
posed overlapped spectrum sharing via multiple
retransmissions and subcarrier nulling in 802.11ac
to improve network throughput. Nevertheless,
the existing endeavor requires sacrifice in certain
domains, and is not robust against link dynamics,
and thus cannot satisfy the ever-increasing traffic
demand in ultra-dense UAV-aided networks.

UAVs hold promising potential to assist the
terrestrial cellar infrastructures. In [9], a multi-tier
UAV architecture was proposed for cellular net-
works. The authors in [10] investigated an optimal
UAV placement algorithm to cover the maxi-
mum number of users with the minimum trans-
mit power. The authors in [11] further considered
user splitting, bandwidth allocation and UAYV tra-
jectory jointly for UAV offloading. However, none
of the above work utilized overlapped spectrum
sharing. Thus, spectrum usage efficiency is defi-
cient for ultra-dense UAV-aided networks.

MoTivATION

To investigate whether we could harness the dis-
tinct PHY layer structure in WiFi networks for
overlapped spectrum sharing, we measure the sub-
carrier superposition effect under partial-channel
interference on a GNU radio testbed. The bit error
rate (BER) in 1/4 overlap is close to 1072, which
is acceptable in a communication system. For 1/2
and 3/4 overlap, the BER is less then 10-". The
result reveals that the existing coding schemes still
have the capacity to tolerate extra errors. We refer
to this capacity as “coding redundancy.” This cod-
ing redundancy inspires us to borrow the wisdom
of concurrent transmissions on partially overlapped
channels in DSSS-based systems. If we exploit cod-
ing redundancy properly, for example, dispersing
the partial channel interference over the entire
channel to some extent, the corrupted bit informa-
tion can be restored. Therefore, we could facilitate
concurrent transmissions in UAV-aided networks
via overlapped spectrum sharing, and achieve max-
imized throughput under ultra-dense deployment.
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DESIGN PRINCIPLES AND CHALLENGES

The ultimate goal of UAV-aided networks is
to complement the existing infrastructure and
provide swift and seamless offloading. With
dense deployment, for example, sudden traffic
hotspots or service recovery after natural disas-
ters, the need for orders-of-magnitude capac-
ity enhancement is essential. Specifically, the
UAV-aided network should provide the follow-
ing capacities.

Interference-Enabled Transmission: The net-
work should have the capacity to accommodate
concurrent transmissions upon LOS interference
from ambient mobile infrastructures (UAV APs),
and the underlying coding structure should be
robust against link dynamics introduced by UAV
mobility.

Flexible Spectrum Sharing: In the frequency
domain, the network should be able to exploit as
much available overlapped spectrum as possible,
while introducing no interference to the terrestrial
infrastructure (ground APs).

Optimal UAV Placement: In the space
domain, the network should jointly consider the
client distance/density/requirement for UAV
placement, so that the transmission quality is
guaranteed and the overlapped spectrum sharing
capacity is fully utilized.

To embrace the interference amid neighboring
cells in ultra-dense UAV-aided networks, we need
appropriate UAV partition in both the frequency
and space domains, so that the LOS interference
can be transformed from peril to advantage. As
we envisioned before, the proper use of coding
redundancy can recover bit information from
interference. If we intentionally designate two
neighboring UAV cells to transmit concurrently
on partially overlapped channels, two transmission
portion are obtained: the overlapped portion with
interference, and the non-overlapped portion with
clean bit information. Intuitively, the overlapped
portion has inadequate SINR for decoding. Yet
with coding redundancy on the non-overlapped
portion, it is possible to recover the corrupted bit
information, and the clean bit information remains
decodable even with contamination.

The swift deployment of UAV brings new
opportunities along with design challenges, which
requires rethinking from the architecture level
down to the physical layer. First, as UAV mobility
introduces link dynamics, to properly leverage the
coding redundancy upon fragile OFDM subcar-
riers, so that the bit information can be success-
fully recovered even with link dynamics and LOS
interference. Second, in the case of ultra-dense
networks, we need to strike a balance between
the interference and concurrent transmission to
maximize spectrum usage efficiency. Third, the
UAV placement strategy should jointly consider
the client density/requirement along with space
and spectrum separation. Thus, the network can
fully benefit from the overlapped spectrum shar-
ing capacity.

SPECSHARE ENABLED UAV-AIDED NETWORKS

In this section, we describe the SpecShare archi-
tecture that leverages overlapped spectrum for
interference-enabled concurrent transmissions in
ultra-dense UAV-aided networks.
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FIGURE 2. SpecShare architecture building blocks.

DESIGN OVERVIEW

Figure 2 depicts the overall architecture and the
building blocks. Generally, SpecShare gathers
the topology and client requirement information
at the network layer for UAV cell splitting, and
leverages spectrum-aware interleaving at the PHY
layer to recover the corrupted bit information on
the overlapped portion. With the support from
these two layers, the MAC layer jointly optimizes
the UAV placement in both the space and fre-
quency domains, which aims to accommodate
partial-channel interference to enhance spectrum
usage. Specifically, SpecShare incorporates the
following components.
Spectrum-Aware Interleaving: To exploit cod-
ing redundancy in the OFDM-based system. At
the PHY layer, spectrum-aware interleaving dis-
perses the partial channel interference over the
entire channel, and creates uniform error distribu-
tion in terms of the overlapped portion.
Density-Adaptive Cell Splitting: To ensure the
service quality, at the network layer, density-adap-
tive cell splitting divides the UAV AP cell volume
according to the client density and requirements.
Jointly-Optimized UAV Placement: With the
support from the PHY and network layers, we aim
to find the optimal UAV placement strategy in
both the space domain and spectrum domain, so
that the network can fully utilize the overlapped
spectrum sharing capacity.

SPECTRUM-AWARE INTERLEAVING

To exploit coding redundancy in the OFDM-
based system, we leverage the interleaver design
in the PHY layer. Traditional communication sys-
tems normally adopt a fixed interleaving strategy
to overcome bursty errors [12]. Fixed interleav-
ing is incompetent for overlapped spectrum shar-
ing, as the UAV placement is swift in the space
and frequency domains. Here we propose a
spectrum-aware interleaver, which adaptively dis-
perses the partial channel interference amid the
collision-free portion. Therefore, we can obtain
uniform error distribution despite the overlapped

proportion.

We illustrate the idea of spectrum-aware
with a toy example. As depicted in Fig. 3, we
partition the 802.11ac channel subcarriers into
4 blocks. The overlapped portion includes nge,-
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lap blocks (0 < ngyeriap < 4). We need to find the
uniform distribution among all of the subcarri-
ers, which distributes the overlapped portion
randomly enough inside the non-overlapped
portion, so that the SINR on the entire channel
subcarriers is acceptable. The spectrum-aware
interleaver is built up with two permutations.
The first permutation is block reshaping, with
the purpose to insulate two neighboring over-
lapped blocks. The second permutation is block
interleaver. This is the key idea to reduce the
detrimental impact by the overlapped subcarri-
ers and guarantees a uniform constant amid the
non-overlapped subcarriers. The block interleav-
er is loaded row-by-column. As depicted in Fig.
3, the input sequence of bit information is writ-
ten row-wise and read column-wise row-wise.
At the receiver side, the deinterleaver executes
the reverse operation. After the rotation of the
block interleaver, we can recover the original
block sequence before reshaping in terms of

FIGURE 3. lllustration of spectrum-aware interleaver, with 1/2 overlap (in blue).
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FIGURE 4. Illustration of three possible cell splitting results.

the overlapped portion. According to our study,
when the overlapped proportion is above 1/2,
the errors clearly exceed the affordable coding
redundancy. Thus when enabling overlapped
spectrum sharing, the proportion should be
restricted to 1/2 to ensure the transmission
quality.

DENSITY-ADAPTIVE CELL SPLITTING

When encountering an emergency situation for
a sudden traffic hotspot, client distribution is not
always uniform. With swift deployment, each
UAV AP can adapt its service range to fully utilize
the overlapped spectrum sharing capacity. There-
fore, we propose a density-adaptive cell splitting
approach to maximize the UAV deployment effi-
ciency.

We denote the service capacity of a UAV with
overlapped spectrum sharing capacity as Cp,. It
is assumed that with a standard height, the UAV
covers a standard service area. The coverage can
be controlled by adjusting the UAV’s height, as
the wireless signal strength is in inverse propor-
tion to the transmission distance. In particular,
we uniformly divide the entire area into multiple
cells with the same size. Afterward, we calculate
the traffic demand of each cell as C,,ey. If Cyren
is larger than C,, the cell will be further split into
two smaller cells. The calculation repeats until the
Carea is less then C,,. Figure 4 illustrates three typi-
cal splitting outcomes.

Central Intensive Distribution: Refers to the
case when the clients are concentrated in the cen-
ter, while the surrounding area is relatively sparse
(e.g., gathering, lecture). As shown in Fig. 4, the cen-
tral areas will be split until the system capacity
meets the clients’ demand.

Uniform Distribution: Refers to the case with
evenly distributed clients (e.g., parade). As shown in
Fig. 4, the entire area is split into comparable size.

Peripheral Intensive Distribution: Refers to the
opposite case of central intensive distribution (e.g.,
gymnasiums, concerts). As shown in Fig. 4, the cen-
ter area can be covered with the standard size, and
the surroundings need to be split several times.

To obtain the client location and construct the
network topology for cell splitting, the UAV APs
periodically broadcast a routing information via
the beacons. Upon receiving the beacon, the cli-
ents return their channel state information along
with the GPS information. The APs then return
the information to the central controller, which
combines all the available information and con-
structs the global network topology.

JoINTLY-OPTIMIZED UAV PLACEMENT

For ultra-dense UAV-aided networks, the LOS
links dominate the communication. With
exposed complex interference, UAV deployment
is quite diverse from the one in the terrestrial
environment. We should jointly consider the
placement in both the space and frequency
domains, in the way that the UAV APs introduce
no interference to the terrestrial infrastructures,
and leverage the limited spectrum for high speed
data transmission.

To avoid interference to the existing infra-
structures, the central controller first obtains the
spectrum usage information from the terrestrial
APs. Each UAV AP broadcasts beacon frames to
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obtain the channel usage information from the
terrestrial APs and feeds it back to the central
controller. Through comprehensive analysis of the
channel usage information (e.g., center frequen-
cy, bandwidth), the available spectrum can be

The preliminary implementation does not consider several issues concerning UAV-aided networks,
such as battery life, instability, mobility and so on. Future UAV-aided networking schemes can factor
these into consideration, and make the schemes more practical.

obtained for UAV-aided networks.

To leverage the UAV flexibility for overlapped
spectrum sharing, we propose a joint optimization
UAV deployment in both the space and frequen-
cy domains. We formulate the UAV placement
problem as a vertex coloring problem in an undi-
rected graph. A UAV placement strategy C(UAV)),
UAV; € V, is a mapping from the vertex set V to
the color set C: V — {1, 2, ..., m}, where V is a set
of UAVs and m is the number of colors (available
channels).

Placement for Non-Uniform Distribution: For
non-uniform distribution, the placement should
be prioritized to meet the diverse clients densi-
ty/requirement. The central controller first sorts
UAV APs in terms of the density degree, which
is calculated according to service area range and
the number of adjacent nodes of a UAV AP.
Then it chooses a color C; (unassigned channel)
and assigns it to the UAV AP V; with the highest
degree, and assigns the same color to the UAV
AP V| that is not adjacent. The central controller
repeats the assignment until all nodes are col-
ored. Afterward, it calculates the global interfer-
ence, which is the normalized interference level
of all the neighboring cells. If the global interfer-
ence is below a certain threshold, the last col-
ored node is switched to a partially overlapped
channel. The switching repeats until all the nodes
are traversed.

Placement for Uniform Distribution: For
uniform distribution, we aim to leverage non-or-
thogonal channels to improve spectrum usage
efficiency. The central controller randomly picks
up a UAV AP V;, and assigns it a random color C;.
Then it assigns a set of overlapped channel C;_g),
..C(j+3) to the adjacent UAV APs. The assignment
repeats until all nodes are colored. Then the cen-
tral controller calculates the global interference.
If it is above a certain threshold, the node with
the highest overlapped portion is switched to an
orthogonal channel. The switching repeats until all
the nodes are traversed.

Battery Life: As battery life could be a main con-
strain in UAV placement, the central controller should
take this factor into consideration when deploying the
UAV APs. Each UAV AP updates its battery life to the
controller before transmission. If the battery life of a
UAV AP is below a certain threshold, it will be moved
to another set Voihogonat- Within this set, the nodes
are only assigned an orthogonal channel for transmis-
sion to avoid complex computing.

PERFORMANCE EVALUATION

This section evaluates the performance of
SpecShare through experiments and simula-
tions. We first validate the spectrum-aware
interleaving on the GNU radio platform. The uni-
versal software radio peripheral 2 (USRP2) uses
the RFX2450 daughterhood as the RF frontend,
which operates in the 5.15-5.725GHz range. As
the hardware platform has latency constraints, we
then use trace-driven simulations interconnected
with C++ and Matlab to evaluate the jointly-opti-
mized UAV placement.

61\ .
& Spec-aware interleaver
L — -©— - Fixed interleaver
=10 —— No overlap
o
5]
2 10

" | I ‘

10 0 0 5 3 1

Signal to noise ratio (SNR)

FIGURE 5. Decoding capacity under various inter-
leaver.

EXPERIMENTAL SETUP

In the following evaluations, we use a 64-point FFT
on a 20 MHz channel. Channels 36-48 are select-
ed with center frequency from 5.18 Ghz to 5.24
Ghz. 802.11ac, the de facto WiFi standard used
today, and ASN [7], a representative overlapped
spectrum sharing research algorithm with the best
published result, are selected as comparisons. The
detailed evaluation methodology is as follows:

Spectrum-Aware Interleaving: To verify the
PHY layer decoding capacity, we use three USRP
nodes, transmitter (N,), receiver (N,) and interfer-
er (N;) to conduct overlapped spectrum sharing
on a GNU radio platform in our lab. N; resides
on channel 36, and keeps transmitting to N,. N,
and N, conduct transmission on channel 38 and
39 with carrier-sense disabled. In SpecShare, N,
adopts a spectrum-aware interleaver for 1/2 and
1/4 overlapped transmissions on channel 38 and
channel 39, respectively. In 802.11ac, N; adopts a
fixed interleaver for overlapped transmissions on
channels 38 and 39. In ASN, as the overlapped
subcarriers are nulled at N, , there is no partial
channel interference.

Jointly-Optimized UAV Placement: We evalu-
ate the performance of the MAC layer jointly-op-
timized UAV placement over the low altitude
UAV propagation models described in [13]. A
total of 100 clients are modeled as Poisson point
process in C++, and the topology is imported
to Matlab for cell splitting in 802.1Tac, ASN
and SpecShare. For spectrum access, 802.11ac
follows the legacy carrier sense multiple access
with collision avoidance (CSMA/CA). The UAV
AP scans the entire spectrum and selects an idle
channel. Binary exponential backoff is conducted
when collision happens. ASN adopts ASN with
direct access (ASN-DA) [7]. The sensing and
transmission is more fine-grained than 802.17ac.
If a portion of a channel is busy, the UAV AP
nulls the corresponding subcarriers and aggre-
gates the rest for transmission. Without loss of
generality, we assume that they have saturated
traffic. We run each simulation 1000 seconds,

|EEE Network - September/October

89



Normalized throughput

0.8

0.6

0.4

0.2

SpecShare 802.11ac ASN
ASN
802.11ac
SpecShare
5 10 15 20 25
No. of UAV APs (no. of clients = 100)

FIGURE 6. Throughput with a variety of UAV/client density.

and repeat 50 times to calculate the network
normalized throughput.

BASELINES

Figure 5 shows the decoding capacity of
ASN,802.1Tac and SpecShare. We use ASN with
no overlap as the baseline, since it nulls the over-
lapped subcarriers to avoid interference. With
partial channel interference, 802.11ac with fixed
interleaver has a constantly high BER even as SNR
increases. In contrast, in SpecShare, the spec-
trum-aware interleaver greatly reduces the BER.
As SNR grows, the resulting BER rapidly declines
below 107>, and has a curve comparable with
ASN, verifying that the spectrum-aware interleav-
er has the capacity to leverage coding redundan-
cy for overlapped spectrum sharing.

Figure 6 gauges the normalized throughput
with a variety number of UAV APs. In 802.11ac,
as the spectrum access is obtained exclusively,
the throughput is not improved with increased
UAV APs. Meanwhile, ASN successfully leverag-
es the spectrum fragments, and thus the through-
put is enhanced as the number of UAVs grows.
SpecShare achieves even better results, as it reaps
the benefit of partial channel interference for
spectrum sharing. It recovers most of the packets
corrupted by partial-channel interference even
with high client density and UAV AP density, and
achieves a 175 percent and 135 percent perfor-
mance gain over 802.11ac and ASN, respectively.

The results verify the benefits of our architec-
ture in leverage overlapped spectrum for ultra-
dense UAV-aided networks. We show that it
is feasible to optimize UAV placement in both
the frequency and space domains to maximize
network throughput. However, the preliminary
implementation does not consider several issues
concerning UAV-aided networks, such as battery
life, instability, mobility and so on. Future UAV-aid-
ed networking schemes can factor these into con-
sideration, and make the schemes more practical.

CoNCLUSION

In this article, we discuss the history, principles
and representatives of unmanned aerial vehi-
cle (UAV) aided communication technologies.

Through careful investigation of the pros and
cons of existing approaches, we observe that
the main hurdles of UAV-aided networks lie in
the ineffective usage of the limited spectrum
resources.

Under the design principles resulting from
our investigation, we present a novel spec-
trum sharing architecture, termed SpecShare,
with both PHY layer and MAC layer design.
SpecShare utilizes overlapped spectrum for
interference-enabled concurrent transmissions.
In particular, it reaps the benefits of coding
redundancy in the PHY layer for UAV-aided
spectrum sharing. It further explores the UAV
placement strategy in the space and frequen-
cy domains to fully unleash the potential of
such spectrum sharing capacity. We illustrate
the effectiveness of SpecShare through exper-
iments. We believe that SpecShare can con-
tribute to future 5G communication systems by
accommodating more concurrent transmission
opportunities [14, 15].
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