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Abstract

Wireless networks comprising unmanned aerial 
vehicles can offer limited connectivity in a cost-ef-
fective manner to disaster-struck regions where 
terrestrial infrastructure might have been dam-
aged. While these drones offer advantages such 
as rapid deployment to far-flung areas, their oper-
ations may be rendered ineffective by the absence 
of an adequate energy management strategy. This 
article considers the multi-faceted applications 
of these platforms and the challenges thereof in 
the networks of the future. In addition to provid-
ing an overview of the work done by researchers 
in determining the features of the air-to-ground 
channel, the article explores the use of drones in 
fields as diverse as military surveillance and net-
work rehabilitation for disaster-struck areas. It also 
presents a case study that envisages a scenario 
in which drones operate alongside conventional 
wireless infrastructure, thereby allowing a greater 
number of users to establish a line-of-sight link for 
communication. This study investigates a power 
allocation strategy for the microwave base station 
and the small base stations operating at 28 GHz 
frequency band. The self-adaptive power control 
strategy for drones is dependent on the maximum 
allowable interference threshold and minimum 
data rate requirements. This study highlights the 
importance of incorporating the drones in the 
multi-tier heterogeneous network to extend the 
network coverage and capacity.

Introduction
In view of their relatively low cost and high mobil-
ity, unmanned aerial vehicles (UAVs) have recent-
ly found applications in areas other than those 
related to the military and reconnaissance. Gen-
erally, the term “UAV” refers to the category of 
flying vehicles that can include small planes, bal-
loons, and drones, which may be able to maintain 
flight at altitudes either greater than 10 km (high 
altitude platforms or HAPs) or below this figure 
(low altitude platforms or LAPs). As drones have 
become increasingly accessible to the public, tech 
companies have been emboldened to explore 
other avenues where they might prove useful. For 
instance, vendors such as Amazon have found 
these UAVs to be sturdy enough for cargo trans-
port. One of the more ambitious projects under-

taken by Facebook (called Aquila) aims to use 
swarms of drones to provide “WiFi in the sky” ser-
vice to remote areas. This is one of the few prom-
ising projects proposed in the recent past that can 
potentially pave the way in exploiting drones as 
vehicles of communication for future wireless net-
works. As such, this article aims to elaborate on 
miscellaneous issues related to the use of UAVs 
as network infrastructure. Henceforth, this article 
uses the terms “UAV” and “drone” interchange-
ably.

UAV-aided communication is an emerging 
topic in the field of next generation networks. It is 
widely believed in academia that UAVs can help 
shape the public safety networks of the future, 
whereby drones, due to their greater mobility, 
may provide fast service recovery in the event 
of network infrastructure being damaged. Even if 
such a scenario does not arise, UAVs may contin-
ue to relieve network congestion as their inclusion 
in the network would allow base stations (BSs) to 
offload some of the latter’s cellular traffic to the 
former.

The road to incorporating UAVs in wireless 
networks, while alluring due to the several bene-
fits that can be reaped, is not without challenges. 
One of the most important considerations while 
using UAVs as network infrastructure is their lim-
ited energy supply. This has led researchers to 
work on optimal path trajectories for a limited 
number of drones required to provide coverage 
to a certain region of interest (RoI). Another inter-
esting aspect of drone deployment is its opera-
tional altitude. It is shown in subsequent sections 
that the greater the UAV altitude (and hence a 
larger angle of elevation), the greater the proba-
bility of establishing a line-of-sight (LoS) commu-
nication link with a user (i.e., a straight line may 
be drawn from the UAV’s transmitter to the user 
without encountering any obstructions). At the 
same time, however, increasing user-infrastruc-
ture distance causes an increase in the path loss 
experienced by transmissions. Therefore, there is 
a need to determine an optimum height that rep-
resents a trade-off between these two quantities. 

In view of the UAVs’ potential in shaping the 
future wireless communication paradigm, many 
facets of their operational details are currently 
under deliberation in academic circles. One such 
detail pertains to how these drones may access 
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the wireless channel if they are to fulfill their pos-
sible roles in package delivery, traffic surveillance, 
and disaster management. It has been suggested 
in [1] that cognitive radio technology (CRT) might 
aid UAVs in dealing with crowded spectrum, an 
obvious handicap of operating in an urban envi-
ronment. A full-duplex operation in this scenario 
has also been proposed in [2], whereby spectrum 
sensing (determining the frequency bands not 
being used by primary cellular users) and spec-
trum access (exploiting the unused frequency 
band for data communication) can be performed 
simultaneously, which helps conserve precious 
spectral resources.

Other topics of interest include, but are not 
limited to, the working of UAVs alongside device-
to-device (D2D) communications, network 
resource management for UAVs, and their use 
in caching popular content in a given RoI. Final-
ly, we present a case study envisaging the use of 
UAVs along with traditional cellular infrastructures 
in future systems such as fifth generation (5G) 
networks. The main motivation of this study is to 
investigate the compatibility of UAVs with the tra-
ditional cellular infrastructures to enable high data 
rate requirements while improving the energy effi-
ciency for the 5G and beyond systems.

Channel Characterization
The motivation behind utilizing UAVs in futuris-
tic public safety networks is that, given adequate 
planning, they would be able to provide sufficient 
connectivity in a disaster-struck area in a short 
span of time. In this regard, RF planning helps 
determine an estimate for the number of drones 
required for coverage, their optimal altitude, 
and the achievable user rates. If UAVs are to be 
deployed in cities, it is vital to determine the path 
loss experienced by signals given a region’s urban 
landscape. However, an accurate characterization 
of the channel may be computationally expensive 
and time consuming, and would defeat the pur-
pose of the drones as agents for swiftly rehabilitat-
ing communication links.

Path loss model estimation has undergone sev-
eral phases of refinement in relevant literature. 
The authors in [3] attempted to express the LoS 
probability between a drone and a ground user 
in terms of the angle of elevation. However, they 
stopped short of including the shadowing analysis 
in the system model. The work in [4] expanded 
the scope of study and categorized communica-
tion links into LoS, obstructed line of sight (OLoS), 
and non line of sight (NLoS), while basing the 
setup on a single model city that could not be 
altered to represent a variety of urban environ-
ments.

In view of the rising demand for LAP-based 
services, Hourani et al. [5] presented a compre-
hensive statistical path loss model for wireless 
services provided by LAPs in an urban environ-
ment that determined signal blockage primarily 
on the basis of three parameters: the ratio of the 
area covered by structures to the total area of the 
RoI, the number of buildings per unit area, and 
a scalar representing the height distribution of 
the structures. While the values of these param-
eters for each of suburban, urban, dense urban, 
and high-rise urban scenarios have been obtained 
from the standards laid out by the International 

Telecommunication Union (ITU), the main con-
tribution of the work lies in the fact that it allows 
RF planning to be performed by exploiting readily 
available urban parameters rather than extracting 
the 3D model of the RoI.

Path Planning for UAVs
The operations of a drone are constrained by its 
limited onboard power. Therefore, a UAV needs 
to consume power judiciously to fulfill both its 
flight and communication-related missions. 

The optimal flight path of a UAV is dependent 
on the type of application. While it is generally 
posited that multiple UAVs should be deployed 
above an RoI if they are to serve as communi-
cation infrastructure for ground users, a single 
UAV is sufficient for data collection from or dis-
semination to the ground nodes. An example of 
the first scenario has been studied in [6], wherein 
the effect of a non-hovering UAV’s location with 
respect to the users on ground on the system data 
rates was quantified. The UAV was made to track 
the physical locations of the ground users, with 
the data rates fluctuating due to the variation in 
the relative distances between the UAV and the 
users. However, as stated earlier, energy consider-
ations play a major role in determining drone tra-
jectory in a given scenario. The work done in [7] 
attempted to fill this gap as it took into account 
the UAV’s propulsion energy consumption while 
determining its optimal flight path to reach a com-
promise between achieving higher rates and the 
energy consumed. Subsequently, a circular trajec-
tory around a ground terminal was proposed that 
was shown to maximize the energy efficiency (EE) 
of the UAV. In addition to the aforementioned 
strategies, cellular coverage may also be achieved 
by deploying drones that simply hover over an 
RoI, acting as stationary aerial BSs. Since no path 
planning technique was required in this case, the 
primary design problem was restricted to comput-
ing the optimal altitude of the UAV. Mozaffari et 
al. [8] not only determined the best operational 
altitude for drones, but also determined the opti-
mal number of UAVs that should be used to serve 
a coverage area. As it has been a recurring trend 
in most related literature, the authors took the 
coverage area of a UAV to be represented by a 
circle. It would be instructive for the reader to 
note that while a greater number of UAVs does 
indeed ensure that all ground users can meet 
their rate demands, it can also lead to increased 
interference between the communication links of 
adjacent drones. This interference can be mitigat-
ed by ensuring that each UAV is located such that 
no two coverage areas overlap with each other. 
Furthermore, it was demonstrated in the article 
that an increase in the number of UAVs in the RoI 
not only allowed them to transmit at lower pow-
ers (and hence increased “coverage lifetime”), but 
also lowered the optimal altitude of the drones.

As is the case with terrestrial BSs, ground 
users can “associate with” (i.e., use the network 
resources of) the UAVs that satisfy their quality of 
service (QoS). The authors in [9] tried to exploit 
this idea to determine the optimal 3D location 
of a drone in a wireless network that could max-
imize the number of users meeting their requi-
site QoS. They then went on to investigate the 
effect of changing the QoS values for the ground 
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users in various environments (semi-urban, urban, 
dense urban, and high-rise urban) on the number 
of users associated with the drone cell. The urban 
parameters used in this work were the same as 
those stated in the ITU Radiocommunication Stan-
dardization Sector (ITU-R) standards.

Surveillance Operations
As stated earlier, UAVs have historically found 
application in the military for deployment in many 
intelligence, surveillance, and reconnaissance 
(ISR) missions. Such scenarios generally involve 
monitoring locations of interest over a long peri-
od of time, with the deployed UAVs relaying 
information such as images, videos, and sensor 
data to a distant control station.

With time, the role of UAVs has diversified, as 
they are now increasingly being used for survey-
ing purposes. The study presented in [10] is a case 
in point. The article was aimed to help a team 
of archaeologists determine the likely locations 
of burial mounds in rural Turkey. After obtaining 
coarse images of the site through satellite, the 
researchers used a UAV for a closer inspection 
of the site. The images gathered through these 
missions could then be used to perform a 3D 
reconstruction of the RoI for a more accurate 
classification of the observed structures. Due to 
the limited battery power available to the drone, it 
could not collect high resolution information from 
all potential burial sites. Therefore, the authors of 
the article proceeded to plan the optimal route 
for the UAV such that it visited only the subset of 
possible burial sites during its flight, which max-
imized the probability of correctly categorizing 
the sites. 

In addition to collecting a sequence of imag-
es of an RoI, UAVs may also be deployed in 
the wild to obtain live streaming videos of the 
ground scenes. As drones capturing high defi-
nition videos have become increasingly accessi-
ble to the consumer, they are expected to play 
a wider role in making surveillance and search-
and-rescue missions easier and safer. The trans-
mission of the live video feed from the UAVs to 
one or more ground stations is dependent on 

the wireless channel, which may have uncer-
tain link capacities. Therefore, it is vital for them 
to adaptively stream the scene (i.e., to adjust 
the video encoding rate on the basis of link 
capacity). While some adaptive video streaming 
techniques are currently being used by online 
entertainment companies like Netflix, they are 
not adequate for use in aerial vehicles where 
mobility is rapid. In [11], the authors presented 
a system prototype that used a throughput pre-
diction algorithm whereby the system was able 
to reduce the video freezing time, compared to 
transmitting a video encoded at fixed bit rates 
above 6 Mb/s. The adaptive video streaming 
algorithm also exploited content-aware com-
pression, which meant that the UAV only trans-
mitted video frames with certain features of 
interest.

Cross-Layer Radio Resource Design in 
UAV-Enabled Networks

The operational potency of a UAV is dependent 
on two important factors: energy-aware deploy-
ment and energy-efficient operation [12]. The for-
mer refers to timely replenishment of the power 
reserves of the UAVs without obstructing the net-
work services provided by them, while the latter 
is indicative of the measures that may be adopt-
ed to minimize the onboard power consumption 
while achieving the desired objectives. One way 
to achieve energy-aware deployment is to har-
ness inter-UAV cooperation such that at any given 
time, only one UAV can abandon its mission to 
top up its power reserves. There are instances in 
the literature that have attempted to make UAV 
flights energy-efficient as well.

UAVs and the Internet of Things

The authors in [13] provided an alternative sce-
nario in which drones may be used in wireless 
networks. Here, the ground users were represent-
ed by discrete Internet of Things (IoT) devices, 
and their data was received by a swarm of UAVs. 
The work aimed to minimize the total transmis-
sion power from the IoT devices required for their 
signals to be correctly decoded at the UAV. With 
each UAV serving a single cluster of devices, the 
system model also accounted for the mobility of 
the devices. Consequently, a model based on 
concepts from optimal transport theory was pro-
posed so that the flight path of each drone con-
sumed the least possible energy.

Extending this interplay between IoT and 
UAV-enabled connectivity, [14] considered a 
scenario with two categories of ground users: 
the downlink users (DUs), which formed a com-
munication link with the UAV, and the D2D 
users, which utilized network resources to com-
municate directly with each other. The authors 
investigated cases in which the serving UAV was 
both static and mobile. Due to the possible inter-
ference between the two types of users, the arti-
cle reported a rise and a subsequent fall in the 
system sum rate, with an increase in the number 
of D2D users per unit area. It also showed that 
the D2D user rates initially fell with an increase 
in UAV altitude due to greater interference from 
the drones, which in turn was caused by an 
increased probability of establishing LoS links. 

Figure 1. System sum rate and PLoS vs. beamwidth angle.
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However, a further increase in drone height 
caused the D2D rates to rise due to an increase 
in the path loss. 

UAV-Enabled Communication in 
Disaster-Resilient Networks

As stated previously, the UAVs’ advantage in a 
communication network is that they can quick-
ly restore limited connectivity in the system by 
acting as substitutes for the damaged on-ground 
infrastructure. In [15], the authors considered a 
multi-node network with each node communi-
cating with a BS. The primary aim of the work 
was to demonstrate the efficacy of UAVs in 
maintaining global network connectivity in spite 
of node failure caused by a disaster. The authors 
devised a routing protocol for obtaining the opti-
mal path between the node and the BS based 
on geographical distance and packet reception 
rates. The connectivity module kept track of all 
the inactive nodes in the setup. In the event of 
the system encountering “dead” nodes, the route 
from, say, node A to the BS was updated. If, how-
ever, a route could not be established between 
one or more nodes, the deployment module 
was invoked. Subsequently, a sufficient number 
of UAVs were deployed in proximity to the dis-
connected node that was closest to a connect-
ed code. Once they started participating in the 
network, the UAVs needed to be cognizant of 
their positions relative to each other for tracking 
and collision avoidance purposes. To this end, the 
article proposed a decentralized control strategy 
that could utilize onboard sensors or inter-UAV 
communication.

In order to further probe the role of UAVs 
in an emergency situation, we have presented a 
scenario similar to that of a disaster-struck region 
(i.e., when all terrestrial BSs are inactive). A total 
of 50 users are randomly deployed in a partic-
ular RoI in which the coverage is provided by 
two UAVs such that their coverage regions do 
not overlap. The respective beamwidth angles 
of two UAVs are represented as q1 and q2. The 
impact of beamwidth angles on the system sum 
rate and the probability of forming an LoS com-
munication link, PLoS, have been investigated. 
It is noteworthy that the angle of elevation can 
be defined as the difference between the right 
angle and the respective beamwidth angle of 
the UAV. The coverage radius can be comput-
ed using the law of triangles depending on the 
aforementioned elevation angle and the UAV 
altitude. 

The trends for this disaster-struck region 
are depicted in Fig. 1. It may be observed 
that beyond a certain value of the beamwidth 
angle, all the curves of system sum rate exhibit 
a decreasing trend due to an increase in cov-
erage radius which causes greater attenuation 
in the communication link between the users 
and the UAV. Furthermore, reducing q1 results 
in a higher system sum rate in comparison to 
the case where q1 = q2. This observation arises 
due to the reduced coverage radius of one of 
the UAVs, which in turn improves the capacity 
of the transmission links due to smaller path loss. 
The PLoS trends vs. beamwidth angles are shown 
for urban scenario environment parameters as 
defined in [5]. It is obvious from the curve that 

larger beamwidth angles (i.e., smaller angles of 
elevation) result in lower  PLoS, if all other param-
eters are kept fixed.

A Radio Resource Management Perspective in a 
UAV-Assisted Multi-Tier Multi-Band 

Heterogeneous Network

UAV aerial BSs can play an important role in 
improving the network capacity and coverage in 
crowded areas such as stadiums by offloading the 
traffic from the cellular infrastructure with minimal 
network planning. Similarly, the networks can be 
densified by deploying numerous small cells along 
with the macrocells to enhance the achievable 
data rate and coverage for future generation sys-
tems such as 5G. Traffic offloading through net-
work densification and the use of millimeter-wave 
(mmWave) technology are key enablers for 5G 
networks. The main contribution of this work is to 
investigate the traffic offloading from the cellular 
infrastructure to the UAVs and its impact on the 
achievable EE. 

In this case study, we have investigated the 
downlink (DL) transmission scheme in which 
a high-power BS and UAVs, both operating in 
the microwave (mW) band, operate alongside 
low-power small BSs (SBSs), which operate in 
the mmWave frequency band, as shown in Fig. 
2. The users can associate to either a mW BS, an 
SBS operating on two different frequency bands 
(28 GHz and 73 GHz), or the UAVs. Based on 
the user associations, the users can be classi-
fied into three different types. The mW BS and 
the SBSs operating at 28 GHz try to maximize 
the achievable EE of their associated users, the 
SBSs operating at 73 GHz try to maximize the 
achievable data rate of their associated users, 
and the UAVs (due to their limited battery 
capacity) operate at the minimum power level 
to support the minimum QoS requirements of 
their associated users. Therefore, this case study 
demonstrates the viability of using UAVs to 
serve specific types of users in 5G and beyond 
systems. 

The authors also proceeded to determine the 
relationship between the optimal altitude of a 
UAV (or optimal operating coverage radius that 
allowed its farthest associated cell edge user to 
achieve its desired QoS level) and the achiev-
able system EE. This optimal altitude of a UAV 

Figure 2. System model of UAV-assisted 5G cellular infrastructure case study.
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is observed to be directly proportional to cos(q), 
where q denotes the UAV’s beamwidth angle, 
and inversely proportional to the cumulative addi-
tional losses experienced by the transmission due 
to both LoS and NLoS communication links. 

Another important contribution of this study 
is the proposed radio resource management 
scheme, which aims to maximize the system EE. 
The power control strategy, which jointly optimiz-
es the data rate and power consumption, has been 
applied to the mW BS and SBS operating at 28 
GHz band. As discussed earlier, the UAVs share 
spectrum with the mW BS. Therefore, a self-adap-
tive power control strategy has been proposed 
for UAVs in order to protect the QoS of the users 
associated with mW BSs. The scheme considers 
the following three quantities for power allocation:

•	 The minimum transmission power to satisfy 
their user’s minimum QoS requirements

•	 The power corresponding to the maximum 
allowable interference threshold that can be 
tolerated by the users associated with a mW 
BS reusing the same spectral resource

•	 The maximum transmit power of the UAVs
The power allocated to each associated user 

is the minimum of these three quantities. More 
details about the power control strategy for the 
UAV-assisted, multi-tier, multi-band heteroge-
neous network (HetNet) considered in this article 
are shown in Fig. 3. Furthermore, the system EE 
in the DL transmission scheme can be defined as 
the ratio of the sum of all the user data rates to 
the sum of the power consumed by all the users 
in the network. 

Table 1. System EE for a given target SINR, t.

t (dB)
 Approach 1 

[b/J/Hz]
Approach 1 (no 
UAVs) (b/J/Hz)

Approach 2 
(b/J/Hz)

Approach 2 (no 
UAVs) (b/J/Hz)

Benchmark 
approach (b/J/Hz)

Benchmark approach 
(no UAVs) (b/J/Hz)

0 301.06 134.61 171.35 85.59 76.41 35.71

2.5 272.95 119.2219 166.07 78.50 76.41 35.71

5 240.55 103.39 158.03 70.10 76.41 35.71

7.5 206.51 85.83 143.75 62.2 76.41 35.71

10 175.46 72.06 131.69 55.22 76.41 35.71

15 133.65 56.25 112.87 47.08 76.41 35.71

20 110.07 47.14 101.73 42.24 76.41 35.71

Figure 3. Implementation flow of the case study.
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Performance Evaluation

The system performance has been evaluated in 
terms of system EE and system sum rate against 
parameters subject to the users’ minimum QoS 
requirements. Three different power control strat-
egies have been proposed in this considered 
case study. We have defined the benchmark 
approach whereby the mW BS transmits at its 
maximum transmission power to maximize the 
achievable rate of their associated users. The SBS 
operating at 73 GHz band is assumed to be in 
the noise-limited regime, which is why it always 
operates a power control strategy to maximize 
the achievable rate of its associated users under 
all conditions. The power control strategy, which 
aims to maximize the EE of the users associated 
with the mW BS and the SBS operating at 28 GHz 
band, is assumed to be in an interference-limited 
regime and is referred to as Approach 1. Finally, 
Approach 2 proposes the power minimization 
approach, which restricts the mW BS and the SBS 
operating at 28 GHz to transmit at bare minimum 
power levels required to fulfill the users’ minimum 
QoS requirements and is indicative of exceptional 
circumstances such as events of natural disasters 
and unexpected change in traffic patterns. Due to 
their limited battery capability, the UAVs always 
operate in the power minimization approach, 
Approach 2, for all the aforementioned cases.

Figure 1 is a plot of the system EE vs. increas-
ing UAV altitude for all power allocation tech-
niques. The curves for system EE clearly indicate 
how Approach 1 outperforms Approach 2 and 
the benchmark scheme. It can also be seen that 
the system EE reaches a maximum value when 
the UAV altitude is nearly equal to 140 m. 
Beyond this point, the system EE begins to fall. 
In fact, at h = 140 m, the EE maximization tech-
nique offers a system EE that is 35 percent great-
er than in the case when the UAV is deployed at 
an altitude of 10 m. It may be seen that at high-
er UAV altitudes, while PLoS increases, the path 
loss also increases due to the increasing UAV–
ground user distance. Since the optimal system 
EE is achieved at approximately h = 140 m for all 
three power control strategies, a trade-off exists 
between the system EE and UAV altitude at this 
point. Therefore, subsequent simulations have 
been run for cases where the UAV altitude is 
140 m for a fair comparison.

The variation in system EE and system 
sum rate for all power allocation mecha-
nisms with increasing target signal-to-interfer-
ence-plus-noise ratio (SINR), t , is studied in 
Fig. 5. It can be observed here that Approach 
1 is generally superior in terms of system EE to 
Approach 2 and the benchmark strategy. The 
fall in system EE seen for the setup employing 
Approach 1 can be attributed to the fact that 
the increase in system sum rate is not commen-
surate with the increase in the power consumed 
by the network due to the rising rate demands 
of the cellular users. In contrast, the system 
EE of the setup using the benchmark scheme 
remains invariant as the BS operation is inde-
pendent of the users’ target SINR. It may also 
be seen from the figure that networks using 
Approaches 1 and 2 exhibit increasing cumula-
tive user rates for increasing t. 

Table 1 provides an overview of the achiev-
able system EE vs. the target SINR t for the three 
considered power allocation approaches dis-
cussed previously. The main motivation is to eval-
uate the impact on the system performance, in 
terms of achievable EE, of including UAVs in the 
traditional HetNet comprising high power BSs 
operating at the mW band and the lower power 
small cells operating at multiple mmWave bands 
such as 28 and 73 GHz. Table 1 demonstrates 
the performance gain in terms of achievable sys-
tem EE by utilizing UAVs along with the tradition-
al cellular infrastructure for serving the ground 
users in an outdoor environment. For example, 
the advantage of employing UAVs along with 
the traditional HetNet can be observed from the 
fact that at target SINR t = 0 dB, the achievable 
system EE is two times more than the observed 
performance in the cellular networks without 
UAVs for all three considered power allocation 
approaches.

Figure 4. System EE vs. UAV altitude, h.
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Figure 5. System sum rate and system EE vs. target SINR, t.

−20 −15 −10 −5 0 5 10 15 20 25 30
0

100

200

300

400

Sy
ste

m
 e

ne
rg

y 
ef

fic
ie

nc
y 

(b
/J/

Hz
)

Target SINR,   (dB); altitude, h = 140 m;  number of ground users = 50

 

 

−20 −15 −10 −5 0 5 10 15 20 25 30
0

100

200

300

400

Sy
ste

m
 su

m
 ra

te
 (k

b/
s/

Hz
)

Approach 1
Approach 2
Benchmark
Approach 1
Approach 2
Benchmark



IEEE Communications Magazine • January 201842

Conclusion

In this article, we provide a summary of the vari-
ous aspects of communication using UAVs. Issues 
related to their deployment and operation in an 
energy-efficient manner are discussed in light 
of relevant literature. Moreover, a routing pro-
tocol for UAVs in disaster-resilient networks is 
discussed, in addition to the scenario in which 
UAVs and D2D communications occurred simul-
taneously in an RoI, as an example of the form 
that IoT-based networks might take in the future. 
The latter case exhibited the impact of changing 
UAV altitudes on the interference experienced by 
the D2D communications. We also introduce the 
concept of using cognitive radio as an enabling 
technology for using UAVs in 5G networks. 

In the end, we present a case study that incor-
porated UAVs in a wireless network equipped 
with both high- and low-power BSs. The prime 
motivation was to investigate if UAV deployment 
could satisfy higher achievable data rate demands 
in a 5G network utilizing mmWave technology, 
while maintaining the power consumed by the 
wireless infrastructure at an acceptable level. 
The study provided insight to network designers 
regarding the power control strategies that may 
be used under different circumstances. We con-
clude that using UAVs in tandem with convention-
al cellular network infrastructure helps improve 
the system EE while maintaining the QoS require-
ments for the users. This finding bodes well for 
the use of aerial BSs, with their limited battery 
capacity, as a key enabler for future 5G networks 
with minimal network planning.
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