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Abstract

Unmanned aerial vehicle (UAV) assisted communication is a revolutionary technology
that has been recently presented as a potential candidate for beyond fifth-generation
millimeter wave (mmWave) communications. Although mmWaves can offer a notably
high data rate, their high penetration and propagation losses mean that line of sight
(LoS) is necessary for effective communication. Due to the presence of obstacles and
user mobility, UAV trajectory planning plays a crucial role in improving system per-
formance. In this work, we propose a novel computational geometry-based trajectory
planning scheme by considering the user mobility, the priority of the delay sensitive
ultra-reliable low-latency communications (URLLC) and the high throughput require-
ments of the enhanced mobile broadband (eMBB) traffic. Specifically, we use some
geometric tools like Apollonius circle and minimum enclosing ball of balls to find the
optimal position of the UAV that supports uninterrupted connections to the URLLC
users and maximizes the aggregate throughput of the eMBB users. Finally, the numer-
ical results demonstrate the benefits of the suggested approach over an existing state of
the art benchmark scheme in terms of sum throughput obtained by URLLC and eMBB
users.

KeyWords: UAV, mmWave, URLLC, eMBB, Trajectory planning, Apollonius circle,

Minimum enclosing ball.
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Chapter 1

Key Concepts and Terminologies

in UAV-Aided mmWave
Networks

This chapter introduces and defines essential concepts used throughout this thesis.
These terms are critical for understanding the design and analysis of UAV-based com-

munication systems in mmWave environments.

1.1 Unmanned Aerial Vehicle (UAV)

Unmanned Aerial Vehicles (UAVs), commonly known as drones, are aircraft systems
that operate without a human pilot. In wireless communication systems, UAVs are
deployed as aerial base stations to dynamically enhance coverage, especially in scenarios

with uneven user distribution or network congestion.
Properties:

e High mobility and flexible deployment.

o Ability to establish Line-of-Sight (LoS) communication links.

e Operate at varying altitudes depending on coverage requirements.
Advantages:

e Rapid deployment in emergency and disaster-struck areas.

e Better coverage in hard-to-reach or remote regions.

e Adaptive to user distribution and traffic demand.

viii



Disadvantages:
e Limited battery life and payload capacity.
e Susceptible to weather conditions.

e Airspace regulations and coordination complexities.

1.2 Millimeter Wave (mmWave)

Millimeter Wave refers to the high-frequency band typically ranging from 30 to 300
GHz. mmWave enables high data rates and massive bandwidth, making it suitable
for 5G and beyond. However, mmWave signals are highly susceptible to blockage and
require line-of-sight (LoS) connectivity, making intelligent UAV trajectory planning

essential.
Properties:
e Very high frequency and small wavelength.
e Directional transmission due to short range.
e High propagation loss and sensitivity to obstacles.
Advantages:
e Enables gigabit-per-second data rates.
e Supports dense user environments and high-throughput applications.
Disadvantages:
e Poor penetration through walls, trees, and even human bodies.

e Requires advanced beamforming and tracking mechanisms.

1.3 URLLC: Ultra-Reliable Low-Latency Communication

URLLC is one of the service categories in 5G that demands extremely low latency
(as low as 1 ms) and high reliability (up to 99.999%). It supports mission-critical

applications such as autonomous vehicles, factory automation, and remote surgery.
Properties:
e Strict latency and reliability constraints.

e Requires robust and redundant communication mechanisms.

X



Advantages:

e Enables time-sensitive and safety-critical services.

e Enhances automation and industrial process control.
Disadvantages:

e Difficult to maintain under dynamic and mobile network conditions.

e Sensitive to congestion and channel fading.

1.4 eMBB: Enhanced Mobile Broadband

eMBB is aimed at providing high-throughput connections to support applications like
ultra-HD video streaming, augmented reality (AR), and virtual reality (VR). Unlike
URLLC, eMBB is more tolerant to delay but requires higher data rates.

Properties:

e Designed for high data rate applications.

e Supports massive user connectivity and data consumption.
Advantages:

e Supports immersive and data-heavy applications.

e Enhances user experience in entertainment and information services.
Disadvantages:

e High data rates require more bandwidth and energy.

e Challenging to serve in edge or rural areas with low infrastructure.
1.5 Trajectory Planning

Trajectory planning refers to computing the optimal flight path for a UAV to meet spe-
cific objectives such as maximizing coverage, maintaining connectivity, or minimizing
energy consumption. In mmWave communications, trajectory planning is particularly

important due to the directional nature of the antennas and LoS constraints.
Properties:
e Often formulated as an optimization problem.

e Depends on user density, mobility, and traffic demands.



Advantages:
e Improves overall network performance and quality of service.
e Minimizes energy usage and prolongs UAV flight time.
Disadvantages:
e Computationally expensive in dynamic environments.

e Must consider obstacles, interference, and user mobility.

1.6 Apollonius Circle (Enclosing Circle of Three Objects)

The Apollonius circle is defined as a circle that is tangent to three given circles in the
plane, with up to eight such solutions possible based on combinations of internal and
external tangency. Among these, this work specifically utilizes the unique Apollonius
circle that externally and tangentially encloses all three given circles. This outer Apol-
lonius circle ensures complete coverage of the three regions, making it ideal for UAV
placement where simultaneous service to spatially distributed users is required. The
geometric properties of this circle—its center and radius—are used to determine opti-
mal UAV hover locations. The construction employs classical inversion techniques to
derive the desired solution efficiently. This choice offers both geometric simplicity and
practical relevance in coverage-oriented network designs. Degeneracies may arise when

the input circles are not in general position.

1.7 Minimum Enclosing Ball (MEB)

The Minimum Enclosing Ball (MEB) of a set of points is the smallest ball (or circle
in 2D) that contains all the points. It is widely used in UAV coverage problems to
identify the minimal area required to cover a cluster of users. The MEB’s center is a
good candidate for UAV placement to ensure coverage with minimal power consumption

or beam divergence.
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Chapter 2

Introduction

With the development of communication technologies, wireless communication is be-
coming the backbone of daily life. Because of their low acquisition costs, ease of de-
ployment, and hovering capabilities, unmanned aerial vehicles (UAVs) are seen as a
promising solution to meet ever-increasing traffic demands, improve coverage area, and
avoid obstacles [9]. UAV-assisted millimeter wave (mmWave) communication is an
appealing option to meet these growing demands because of its high bandwidth and
an enormous amount of unoccupied spectrum. However, due to very high frequency,
mmWaves suffer from its own set of shortcomings like significantly high penetration and
propagation losses, resulting in connection failure in the presence of obstacles[18]. Ac-
cording to the data requirements and delay sensitivity, there are mainly three different
types of user traffic: enhanced mobile broadband (eMBB), ultra-reliable low-latency
communications (URLLC), and massive machine-type communications (mMTC) [14,
4]. Since mMTCs is about wireless connectivity to tens of billions of machine-type ter-
minals, here, we consider cost-efficient URLLCs and eMBB traffic that is adequate for
human-type cellular communications [4]. The main focus of this manuscript is to de-
velop a UAV trajectory planning that takes into account the user’s traffic characteristics

and mobility.

In this manuscript, we propose a UAV trajectory planning technique to serve the users
by considering their traffic characteristics and mobility in the presence of obstacles.
Specifically, due to the delay sensitivity of the URLLC traffic, we consider that a
maximum number of URLLC users must be served. On the other hand, since eMBB
traffic is susceptible to minor disruptions, we maximize the aggregate throughput of
eMBB users while ensuring that the maximum number of URLLC users is being served.
Here, we use some basic computational geometry concepts, like the Apollonius circle

and minimum enclosing ball of balls, to predict the appropriate UAV location for the



next time instant to meet the desired objective. More specifically, our contributions

are as follows:

e In order to serve maximum URLLC users, we find the Apollonius circle or mini-
mum enclosing ball of balls and hence the probable zone for UAV location. There-
after, discretizing that zone, we identify a set of potential candidate locations for
UAV positioning, which can provide LoS links to all the probable positions of the
URLLC users.

e Next, after finding the zone for URLLC users, we move the UAV to a point within

that zone from where the eMBB users get maximum aggregate throughput.

e If we get more than one such point, we move the UAV to that point for which

the displacement with respect to the previous location of the UAV is minimum.

We performed extensive simulations to demonstrate the benefits of the suggested ap-
proach over an existing state of the art benchmark scheme in terms of the sum through-
put obtained by both URLLC and eMBB users.



Chapter 3

Related Work

In UAV-assisted air-to-ground (A2G) communication, direct line of sight (LoS) links
may be blocked due to the presence of obstacles. The authors in [2], proposed a path
loss model for both LoS and non-LoS (NLoS) communication, but in case of mmWave
communications due to higher path-loss, the NLoS links are almost infeasible[16]. The
authors in [10], use a sigmoid function to model the probability of LoS to a user, char-
acterize the UAV’s coverage radius as a function of path loss, and show how optimizing
the coverage radius in an interference-free environment can maximize the UAV height.
The coverage analysis for low-altitude UAV networks in urban areas has been investi-
gated well in [8]. However, both [10] and [8] considered that the users are static. In [5],
the authors proposed an optimal UAV placement technique with respect to power loss
and overall outage by considering both users and obstacles to be static. However, in
most of the practical scenarios, users may not be static in nature [3]. Moreover, in [13],
the authors proposed an optimization-based UAV placement strategy by considering
the achievable data rate of the users. However, they did not consider the presence of ob-
stacles and assumed LoS links are always available to the ground users. Furthermore,
the authors of [20] and [21] gave a beautiful insight into power control and energy-
efficient trajectory planning. However, they also did not consider the aspect of user
mobility. A joint power control and optimal placement techniques have been proposed
in [15] considering static URLLC users only. The authors of [12] proposed a trajectory
planning algorithm without considering the impact of user’s traffic characteristics. To
the best of our knowledge, this is the first work that considers heterogeneous user traffic
characteristics along with user mobility for UAV trajectory planning in the presence of

obstacles.



Chapter 4

System Model

Here we discuss both the considered network topology as well as the mathematical

construction of the problem.

4.0.1 Network Topology

We consider an A2G cellular wireless communication system that consists of m number
of user equipments (UEs) dy,--- ,dp, k number of UAVS uj,us,...,ux, and n num-
ber of randomly located static obstacles. Additionally, we assume that each UE and
UAV consists of a single and | number of antennas, respectively, and all the UAVs are
connected with a macro base station (BS) B through a backhaul network. Note that
UAVs are designed as multiple aerial BSs that can serve a maximum [ number of UEs
at a time. However, in a particular time instance, each UE is connected with at most
one UAV. Furthermore, we also assume that the coverage area and flying height of a

UAV are R and h, respectively. The system model is demonstrated in Fig. 4.1.

4.0.2 Channel Model

In our considered topology, UAVs, and UEs are mobile in nature. As a result, due
to the presence of static obstacles, the direct LoS may be blocked by the obstacles.
Therefore, the transmitted signals from UAV reach UE via the LoS and NLoS links.
Due to the high path loss at mmWave frequencies, we consider only LoS links for
successful communication. Let us consider that, for a particular u; —d; link, depending
on the 73 GHz model, the path loss (in dB) is modeled as [1]

PLij(dij)[dB] = o+ 1051og;o(di ), (4.1)



Figure 4.1: Communication Environment

where a and 3 are environment-specific constants that characterize signal attenuation,
and d;; is Eucledian distance between u; and d;. Now, the received power at dj, in

dBm, is computed using the link budget equation;

Pi,j [dBm] = Pz + Gz + Gj - PLZ'J'(diJ), (4.2)

where P; is the transmit power, G; and G are the antenna gains of u; and d; respec-

tively. Therefore, the corresponding throughput at user d; for UAV w; is [1]

Tij = By logy <1 + w) : (4.3)
o

where B,, is channel bandwidth, o3 is the variance of the circularly symmetric zero

mean additive white Gaussian noise and |g; ;| is the Rician random variable depending

on whether it corresponds to LoS model [17]. Note that, here, we assume orthogo-

nal frequency division multiple access (OFDMA) where each UE communicates using

orthogonal resource blocks [19].

4.0.3 User Traffic Characterization

In our considered network topology, according to the user’s delay tolerance, we char-
acterize the user traffic in two separate scenarios, namely eMBB and URLLC. Note

that URLLC traffic is designed for very low latency and high-reliability applications,



enabling real-time mission-critical communication where even a minor delay or packet
loss can lead to failures or catastrophic consequences. However, eMBB traffic is de-
signed to provide high-speed, high-capacity, and data-intensive applications. Unlike
URLLC, eMBB applications can tolerate minor delays without causing critical failures.
Here we focus on URLLCs and eMBB traffic that is adequate for human-type cellular

and wireless communication, keeping mMTCs outside the scope of this manuscript.

4.0.4 UAV and UE Mobility Model

For a duration of At time, we assume that both UAVs and UEs move according to
random waypoint mobility model [3]. However, their positions and velocities are mea-
sured at the begining of At and the velocities are assumed to be fixed throughout that
At. The velocity ranges of d; and u; are v; € (0, vmax) and v, € (0,0}, ), respectively.
Here vyax and 0], are the maximum velocities of UEs and UAVs respectively, where
Umax < V) ... Since the height of UAV is assumed to be remain fixed, during At time,
both d; and u; will stay within the disks of radii v; At and v]At centered on their posi-
tions at the start of At in the appropriate R? planes, one at ground level for users and

the other one at UAV height h, respectively.



Chapter 5
Proposed Strategy

In this section, we propose a trajectory planning algorithm for UAV u based on both
URLLC and eMBB traffic. Specifically, first, we propose an algorithm to identify a
zone from where the highest number of URLLC users will be covered by u. Next, we
propose an algorithm to find the final location of u within the identified zone, which

serves the maximum amount of eMBB traffic. The complete process is described below.

5.0.1 Optimal UAV Position for URLLC Traffic

Let S be the set of all URLLC users that are being served by u at a particular time

instance t = ty and their corresponding positions are given by
€; = (xi7yi)7 1= 17 7‘8’7 (51)

where |S| denotes the cardinality of S. Additionally, we consider that eg = (z9,yo) is
the position of u at ¢ = ty. Due to the mobile nature of the user s; € S, according to
Section 4.0.4, s; lies within a disk of radius v; At during g to tg + At, where v; is the

velocity of s;. Here, we denote the disk within which s; € S can lie as

D = {(z,y): (x—z:)* + (y — v;)* < (v;At)*}. (5.2)

Similarly, u may lie inside a disk A of radius v'At, with ey at its center, during tg to
to + At. That is,

A={(z,y): (& —20)* + (y — w0)* < (VAH)?}, (5.3)

where v’ is the velocity of u. We now formally define when s; is said to be coverable

and covered by u.



(a) Candidate zone for D;, Dy, and Dy (b) Candidate zone for D;, and Dy, (¢) Candidate zone for D;

Figure 5.1: Candidate zone for URLLC traffic

Coverable: A user s; € S located at e; is said to be coverable by u located at p, if the
Euclidean distance between them, d(p,e;) < R — (v;At).

Covered: A user s; € S located at e; is said to be covered by u located at p, if:
1. s; is coverable by u, and

2. Vq € D;, 3 a LoS between p and ¢, and the achievable data rate obtained by s;
located at ¢ from wu is greater than the minimum data rate threshold Ryeq(s;) of

Si.

From computational geometry, if C is a set of d-dimensional balls, there exists & C C
with at most (d + 1) balls such that the minimum enclosing ball of £ equals that of
C, i.e., MB(E) = MB(C), where MB(:) denotes the minimum enclosing ball [7]. The
Apollonius circle C, [6] of three circles is the minimum radius circle that contains all
three circles and is tangent to each of them. With the help of C,, we find the region
for u that covers the maximum number of s; € S as described below. Let D;, D,, and
D,, be three coverable disks with radii r;, r,, and r, with respect to s;, s, and s,, € S,
respectively. The center and radius of the Apollonius circle C, corresponding to Dy,

D, and D,, are (h, k) and r,, respectively (Fig. 5.1(a)). From C, and D,,, we obtain:

(h—20)* + (k= yu)? = (ra —70)%,  w=1,m,n. (5.4)

We define a function Ay that provides an overlapping region between two disks. For

two disks:

Xi = {(xvy) : (l’ _pi)2 + (y - Qi)Q < 7’?}, i€ {172}7 (5'5)



A1 (X1, X3) is computed as:

[P+ =2
At (X1, Xp) =13 cos™! <2d;“12>

P22
+ 75 cos ™! <2dj~21> -1, (5.6)

where d = /(p2 — p1)? + (g2 — ¢1)? and

n= %\/(—d+r1 +7ro)(d —1r1 +12)
X \/(d—{- L — TQ)(d“— r1+ 7“2). (57)

Let D, be the region with center (h, k) and radius R — r, that satisfies:

R >, (5.8)
Agui(A, Dy) > 0. (5.9)

We discretize D, N A into unit grids. Let D, (I, m,n) be the set of all grid centers that
cover D;, D,, and D,,:

Du(l,m,n) ={z € D,NA: Dy, Dy, D,, covered from z}. (5.10)

The potential candidate zone of w is:

z=|J Dull,mn). (5.11)
1<l,m,n<|S|
l#m#n

We construct a binary matrix M = (M;;)|s|x|z| Where:

1, if s; is covered from z;,
M;; = (5.12)
0, otherwise.

The column sum S(z;) = ZE1 M;; gives the number of users covered from z;. The
optimal location is:
Z, ={z; € Z:5(zj) = max S(z)}. (5.13)

Z2LEZ

If no triplets satisfy the conditions, we repeat the process for pairs and individual disks



using the minimum enclosing ball Cyig (Fig. 5.1). The complete process is described

in Algorithm 1.

Algorithm 1 Optimal UAV Position for URLLC Traffic
Require: S, 4, D ={D;|s; € S}
Ensure: Z,

1: Initialize Z < 0, Z, + 0

2: for all triplets Dj, Dy, Dy, € D with [ # m # n do

3: Compute C, and D,
4 if r, < R and Au(A,Dy) > 0 then
5 Compute potential zone D, (I, m,n)
6: Z + ZUDy(l,m,n)
7 end if
8
9

: end for
. if Z = then
10: for all pairs D;, D, € D with [ # m do
11: Compute Cyig and D,
12: if rvp < R and Ao (A, Dy) > 0 then
13: Compute potential zone D, (I, m)
14: Z <+ ZUDy(l,m)
15: end if
16: end for
17: if Z =0 then
18: for all D; € D do
19: Compute D,
20: if onl(.A, DU) > 0 then
21: Compute potential zone D, (1)
22: Z <+ Z2UDy(I)
23: end if
24: end for
25: end if
26: end if

27: Construct matrix M where M;; = 1 if s; is covered from z;
28: Compute column sums S(z;) = Eﬁll M;;

29: Z,, < {2zj € Z:5(%;) = max S(z1)}

30: return 2,

5.0.2 Optimal UAV Position for Both URLLC and eMBB

Let 8’ be the set of eMBB users served by u at t = ¢y with positions:

e = (z,47), i=1,---,|5. (5.14)

(3

10



The disk within which s, € S’ can lie during (o, to + At) is:
D = {(z,) : (w —27)” + (y — 7)* < (A1)}, (5.15)

where v} is the velocity of s/.

Let Dy(iz) = Aon(D}, A;) be the overlap between D) and A, (radius R centered at
z € Z,). Discretizing D,(iz) into grids, the throughput T;, obtained by s/ from z is:

ZwEDo (iz) T(U)Z)

T, = -
Do (i2))|

(5.16)

where T'(wz) is computed using (4.3). The total eMBB throughput from z is:

S|

T(z) =Y T (5.17)
=1

The optimal position z* € Z, maximizes T'(z). If multiple positions yield the same
throughput, we select the one closest to eg. The complete process is described in
Algorithm 2.

Algorithm 2 Final Position Selection for eMBB Traffic
Require: Z,, S
Ensure: z*
1: for each z € Z, do
2 for each s, € &’ do
3 Compute D,(iz)
4 for each grid center w € D,(iz) do
5: Compute T'(wz) using (4.3)
6
7
8
9

end for .
T S
end for )
T(z) « 22 T
10: end for
11: T* < max,cz, T(2)
122 2l {z€2,:T(2) =T*}
13: if |Z/]| > 1 then
14: z* zez d(eg,z)
15: else
16: z* + the single element in Z],
17: end if

18: return z*

11



5.0.3 Complexity Analysis

A UAV wu can provide services to at most [ UEs at a particular time slot. That is,
|S] + 15| < 1. Let r be the maximum radius among all the users in S U S’ and " be
the radius of disk A. Discretizing two circles of radii r and r’ into unit cells and then
checking LoS status between every pair cells, requires O(7'?r?) time complexity. The

time and space complexity of the proposed algorithms are as follows:
e Algorithm 1:
— Time: O(I® - r% - r?) (worst-case, checking all triplets)
— Space: O(r"? - 1) (storing coverage matrix)
e Algorithm 2:
— Time: O(l - 7% - r?) (evaluating all candidate positions)

— Space: O(r2 - 1) (storing throughput values)

12



Chapter 6

NUMERICAL RESULTS

6.1 Simulation Results

In this section, our main goal is to assess how well the suggested approach works in
different environmental settings. We have included a performance comparison study
against an existing approach [12]. In [12], a trajectory planning is obtained by taking
into account the mobility of users and the obstacles in their environment, without
considering the influence of user traffic characteristics. The objective of our proposed
approach is to optimize the sum throughput obtained by both URLLC and eMBB users
while serving a maximum number of URLLC users. The simulation parameters that

we used are given in Table 6.1

Parameter Value
Communication region 400m x 400m
Coverage Radius (R) 46m
Time slot duration (At) 3 sec
Transmission power (P;) 30 dBm [16]
Gain of the transmit antenna G, = 24.5 dBi [16]
Gain of the receive antenna Gy, = 24.5 dBi [16]
URLLC threshold (Ryeq) | 10 Mbps [ITU & 3GPP]
Rician fading factor (K) 2 [16]
Altitude of UAV [22 m, 150 m] [11]
Carrier frequency 73 GHz [1]
LoS link parameters a=69.8, 8 =2]1]

Table 6.1: Simulation Parameters

Fig.6.1 shows a comparison of eMBB throughput, URLLC throughput, and sum

13
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UAV coverage radius (m)

Figure 6.1

throughput obtained by our proposed algorithm for different UAV coverage radii. Here
eMBB and URLLC throughputs represent the aggregate throughputs obtained by the
eMBB and URLLC users respectively. Sum throughput (Proposed) represents the sum
of eMBB and URLLC throughputs. Note that the coverage radius of the UAV is in-
creased in Fig 6.1 up to the limit such that the minimum data rate requirement of
the URLLC users is satisfied. Hence the URLLC throughput increases with the in-
crease of UAV coverage radius. On the contrary, as the UAV coverage radius increases,
throughputs obtained by the eMBB users decrease as achievable throughput is inversely
proportional to the distance from the user to the UAV. Since URLLC is highly prior-
itized, the increment of URLLC throughput is slightly more than the decrement of
eMBB throughput. Hence sum throughput has an increasing trend.
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Furthermore, Fig.6.2 investigates the impact of obstacle density on the sum throughput,
eMBB throughput, and URLLC throughput for a fixed number of users (35). As obsta-
cle density increases, the possibility of having LoS decreases. Thus all the throughputs
decrease. Note that URLLC users are considered to be covered if all the points in its
disk get LoS and eMBB users can be covered partially. That’s why we observe that
URLLC throughput decreases more rapidly than the eMBB throughput. Accordingly,

the sum throughput is also decreasing as a combined effect of both of them.
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Figure 6.3

Finally, Fig.6.3 presents a comparative analysis between the proposed strategy and the
existing scheme [12] under varying user velocities, for a fixed number of users (15 and
20). It is observed that our approach significantly outperforms the method described in
[12]. The key reason behind this improvement is the differentiated treatment of URLLC
and eMBB users based on their inherent service requirements, unlike [12] which treats
all users uniformly. Specifically, due to the ultra-reliability and low-latency demands
of URLLC, our method prioritizes serving as many URLLC users as possible. Subse-
quently, from that UAV position, we aim to maximize the service for eMBB users by
leveraging partial coverage, acknowledging that eMBB users can tolerate moderate la-
tency or brief service interruptions. In contrast, the approach in [12] treats all users as
URLLC, meaning that eMBB users also receive low-latency, ultra-reliable service, re-
sulting in inefficient use of network resources. This performance gap is clearly reflected
in the figure. Moreover, we observe that our strategy yields more consistent results
than [12] across varying user velocities, demonstrating its robustness and adaptability

to different environmental conditions.
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Chapter 7

CONCLUSION

In this work, we investigated the impact of user and UAV mobility on system perfor-
mance in an air-to-ground mmWave communication framework, considering mixed user
traffic types such as URLLC and eMBB. We proposed a geometry-driven UAV trajec-
tory planning algorithm that utilizes the Apollonius circle and the minimum enclosing
ball of balls to determine optimal UAV deployment locations. The approach empha-
sizes maintaining line-of-sight connectivity and effective user coverage under traffic-
specific constraints. Numerical evaluations demonstrated that our proposed strategy
significantly outperforms an existing benchmark in terms of overall system throughput.
These results highlight the effectiveness of geometry-based heuristics in achieving high

performance in dynamic and heterogeneous wireless environments.
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