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Abstract

Sudden user concentration in cellular hotspot environments can significantly
degrade the quality of service (QoS) due to the limited capacity of con-
ventional ground base stations (BSs). Although unmanned aerial vehicles
(UAVs) equipped with base station functionalities have recently emerged
as a promising solution for temporary capacity enhancement, most existing
studies assume that UAVs continuously provide services while hovering in
the air. Such an approach suffers from severe energy consumption and limited
service duration because of the high propulsion power required for hovering.

This paper proposes an energy-efficient dynamic cell capacity expansion
scheme based on temporary UAV landing pads. The proposed approach
divides a macrocell into multiple UAV sub-cells and deploys temporary
landing pads at the center of each sub-cell. When a hotspot event occurs,
a UAV equipped with a small base station or repeater function is dispatched
to the corresponding landing pad and provides wireless services in a landed
state. Since the UAV consumes propulsion energy only during movement
and significantly reduces energy consumption during service provision, the
proposed scheme substantially extends the service duration of UAV-assisted
communications.
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Performance evaluations considering UAV battery constraints demon-
strate that the proposed landed UAV-BS scheme achieves approximately
87.7% energy savings and extends the UAV service duration by approxi-
mately 8.8 times compared with the conventional hovering UAV-BS scheme.
Moreover, the proposed approach effectively reduces the blocking rate and
maintains higher average throughput during prolonged hotspot situations.

Keywords: UAV base station, cellular hotspot, dynamic capacity expansion,
UAV landing pad, energy efficiency, 5G/6G networks.

1 Introduction

The rapid evolution of wireless communication technologies from the fifth-
generation (5G) to the sixth-generation (6G) era has led to an unprecedented
increase in mobile data traffic. Emerging applications, such as the Internet of
Things (IoT), autonomous vehicles, smart factories, and virtual/augmented
reality (VR/AR) require high data rates, ultra-low latency, and massive
connectivity [1, 2]. Consequently, future cellular networks are expected to
support a tremendous number of users with diverse quality-of-service (QoS)
requirements.

One of the major challenges in next-generation cellular networks is the
occurrence of temporary hotspot environments in which a large number
of pieces of user equipment (UE) becomes concentrated within a specific
geographical area. Such situations frequently arise during sporting events,
concerts, festivals, shopping activities, emergency scenarios, and disaster
recovery operations [4]. Since the service capacity of a conventional ground
base station (BS) is inherently limited, sudden user concentration may result
in severe performance degradation, including reduced throughput, increased
packet loss, prolonged access delay, and service blocking.

Traditional approaches to addressing this problem include base station
densification, cell splitting, and small-cell deployment [5, 12, 13]. Although
these approaches can effectively increase network capacity, they require
substantial infrastructure investments and long deployment periods. Further-
more, because hotspot events are typically temporary and location-dependent,
designing the network according to worst-case traffic conditions results in
poor resource utilization and low cost-efficiency.

Recently, unmanned aerial vehicles (UAVs) have attracted significant
attention as a promising solution for providing on-demand wireless ser-
vices [6–9]. Due to their high mobility and flexible deployment capability,
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UAVs can rapidly move to areas experiencing excessive traffic demand
and temporarily provide additional communication resources. UAV-assisted
communications have therefore been considered an effective approach for
enhancing network resilience in emergency situations and improving service
quality during large-scale public events [4, 22].

However, most existing UAV-assisted communication studies assume
that UAVs continuously provide wireless services while maintaining a hov-
ering state [7, 9]. Although hovering UAV base stations (UAV-BSs) can
dynamically respond to hotspot events, they suffer from excessive energy
consumption because a substantial amount of propulsion power is required
to sustain flight. Consequently, the operational lifetime of UAV-BSs is sig-
nificantly limited by battery capacity constraints, making them unsuitable for
long-duration hotspot scenarios.

To overcome this limitation, this paper proposes a dynamic cell capacity
expansion scheme based on temporary UAV landing pads. The main idea is
to partition a macrocell into multiple UAV sub-cells and deploy a temporary
landing pad at the center of each UAV sub-cell. When a hotspot event occurs,
a UAV equipped with a small base station or repeater function is dispatched
to the corresponding landing pad. Instead of continuously hovering, the
UAV provides wireless services in a landed state. As a result, propulsion
energy consumption is significantly reduced during service provision, thereby
extending the service duration and improving the practicality of UAV-assisted
communications.

The major contributions of this paper are summarized as follows.

1. A temporary UAV landing pad deployment scheme is proposed for
efficient hotspot coverage within a macrocell.

2. A dynamic UAV operation strategy is developed to selectively dispatch
UAV-BSs to hotspot regions according to traffic demand.

3. The proposed landed UAV-BS architecture substantially improves
energy efficiency by eliminating continuous hovering during service
provision.

4. Performance evaluations considering UAV battery constraints demon-
strate that the proposed approach effectively reduces the blocking rate
while significantly extending UAV service duration compared with
conventional hovering UAV-BS schemes.

The remainder of this paper is organized as follows. Section 2 reviews
related studies on UAV-assisted cellular communications. Section 3 describes
the system model considered in this work. Section 4 presents the proposed
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UAV landing pad deployment scheme and dynamic operation strategy.
Section 5 evaluates the performance of the proposed approach through math-
ematical analysis and simulations. Finally, Section 6 concludes the paper and
discusses future research directions.

2 Related Work

Research on UAV-assisted cellular communications can generally be cate-
gorized into four areas: UAV placement optimization, UAV trajectory opti-
mization, energy-efficient UAV communications, and UAV-cellular network
integration.

Studies on UAV placement optimization have primarily focused on deter-
mining the optimal locations of UAV-mounted base stations to maximize user
coverage and improve network performance. Mozaffari et al. investigated the
deployment of UAV-assisted mobile base stations and proposed an efficient
coverage enhancement strategy based on optimal UAV positioning [6, 14].
Their work demonstrated that appropriate UAV placement can significantly
improve the coverage performance of wireless networks. Alzenad et al.
further investigated the three-dimensional placement problem of UAV base
stations in urban environments while considering the effects of building
obstructions [8]. Their study derived optimal UAV locations that maximize
the number of covered users while satisfying QoS requirements. In addition,
Lyu et al. addressed the placement optimization problem of UAV-mounted
mobile base stations to enhance user admission capability under various
traffic conditions [20].

Another important research direction involves the optimization of UAV
trajectories. Since UAVs operate under strict battery constraints, several
studies have attempted to improve communication performance while min-
imizing energy consumption. Zeng et al. developed an energy consumption
model for rotary-wing UAVs and investigated energy minimization problems
in UAV-enabled wireless communications [16]. Wu and Zhang proposed a
joint trajectory and communication design framework for multi-UAV wire-
less networks, demonstrating that appropriate trajectory optimization can
significantly improve system throughput and spectrum utilization [17]. Sim-
ilarly, Zeng and Zhang investigated energy-efficient UAV communications
through trajectory optimization techniques and showed that the communica-
tion performance of UAV-assisted networks can be substantially enhanced by
carefully designing UAV flight paths [18].
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Research efforts have also been devoted to integrating UAVs into existing
cellular infrastructures. Merwaday and Güvenç proposed a UAV-assisted het-
erogeneous network architecture for public safety communications in disaster
scenarios [4]. Their study demonstrated that UAVs can rapidly restore com-
munication services when conventional infrastructures become unavailable.
Bor-Yaliniz et al. analyzed the feasibility of integrating UAVs into 5G cellular
networks and discussed key standardization challenges associated with UAV-
assisted communications [15]. Furthermore, Fotouhi et al. investigated the
applicability of UAV-mounted base stations for macro hotspot environments
and showed that UAVs can effectively alleviate temporary traffic congestion
in cellular systems [9].

In addition to application-oriented studies, several survey papers have
comprehensively reviewed the state of the art in UAV communications.
Fotouhi et al. provided an extensive survey of UAV cellular communications,
addressing practical deployment issues, regulatory considerations, standard-
ization efforts, and security challenges [24]. Shakhatreh et al. reviewed civil
applications of UAVs and summarized major research challenges associated
with UAV technologies [21]. These surveys highlighted the increasing impor-
tance of UAV-assisted communication systems in future wireless networks.

Despite the significant progress achieved by existing studies, most UAV-
assisted cellular communication schemes assume that UAVs continuously
provide services while maintaining a hovering state [7, 9]. Although hov-
ering UAV base stations offer high deployment flexibility, they inevitably
suffer from excessive energy consumption due to continuous propulsion
requirements. Consequently, the operational lifetime of UAV-assisted com-
munication systems is severely constrained by battery limitations.

Moreover, previous studies have primarily focused on optimizing UAV
placement or flight trajectories [6, 8, 14], while relatively little attention
has been paid to the development of landed UAV architectures capable
of supporting long-duration communication services. Since hotspot events
may persist for several hours in scenarios such as sports events, concerts,
festivals, and emergency situations, improving the service sustainability of
UAV-assisted networks remains an important research challenge.

To address these limitations, this paper proposes a temporary UAV land-
ing pad-based dynamic cell capacity expansion scheme. Unlike conventional
hovering UAV-BS approaches, the proposed scheme allows UAVs to provide
wireless services after landing at predefined temporary landing pads. By
eliminating continuous hovering during service provision, the proposed archi-
tecture significantly reduces energy consumption and substantially extends
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the operational lifetime of UAV-assisted communication systems. Further-
more, UAV deployment is selectively activated only when hotspot events
occur, thereby enabling cost-effective and energy-efficient dynamic cell
capacity expansion.

The comparison between the proposed scheme and existing UAV-assisted
cellular approaches is summarized as follows:

1. The proposed scheme introduces a temporary UAV landing pad deploy-
ment strategy within a macrocell environment.

2. A dynamic UAV operation algorithm is developed to respond to hotspot
events based on real-time traffic demands.

3. The proposed landed UAV-BS architecture significantly improves
energy efficiency by removing continuous hovering during service
provision.

4. Long-duration hotspot scenarios can be effectively supported through
the substantial extension of UAV service time.

Therefore, the proposed approach provides a more practical, sustainable,
and energy-efficient solution for dynamic cellular capacity expansion in
future 5G/6G networks.

3 System Model

In this paper, we consider a single-cell cellular network environment consist-
ing of a conventional ground BS and multiple pieces of UE. The ground BS
is located at the center of the macrocell, while the pieces of UE are randomly
distributed within the cell coverage area. It is assumed that both the number
and locations of the pieces of UE vary dynamically over time according to
user mobility and traffic demand.

The ground BS has a maximum service capacity denoted by Cmax, repre-
senting the maximum number of users that can be simultaneously supported
without significant degradation of the QoS. As long as the number of users
within the cell remains below Cmax, the ground BS can provide satisfactory
communication services. When the number of users exceeds Cmax, network
congestion occurs, resulting in reduced throughput, increased packet loss, and
higher service blocking probability. For simplicity, the gradual performance
degradation near Cmax is not considered in this paper.

To address such temporary traffic overload situations, this paper con-
siders the use of UAV-assisted mobile base stations (UAV-BSs). UAVs
equipped with small-cell base station functionalities or repeater capabilities
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are deployed to provide additional communication resources in hotspot
regions where user concentration occurs.

Let R denote the service radius of the macrocell, and let r denote the
coverage radius of a UAV-BS. Since the coverage area of a UAV-BS is
generally smaller than that of the ground BS, the following relationship is
assumed:

R = n× r,

where n is a positive integer representing the ratio between the macrocell
radius and the UAV service radius.

Based on this relationship, the macrocell is partitioned into n × n UAV
sub-cells, each having an identical service area. The center of each UAV
sub-cell is equipped with a temporary UAV landing pad, enabling UAVs to
provide wireless services after landing.

Unlike conventional hovering UAV-BS architectures, the proposed system
allows UAVs to remain stationary on the landing pads while delivering
communication services. As a result, propulsion energy is consumed only
during UAV movement between locations, significantly improving energy
efficiency and extending operational duration.

The temporary landing pads are assumed to be deployed at elevated loca-
tions, such as building rooftops, streetlight poles, or traffic signal structures,
in order to ensure favorable wireless propagation conditions. In addition, the
landing pads may provide auxiliary functions such as UAV charging facilities
or standby stations for rapid UAV deployment.

To simplify the analysis, the following assumptions are adopted through-
out this study.

1. All UAVs are assumed to have identical battery capacities and commu-
nication capabilities.

2. Each UAV supports vertical take-off and landing (VTOL) operations.
3. A reliable backhaul connection between the ground BS and UAV-BSs is

assumed to be available.
4. The ground BS can identify hotspot locations and estimate user concen-

trations in real time.
5. The travel time required for UAV deployment is assumed to be suffi-

ciently shorter than the duration of hotspot events.

The objective of the proposed system is to dynamically expand the cell
capacity during hotspot situations while minimizing the energy consumption
of UAV-assisted communication services. By selectively dispatching UAV-
BSs only when and where additional capacity is required, the proposed
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architecture aims to provide an energy-efficient and cost-effective solution
for future 5G/6G cellular networks.

A key distinction between the proposed architecture and conventional
hovering UAV-BS systems lies in the service mode of UAV operation.
In conventional hovering UAV-BS systems, UAVs continuously consume
propulsion energy throughout the service period to maintain flight sta-
bility. Consequently, the total energy consumption increases rapidly with
service duration. In contrast, the proposed landed UAV-BS architecture
consumes propulsion energy only during the deployment phase. During
service provision, the UAV remains stationary on the landing pad, and
only communication-related power consumption is incurred. Therefore, the
proposed approach substantially reduces overall energy consumption and
significantly prolongs UAV operational lifetime.

4 Proposed Scheme

The proposed scheme consists of two major components: (1) temporary UAV
landing pad deployment and (2) dynamic UAV operation for hotspot mitiga-
tion. The overall objective is to dynamically expand the cellular capacity in
hotspot scenarios while minimizing UAV energy consumption.

Unlike conventional UAV-BS architectures that continuously provide ser-
vices in a hovering state, the proposed approach allows UAVs to deliver
communication services after landing on pre-installed temporary landing
pads. Consequently, propulsion energy consumption during the service period
can be significantly reduced.

4.1 Temporary UAV Landing Pad Deployment Scheme

The first step of the proposed framework is the deployment of temporary UAV
landing pads within a macrocell.

The landing pad locations are selected to satisfy the following require-
ments.

• Minimal radio signal blockage.
• Structural stability for UAV landing.
• Availability of power supply or charging facilities.
• Uniform service coverage across the entire macrocell.

Suitable deployment locations include building rooftops, streetlight poles,
and elevated traffic infrastructures.
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The landing pad deployment algorithm is described as follows.

Algorithm 1 Temporary UAV landing pad deployment.
Input: Macrocell radius R, UAV service radius r
Output: Set of UAV landing pad locations L
1: Calculate the partition parameter n:

n = R/r

2: Divide the macrocell into n× n UAV sub-cells.
3: Determine the geometric center of each UAV sub-cell.
4: Select feasible elevated structures near the center points.
5: Install temporary UAV landing pads at the selected locations.
6: Store all landing pad coordinates in set L.

Through this deployment strategy, hotspot areas can be efficiently served
by UAV-BSs with reduced traveling distances.

4.2 Dynamic UAV Operation Strategy

The second component of the proposed scheme is the dynamic operation
of UAV-BSs. The ground BS continuously monitors the number of active
users and traffic load conditions. When the total number of users exceeds the
service capacity of the ground BS, the system identifies the hotspot region
and activates UAV-assisted communications.

Let Nu(t) denote the number of active users at time t. A hotspot event is
detected when

Nu(t) > Cmax.

Once the hotspot condition is satisfied, the corresponding UAV sub-cell
containing the hotspot region is identified. Subsequently, the nearest available
UAV is selected and dispatched to the landing pad associated with that sub-
cell.

After landing, the UAV operates as a small-cell base station or wireless
repeater to provide additional communication resources. The UAV service
remains active until the hotspot condition disappears:

Nu(t) ≤ Cmax

When this condition is satisfied, the UAV terminates its service and returns
to its standby location. The detailed operational procedure is summarized in
Algorithm 2.
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Algorithm 2 Dynamic UAV operation strategy.
Input: User distribution Nu(t), landing pad set L, UAV set U
Output: Dynamic UAV service activation
1: Monitor the number of active users in the macrocell.
2: Check whether

Nu(t) > Cmax.

3: If the condition is false, continue monitoring.
4: Otherwise, identify the hotspot location.
5: Determine the corresponding UAV sub-cell.
6: Select the nearest available UAV from set U .
7: Dispatch the selected UAV to the associated landing pad.
8: Activate UAV-BS communication services after landing.
9: Continuously monitor the hotspot condition.
10: If

Nu(t) ≤ Cmax,

terminate the UAV service and return the UAV to the standby position.
11: Resume normal monitoring operations.

4.3 Advantages of the Proposed Scheme

Compared with conventional hovering UAV-BS architectures, the proposed
scheme offers several advantages.

1. Improved energy efficiency: since UAV propulsion energy is consumed
only during deployment and retrieval, the proposed landed UAV-BS
architecture substantially reduces total energy consumption.

2. Extended service duration: by eliminating continuous hovering during
service provision, the operational lifetime of UAV-assisted communica-
tions can be significantly prolonged.

3. Cost-effective capacity expansion: the proposed approach activates
UAV-BSs only when hotspot events occur. Therefore, additional com-
munication resources are provided on demand without requiring perma-
nent infrastructure deployment.

4. Enhanced service reliability: the ability to sustain UAV-assisted services
over extended periods enables more reliable communications during
prolonged hotspot scenarios, such as concerts, sporting events, and
disaster recovery operations.

The proposed scheme thus provides an energy-efficient, practical, and scal-
able framework for dynamic cell capacity expansion in future 5G/6G cellular
networks.
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5 Performance Evaluation

5.1 Simulation Environment

To evaluate the effectiveness of the proposed scheme, simulations were
conducted by comparing three different architectures:

1. Conventional ground BS without UAV assistance
2. Hovering UAV-BS scheme
3. Proposed landed UAV-BS scheme.

The simulation assumes a single macrocell environment in which tempo-
rary hotspot events occur. User density changes over time, and UAV-assisted
services are activated whenever the traffic demand exceeds the service capac-
ity of the ground BS. The performance evaluation was conducted using a
custom discrete-time Monte Carlo simulation implemented in Python. The
simulation framework was developed using NumPy for numerical computa-
tion and random-variable generation, while Matplotlib was used to visualize
the simulation results. Table 1 summarizes the simulation parameters used
throughout this study. We adopted the system parameters and assumptions
used in [9, 16, 25, 26], with some modifications to suit the system model
considered in this study.

Table 1 Simulation parameters
Parameter Value
Macrocell radius 1000 m
Ground BS capacity (Cmax) 100 users
UAV service radius 250 m
Number of UAV sub-cells 16
UAV battery capacity 300 Wh
UAV propulsion power (hovering) 250 W
UAV communication power 30 W
UAV traveling speed 10 m/s
Average user data rate demand 100 Mbps
Simulation duration 24 h
Hotspot duration 1–6 h
Number of simulation runs 100

5.2 Performance Metrics

In this study, the main performance metrics are blocking probability, average
throughput, UAV energy consumption. The blocking probability Pb is defined
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as

Pb =
Nb

Nt
,

where Nb is the number of blocked users and Nt is the total number of service
requests. The average throughput Tavg is defined as

Tavg =
1

Nu

Nu∑︂
i=1

Ri,

where Nu is the number of served users, Ri is the throughput achieved by
user i.

The total UAV energy consumption of a UAV is

Etotal = Eflight + Ecomm,

where Eflight and Ecomm denote propulsion energy and communication-
related energy, respectively.

In hovering systems, Eflight is proportional to hovering power Phover and
service duration Tservice, therefore Eflight = PhoverTservice. In contrast, for
the proposed landed UAV-BS system, Eflight = PmoveTmove, since propulsion
energy is consumed only during movement.

5.3 Results

Figure 1 illustrates the blocking rate under different hotspot durations. As
the hotspot duration increases, the conventional BS experiences a signifi-
cant increase in blocking probability because no additional communication
resources are available. The hovering UAV-BS initially maintains a low
blocking rate; however, the blocking probability gradually increases as the
UAV battery becomes depleted. In contrast, the proposed landed UAV-BS
scheme consistently maintains the lowest blocking rate because the UAV can
continue operating for extended periods owing to reduced propulsion energy
consumption.

Figure 2 compares the average user throughput. The conventional BS
exhibits the lowest throughput due to severe congestion during hotspot peri-
ods. The hovering UAV-BS improves the throughput performance during the
initial phase; however, its performance deteriorates once the UAV battery
is exhausted. The proposed scheme achieves the highest average through-
put because it can sustain additional communication services throughout
prolonged hotspot events.
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Figure 1 Blocking rate considering UAV battery depletion.

Figure 2 Average throughput considering UAV battery depletion.

Figure 3 presents the energy consumption characteristics of the two
UAV-assisted schemes. Because hovering UAV-BSs continuously consume
propulsion energy, their total energy consumption increases rapidly with
service duration. By contrast, the proposed landed UAV-BS architecture con-
sumes propulsion energy only during deployment and retrieval. Therefore,
the proposed approach significantly reduces the overall energy expenditure.
Simulation results indicate that the proposed scheme achieves approximately
87.7% energy savings compared with the hovering UAV-BS approach.

Figure 4 illustrates the achievable UAV service duration. The hover-
ing UAV-BS can sustain communication services for only a limited period
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Figure 3 UAV energy consumption comparison.

Figure 4 Maximum UAV service duration.

because of its substantial propulsion energy requirements. In contrast, the
proposed landed UAV-BS substantially prolongs operational time by elim-
inating continuous hovering. Simulation results demonstrate that the pro-
posed architecture extends UAV service duration by approximately 8.8 times
compared with the conventional hovering UAV-BS scheme.

The performance evaluation results clearly indicate that the proposed
landed UAV-BS architecture provides a practical solution for hotspot mit-
igation in future cellular networks. Unlike conventional hovering UAV-BS
systems, the proposed approach effectively addresses one of the most critical
limitations of UAV-assisted communications, namely, limited battery life-
time. By reducing propulsion energy consumption during service provision,
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the proposed scheme enables long-duration communication support while
maintaining low blocking rates and high throughput performance. These
characteristics make the proposed architecture particularly suitable for appli-
cations involving prolonged hotspot events, such as concerts, sporting events,
large public gatherings, and disaster recovery scenarios.

6 Conclusion and Future Work

This paper proposed an energy-efficient dynamic cell capacity expansion
scheme based on temporary UAV landing pads for mitigating hotspot situ-
ations in future cellular networks. Unlike conventional UAV-assisted com-
munication architectures that rely on continuous hovering during service
provision, the proposed approach enables UAVs equipped with a small-
cell base station or repeater functionalities to provide wireless services after
landing on predefined temporary landing pads.

To realize the proposed architecture, this paper introduced a temporary
UAV landing pad deployment strategy that partitions a macrocell into mul-
tiple UAV sub-cells and places landing pads at their centers. In addition,
a dynamic UAV operation algorithm was developed to selectively dispatch
UAV-BSs to hotspot regions according to real-time traffic conditions. By
activating UAV-assisted communications only when the number of users
exceeds the service capacity of the ground base station, the proposed scheme
effectively expands network capacity while maintaining cost efficiency.

Performance evaluations considering UAV battery constraints demon-
strated the effectiveness of the proposed architecture. Compared with con-
ventional hovering UAV-BS schemes, the proposed landed UAV-BS approach
significantly reduced propulsion energy consumption by eliminating con-
tinuous hovering during service provision. Simulation results showed that
the proposed scheme achieved approximately 87.7% energy savings and
extended the UAV operational duration by approximately 8.8 times. Further-
more, the proposed architecture effectively maintained a low blocking rate
and higher average throughput during prolonged hotspot situations.

These findings indicate that the proposed scheme provides a practi-
cal, scalable, and energy-efficient solution for dynamic cellular capacity
expansion in future 5G/6G networks. The proposed approach is particularly
suitable for applications involving temporary user concentration, such as con-
certs, sporting events, festivals, emergency situations, and disaster recovery
scenarios.
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Several research directions remain open for future investigation. First, the
proposed framework can be extended to multi-UAV cooperative communi-
cation systems, in which multiple UAV-BSs jointly provide communication
services in large-scale hotspot environments. Second, AI-based hotspot
prediction algorithms can be integrated into the proposed architecture to
proactively dispatch UAVs before severe traffic congestion occurs. Third, the
deployment optimization of temporary UAV landing pads considering prac-
tical urban constraints, such as building density and line-of-sight availability,
should be further investigated. Finally, experimental validation using real-
world UAV platforms and 5G/6G testbeds would provide valuable insights
into the practical feasibility and deployment requirements of the proposed
system.

In conclusion, the proposed temporary UAV landing pad-based architec-
ture represents a promising approach for overcoming the limitations of con-
ventional hovering UAV-BS systems and enabling sustainable UAV-assisted
communications in future wireless networks.
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