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Abstract: The growth of Information and Communication Technologies (ICTs) involvement in our daily life elicits
currently a reliable network connection at anytime and anywhere. Robust cellular network is required for the approval of
demand users’ demand. In the late of last century, noticeable studies were invested in the ICT infrastructure development to
meet the public and industrial needs. The evolution of mobile telecommunication has transitioned through multiple phases,
from early voice-centric First-Generation (1G) systems to the data-heavy Fourth-Generation (4G) era. Currently, Fifth-
Generation (5G) technology has emerged as a superior standard, prioritizing enhanced security protocols and high-speed
data transmission according to nomad users. The global rollout of 5G frameworks is inherently linked to the integration
of Internet-of-Things (IoT) ecosystems. Then, the design of relevant Base Stations (BSs) for communication during the
urban social events constitutes a challenging problem of IoT infrastructures. Scholars have identified Unmanned Aerial
Vehicles (UAVs) as a versatile solution for supplementing BS infrastructure, particularly for broadening the reach and
throughput of 5G deployments. In scenarios involving public safety, UAV-integrated networks function as airborne base
stations, facilitating advanced technologies such as millimeter-wave signaling, IoT connectivity, and 3D Multiple-Input-
Multiple-Output (MIMO) arrays. The review on UAV-based wireless communication system modelling by taking into
account the different classes and specification with respect to the regulation of technology is synthesized. The synthesis
review of UAV cellular network planning for the urban cities is reported by stating about the experiment and performance
evaluation. The research works highlight the technical challenge on the UAV-BS deployed for urban social events. It can
be emphasized that the study of the UAV wireless communication necessitates the modeling consideration of channel
from air transmission to ground BS reception, optimal deployment and the optimization of trajectory. To guarantee the
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communication quality, the analysis of system performance using UAVs is based on the energy efficiency and resource
management.

Keywords: Fifth Generation (5G) network, Aerial Base Station (ABS), cellular network, Information and Communication
Technology (ICT), Internet-of-Things (IoT) solution, Unmanned Aerial Vehicle (UAV), UAV deployment planning, wireless
communication

1. Introduction

Since the last twenty first century, the mobile communication devices have played a very important role for the
modern civilization way of life [1, 2]. Every day, the mobile devices are used for the satisfaction of the users’ demand.
In more practical speaking, different types of mobile devices must be available for everyday human services, such as
smartphones, laptops, wearables, sensors and vehicles [3, 4]. Today, these mobile devices communicate over the world
with each other in wireless configuration via Wi-Fi, Bluetooth, Zig-Bee, Near-Field Communication (NFC) platforms ...
[3, 4]. To reach such a successful development, the Information and Communication Technology (ICT) must evolve under
convenable infrastructures with respect to the users’ demand [5, 6]. Wireless secure connection and architecture satisfying
the interaction between the portable connected devices anytime are expected with ideally efficient and perfect network
system [7-9]. One of key challenges behind the communication networks dedicated to mobile devices is the ability to
support numerous user efficient and safeguard connections [10, 11]. Wireless cellular network available to operate correctly
anywhere and anytime constitutes the ideal solution to face up such technical challenges [12—14].

Nevertheless, the increase of the users of mobile devices and the significant demands stimulate ICT engineers to
develop cellular network technology guaranteeing higher performances [15, 16]. Cooperative communication infrastructures
and devices should allow to transmit multimedia data as sessions of streaming in live located in diverse places with a
single phone, and numerous types of apps to be a reality [17, 18]. The different software applications force traditional
wireless communication systems to be centered on low-data-rate voice transmission to shift their attention to multimedia
transmissions at a high data rate which require better performance in terms of error with respect to Quality of Service
(QoS) standards [19-21].

The raw-strength way of providing ubiquitous broadband coverage notably for Internet-of-Things (IoT) [22, 23] is
particularly popular by deploying a complex network including Base Station (BS). However, that solution is not always
feasible for some particular services as Capital Expenditures (CAPEX) and Operating Expenditures (OPEX) especially
under the case temporary events [24, 25]. This situation may appear because significant parts of BSs is slightly charged
or does not have a charge in any space-time position. Besides, changes in user density and application rates can lead
to unpredictable traffic patterns [26, 27]. The rollout of aerial BS constitutes an attractive solution for such scenarios
[28, 29]. During excessive demand saturating unintentionally the allocated communication space and time, Unmanned
Aerial Vehicle (UAV), frequently known as drones can help the ground BS to provide high data rate coverage [30-33].
While the aerial BS OPEX is better than the OPEX for ground-based small cell BS, if correctly designed, the drone-BS
could significantly save the entire network deployment cost [34].

To deal with such a technological challenge, the Fifth-Generation (5G) wireless networks promise a great evolution in
the areas of communications [4, 5, 16, 35]. The 5G ICT aims to serve network users anytime and everywhere as required
for very dense data transmission [8, 9, 12—14]. The 5G ICT enables to communicate smart objects via IoT service by
handling interaction between different domains [24, 26, 27, 36]. To achieve these goals, different communication system
parameters must be taken into account in each type of network [37, 38]. The BS deployment in the wireless cellular
networks [39—43] depends more on the environment, users’ density and the implementation cost.

Due to the overload or probable destruction of hardware system, the ground BS becomes less and less enough to
constitute the technological solution in certain emergency situations like temporary social events [44—47]. However, the
UAV-BS deployment can be a solution against such problems if they are correctly deployed in the expected environment
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[31, 45, 48-51]. Furthermore, the aerial BSs bring a lot of advantages because they can be easily adjusted in term of
altitude, to deal with obstacles by establishing Line-of-Sight (LoS) communication links to users located on the ground
position [52—57]. Innovative network planning, for example, with 5G cellular systems should be developed in order to
increase the UAV-BS communication performance [58—60].

To literally synthesize more efficiently the progress of [oT [36] and UAV-BS solution by means of the ICT development
for the high-density user communication, a review study considering notable specifications, rollout and planning by means
of 5G network overview is proposed in the present study. The present paper is structured in seven different sections
including the introduction:

* Section 2 overviews the different generations of ICT system toward the first- to Fifth-Generation (1G to 5G) technical
specifications. The historical progress of mobile phone communication services is synthesized.

» Section 3 describes the today particular applications of UAV wireless communication network. The necessity to use
connected devices to operate with IoT solution in the wireless communication is discussed.

* Section 4 focuses on the technical background related to the necessity of using the UAVSs in the public scenario. The
specification, regulation and safety of the UAV communication terminals are discussed.

* Section 5 reports briefly the UAV mobile terminal and wireless networking including the reliability under 3D
Multiple-Input Multiple-Output (MIMO). Then, Millimeter Wave (mmW) communications are also considered.

+ Section 6 investigates on the literature review including the technical challenges about the deployment, design
and planning of UAV cellular network as an aerial BS for urban city social events. Moreover, recent works on the
UAV-BS beamforming control by avoiding Electromagnetic Interference (EMI) including coding, algorithmic approach
and Reconfigurable Intelligent Surface (RIS) technology will be overviewed.

* Finally, Section 7 presents the conclusion of the paper.

2. Overview on mobile phone or cellular network

The technological needs to our daily life dependence and specifications of mobile devices operating under cellular
network are overviewed in this section.

2.1 Ubiquity for mobile network in the moderncivilization

The cellular network allows many portables devices such as tablets, mobile phones and also laptops playing transmitter
and receiver roles to communicate with each other via BSs [3, 4]. In the urban city, such a communication network enables
the simultaneous use of millions of wireless phones, whether fixed or mobile, including high-speed and long-distance travel
[41-48, 58, 59]. This type of network is distributed in a terrestrial area called cells. To do this, each cell is covered by at
least one BS. The mobile communication became extraordinarily popular this last time because of the fast infrastructure
development from 1G to 5G in mobile technology [3, 4, 15, 16].

The wireless communication users’ demand for compatibility of transmission service technology increases due to
the reasons of historical development of terminals as mobile phones during the last four decades as stated in the next
subsection.

2.2 Brief history of mobile phone wireless technology

The last and present centuries are literally particular compared to the previous ones by the involvement of information
technology. Historically, the evolution of mobile phone infrastructure can be technologically differentiated with the
operation signal characteristics, data rates and the allocated frequency spectrum. In a nutshell, Table 1 summarizes the
main specifications enabling to quantify the evolution of mobile network technology.
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Table 1. Evolution of mobile technology

Generation Operation signal or data Data rates Frequency
1G AMPS, TACS 2 kbps 800 MHz-900 MHz
2G GSM, EDGE, CDMA 14.4 kbps—64 kbps 850 MHz-1,900 MHz
3G WCDMA, CDMA-2000 144 kbps—2 Mbps 1.6 GHz-2.5 GHz
4G WIMAX, LTE-A 100 Mbps—1 Gbps 2 GHz-8 GHz
5G WWWW, BDMA, CDMA >1 Gbps 3 GHz-300 GHz

Over the history, the main specifications of each mobile phone generation can be noticed as follows:

* In the 1980s, the First-Generation (1G) of cellular technology was initially proposed in [3, 4]. The 1G communication
was also called the Nordic Mobile Telephone (NMT) because at the beginning of modern telecommunication platform, one
can only ensure voice services. The 1G mobile system was based on a technology called Advanced Mobile Phone System
(AMPS) [4]. The Total Access Communication System (TACS) as a variant of AMPS was also considered. In all, the 1G
system is limited to work with low data rate and dedicated to only voice services.

* Second-generation (2G) operates with the Global System for Mobile (GSM) Communication technology. The 2G
communication system was launched in 1990. The 2G technology offers more services, such as voice service, Short
Messaging Service (SMS) and Multimedia Messaging Service (MMS). The General Package Radio Service (GPRS) was
a variant of 2G technology that allows users to access Internet services [3]. The EDGE (Enhanced Data Rate for GSM
Evolution) was also considered as a superset to GPRS and can function on any network with GPRS deployed on it, provided
the carrier implements the necessary upgrade. The 2G system suffers of its data transmission slow speed.

* In 2000, the third generation (3G) technology was introduced with objectives to bring faster services of voice, SMS,
Video chat, Multimedia Messaging Service (MMS) and internet services. There was an improvement in data bandwidth
and the data rate speed [15].

* In 2010, the Fourth-Generation (4G) represents the implementation of Long-Term Evolution (LTE) [21, 25, 32]
used today was inaugurated in 2010. The WiMAX (Worldwide Interoperability of Microwave Access) is based on modern
communications technologies such as MIMO. Compared to the precedent generation, the 4G technology is more advanced
because of its large bandwidth and throughput [3].

* Then, the 5G technology [35] promises far better levels in a wireless network experience that supports the Wireless
World Wide Web (WWWW) according to its deployment from early 2020s. The 5G communication system is explored
based on Beam Division Multiple Access (BDMA) and Code Division Multiple Access (CDMA) technologies. The 5G ICT
high-speed data transmission was extended to Wideband CDMA (WCDMA). It will provide different additional services
like online gaming services, ultra-High Definition (HD) video streaming, mobile full HD television (TV), telemedicine
and secure online banking transaction [16].

2.3 5G cellular network

To fulfill the requirements of the user and to address the cellular network deployment solution, a change in design
strategy is needed for the 5G wireless system architecture [35]. Typical heterogeneous architecture must include macro-,
micro- and small cells, and relays. The 5G cellular network considers small cells as an integral part [11]. However, the
concepts of mobile relays and small cells will be the partial part [11]. According to [37], the architecture of the 5G cellular
network contains logical different layers, such as cloud and Radio Network (RN). In fact, the RN is constituted by various
components that perform different roles. The Network Function Virtualization (NFV) cloud is constituted by two respective
elements, such as user and control plane entities. The important roles of NFV are related to the user and the control plane.
The connection between the RN and the cloud network is provided by a functionality dedicated to special network as a
service known as XaaS [8].
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3. Brief review on iot solutions in 5g wireless system

The IoT [36] solution involvement to 5G wireless communication system is briefly reviewed in the present section.

3.1 Preliminary on the expectation of 5G wireless cellular communication

Recent applications of wireless communications rely primarily on large amounts of data and end-users [7, 18, 19].
Therefore, a new set of requirements compared to previous network architectures with specifications such as low latency,
range of frequency and especially data high-rates should be taken into account. Decades have passed since the creation
of the 1G cellular communications where data transmission was limited to voice usually specified by very low-rate data.
Since then, necessary improvements have been made to the existing system and the 5G wireless networks for example in
order to respect the expected standard requirements allocated to Device-to-Device (D2D) communication [13, 14].

3.2 10T solution application diversity

In 2000s, the 4G cellular network systems were expected to process large quantity of data that are communicated
through billions of mobile devices. However, the 4G system applications are particularly limited due to the lack of suitable
services. The introduction of new applications including Device-to-Device (D2D), IoT systems, Virtual Reality (VR) and
Vehicle-to-Vehicle (V2V) communications increased to satisfy the diversity aspect. For these remarkable services, the 5G
IoT communication systems can be:

* Defined by the connection between a large number of mobile devices surrounds us the network explored in our daily
life.

* And assumed as embedded platform that generates and transmits large amounts of data intending to make life easier
and smarter.

However, in these cases, the improvement of existing cellular systems to meet these application requirements is
expected. In short, these IoT applications connect many objects and devices to smart intelligence operating in different
areas, including healthcare, agriculture, industry and wearable. The IoT-based approach is launched by developing ideas,
detecting data from your environment, analyzing data and ultimately connecting devices or objects to system development.

A global diagram illustrating applications of IoT and end-users that are classified according to the services as seen
in Figure 1. These IoT systems require more devices connected per cell with a huge demand for network traffic that 4G
LTE-A can handle even with large number of connected objects in certain scenarios [14]. The 5G network operates under
high rate of date and requirement related to low latency [10]. For the satisfaction of these requirements, the 5G networks
need to increase the rate of transmission data and bandwidth higher than the LTE, connect a large number of devices over
long periods and reduce latency.

—_—

Smart Road | V2R Network Smart Power Grid Industrial-loT Smart Agriculture

Figure 1. Application domains of IoT
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3.3 Goals of 5G technology

Figure 2 illustrates the evolution versus technical architecture diagram of a 5G technology network provided in [12]
organized by layers. The adjacent legend clarifies the 5G service category acronyms for contextual reference.

Technical Architecture for 5G Expected Goals egend
S Legend
1 Spal Y |uRreie:
Infrastructure —T @ Ultra-Reliable Low-
c Layer S— Latency Communication
L) eMBB uRLLC mMTC | mMTC:
A RN ) Massive Machine-Type
2 Wa N Communication
Lﬁ v v v | eMBB:
o Protocol . Core Enhanced Mobile
n Layer 5GNR NG-RAN Network Broadband
= | 5G NR:
8 N 1 ; I - - /5t Generation
Y v v v v ¥ ) New Radio
= + (] | NG-RAN:
N Z LN Z S ! )
[=} Application @ Q Eﬁﬁ Wy (( : ) Next Generation Radio
N ch)yper . g\@ /g Access Network
Smart Autonomous  Smart [ ] | IoT: Internet of Things
v Factory Driving City loT VR/AR | VR: Virtual Reality
| AR: Augmented Reality

Figure 2. Expected goals of 5G technology (C-RAN: Cloud Radio Access Network)

This diagram outlines the tiered technical framework aligning with 5G’s core expected performance and application
objectives (spanning 2020-2030 5G evolution), organized across three interconnected layers. At the infrastructure layer,
the foundational 5G service categories are defined by the overarching network goals:

* Enhanced Mobile Broadband (eMBB) for high-bandwidth connectivity,

« for time-critical by deploying Ultra-Reliable Low-Latency Communication (uRLLC),

» fail-safe operations with Massive Machine-Type Communication (mMTC) for large-scale IoT device connectivity.

These goals are enabled by:

* The Protocol Layer as 5G New Radio (NR) for the air interface supporting eMBB’s throughput,

* The Next Generation Radio Access Network (NG-RAN) unifying radio resources to deliver uRLLC’s low-latency
reliability,

* And the density and end-to-end network management of 5G Core Network orchestrating mMTC’s massive device.

The application layer translates these technical capabilities for use cases in the real-world:

* Virtual Reality (VR) and Augmented Reality (AR) tied to eMBB via 5G NR,

* autonomous driving/smart factories leveraging uRLLC via NG-RAN,

* [oT deployments supported by mMTC via the Core Network,

» And smart cities integrating all three 5G services.

In the 5G technology, a better utilization of frequency planning and resource in cellular networks will be required
for D2D communications because this type of engineering allows to involve ultra-dense small cell and wireless data
transmission operating with mmW. In the backhaul, interference, overall network modeling, ultra-dense small cellular
networks and mmW wireless communication constitute the principal practical challenges. Similarly, mmW communications
are subject to blocking because of its high dependence on the LoS target to work with certain performances as high speed
and low-latency. To overcome some of these technological challenges, the use of aerial BSs is considered an inevitable
solution in particular for the certain cases of heterogeneous 5G environments [14].
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4. Specifications, classification and safety of UAV technology owing to the wireless
communication system

The needs, specifications, regulation and classification of UAV for wireless communication system is synthesized in
the present section.

4.1 Terrestrial and aerial BS

In a geographical area with limited cellular infrastructure, deploying Low-Aptitude Platform (LAP) UAV is a cost-
effective way to provide wireless connectivity. During the temporary urban events like sports, live concerts, public
meeting, symposia, work places, student schools and festivities, UAVs can be used as BSs to deploy small cells. For rural
environments, High-Aptitude Platform (HAP) UAVs are able to provide solution in longer-term. Furthermore, if planned
and operated well, the combination of UAVs with potentially massive MIMO technology working in mmW is able to
create a novel type of cellular network with dynamic flight to provide a good quality of wireless services.

Table 2 shows the characteristic and network configuration parameters illustrating the differences between the
terrestrial- and aerial- BSs. Nevertheless, aerial BSs have different key applications in 5G technology, like the safety of
public scenarios, take in charge terrestrial networks for information dissemination, and the enhancement of connectivity
due to their mobility and LoS opportunities [42, 60]. In 3D MIMO and mmW communications, the consideration of
Three-Dimensional (3D) beams allows the separation of beams in 3D space at the same time [29]. Such a beamforming
solution reduces the inter-cellular interference [29].

Table 2. Terrestrial- versus aerial- BS

Parameters Terrestrial BS UAV-BS
* Deployment is generally Two-Dimensional (2D) * Deployment is Three-Dimensional (3D)
* Usually long-term and permanent deployments * Short-term and often varying deployments
Characteristics * Rare and designated locations * Positions are generally unlimited
« Static and fixed * The dimension of mobility is available
* The deployment space is too limited and somehow confined * Large range of deployment space
* Models and energy constraints definite * Severe energy constraints and models
Networks * Mostly static association * Variable cellular association
* BS constantly there, no schedule constraints » Hovering and flight time constraints

In an IoT-centric scenario, drones are deployed as aerial BSs to operate efficiently and reliably in upstream IoT
communications [28] and in cache-enabled UAVs.

4.2 Classification and specifications of UAV's

Unlike conventional portable hardware, the UAVs possess unique mobility features that facilitate the rapid field
deployment. In the wake of natural catastrophes where terrestrial networks are compromised, or within high-traffic hot
spots, the UAV-aided systems can be implemented [41] to bolster connectivity for mobile subscribers. The selection of an
appropriate drone platform is contingent upon the specific operational requirements and research goals.

A comprehensive taxonomy of UAV classifications along with their respective technical specifications is presented in
Figure 3. The optimization of QoS necessitates a thorough analysis of environmental variables and operational constraints.
Generally, the UAV categorization follows two primary frameworks: operational altitude and flight mechanics. The aerial
units functioning at heights under 17 km are termed Low-Altitude Platforms (LAPs), whereas those operating in the
stratosphere above the 17 km threshold are designated as High-Altitude Platforms (HAPs). Furthermore, the UAVs are
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distinguished by their aerodynamic configuration, primarily categorized into fixed-wing or rotary-wing architectures based
on their propulsion and lifting mechanisms:

* Fixed-wing drones expects a motion in high-speed and to be located in the sky,

* And rotary-wing drones keeps a position to be fixed [41].

LAP-UAV

. Pich
« Like quadrotor Corvard « Fast & flexible

drones deployment
« Can hover « Quick mobility
« Low spe_ed_ « Cost-effective
. E(wergy limited N « Typically flies for
« Flight<1 h several hours

UAV classification

« Like small aricrafts

« Cannot hover «long endurance
« High speed (several days)

*« Can carry heavy « Wide coverage
load > 1 kg * Quasi-stationary

« Flight for several « Altitude>17 km
hours

HAP-UAV

Figure 3. UAV classification and specifications

4.3 UAV technology regulation

The integration of UAVs into wireless architectures offers significant potential, several critical challenges persist,
including data confidentiality, public welfare, cybersecurity and obstacle sensing. Currently, regulatory frameworks
represent a primary constraint on the widespread implementation of UAV-based communication. Consequently, governance
policies are undergoing constant refinement, focusing on parameters such as vehicle classification, spectral allocation,
altitude thresholds, and velocity limits. The evolution of these regulations [20] is typically guided by five fundamental
pillars: scope of applicability, flight constraints, management protocols, technical standards, and the enforcement of ethical
guidelines. For a comparative overview of these technical mandates, Table 3 summarizes the regulatory landscapes across
six international jurisdictions.

Table 3. Regulations of UAV deployment

Country Maximum altitude =~ Minimum distance to people ~ Minimum distance to Airport
us 400 ft N/A 8 km
China 394 ft 50 m N/A
Australia 394 ft 30m 5.5km
South Africa 151 ft 50 m 10 km
UK 400 ft 50 m N/A
Chile 427 ft 36 m N/A

These regulations are different for each country and each type of geographical area such as rural and urban ones:

Computer Networks and Communications 36 | Valencia Lala, et al.



* In the United States, the regulatory operations of UAV are assigned by Federal Aviation Authority (FAA) and
National Aeronautics and Space Administration (NASA).
* In China, the UAV regulations are provided by the Civil Aviation Administration of China (CAAC).

4.4 UAV’s exploited as aerial BSs for public safety

Globally, the catastrophic environmental events ranging from inundations and cyclonic storms to intense blizzards
frequently compromise the integrity of telecommunication frameworks. In the aftermath of such events, the physical
destruction of terrestrial nodes often leads to a cascading traffic surge on surviving base stations, a phenomenon notably
documented during the Sandy and Irma hurricanes [44]. Maintaining connectivity is paramount for public welfare in these
scenarios, as emergency personnel rely heavily on robust networks to coordinate search and rescue efforts. Given that
UAVs circumvent the need for costly, static infrastructure, their capacity for dynamic repositioning and rapid deployment
makes them ideal for restoring emergency services. Consequently, the integration of airborne network architectures serves
as a highly effective strategy [49], as illustrated in Figure 4, for establishing resilient and adaptable wireless coverage.

Direct wireless
_____ connection

(for distances within

the coverage range)

Connection via a
(5G) terrestrial
mobile
communication
base station

Groud Control Station

Figure 4. UAV in public safety scenario

Thus, UAVs can be used as aerial BSs. This solution enables to broaden the connectivity especially to the zones with
damaged terrestrial wireless infrastructure. Meanwhile, the UAV-BSs is clearly appropriate to public safety scenarios for
delivering a robust communication system.

5. Brief review on UAV wireless networking

The UAVs is generally used as aerial BSs for several circumstances in the wireless networking field. The UAV-BSs
are able to operate with hotspot coverage in public scenarios by caching apparatus. As discussed in the present section, the
UAVs are particularly useful as an outstanding mobile equipment to ensure the wireless communication.

5.1 Reliability of UAV-assisted ground networks

Nowadays, despite the ICT spectacular development, the communication device users suffer of performance limitation
related to the coverage failure [30, 32, 33] because of the communication short range and the undesirable interference
which becomes more and more significant [31]. To deal with such a drastic situation, the UAV wireless communication
systems assist ground networks [45—47] to increase their QoS in multitude of different scenarios. One can cite different
situations adopting more and more the UAV-assistance such as the reliability enhancement [29] of:

Volume 4 Issue 1]2026| 37 Computer Networks and Communications



* The intelligent broadcasting of multimedia common files between the ground communication devices via
improvement of data transmission capacity and network coverage,

* The information dissemination through high densification terrestrial networks such as crowds of User Equipment
(UE),

* The D2D connectivity and limitation by offering an effective solution to the communication networks,

* And the information safety [44] by contributing in terms of offloading cellular data traffic constituting the
communication networks of Vehicle-to-Vehicle (V2V) and also Vehicle-to-Infrastructure (V2I).

As global illustration of UAV assistance of ground networks, the drones are utilized as explained in Figure 5 to operate
as aerial BSs. As dissemination of information, the UAV-BSs can support the D2D network or ad hoc mobile network.

s JAV-UEs
— UAV-UEs
Y  UAV-UEs

V2V Networks \ ' D2D Networks

Figure 5. UAV-assisted terrestrial networks

In other words, due to the fact related to the mobility and the good probability to operate by guarantying the LoS, the
UAUVs allows to improve any connectivity between ground network terminals [42].

5.2 3D MIMO and mmW communications with UAVs

From a modeling perspective, UAVs function as airborne antenna arrays capable of implementing massive MIMO
architectures [54—58]. Their inherent mobility and elevated positioning make them ideal for leveraging mmW signaling
and 3D beamforming. Current research [42] has shifted focus toward Full-Dimension (FD) MIMO, which integrates both
vertical and horizontal planes to surpass the limitations of legacy terrestrial networks. By utilizing 3D MIMO, systems can
achieve superior throughput and broader coverage, effectively mitigating signal attenuation for User Equipment (UE).
Specifically, UAV-based stations facilitate the dynamic optimization of LoS paths and accommodate a higher density of
subscribers than traditional 2D systems. Given the spatial distribution of users across varying altitudes and angles, 3D
MIMO remains the most effective framework. Consequently, UAV platforms represent the most viable candidates for 3D
MIMO-based data transport, enabling the concurrent generation of distinct spatial beams as depicted in Figure 6.
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Figure 6. UAV-based 3D beamforming

In this diagram, we have the following functioning:

(1) The blue 2D beam (horizontal coverage) spreads energy across the ground plane:

* User 1 (at the beam’s core) gets a strong signal,

* And while User 2 (near the core) receives a medium signal.

(2) And the orange 3D beam (precise 3D-focused coverage) concentrates energy on a specific 3D zone:

* User 3 (on the beam’s edge/outside the focus) has a weak signal since 3D beamforming avoids wasting energy on
non-targeted areas, but User 4 (inside this targeted area) gets a strong signal.

5.3 IoT communications and cache-enabled UAV's

The swift integration of wireless protocols within the IoT ecosystem encompasses a diverse array of hardware,
including mobile handsets, vehicular systems, remote sensors and aerial units. Deploying [oT frameworks for smart urban
planning, medical monitoring and logistics [36] necessitates high-density wireless synchronization. The achievement of
low latency and reliable uplink speeds is technically feasible, the primary hurdles in cellular architectures reside within
specific use-case scenarios [43]. Notably, many IoT nodes suffer from severe power limitations and restricting long-range
transmissions. Furthermore, these devices are frequently situated in remote topographies, such as mountainous or arid
regions, where terrestrial infrastructure is absent. The utilization of mobile UAVs serves as a strategic remedy to these
connectivity gaps. By positioning UAV-BSs in proximity to ground clusters, the mobile devices can maintain network
access while minimizing energy expenditure.

To augment data throughput and minimize latency, the content caching at small BSs has emerged as a vital technique
[18]. However, the static caching often fails to accommodate high-mobility subscribers, particularly during frequent
handovers in ultra-dense environments. In traditional setups, a user transitioning to a new cell may encounter a ‘cache
miss,” where the requested data is unavailable at the target BS. While multi-node redundant caching could mitigate this,
it introduces prohibitive storage costs and signaling overhead. Consequently, the deployment of agile UAV-BSs offers
a superior alternative for content delivery. Their ability to dynamically follow user trajectories significantly enhances
caching efficiency and ensures seamless service continuity [46].

5.4 UAVs as UE in Flying Ad-hoc NETwork (FANET)

When functioning as UE, the UAVs are utilized across diverse sectors including environmental monitoring, logistics,
and spatial sensing. Industry leaders like Amazon® have integrated these platforms for various commercial logistics and
critical medical transport, such as the autonomous delivery of life-saving pharmaceuticals [61]. The cellular-connected
UAVs represent a vital component for optimizing the efficiency of IoT terminals. Their primary strengths as UAV-users
lie in their high mobility and capacity for real-time trajectory adjustment. For successful integration, these aerial units
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require robust, low-latency links with terrestrial base stations. Furthermore, the UAVs utilized in reconnaissance missions
necessitate high-throughput uplink capabilities from the supporting ground infrastructure. It is important to note that legacy
cellular networks, primarily engineered for terrestrial subscribers, may struggle to accommodate the distinct mobility
patterns and traffic demands of airborne users.

Beyond standard cellular connections, FANETS facilitate decentralized communication between multiple aerial nodes.
The dynamic nature of FANETs allows for expanded network reach in remote zones lacking fixed infrastructure [62].
These decentralized systems are fundamental to various domains, including metropolitan traffic oversight, border security,
precision agriculture, and emergency response management. In particular, the utilization of UAVs as relay nodes ensures
stable connectivity between the distant transceivers separated by physical barriers or geographic gaps.

6. Review on the main roadblocks of UAV-BS deployment in urban cities

The deployment of UAVs in the urban cities [48—50] constitutes one of popular ICT applications of this twenty-first
century. The present section overviews the main challenges on the UAV-BS design wireless communication and its potential
deployment for the smart cities [32, 36, 63].

6.1 UAV’s as aerial Backhaul for terrestrial and broadband networks and its diverse rural and urban

utilities

Nowadays, the UAVs work as airborne embedded systems with diverse utilities in rural and urban sectors such as
reconnaissance, telecommunications, precision farming and emergency logistics. Over the past ten years, the adoption of
UAV-BS platforms has surged, driven by their operational autonomy, spatial mobility and versatile altitude control. Within
the context of wireless networks, UAV-integrated solutions provide a reliable and economically viable alternative to static
infrastructure when effectively optimized. The primary benefit of employing an UAV-BS is the substantial expansion of
network footprint [31]. Crucially, the elevated position of a UAV-BS significantly increases the probability of establishing
a robust LoS connection with ground-level subscribers. The UAV exploration can be literally afforded in two sides:

* On one side, the UAVs can be employed as aerial BSs. They can work with the existing terrestrial wireless network
like cellular and broadband networks.

* And on the other side, they can be used as aerial user equipment also known as cellular-connected UAVs.

6.2 Benefits of using UAV's for ground networks and application for smart cities

For the ground network application scenarios, the most familiar approach to connect the core and the BSs is generally
the wired backhauling. Nevertheless, such a terrestrial wired communication is not feasible in ultra-dense cellular networks.
Furthermore, the wired connections are expensive, permanently facing up expensive geographical constraints [35]. Despite
the cost-effective and viable solution of wireless backhauling, the ground network may suffer because of the blocking
and interference that decrease the radio access network performance [59]. To overcome these technical limitations, the
UAV-BS wireless network is particularly an attractive solution because:

* For terrestrial network, it enables to operate in high-speed wireless backhaul connectivity with reliable and cost-
effective.

« It enables to minimize the influences of obstacles and also establishing communication links with good reliability.

« It can be exploited with respect to the locations of the users.

» It can be used with high data rate wireless backhauling for high traffic demands in congested areas. The UAVs have
capabilities to communicate efficiently in mmW.

* And the possibility of enhancement of operation cost, relatability and capacity of backhaul networks flexibility when
operating as ground networks.

The realization of comprehensive blueprint for interconnected urban environments remains a formidable technical
undertaking. The modern smart cities require the seamless convergence of multiple service layers, including pervasive loT
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ecosystems, robust mobile telecommunication frameworks, disaster recovery protocols, and big data analytics [64]. The
UAVs are capable to operate in the smart cities by:

* Providing multiple wireless application use cases,

* Delivering cloud units for the big data analytics center,

* Collecting large amounts of data emitted from various geographic regions of a city,

* Deploying to improve the coverage of cellular network in the considered city [31],

* And used as mobile cloud computing systems [47].

In brief, thanks to the operational prospects and the flexibility of deployment, the UAV-BS solution is able to
significantly contribute to the improvement of wireless communication in the smart cities.

6.3 Challenges on UAV-BS design

Despite all the benefits of using UAV-BS in telecommunication region, further constraints have to be overcome by the
design and fabrication engineers. According to the literature [39], the UAV wireless communication technology present
two fundamental challenges:

(1) The first problem is multiple reflection of Electromagnetic (EM) waves caused by:

* The time-varying characteristics of the channel,

* The wireless communication link obstacles,

* And the pre-optimization of distance which guarantees the transmitter-receiver reliable communication [52, 54-56,
65].

(2) The EMI between the transmission signals is the second problem because, in wireless communication. This
problem is related to the lack of transmitter-received direct and isolated links.

So far, open challenges of UAV-BS deployment beyond the deep technological aspect notably to operate in the urban
cities are:

» In existence of terrestrial network and joint 3D beamforming communication, the deployment of UAV-BS must take
into account the resource allocation,

* The autonomy by being aware to the energy constraints and during the transmission of power optimization,

* The channel modeling under imperfections as small-scale fading, air-to-air and air-to-ground channel path loss,

* The planning of cellular network path and backhaul-aware cell by optimizing UAV number and also traffic-based
cell association,

* The evaluation of performance under mobility considerations by considering heterogeneous aerial-terrestrial networks,
signaling and overhead relevant analysis and for capturing spatial and temporal correlations,

* The resource management with bandwidth and flight time optimization and with multi-dimensional communication
spectrum shared by cellular networks,

+» And the optimization of trajectory by ensuring the energy-efficient and delay issues to reach reliable communication
with path planning.

6.4 Methodology of UAV-BS design for urban social events

Among the potential applications of UAVs explored in the literatures [28, 30, 34, 41, 50], the urban social events
associated to crowding activities that can be attended by numerous people. The quantity of participants to such urban
social events varies depending on the geographical or local physical constraints. Before deploying BSs to serve the users,
relevant planning of cellular network is needed. Thanks to the optimal locations, the UAV-BS enables to target different
areas with cheap technological solution.

The network dimensioning and planning strategies for terrestrial BSs differ significantly from their aerial counterparts
due to distinct operational parameters. The design of UAV-integrated communication frameworks entails greater complexity
than traditional ground-based cellular planning, primarily due to dynamic spatial variables. Nevertheless, the UAV-BSs
offer superior performance in terms of signal reach and QoS, largely attributed to the increased likelihood of establishing
LoS links. Consequently, the rollout of airborne base stations provides a strategic advantage in specific networking
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scenarios where terrestrial infrastructure is insufficient or impractical. These numbers vary depending on the organization
place logistics [51] and most of them are using mobile devices. To meet these needs of users, the deployment of ground-BS
does not enable to overcome the communication problem. Recent research works [48, 51] stated about the UAV wireless
communication challenges for urban social events. The main focus of UAV solution is stated as follows:

» First, the knowledge of the architecture constituting the wireless cellular network representing the social event,

* Second, the understanding of how the UAV contributes to the communication performance improvement,

* Third, the development of an optimization problem to select the UAV-BS better locations adapted to the social event.

* And then, the implementation of right algorithm dedicated to solve the UAV positioning problem.

6.5 Recent work including UAV-BS exploring certain ICT framework integrating sensing RIS

In addition to the IoT and UAV progress, the wireless communication evolves with physical improvement based on
the innovative EM and wave transmission processing algorithms. Among the existing research works, one can cite the
following ones:

* A communication framework operating with joint source-channel coding architecture enabling to achieve
simultaneous sensing decoding and transmission was developed [66]. The proposed communication framework is
based on the semantic-driven multimodal sensing [66]. It was reported that the semantic-driven multimodal sensing
communication framework overcomes notable limitations of the accuracy and capability of traditional single-modality
wireless communication sensing.

* Furthermore, a MIMO wireless transmission method with adaptive beamforming as a key direction in Vehicle-
to-Everything (V2X) networks was developed [67]. The adaptive beamforming schemes investigated in this study are
compatible to NR and V2X. Moreover, the proposed method allows to reach significant gain compared to conventional
MIMO communication ones. The adaptive beamforming is expected to operate for extended target with perspective of
predictive error ellipse.

» Another recent communication scheme for BS with feedback integrating the ability of RIS sensing control was
introduced to replace the communication process based on traditional Channel State Information (CSI) [68]. The RIS
forwards the transmission with algorithm designed for EM wave transmission Direction of Arrival (DOA) estimation
and also allowing the identification recognition via RF. The RIS sensing scheme is expected in the future to assist and to
enhance communication system by suppression of near-field EMI by playing smartly on the DOA.

7. Conclusion

Today, any sector of public and industrial activities cannot be imagined in the large megalopolis without wireless ICTs.
For the technical comprehension, it is particularly interesting to point out about the backstage of communication system.
Through the present study, an investigation on the ICT evolution with the dependance of communication mobile devices
and reliable cellular network is reviewed. The ICT progress from the last century to today is reported with the specifications
of different generations (1G to 5G) of mobile phones. The different generations of 1G-to-5G wireless communication
cellular system were recapitulated. The relevance of wireless communication infrastructure depends on the deployment
and BS enabling to data transmission between terminals as IoT and UAVs.

The main focus on the technological review study of smart infrastructures enabling the wireless communication for
urban social event is addressed. The research contributions and challenges notably with respect to portable and smart
devices are indicated. It is emphasized that the resilience and the flexibility is required for upcoming cellular networks
with respect to the increase of communication users. As the ground BSs cannot fulfill correctly the requirements to reach
the communication reliability, the technological solution with the IoT and UAV. It was noticed that the UAV allows to
communicate with each over different portable devices via BSs. The main goals of 5G technology and the challenges
on UAV-BS design are indicated. The overview of UAVs in flying ad-hoc network and as aerial backhaul for terrestrial
networks in the smart objects and smart cities are underlined. In the event of a crisis or natural catastrophe, the UAV
platforms serve as viable BS when the terrestrial infrastructure is incapacitated or service gaps emerge. Additionally, the
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UAVs work effectively as backhaul trunks to augment the efficiency of established networks. The implementation of UAVs
as wireless nodes, either as relays or BS units, can significantly lower operational expenditures. The present work also
details the fundamental ICT specifications and 5G network dimensioning strategies required for high-density scenarios, such
as large-scale urban gatherings. Recently, the integration of UAV technologies into wireless communication frameworks
has become a focal point of extensive research and industrial interest. The UAV cache-enabled, user equipment’s and
regulations are reported.

Despite the spectacular progress of technologies, different challenges have to be solved during the UAV-BS deployment
in urban cities. For example, open challenges as cellular network planning, optimization of trajectory, modeling of
communication channel, energy efficiency and resource management on the UAV-BS design to reach significant performance
of large cellular system remain to overcome. An innovative method of cellular planning is expected as direction of future
research on the UAV-BS deployment and investigation by improving the backhaul perception, joint optimization of energy
efficiency and trajectory, and the incompleteness of air-ground channel modeling.
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Abbreviation
1G/2G/3G/4G/5G  First/Second/Third/Fourth/Fifth Generation

2D/3D Two-/Three-Dimensional

AMPS Advanced Mobile Phone System

AR Augmented Reality

BS Base Station

BDMA Beam Division Multiple Access

CAAC Civil Aviation Administration of China
CAPEX Capital Expenditures

CDMA Code Division Multiple Access

CSI Channel State Information

D2D Device-to-Device

DOA Direction of Arrival

EM Electromagnetic

¢MBB Enhanced Mobile Broadband

EMI Electromagnetic Interference

FAA Federal Aviation Authority

FANET Flying ad-hoc Network

GSM Global System for Mobile Communication
GPRS General Package Radio Service

HAP-UAV High Altitude Platform Unmanned Aerial Vehicles
HD High-Definition

HD TV High-Definition Television

ICT Information and Communication Technology
IoT Internet of Thing

LAP-UAV Low Altitude Platform Unmanned Aerial Vehicles
LoS Line-of-Sight

LTE Long-Term Evolution

MIMO Multiple Input Multiple Output
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MMS Multimedia Messaging Service

mMTC Massive Machine-Type Communication
mmW Millimeter Wave

NASA National Aeronautics and Space Administration
NFC Near-Field Communication

NFV Network Function Virtualization
NG-RAN  Next Generation Radio Access Network
NMT Nordic Mobile Telephone

NR New Radio

OPEX Operating Expenditures

QoS Quality of Service

RN Radio Network

RIS Reconfigurable Intelligent Surface

SBS Small Base Station

SMS Short Messaging Service

TACS Total Access Communication System
UAV Unmanned Aerial Vehicle

UE User Equipment

uRLLC Ultra-Reliable Low-Latency Communication
V2I Vehicle-to-Infrastructure

V2v Vehicle-to-Vehicle

V2X Vehicle-to-Everything

VR Virtual Reality

WCDMA  Wideband Code Division Multiple Access
WIMAX  Worldwide Interoperability of Microwave Access
WWWW  Wireless World Wide Web
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