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Problem statement. Due to their mobility, flexibility, ease of deployment, and low cost, Autonomous
Aerial Vehicle (AAV) play an important role in future wireless networks. However, their pratical implementation
faces challenges, including energy constraints, dynamic channel variations, interference management, and the
need for efficient resource allocation to ensure seamless connectivity for ground users. Traditional optimization
methods often fail to adapt to these complexities in real-time, limiting the effectiveness of AAV-assisted wireless
networks. The aim of the work provides a comprehensive review of resource allocation in AAV-assisted wireless
networks, focusing on power and bandwidth optimization strategies, as well as the key challenges in ensuring
efficient and reliable communication. Methods: used in this study include a systematic review of existing litera-
ture, analyzing optimization approaches such as Game Theory, Artificial Intelligence for efficient resource
allocation in AAV-assisted wireless networks. Novelty: this study analyzes resource allocation challenges in
AAV-assisted network, focusing on the interdependence of power and bandwidth allocation. It explores optimi-
zation techniques like Game Theory, and Artificial Intelligence. Results. The analysis in this paper demon-
strates that Game Theory and Artificial Intelligence based approaches significantly improve resource allo-
cation efficiency. Additionally, the study identifies key challenges, including heterogeneous density network,
security concerns, and complex channel modeling, providing insights for future research. Practical / Theoretical
Relevance: This study advences the theoretical understanding of resource allocation in AAV-assisted wireless
networks by integrating optimization strategies from Game Theory and Artificial Intelligence. Pratically, it pro-
vides insight into enhancing network efficiency, adaptability and security, making AAV-based communication
more viable for real-world applications, such as disaster recovery, remote areas coverage, and loT data collec-
tion.
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l. Introduction

While 5G networks are being deployed from major cities to rural areas, research-
ers have begun to envision 6G networks to meet all future network and application
requirements [1]. Future generations of networks will provide full space-air ground
coverage, as well as remote and highly mobile communications with low latency. To
achieve ubiquitous global coverage, satellite, aerial, and maritime networks will be in-
tegrated into existing terrestrial networks to provide seamless wireless connectivity [2].
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Autonomous Aerial Vehicle (AAV), also known as AAVs or drones, are an indispen-
sable component in the aerial network system, a basic component in the overall net-
work system in the future. Compared to satellite networks, the cost of deploying AAVs
IS much cheaper, so they can be used in large numbers to improve performance, and
can be implemented in many different fields such as military, civil [3, 4]. In addition,
AAVs are very easy to recover after use. Satellite networks have expensive operating
costs and require the use of special equipment at high costs to withstand the harsh en-
vironment in outer space. In traditional terrestrial networks, ground base stations are
typically located in a fixed location, often in densely populated areas. In addition, the
resource supply is abundant and easy to replace. However, coverage is limited due to
the height of ground base stations and unpredictable user demands, which can overload
the ground network system as the number of users increases. In addition, ground base
stations are susceptible to destruction by natural disasters. Although the ground net-
work infrastructure is capable of providing high data rates to end users, it is limited by
the limited of network coverage in rural and remote areas, highlighting the significant
challenge of achieving ubiquitous connectivity. Due to their mobility, AAVs can act
as flying base stations to provide wireless networks to users in disaster-stricken areas,
or in remote areas and farmers. In addition, AAV can collect data from Internet of
Things (IoT) devices, which are scattered in places where terrestrial networks cannot
be deployed, such as deserts and volcanoes [5]. Although AAV-enabled wireless net-
works have many advantages, as mentioned above, they still have many disadvantages,
such as limited energy and limited capacity. Therefore, in recent years, researchers
have always focused on optimization of energy, transmission channels, and trajectory
has always been a focus of researchers in recent years. In this article, we consider an
overview of resource allocation in AAV-assisted wireless networks. More specifically,
we give an overview of power and bandwidth allocation, which are always the criteria
(metrics) for resource allocation problems for AAVS.

1. Resource Allocation in AAV-Assisted Wireless Network

With the ever increasing demand for data rates and connectivity, future networks
require new technology trends, such as AAV-enabled wireless networks. These aerial
networks have a number of challenges that need to be addressed in order to be used
effectively. One of these challenges is resource management in AAV networks. Some
resource allocation problems in communication networks that are of interest to re-
searchers are Power and Bandwidth Allocations.

A. Power Allocation

Despite advances in battery technology in recent years, AAVs enabled wireless
power transfer to provide a sustain able energy supply for widely distributed low-power
ground devices [6], the energy issue remains a challenge for AAVs. The data transmis-
sion time depends on the maximization of the average data rate of the AAV. However,
the total transmission power of the AAV is limited, depending on the original design,
and power allocation is necessary for AAVs to improve energy efficiency. With the
objective of maximizing the average AAV data rate, Chen et al. [7] consider the de-
ployment of multiple AAVs to provide wireless connections for ground devices with
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different quality of service (QoS) requirements based on power allocation and 3D
placement of AAVSs. The authors in [8] proposed power allocation for non orthogonal
multiple access (NOMA) — AAV network to maximize the total data rate of the network
system. The external AAV acts as a flying base station or a data collector from remote
sensors. The AAV can act as relaying devices, where the AAV provides wireless con-
nectivity to remote users without a reliable direct connection. Thus, [9] has considered
AAVs as flying relays to support data transmission, when a direct connection between
the source node and the destination node is not possible. By jointly optimizing the tra-
jectory and power allocation of the source node and AAV, the problem of maximizing
the end-to-end throughput of the system is solved.

B. Bandwidth Allocation

The configuration of the AAV can be changed depending on the purpose of use.
Installing additional devices to increase the bandwidth for the AAV-assisted wireless
network is necessary. However, the design of the AAV is almost impossible to change
while it is being deployed to perform the mission. Meanwhile, in many cases, the re-
quirements of the users and the number of users are not precisely determined. In addi-
tion, when additional devices are integrated, the payload of the AAV increases, which
leads to a decrease in the deployment time of the AAV. Therefore, optimizing the band-
width of the AAV-assisted wireless network during deployment is a very important
issue. Optimize AAVs placement and bandwidth al location for wireless access and
backhaul links by considering different configurations of line-of-sight (LoS) and non
line of sight (NL0oS) connections [10]. Using AAV as relay device to improve QoS for
multi-user video streaming. Chen et al. [11] studied the management of band width and
transmission power with objective of maximizing the total long-term QoS of user,
which are determined by the freezing time and the bit rate, utilizing Lyapunov optimi-
zation theory and ascending clock auction. In future communication networks, to meet
the demand for data rates that can reach 100+ Gb/s with latency requirements of less
than 1 ms, THz communication promises to meet these requirements [12]. Xu et al.
studied the combination of ultra-wide bandwidth of THz communications and mobility
of the AAV in [13]. However, the stability of THz communication is not high and the
position of AAV may change, which reduces the stability of the transmission channel.
Therefore, in [13], the authors studied (discovered/designed) to reduce the total delay
of the uplink and downlink in AAV-THz wireless systems by jointly optimizing the
3D deployment of the AAV, the transmit power and bandwidth of each user.

I11. Solution to Resource Allocation in AAV-Assisted Wireless Network

In general, solving resource allocation problems while still satisfying QoS is rel-
atively difficult. The complexity of the problem is directly proportional to the number
of devices in the system and the degree of heterogeneity of the network. Therefore,
finding suitable mathematical tools to solve many problems when allocating resources
to terminals becomes extremely urgent. To solve these difficulties, in this paper, we
will highlight some methods to solve resource allocation problems, including Game
Theory and Artificial Intelligence.
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A. Game Theory

Game theory is a branch of applied mathematics that describes, analyzes situa-
tions, and gives actions according to the direction of the player. In game theory, there
are 3 main components: players, strategies, and rewards represented by different con-
straints of the network system. These constraints often involve factors such as power,
bandwidth and user demands, which can significantly affect the optimal outcomes of a
game. Depending on the main strategy of the game, two main strategies are widely
applied in AAV wireless networks: non-cooperative games and cooperative games.

Non-cooperative games are the most basic type of game theory, where each
player independently develops a strategy to maximize their reward through rational
actions [14, 15]. In this context, players do not share information and aim to optimize
their own benefit, often leading to competitive behaviors. These games are particularly
relevant in wireless networks where individual devices, such as AAV or users, operate
independently to achieve specific objectives like maximizing throughput or minimiz-
ing latency.

In constrast, cooperative games allow players to from agreements or coalition
that influence their strategy choices and the resulting payoffs [16, 17]. This form of
game theory is particularly useful in AAV-assisted wireless networks when players
need to work together to achieve a common goal, such as maximizing overall network
capacity. The goal of cooperative games is often to predict which coalitions will form,
how the players will coordinate their actions, and how to distribute the collective re-
wards among all participants.

B. Artificial Intelligence

Recent breakthroughs in artificial intelligence (Al), especially advances in ma-
chine learning, offer promissing solutions for complex resouce allocation and band-
width offloading in AAV-assisted wireless netoworks. Reinforcement learning (RL), a
key branch of machine learning, enables agents to iteract with their environment
through trial-and-error, learning from feedback to optimzie their actions. This ability
to adapt and learn from experience is particularly valuable in AAV networks, where
conditions like mobility and resource availability change rapidly.

Q-learning, a popular RL algorithm, has been applied to optimize AAV trajec-
tory and resource allocation. Aiming to maximize the system’s secrecy rate [18]. It
works by approximating the optimial action-value function, helping agents determine
the best actions withouts requiring a model of the environment. This makes Q-learning
suitable for dynamic environments like AAV-assisted wireless networks, where net-
work conditions are highly variable. By leveraging such techniques, AAV network can
optimize resource management, ensuring more efficient and secure communication.

IVV. Challenges and Open Research Direction

A. Heterogeneous Density Network
In the current context, wireless networks can be divided into different layers,
such as satellite networks, airborne networks, and terrestrial networks. Within the same
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layer, different types of cell structures (e.g. femto, macro, micro, etc.) can be consid-
ered. In addition, the number of networked devices is increasing rapidly, and these
devices operate on different frequencies. Different applications will require different
levels of data traffic and different speed requirements for each user. Therefore, it is a
challenge to allocate resources efficiently, i.e., to meet the needs of different types of
users and in different cells in the network. Essentially, resource allocation in a wireless
AAV-enabled network depends heavily on the data rate requirements of the users,
which are highly variable in nature and therefore need to be predicted.

B. Channel Models

Due to its low cost and high mobility, AAVs have great potential in the near
future for deployment in remote areas, stadiums and other public areas. Modelling the
airborne channel characteristics for the above realistic scenarios along with different
weather conditions is an important research direction in the future to increase the reli-
ability of wireless communication. Using high frequency communication is considered
to increase the transmission speed of the communication network system, however, the
effects such as small-scale fading, Doppler effect, and multipath fading due to the mo-
bility of AAVs [19].

C. Security

AAV-enabled wireless networks are always vulnerable to attacks due to the lack
of manual control. Attackers can easily steal AAV data and reprogram it. Currently,
researchers are working on incorporating artificial intelligence to avoid such situations.
However, there is still a lot of room for improvement in security and privacy techniques
for AAV enabled communication links to avoid such malicious attacks.

V. Conclusion

The number of devices requiring connectivity and high data rates is increasing
at a very fast pace, creating a significant challenge for traditional terrestrial wireless
networks. In addition, the difficulty in building and designing terrestrial wireless net-
works in remote areas or areas that are easily destroyed by natural disasters. Therefore,
in this paper, we present the use of AAV-supported wireless networks for some sce-
narios. However, the problems of power and bandwidth are always challenges that
AAV-supported wireless networks need to solve. Recent research works on the re-
source allocation problem of AAV-supported networks and some solutions to solve the
problem are presented. Finally, we have presented some open research problems that
need to be improved for AAV-supported wireless networks are discussed.
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Pacnpenesnienue pecypcoB B 0eCIIPOBOJXHOM ceTH CBSI3M ¢ 0a30BOM CTAHIIMEH
Ha BO3aymHoM miargopme: O630p

Yau T. 3.

Cankr-IletepOyprckuii rocy1apCTBEHHBI YHUBEPCHTET TeJIeKOMMYyHHUKaIwi uM. mpod. M. A. boru-bpyeBnya,
Cankrt-IlerepOypr, 193232, Poccuiickas Denepanus

ITocmanoska 3a0auu. brazooaps ceoeti MoOunbHOCMU, 2UOKOCMU, NPOCMOME PA3EEPMbIBAHUS U HU3-
KOU CIOUMOCMU, A8MOHOMHbLE 8030ViuHble annapamul (AAV) ueparom eascuyto pois 68 Oy0yuux 6ecnposoOHbIX
cemsax. OOHAKO UX NPAKMUYECKAs peanu3ayus CMAalKugaemcs ¢ npodiemamu, makumMiy Kax o2pasuierus no
9Hepaull, OUHAMUYECKUe USMEHeHUs KaHalo8, YpasieHue nomexamu u Heobxooumocms 3¢hgpexmueno2o pac-
npeoeierus pecypcos 0 obecneuenus becnepeOOlH020 COeOUHEHUs. C HA3eMHbIMU noab3osamenimu. Tpaou-
YUOHHbBIE MEMOObl ONMUMUZAYUY YACIMO He MO2YM a0anmupo8amsbCsl K IMUM CIONCHOCHAM 6 PealbHOM epe-
MeHU, YMo 02panuyusaem 3pgexmusnocms becnposooHwvix cemeti ¢ noodepoickoti AAV. Ienv padomut — npedo-
CcMasumv 6cecmopoHHULl 0030p pacnpedeieHls pecypcos 8 becnposooHblx cemsx ¢ noodepckou AAV, cocpe-
00moyU8 GHUMAHUE HA CIPATE2UAX ONMUMUSAYUU MOWHOCIU U NPONYCKHOU CHOCOOHOCIU, 4 MAKJICce HA KO-
4egblX NPoodIeMax, ceéA3aHHLIX ¢ obecneuenuem d¢pgekmusnoil u naoedxcnou cesasu. Memoowl. B oannom uccie-
008aHUU UCNONIL3YEMC S CUCEMAMUYECKULl 0030p cywecmeyloweli Iumepamypbl, aHAIU3 ONMUMUIAYUOHHBIX
Nn00X0008, MAKUX KaK Meopust uep U UCKYCCMBEHHbII UHMeLIeKm 0is 3(hekmuero2o pacnpedenierus pecypcos
8 becnposoouvix cemsx ¢ noodepackoi AAV. Hosusna. B dannoti pabome ananusupyiomes npooiemul pacnpe-
OeneHust pecypcos 6 cemsx ¢ nodoepoickotl AAV, ¢ akyenmom Ha 63aUMO3aBUCUMOCTTb PACTIPEOENEHUSL MOUWHO-
cmu U nPONYCKHOU cnocoonocmu. Paccmampusaiomes maxue mMemoobl ONMUMU3AYUL, Kax meopus uep u uc-
KyccmeeHublll unmeiiekm. Pesynomamol. Ananus, nposedenHulil 8 0AHHOU Camve, OeMOHCHPUPYem, Ymo noo-
X00bl, OCHOBAHHbIE HA MEOPUU USP U UCKYCCMBEHHOM UHMENIeKme, 3HAYUMENbHO YIYHualom 3¢h)gexmusHocms
pacnpedenenus pecypcos. Kpome mozo, 6 pabome svisignensl kiouegvle npoonemvl, maxue Kak HeoOHOpOOHAs
NIOMHOCMb cemu, Hpodaemvl GE30NACHOCHU U CNONICHOE MOOEIUPOBAHUe KAHAN08, YMO NpedoCmasisem
Hanpasnenus 0 Oyoyuux ucciedosanuil. Ilpaxmuueckas / meopemuueckas 3HQUUMOCHb, Mo UCCIe008a-
Hue paszeusaem meopemuieckoe NOHUMaHue pacnpeoenenus pecypcos 8 0ecnpoBoOHbIX cemsx ¢ NOOOEPHCKOLL
AAV, unmezpupys cmpamezuu onmuMu3ayUY U3 MeopuU up U UCKyccmeennoeo unmennekma. Ha npaxmuxe
OHO NO360SEM JIYYLUe NOHAMb, KAK NOGLICUMb IDPEKMUBHOCHb, A0AnMupyemocmy U 6e30nacHOCMb cemil, 0e-
nas c6s3b Ha ochose AAV bonee dicu3necnocoOHoll 018 peanbHbiX NPUIONCEHUN, MAKUX KAK 60CCMAHOBTICHUE
nocie cboes, nokKpvimue yOaieHHbIX PAtioH08 U cO0p danHbIx 011 Unmeprnema eeweli.

Knrwouegvie cnosa: AAV, pacnpedenenue mownocmu, pacnpeodeieHue nojlocvl NPONYCKAHUs, meo-
pusi uep, UCKYCCMEEHHblU UHMELLEKM
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