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Abstract—Urban Air Mobility (UAM) is envisioned as a key
component of next-generation transportation systems, requiring
highly reliable, low-latency, and high-throughput wireless connec-
tivity to ensure safe and efficient aerial operations. Leveraging
existing terrestrial mobile networks represents a cost-effective
and scalable solution to support these demanding communica-
tion needs, offering flexible infrastructure, wide coverage, and
seamless integration with future 6G technologies. This paper
investigates the feasibility and advantages of employing mobile
networks for UAM connectivity, with a particular focus on
RAN-level optimization through vehicular-traffic awareness. By
integrating information about planned trajectories and urban
vehicle traffic conditions into the radio access decision process,
the proposed approach aims to enhance link reliability and
improve overall spectral efficiency, demonstrating the potential
of mobile networks as a reliable enabler for large-scale and
performance-critical UAM deployments.

Index Terms—Urban Air Mobility (UAM), Advanced Air
Mobility (AAM), 6G, Radio Access Network (RAN).

I. INTRODUCTION

The rapid evolution of urban transportation systems is
witnessing a paradigm shift toward three-dimensional mobility
solutions, with Urban Air Mobility (UAM) emerging as a
transformative technology to address the increasing congestion
in metropolitan areas [1]. As cities worldwide grapple with
traffic saturation and environmental concerns, UAM promises
to revolutionize passenger and cargo transportation through
electric Vertical Take-Off and Landing (eVTOL) aircraft op-
erating at low altitudes [2]. However, the successful deploy-
ment of UAM systems relies on robust, reliable, and high-
performance wireless communication infrastructure capable
of supporting both Command and Control (C2) and non-C2
services with stringent quality-of-service requirements [3].

While various communication technologies have been pro-
posed for UAM connectivity, including satellite-based Non-
Terrestrial Networks (NTNs) and dedicated aviation systems,
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terrestrial mobile networks present unique advantages in terms
of deployment readiness, cost-effectiveness, and technologi-
cal maturity. The evolution toward 6G networks introduces
unprecedented capabilities that align seamlessly with UAM
requirements. Furthermore, the widespread deployment of
mobile infrastructure in urban environments provides an ex-
isting foundation that can be enhanced rather than replaced,
significantly accelerating UAM integration timelines [4].

A critical challenge in utilizing terrestrial networks for
UAM lies in the dynamic and heterogeneous nature of the
communication environment, which must accommodate both
aerial and ground users. In urban areas, the trajectories, the
density, and the spatial distribution of UAM vehicles vary
according to the underlying ground traffic flows and airspace
regulations. These factors directly influence the 3D coverage
requirements and interference conditions experienced by aerial
users, particularly when operating near densely populated or
high-mobility regions [5]. Traditional Radio Access Network
(RAN) architectures, primarily optimized for two-dimensional
terrestrial coverage, lack the contextual awareness needed
to adapt dynamically to the movement patterns and spatial
concentration of UAM traffic [6].

Recent advances in flexible radio access architectures opens
the possibility of incorporating vehicular traffic information,
such as predefined aerial corridors and expected vehicle
density, into the network planning and control process. By
modeling the RAN according to known UAM trajectories,
the network can proactively adapt coverage zones, beam
orientations, and handover configurations to ensure seamless
and reliable aerial connectivity [7].

The integration of vehicular-traffic awareness into RAN
operations represents a novel cross-layer design principle that
leverages the predictable and regulated nature of UAM mo-
bility. Unlike terrestrial traffic, UAM trajectories are typically
predefined and constrained by flight corridors, enabling the
RAN to anticipate connectivity demands. Embedding such
information into the radio access design allows the network
to reduce coverage overlap and ensure continuous service
availability across flight paths [8].

This paper presents a comprehensive framework for
vehicular-traffic-aware RAN strategies designed to support
UAM communications in 6G networks. We propose a mod-
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Fig. 1: Reference scenario with and without vehicular traffic awareness.

eling approach that integrates information about UAM routes
and vehicle distribution into the RAN configuration process,
enabling adaptive coverage and resource allocation according
to spatial mobility patterns. The analysis focuses on evaluating
how trajectory-aware network planning can enhance coverage
continuity, reduce interference, and improve link reliability for
aerial users, demonstrating the potential of mobile networks
as a reliable enabler for scalable and safe UAM deployments.

II. SYSTEM ARCHITECTURE

We consider a future 6G network enhanced to provide aerial
connectivity for UAM vehicles (UVs). We assume a set of
Base Stations (BSs) deployed according to a hexagonal cellular
layout to ensure terrestrial coverage across a square urban
region of side L. Let B = {b1, . . . , bNb

} denote the set of ter-
restrial BSs. A subset of these sites is upgraded to support UV
connectivity. The upgraded nodes are referred to as enhanced
BSs (eBSs). The eBSs employ upward-tilted or multi-beam
antennas capable of providing directional coverage toward the
altitude range where UVs operate (typically 150–300 m). The
generic UV ui ∈ U = {u1, . . . , uNu} communicates with
the eBS bj using Orthogonal Frequency-Division Multiple
Access (OFDMA). A set of Physical Resource Blocks (PRBs)
(i.e., the minimum physical resource assigned to the UVs)
is dynamically assigned according to the selected scheduling
strategy [9].

Downlink communications (i.e., from eBS to UV) do not
introduce significant interference to aerial or satellite systems.
On the contrary, uplink communication (i.e., from UV to
eBS) constitutes a major challenge, since UVs may generate
strong interference at ground level, degrading terrestrial user
performance. Thus, dedicated uplink interference-mitigation
policies are required to guarantee coexistence between aerial
and terrestrial users. An additional challenge arises from the
frequency reuse structure of terrestrial networks. Traditional
deployments rely on aggressive reuse across adjacent cells
to improve spectral efficiency, where UV uplink signals can
propagate over longer distances due to channels dominated by
Line of Sight (LOS), increasing inter-cell interference.

Considering these architectural constraints, the placement
and selection of eBSs play a central role in guaranteeing
robust aerial coverage. In this work, two complementary
planning strategies are considered, the homogeneous coverage
deployment (Fig. 1a) and the vehicular traffic-aware approach
(Fig. 1b).

A. Homogeneous Aerial Coverage

In this configuration, a subset of BSs is upgraded according
to a regular, coverage-oriented pattern. Specifically, eBSs
are placed on a hexagonal aerial grid with an increased
Inter-Site Distance (ISD) compared to terrestrial deployments.
Since upward-tilted and multi-beam antennas can illuminate
large aerial regions at higher altitudes, upgrading spatially
spaced BSs already provides continuous coverage to UVs
flying across the urban area. This strategy offers homogeneous
coverage across large areas, but does not exploit information
on UV corridor to efficiently provide aerial connectivity.

B. Vehicular-Traffic-Aware Coverage

The second strategy leverages the predictable and regulated
nature of UAM mobility. The eBS selection is restricted to BSs
positioned along regulated UAM routes and flight corridors,
ensuring that aerial coverage is strengthened precisely along
the UV trajectories. Since UV trajectories are known a priori
and constrained by airspace rules, this targeted deployment
ensures that network upgrades are concentrated where aerial
connectivity is required. As a result, the vehicular-traffic-
aware approach reduces unnecessary BS upgrades, improves
link continuity along operational routes, and enhances spectral
efficiency by focusing upward-oriented beams precisely along
the expected UV distribution.

III. TRAFFIC-AWARE RAN OPTIMIZATION

We assume a 6G terrestrial network where a set of Nb BSs
provides downlink connectivity to a fleet of Nu UVs, where
each user corresponds to one aerial vehicle. A subset of BSs
is upgraded to support aerial coverage through upward-tilted
antennas. Radio access follows an OFDMA structure where
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radio resources are partitioned into K PRBs. Let ζij denote
the number of PRBs assigned by the generic BS bj to the
i-th UV ui within a Transmission Time Interval (TTI), with
ζij ∈ [0,K].

Each vehicle associates with the BS providing the high-
est Signal-to-Noise Ratio (SNR). Denoting by γij the SNR
experienced by ui from bj , the transmission parameters are
selected through the 3GPP Modulation and Coding Scheme
(MCS) [10]. For each MCS index m, the BLock Error Rate
(BLER) can be expressed as a function of the SNR, i.e.,
Pm
BL,ij = f(γij). Thus, the selected MCS m is the highest

index satisfying the constraint Pm
BL,ij ≤ TBLER, where Pm

BL,ij

is the actual BLER experienced by ui and TBLER denotes
the target BLER threshold. The corresponding spectral effi-
ciency εij results from the MCS selection and determines the
achievable rate per PRB, allowing the downlink throughput of
vehicle ui connected to bj to be written as:

Sij = ζij εij (1− Pm
BL,ij). (1)

To assess the communication delay experienced by aerial
vehicles, we adopt the 3GPP latency model, which decom-
poses the total latency at radio level as follows:

tij = teBS
proc + tFA + tw,ij + tTTI + tUV

proc. (2)

Processing delays teBS
proc and tUV

proc correspond to the time
required by the BS and the UV to encode, decode, and
prepare data for transmission and reception. In line with 3GPP
guidelines, they are both set equal to one TTI. The frame-
alignment delay tFA captures the waiting time required for
synchronizing packet arrival with the start of the next TTI
and is modeled as a uniform random variable over the time
interval [0,TTI] [11]. The term tTTI corresponds to the data
transmission time, equal to one TTI.

The queuing component tw,ij depends on the amount of
data awaiting transmission. Assuming the FTP Model 3 for
downlink traffic, we can model the UV traffic as a Poisson
arrival process with rate λi and packets of fixed size q. Thus,
the requested data rate can be expressed as Rreq

ij = λiq, and
the resulting queuing delay can be expressed as:

tw,ij =

⌈
Rreq

ij /εij

ζij

⌉
· TTI, (3)

where the ratio indicates the number of consecutive TTIs
needed to transmit the buffered traffic. Moreover, if no PRBs
are assigned during the current TTI, the UV is assumed to be
granted at least the minimum PRB allocation observed at the
serving base station in the next interval.

IV. PERFORMANCE EVALUATION

The proposed vehicular-traffic-aware RAN optimization
framework has been evaluated through a dedicated system-
level simulator developed in MATLAB, designed to reproduce
6G terrestrial connectivity for aerial vehicles. The simula-
tor emulates downlink radio mechanisms, including resource
scheduling and channel-dependent performance, thus enabling

TABLE I: Simulation parameters.

Parameter / Description Value
Scenario length, L 3 km
ISD w/ and w/o TA {500, 1000} m
Bandwidth, Bw 100 MHz
Carrier frequency, Fc 3.7 GHz
Numerology, µ 1
Number of PRBs per eBS, K 250
UV population, Nv [5 – 50] UV/km2

eBS transmitted power, Ptx [0 – 30] dBm
Traffic model FTP Model 3 λ = 15000 pkt/s,

q = 3 kb/pkt
Target BLER, TBLER 10−4

UV altitude, hu [150 – 300] m
BS altitude, hb 25 m
Noise spectral density, N0 −174 dB/Hz

an accurate assessment of throughput and latency under realis-
tic propagation and allocation conditions. Two configurations
have been analyzed: without vehicular Traffic Awareness (TA),
where eBS are deployed at a larger ISD to provide altitude-
oriented coverage, and with TA, where only the BSs inter-
secting predefined aerial routes are upgraded. These strategies
also affect the UV spatial distribution: in the w/o TA case,
UV are uniformly positioned according to a Poisson Point
Process (PPP), whereas in the TA scenario they are uniformly
distributed along fixed trajectories.

Aerial links are modeled using the 3GPP Urban Macro
(UMa) channel model. Although originally developed for
terrestrial scenarios, the UMa model has been shown to
extend reliably to low-altitude aerial operations, making it a
widely adopted reference in UAM performance evaluations
[12]. Radio resource scheduling follows the Best-CQI policy,
which allocates resource blocks to the vehicles experiencing
the highest instantaneous channel quality. Aerial vehicles
associate with the eBS providing the maximum received SNR,
ensuring that each link operates under the most favorable
propagation conditions. All simulation parameters, including
carrier frequency, bandwidth, BS layout, and vehicle density,
are summarized in Table I.

Fig. 2 exhibits the average throughput (Fig. 2a) and latency
(Fig. 2b) experienced by UVs for different values of UV densi-
ties for the two considered planning strategies, i.e., without TA
(w/o TA) and with Traffic Awareness (w/ TA). In particular,
the simulation results show that embedding information about
predefined UAM routes into the RAN configuration yields a
consistent performance improvement, particularly under chal-
lenging propagation conditions. In fact, for low transmit power
(Ptx = 0 dBm), the TA strategy provides a distributed gain
across all UV density values, with the average throughput
increasing by up to +55% compared to the w/o TA case. A
similar trend is observed for latency, with a reduction in the
average latency up to −71%. This improvement stems from
the concentration of aerial links along predictable corridors,
which enables more efficient resource allocation and reduces
interference from misaligned beams.

Conversely, when the transmit power is high (Ptx =
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Fig. 2: Throughput and latency comparison between w/o and w/ TA strategies for different values of UV density.

30 dBm), both strategies exhibit comparable performance. The
variations of the average throughput difference between the
two cases remain within ±3%–4%, suggesting that, under
favorable channel conditions, the impact of vehicular-traffic
awareness becomes less pronounced and requires more de-
tailed evaluation. It is worth noticing that under poor channel
conditions (i.e., Ptx = 0 dBm), the number of PRBs required
to meet the data demand increases drastically, resulting in
severe queueing and scheduling delays. As shown in Fig. 2b,
this leads to average latency values that escalate by more than
two orders of magnitude, and for this reason the corresponding
latency curves are not visible in the plotted range.

V. CONCLUSION

This paper investigated the use of 6G networks to pro-
vide reliable connectivity for UAM aerial vehicles through
vehicular-traffic-aware RAN strategies. Two deployment op-
tions were compared: a coverage-oriented approach, where
BSs are upgraded to guarantee broad aerial coverage, and a
vehicular-aware strategy, where only sites intersecting prede-
fined UAM corridors are enhanced. A system-level simulator
was used to assess downlink throughput and latency under
realistic deployment conditions. Results demonstrate that ve-
hicular traffic awareness can significantly improve perfor-
mance under challenging channel conditions, yielding higher
throughput and lower latency compared to the baseline, while
providing comparable results in favorable scenarios.

Future work will focus on validating the proposed approach
in real environments, integrating measurement campaigns and
testbed experimentation to capture non-ideal effects such as
channel variability, antenna misalignment, and hardware im-
pairments. Particular attention will be devoted to assessing the
robustness of vehicular-traffic-aware planning under mobility
uncertainties, heterogeneous urban layouts, and time-varying
air–ground interference conditions. Moreover, the framework
will be extended toward joint optimization of both vehicular
trajectories and network traffic, enabling coordinated adapta-
tion of flight paths and radio-resource allocation. This includes

the incorporation of traffic-aware scheduling and predictive
orchestration strategies capable of reacting to congestion along
UAM corridors.
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