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Abstract: Low-altitude platform communication technology is a burgeoning field in
telecommunications, offering diverse applications ranging from civilian to security and military
domains. This technology is pivotal in providing communication services during network
downtime, heavy traffic, natural disasters, or wartime scenarios. This paper explores the utilization
of low-altitude platforms for telecommunications services, specifically focusing on mobile cellular
networks, evaluating its performance through simulation software under various conditions.
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1. Introduction

The demand for telecommunications services is rising dramatically around the
world, which has sped up the creation of new generations of communication systems that
can reach anybody, anywhere, at any time. In order to accomplish this, it aims to offer
coverage for these cellular service providers to be the greatest and the nearest. One of the
most advanced and promising technologies in this industry is low-rise platform commu-
nication systems. The purpose of this study is to provide insight into low-height cross-
platform communication systems.

This study is significant since it uses the previously indicated methodology. It is an-
ticipated to have a substantial impact on quality improvement, which is one of the newest
technologies, as well as the advancement of technological services in next-generation wire-
less communication systems, particularly in emergency situations or when the essential
services cannot be supplied by the basic telecommunications networks.

Generally speaking, it has embraced the concept of using unmanned aerial aircraft
(Aerial Unmanned UAV: aircraft) as network access points in conjunction with functional
communication systems on low-rise platforms. These networks can be used for both mili-
tary and civilian purposes; the military mostly uses them for border surveillance and re-
connaissance. As it can be directed to the provision of telecommunications services for
civilian use various public agencies and institutions such as police, traffic and public safety,
the Department of Transport and Air Navigation, and Remote Sensing. It can also for com-
munications over low-end platforms to provide an alternative when a network fails or
public communications in the event of disasters or wars, which helps to accelerate rescue
and repair operations [1-8].
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2. Materials and Methods
2.1. Low-rise platform uses

Low-rise platform communication systems have many uses which include the pro-
vision of radio broadcasting and media communication services. Multiple services (voice,
image, and data), as well as Internet and Internet services.

2.2. Low-rise platform systems’ characteristics
Low-rise platform communication technology has many advantages.

The characteristics that make it one of the most promising technologies for commu-
nication systems for generations. Among these features, we mention the following points:

1) Low implementation costs: it is evident how much more expensive the equipment
necessary to run these systems is compared to that needed for high-altitude plat-
forms. The high price is justified by the fact that different performance criteria and
requirements correlate with height, with demand increasing with height. To offer
communication as though from a fixed base station, more sophisticated and costly
equipment is required. Furthermore, in terms of installation and maintenance, the
cost of communication systems on low-rise platforms is cheaper than that of the
authorized system on base stations.

2) Communication time between users and low-altitude platforms to short the dis-
tance between. Short: This is due to the short time of propagation due to low-rise
platforms and endpoints compared to a distance of deployment in existing high-
altitude platform communication systems at an altitude of more than 20 km. From
another point of view, we see that the higher the platform, the greater the signal
will be attenuated because of the distance and the multiplicity of atmospheric lay-
ers that the signal penetrates, this is what low-rise platforms avoid; because of be-
ing in class lower part of the atmosphere.

3) Low altitude communication systems have a high potential for communication of
Direct Line of Sight (LOS: Sight of Line), in comparison with terrestrial systems
based on base stations; because of being taller in an environment than the various
buildings and obstacles in the contact environment.

4) It is characterized by flexibility in the speed of its publication in the event of a
request to provide its services in any place and time [9]

2.3. Obstacles Low-rise platform technologies face

Even with all the benefits and features that low-height platforms for communication
technology offer, in order to remain a leader in the field, the upcoming generation will
require additional research and development for these systems in order to provide an-
swers to issues that arise with their widespread use. The following issues are a few of the
difficulties that this technology's implementation and dissemination face:

1) Limited coverage area: Compared to the area covered by high-rise platforms, the
coverage area of the platforms is insignificant due to their low height, which
ranges only a few hundred meters.

2) Reflects variations in the weather, such as winds, rain, and other meteorological
elements. For the same reasons that make it challenging to pinpoint the low-rise
platform's precise location, it is crucial to launch and monitor the platform.

3) The age of the batteries limits how long the platform can stay in the air, although
solar energy can generally solve this issue [10].
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2.4. A mathematical depiction of aerial platform networks

This section of the paper gives a mathematical description of the key performance
evaluation parameters of communications systems with low-altitude platforms, including
how the coverage area is shaped, how signal strength to interference ratios are calculated,
how many users can be served at once, and the system's overall capacity.

2.5. Cell formation

Low-altitude platforms can cover multiple cells on the Earth's surface, with each cell
served by a distinct beam emitted from an array antenna. The shape of the coverage area
can be delineated based on the beam width and platform footprint.

By elucidating the potential and challenges of low-altitude platform communication
technology, this paper aims to contribute to the advancement of next-generation wireless
communication systems, facilitating seamless connectivity in diverse scenarios airborne.
Equation 1 outlines the description of this region's shape:

2 (% :
y = thtan(@,) cos (6;)(1 + %tan(@i) .\]1 - (tan:@h)) {1’1;:;9;3)} ....(1)
In this context, "h" denotes the height of the airborne platform, while "@" symbolizes
the angle of rotation, and " 6 " represents the angle of incidence of the ray. Furthermore, h"
denotes the beam width on the ground, and the angle of view of the incident beam at the
center of the power (BPH). Additionally, "X" represents the x-coordinate of the point within
the coverage area extending from.

h tan(ei- on) < x <h tan(ei-ep) (2)

Whereas, the y-coordinate of the point in the coverage area. And any point with
known coordinates, it can be represented in the positive directions and the negative angle
@ we get the new coordinates from the two equations:

x'= xcos(P)-ysin(@d) L 3)
y'=ycos(@)-xsin(@) L 4)

If the diameter is denoted by "d" and is a function of both "0" and "@", where "h"
represents the tangent of the angle "Oh" and in this scenario, "h0" denotes the angle of view
for the central cell, the central radius of the cell can be calculated. For instance, when uti-
lizing a platform of height equal to or greater than 500 and employing an array antenna
consisting of 12 x 12 elements, with "N" denoting the beam width at mid-power (6h =BW®
=4.2482°), the central radius of the cell can be determined.

Thus the central radius of the cell can be calculated:
h tan (en)= 500 * tan(4.2482) = 37.1m

Figure 1 illustrates the correlation between the angle of incidence of the beam and
the beam width at mid-power. It is evident from the figure that as the angle of the radius
increases (i.e., the distance from the terminal point of connection to the projected point
increases), the width of the ray arriving at this point also increases. This could potentially
lead to increased interference or a decreased signal-to-interference ratio (SIR) in areas dis-
tant from the platform.
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To simplify the alignment of the curves, we can approximate the mathematical rela-
tionship between the angle of incidence and the width of the ray with the following equa-
tion cited in [10]:

(5) 6, = 0.073569867°°° + 0.08911

HPB'N [n deg-pe
(L)
(&

0 6 10 15 20 25 30
Elovotion Angle in dogroo

Figure 1. The correlation between the angle of incidence of the beam and the angle of the
mid-power beam width (HPBW)

Furthermore, the cost of communication systems on low-rise platforms is lower than
that of approved systems on base stations, considering installation and maintenance ex-
penses.

2.6. Mathematical representation of Aerial Platform Networks

In this section of the study, the essential performance evaluation characteristics of
communication systems utilizing low-altitude platforms, such as delineating the coverage
area's shape, are depicted mathematically. This includes calculating the number of users
that can be accommodated within the system's total capacity and determining the signal
strength-to-interference ratio.

2.7. Formation of cells

Through the utilization of an array (multi-beam) antenna, the low-height platform
can cover numerous terrestrial cells, each equipped with its own beam. Each beam pos-
sesses its unique angle of delineation, which encompasses a portion of the platform's geo-
graphical area towards a ground cell. Consequently, it can be inferred that the Airborne
platform encompasses an area on the Earth's surface (footprint) for every beam of a known
width. The description of this region's shape can be outlined as in [10]:

Where Gt represents the interference gain of the adjacent cell, G_r denotes the main

ray gain for the primary cell (where the terminal user is located), and "j" signifies the num-
ber of adjacent cells to the primary interfering cell.

Determining the total number of users present, considering their shared utilization
of system resources, can be computed using the following equation:
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7) M=

(8) Y=o

Where E denotes the power per bit, I represents the interference power spectrum
density, lo represents the power ratio of the interference to be obtained, R represents the

data transmission rate (in bits per second), and Bc represents the transmission channel
bandwidth.

2.8. Impact of path attenuation on signal integrity

The impact of path attenuation in open space on signals transmitted from airborne
and aerial platforms can be determined using the following equation:

L=20log (fo)+20log (d) - 14756 .. )

Here, f denotes the operating frequency (the frequency of the carrier signal), "m"
represents the distance from the airborne platform to the user, and "dl" signifies the path
loss in decibels (dB).

2.9. The calculation of the signal-to-noise and interference ratio

In order to enhance the accuracy and clarity of the results, this crucial factor has been
incorporated into the system modeling calculations. The signal-to-noise and interference
ratio can be determined using the following equation (10):

Sin——— (10)

SIRTSNR

Where NS represents the ratio of the signal power to the noise power and is defined
by the relationship:

o
SNR=2 (11)

Here, Pn refers to the noise power and Pr symbolizes the received power, which can
be computed as follow

p=l0Geol0 (12)

Here, Pt is the transmitted power in decibels watts (dBW).
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Figure 2. Illustration of the geographical coverage area of the low-altitude platform

To achieve the final depiction of the coverage area distribution for ground cells, as
depicted in Figure 2, four angles of incidence for the rays were utilized, each correspond-
ing to one of the 12 beams. By substituting these angles into equation (5), the width angle
of the rays at mid-power directed towards each cell in the overall coverage area was de-
termined.

3. Results
3.1. Explanation of sequential cells

As previously mentioned, each cell's coverage area is formed by a beam directed by
the breadth of the airborne platform. Similar to Figure 3, point A represents the terminal
node (M) of communication or mobile station, characterized by positional variability and
denoted by (@, 6). The distance is measured from that point to the angular portable plat-
signifies the center
of the adjacent area overlapping with the intended ray coverage area. Point A also denotes
the center of the desired ray's coverage area.

non

form (Joe). The user serves as the focal point of interest, and the point
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Figure 3. The region of user movement leading to overlap

3.2. Calculation of signal-to-interference ratio

The SIR in this system can be computed using the following equation:
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Figure 4. The central cell radius varies with alterations in the number of antenna ele-
ments (across different platform elevations)

3.3. Variation in user count with altered bandwidth and transmission rate

Examination of the attributes of communication systems employed by airborne plat-
forms, specifically those of low-altitude platforms, as detailed in Table 1.
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Table 1. Attributes of communication systems utilized by low-altitude airborne platforms

bandwidth [4.1,5, 20 [MHz

data transmission rate [100,1000 [Kkilobits per second]
transmission capacity 20 Watt

Ambient temperature 30c

Operating frequency 1800MHz

Signal-to-interference ratio 994 dB to - 6.7 dB m

Eb/I(req.)

The results of the simulation for this system are depicted in Figure 5, illustrating the
correlation between the quantity of instantaneous users within the central cell and the sig-
nal-to-interference ratio (denoted as Eb/Io, essential for the system's equipment to operate
at the requisite standard, ensuring communication quality at a specified level). The figure
showcases this correlation across varying bandwidth values to achieve a transmission rate
of 1 Mbps per user. Notably, the figure demonstrates that as the signal-to-interference ratio
required for maintaining system functionality increases, the number of users diminishes.
Similarly, a narrower bandwidth is associated with a reduced number of users. For in-
stance, when comparing user allocation across different frequency bands, at a bandwidth
of 20 MHz, 24 users can simultaneously communicate at a rate of 1 Mbps, whereas, with
an increase in the desired signal-to-interference level (Eb/Io) to 3dB, each cell can only ac-
commodate 12 users.

—_— lTl'." T alll @' Thivlsdum W A0 TR
o BN D e Satvwes Bate L0ERSuw
b EPUR ED N0 AT TN 0 SRR |
o 1 -
V‘\
% \
; - — -
% “
;:J \
o
"Q -~ w—
g ;
=) \
; \
é‘ - t —
. | : o
C A I 1 1 e ——— pe—

desired signal-to-interference ratio

Figure 5. The relationship between the number of users and the desired signal-to-interfer-
ence ratio across different bandwidths, maintaining a transmission rate of 1 Mbps

3.4. Capacity calculation

Shannon's mathematical formula is commonly used to calculate the capacity of a
communication channel. However, in this context, we will express the system's spectral
efficiency, representing the amplitude per hertz or the maximum transmission rate per
hertz of the assigned bandwidth, using the equation:
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c=log=(14SINR) (13)

3.5. Evaluation of Low-rise platforms’ communication systems performance

This section evaluates the performance of communication systems in various low-
altitude platform environments and compares these results with those of high-altitude
platform installations and base station-based systems.

3.6. Connection between transmitted beam width and platform antenna count

The width angle of the beam at the power midpoint is critical for determining cell
size in airborne platform communication systems. This beam width correlates with an-
other vital aspect of platform design: the number of antennas used (N). Figure 6 illustrates
this relationship by varying the number of antenna array members from 2 to 100. It's evi-
dent from the figure that the beam width decreases as the number of antennas increases.

N

54
o

Fransmitted Beam Width

T

L | - 1 I I ‘
D

A
10 J4 30 @ o co N £o Lo 10

number of Antenna Elements
Figure 6. Variation of transmitted beam width with number of antenna elements on plat-
form

As the size of cells is directly influenced by the beam width emitted from the plat-
form, the number of antennas utilized indirectly impacts the cell radius within this system.
The effect of adjusting the number of antenna elements on the cell radius was investigated.
Figure 7 demonstrates the relationship between the radius of the central cell and the num-
ber of antennas employed in the platform across different heights, providing empirical
evidence of this relationship. Consequently, it can be inferred that to accommodate more
subscribers within the same area, the size of cells may need to be reduced when the plat-
form reaches a certain height.

The maximum number of users per cell was two, each operating at a speed of two
megabits per second. In contrast, the observed number of users was seventy-six, with each
user transmitting at a speed of one hundred kilobits per second. Moreover, at a signal-to-
interference ratio of -5 dB, the system could support a maximum of 246 users, each capable
of transmitting at a speed of 100 kilobits per second, while the minimum number of users
supported was 12 when the transmission rate was 2 megabits per second. This underscores
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the importance of either enhancing the transmission rate or increasing the number of users
within the system.
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Figure 7. The number of users at a signal-to-interference ratio of d-0 EbJo with a 20MHz
bandwidth

3.7. Examination of spectral efficiency and overall system capacity

Assessing the system's effectiveness, particularly when utilizing system bandwidth,
becomes more straightforward when estimating the total capacity achievable by under-
standing the spatial distribution of spectral efficiency (amplitude per hertz) across the cov-
erage area. While the cutoff probability of 50% represents the average amplitude within a
cell generally, the communication channel's characteristics may vary. However, assuming
an outage probability of 10% at the cell center and 90% at the cell's edge, simulation results
reveal the total amplitude determined by the cutoff probability for each region, as outlined
in Table 2.

Table 2. Outage probability distribution across cell regions based on simulation results

Medium
capacity

Capacitance at the edge The capacitance at the

of the cell center of the cell Bandwidth

2.041 Mbps 0920 Mbps 3.280 Mbps 1.4 MHz

7.29 Mbps 3.284 Mbps 11.715 Mbps 5 MHz

29.16 Mbps 13.136 Mbps 46.86 Mbps 20 MHz
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3.8. Influence of variation in flying platform position on system performance

To introduce objectivity and realism into the system analysis, the effect of the air-
borne platform's horizontal deviation on the communication system's performance was
quantified.

Subsequently, the comparison of user numbers was conducted under fixed values of
Eb/lo at 0 and d at 5, utilizing varying bandwidths and transmission rates ranging from
100 Kbps to 2 Mbps. In the initial scenario illustrated in Figure 8, with a bandwidth of 4.1
MHz and a required signal-to-interference ratio d 0, Eb/Io, the maximum number of users
was 5, each limited to communication speeds of 100 Kbps, with the minimum number of
users being approximately one when the data transmission rate was set at 2 Mbps. Con-
versely, in the subsequent scenario where the required signal strength d 5 Eb/Io was -5, the
maximum number of users increased to 17, each capable of communicating at a rate of 100
Kbps. However, with the transmission rate boosted to 2 Mbps, the number of users dwin-
dled to a minimum, matching the first scenario with only one user.

—_— LU e o P Y
A [} -1

Figure 8. Number of users at a signal-to-interference ratio of d—0 Eb/Io and a bandwidth
of 1.4 MHz

Conversely, the outcomes depicted in Figure 9 display the user count under a band-
width allocation of 5MHz and d0 Eb/Io, where the maximum number of users reaches 19
at a data transmission rate of 100 kilobits per second, while the minimum number is a
single user capable of achieving a rate of 2 megabits per second. For a signal-to-interference
ratio of -5 Eb/Io, the maximum user count rises to 60 at a transmission rate of 100 kilobits
per second, with a minimum of 3 users operating at a rate of 2 megabits per second.
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Figure 9. User count at Eb/lo = 0 with 5 MHz and 20 MHz Bandwidths: Illustrated results

At d 0 Eb/=, the maximum number of desired transmitting antennas remains con-

stant, regardless of any alteration in the distance between the user and the interfering

transmitting antenna, both of which are stationary on the same platform. However, it's

essential to acknowledge the slight variations that may occur due to an enhanced signal-

to-noise ratio when the platform height decreases.
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Figure 10. Spectral efficiency distribution at an Altitude of 600 meters
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4. Discussion

4.1. Concluding remarks and findings

The low-rise platform systems explored in this study represent a modern wireless
communication technology. Here, we outline the significant discoveries from our exami-
nation and evaluation of this technology's efficacy within cellular communication systems:

o Utilizing a platform equipped with an antenna array comprising 12 antennas revealed
that alterations in height within a specified range lead to fluctuations in the ground
coverage area. With a height of 500 meters, the covered area spanned approximately
250 meters in length and 300 meters in width.

e Variations in the number of array antennas on the platform directly impact the angle
of the beam width at the mid-power (BPH"), resulting in changes in cell areas and the
angle at which the beam reaches users. Consequently, user count and service quality
exhibit disparities.

e Altering the bandwidth and signal-to-interference ratio operational levels affects the
system differently. While wider bandwidths accommodate more users or offer in-
creased transmission rates per user, system performance is further enhanced with up-
graded equipment.

e It's evident that deviations from the exact platform position induce changes in ground
angles and distances, as depicted in Figure 11. Consequently, recalculations are nec-
essary to assess this effect. Anticipating performance shifts due to deviations, we as-
sumed a platform displacement of 10 meters at a 30-degree angle. Table 3 summarizes
the results post-adjustment, considering this deviation's impact.

Y (m),

X{m)

Figure 11. Impact of platform deviation on the geographic coverage area distribution
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Table 3. Variation in capacity with platform deviation from exact position

Medium Capacitance at the edge of the The capacitance at the .

. Bandwidth
capacity cell center of the cell
2.275 Mbps 1.201 Mbps 3.2984 Mbps 1.4 MHz
8.125 Mbps 4.289 Mbps 11.78 Mbps 5 MHz
32.5 Mbps 17.154 Mbps 47.12 Mbps 20 MHz

By contrasting the average total capacity in both scenarios —namely, under site dis-
cipline conditions and when the platform undergoes deviation —we observe a decrease in

amplitude of approximately 10.3%, calculated as 3257291880 4 100% = 10.3%.

4.2. Influence of aerial platform height variation on communication system performance

In this section, we will illustrate how alterations in platform height impact the per-
formance of the communication system. The rationale behind this is that adjusting the plat-
form's height alters the distance between the user and the platform. Upon comparing the
results obtained from varying the height of the airborne platform (12a, b), it becomes ap-
parent that the spectral efficiency curve remains unchanged regardless of platform height
adjustments, indicating a consistent user Signal-to-Interference Ratio (SIR) despite height
fluctuations.

Furthermore, it was noted that the achieved capacity at the cell periphery differs
from that in the center due to varying focal point distances, primarily influenced by the
prevalence of peripheral users. This discrepancy signifies interference's impact on service
quality within the system, resulting in capacity alterations.

The effect of horizontal deviation in the aerial platform's position manifests in the
distribution of spectral efficiency, consequently influencing capacity. This alteration typi-
cally leads to a reduction in overall capacity, reflecting a negative impact.

A noteworthy discovery is that, with the interference's signal-to-measure ratio re-
maining constant despite height adjustments, it can be inferred that changes in altitude do
not significantly affect amplitude. This assumption, however, disregards factors such as
geographical coverage, dispersion, and noise levels.

Generally, increasing height correlates with amplified signal-to-interference ratio
and noise levels. Conversely, lowering height enhances the intended signal strength rela-
tive to noise levels.

5. Suggestion

This article serves as an introductory exploration into the realm of low-altitude plat-
form communication. We propose several avenues for further research in this domain, in-
cluding:

¢ Conducting analytical research to comprehensively evaluate the communication sys-
tem's performance, encompassing error rate calculations and service quality assess-
ments. Simulation and implementation of an integrated communication system oper-
ating from low-rise platforms, compliant with initial fifth-generation specifications,
are recommended to support this endeavor.

¢ Investigating the impact of random noise distribution on the system.

e Exploring the effects of tilting the platform at specific angles from the horizontal po-
sition.
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6. Conclusion
This study operated under the assumption of a constant noise value.

¢ Given the assumption of direct line-of-sight communication in the study, it is recom-
mended to assess the probability of establishing a direct line connection (LOS) versus
other scenarios in different conditions.

e To gather data suitable for modeling the communication channel and generating
more accurate results for evaluating system performance in real-world settings, it is
also recommended to deploy this system in the field by constructing miniature com-
munication setups and conducting comprehensive measurements.
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