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Abstract

Today, most companies and satellite service providers are looking to increase the number of satellites in the form of a satellite constellation in order to
expand the coverage area and ultimately increase the capacity in providing direct satellite-to-device communication services for terrestrial users.
Meanwhile, the Starlink constellation with a larger number of launched and planned satellites capable of providing this service is more operational. For
this purpose, in this research, the method of using the Starlink satellite constellation with 220 satellites in 22 orbital planes (10 satellites in each plane)
to provide this type of service in Iran has been studied. To examine the performance of Starlink, parameters such as the number of accesses, service
duration, coverage, achievable capacity, and accessibility have been examined for the country of Iran, and specifically the city of Tehran. Finally,
considering the use of the same frequency bands of the two types of Starlink and AST 2000 MHz satellites, the possible interferences of these two
satellites have been investigated in terms of the cumulative distribution function in the short-term and long-term scenarios, as well as the amount of
temperature changes in the receiver compared to the initial temperature.
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Introduction

Today, one of the most challenging aspects of future network generations will be the creation of high-data-rate for direct-to-cell connectivity. DtC is
new technology for some companies such as Iridium, Globalstar, Inmarsat and so on. The satellite communications industry is looking to accelerate
direct satellite-to-device connectivity solutions to integrate terrestrial and non-terrestrial networks. In the field of space communications and
technological advancements, direct satellite-to-device connectivity is expected to revolutionize the satellite communications industry and emerge as a
billion-dollar market by 2027.

Proposed Work and Methodology

As a result, the innovation of this research paper will be in the following steps: - In the first step, with the help of STK software, the coverage of the
satellite operators such as Starlink and AST 2000 MHz will be examined in terms of the minimum number of access rates, minimum and maximum
service duration, and average percentage of coverage. Finally, the number of access times during the simulation period will be presented for the country
of Iran and specifically the city of Tehran as an accessible point. It should be noted that at this stage and in order to compare performance, one satellite
has been applied to each of the above-mentioned satellite operators in the simulations.

In the second step, by increasing the number of satellites in the Starlink satellite constellation, the effects of increasing the number of satellites for the
access rate, average/maximum percentage of coverage, and the number of access times will be simulated. The reason for choosing Starlink is due to
more operational satellites to DtC (227 satellites). At this stage, the Starlink parameters have been evaluated to define a Custom model system in the
STK software by applying an integer multiple of the operational satellites of the DtC service in different orbital planes.

In the third step, according to reference [24], with the help of MATLAB software, the percentage of the probability achievable capacity of the mobile
phone according to a certain threshold (at the rate of 1 Mbps) in the downlink has been investigated. In the fourth step, the percentage of the availability
link has been investigated according to the number of satellites in [24]. In the fifth step, a sample interference scenario between two AST 2000 MHz
and Starlink satellites in the DL was examined, and the amount of interference in two short-term and long-term scenarios, as well as the amount of
temperature changes, were compared and evaluated according to [25]. The parameters required for simulation are presented in table 1.

Conclusion

In this research, the possibility of providing narrowband DtC service based on various satellite operators Starlink as a suitable satellite system for
providing service to Iran was investigated based on parameters such as the probability of increasing the capacity of the satellite system based on a
certain threshold level in terms of increasing the number of satellites, the number of accesses, the minimum and maximum service duration, and the
average coverage for providing narrowband service. In simulating the probability of capacity increase, the link availability rate with increasing the
number of satellites (220 satellites) was simulated as an optimal structure, which was obtained as 83.86 percent and 79.66 percent for Iran, respectively.
In addition, the average coverage percentage for 220 satellites for Iran is more than 92 percent. This will provide DtC service with appropriate quality
and continuity in Iran. Finally, a sample interference scenario between two AST 2000 MHz satellites and Starlink in the DL path was investigated.
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7 Fourth generation

8 Fifth generation

? Effective isotropically radiated power

10 The G/T ratio is calculated by dividing the gain of the antenna (in dB)
by its equivalent noise temperature (in Kelvin).

! Orthogonal Frequency Division Multiplexing
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