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Abstract

Purpose: Direct satellite communications with devices on the ground, as a new tech-
nology in the field of satellite communications, have been of interest to the space industry
in recent years with the approach of modifying their products to integrate with providing
this type of service. It is expected that with the full launch of new generations of commu-
nication networks, the use of this type of service in combined networks based on land, air,
and space will be given serious attention. It should be noted that the terrestrial elements of
this type of communication service will include smartphones and 10T sensors. For this type
of service to be used in new generations of communication, networks such as, the fifth gen-
eration and beyond, it must provide adigh capacity on the,order of terabits per second.
This requirement, however, represents a significantichallenge'in the early stages of provid-
ing this type of service. Therefore, in the early stages, a narrowband service with low rate
and bandwidth has been considered. Of course, if broadband service can be operationalized
and provided, comprehensive and integrﬁ access in different locations and remotely can
be guaranteed. This would go beyond theslimitations of today's communication network
infrastructure. Currently, the provision of direct-to-cell communication services in
smartphones has not\been standardized. As a result, satellite systems for providing such
services are currently. focused\?n the, frequency spectrum of terrestrial operators. Of
course, with themgperationalization,0f"3GPP standards for 5G on NTN in version 18 on-
wards, it is possible to use the space-frequency band to provide direct-to-cell communica-
tion services by making appropriate software or hardware modifications. Therefore, con-
sidering the emergence of this type of technology, analyzing and examining this area using
a scientometric approach is an appropriate technique for evaluating the various dimensions
of this type of\tgchnology. The purpose of this research is to scientifically analyze and map
the leading and active areas in this technology utilizing data from the Scopus citation data-
base between 2011 and 2024.

Methodology: This research is an applied research that has been conducted using
common techniques in scientometric studies, such as co-word network, co-authorship net-
work and co-country analysis. The statistical population in the present study comprises all
scientific documents in the field of "direct satellite-to-device connection technologies” that
have been indexed in the Scopus citation database between 2011 and 2024. The number of
retrieved results included 168 documents that, after retrieval and statistical analysis, were
visualized, and relevant maps were visualized in this field with software such as
VOSviewer and Gephi.

Findings: While most global studies employing a scientometric approach (e.g., in satel-
lite system technology) highlight the United States and China as leaders, the findings of
this study reveal that Germany, China, and France are at the forefront. The main reason for
this can be attributed to the focus of these countries on publishing scientific products in
this field. This is while countries such as China and the United States have so far focused
more on the process of designing, manufacturing, and testing this type of technology. The
extracted findings show that the trend of scientific production in this field has been upward
and has grown significantly from 2021 to 2024. In this field, Germany is considered the
top country with the publication of 42 research papers, and the Bundeswehr University
Munich is considered the leading institution. Knopp Andreas is also a leader in this field
with the publication of 14 research papers.
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Conclusion: Today, considering the process of designing, building, and developing
satellite systems such as low-Earth orbit systems in Iran, it is necessary to pay special at-
tention to how to manage the operation and use of this type of direct satellite-to-device
communication technology in government institutions such as the Ministry of Communica-
tions and Information Technology, the National Cyberspace Center, the Regulatory Organ-
ization, the Space Organization, etc. It should be noted that leading countries in the field of
direct satellite-to-device communication are seeking to develop the infrastructure needed
in this field to have an effective share of the global market. By participating in regional
and international agreements and collaborations, Iran can ensure data security in this field.
In general, Iran should consider the necessary plans for the introduction of this type of
technology in the country, considering its governance policies. Finally, if this type of tech-
nology is used legally in Iran, it can be used as a complement to the mobile network and
for communications in emergencies. Of course, this is subject to foreign operators comply-
ing with the Iranian national laws and regulations. Therefore, the findings of this research,
derived from one of the world's most reputable databases, can provide a suitable strategy
for Iran in this field.
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! International Telecommunication Union (1TU)
2 Very small aperture terminal (VSAT)

® Direct to Cell (DtC)

* Direct to Device (D2D)

® Direct to phone

® Terrestrial/Non-Terrestrial networks (TN/NTN)
7 Sensor

8 Internet of things (10T)

° Space borne ultra-large array multi-beam antennas
10 Distributed beamforming

! Reconfigurable intelligent surfaces (RIS)

12 |_ow earth orbit (LEO)

13 Sixth generation (6G)
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! Regulatory

2 Iridium

® Globalstar

* Inmarsat

® Satellite constellation
® SpaceX

" Lynk global

8 AST

° Blue Walker 3 (BW3)
% Huawei Mate 60

! Tianyi Platinum China Telecom
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! Metamaterial

2 Scopus

% Web of Science (WoS)

* Fifth generation (5G)

® Electromagnetic Band Ga (EBG)

® Artificial MagneticConductor (AMC)
" Frequency Selective Surface (FSS)

® partially Reflective Surface (PRS)
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* Machine to machine (M2M)

® Deep learning (DL)

® Resource allocation

" Optimization problem

8 Cloud computing

° Fog computing

10 Egyptian Knowledge Bank (EKB)
! National Institute of Technology (NIT)
12 Moustafa
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! Artificial intelligence (Al)

2 Machine learning (ML)

® Reinforcement learning (RL)

* Federated learning (FL)

® Medline

® Aerospace

" DataLab

8 Web of Science Core Collection (WoSCC)
® Aerodynamics

1% Flight control
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2 Direct-to-satellite iot

® Total link strength

* Link

® Average publication Year
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" Fraunhofer Institute

& Machine-Type-Communication (MTC)
® geostationary orbit (GEO)
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! University of Luxembourg

2 ESTEC - European Space Research and Technology Centre

® Digital Video Brodcasting- Satellite services to Handhelds (DVB-SH)
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