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The rise in popularity and the increasing number of Internet of 
Things (IoT) devices have raised significant challenges, such 
as heterogeneity, application needs, limited resources, and 

connectivity. Among these challenges, ensuring optimal connec-
tivity for IoT devices stands out as a critical aspect. Integrating 
satellite-based networks into traditional terrestrial networks could 
be considered a possible and effective alternative to provide 
improved and low-cost connectivity for IoT devices. In Release 
17, the 3GPP proposed standardizing non-terrestrial networks 
(NTN) to enable 5G-based terrestrial networks to support NTN. 
This standardization aims to facilitate direct communication 
between IoT devices and NTN in future IoT systems, which are 
anticipated to feature a larger number of devices and multi-ac-
cess environments. These environments will require efficient 
utilization of different types of wireless spectrum, including Sub6 
GHz, Millimeter-wave, and Terahertz. Typically, these IoT devic-
es will require more resources to establish a reliable link with 
NTN, thereby increasing the challenges associated with main-
taining a net-zero carbon emission rate. 

This Special Issue (SI) aims at addressing the technical chal-
lenges for enabling IoT devices to directly communicate with 
NTN in order to improve their connectivity without relying on 
additional infrastructure cost. This SI covers articles showcasing 
the potential of using artificial intelligence (AI) and reflecting 
intelligent surfaces (RIS), in enabling NTN-assisted IoT networks 
and various challenges linked to NTN-assisted IoT networks.

In “Optimization Design in RIS-assisted Integrated Sat-
ellite-UAV-Served 6G IoT: A Deep Reinforcement Learning 
Approach” Wu et al. consider the application of RIS-assisted 
NTN to reshape wireless channels by controlling the phase shift 
of the scattering elements. The dynamic configuration of the RIS 
reflection unit poses a high-dimensional problem, making beam-

forming optimization challenging. They focus on discussing the 
optimization method of integrating deep reinforcement learning 
(DRL) in RIS-assisted NTN, which offers flexibility in scenarios 
where precise channel state information (CSI) is unknown.

In “Non-Terrestrial Networks: An Overview of 3GPP Release 
17 & 18” Saad et al. provides insights and implications of incor-
porating satellite access networks as a new 3GPP RAN and as a 
backhaul solution. They explore the impact of this integration on 
network architecture and performance, considering factors such 
as coverage, capacity, and latency. They also highlight the key 
issues in 3GPP Release 18 and outlines the prospective potential 
solutions in the context of NTN to support 5G and beyond inte-
grated architecture. 

In “Artificial Intelligence and Machine Learning (AI/ML) 
Technologies for Integration of Terrestrial in Non-Terrestrial 
Networks (ITNTN)” Khalid et al. explores different possibilities 
of AI/ML-based solutions that can make it easier for terrestri-
al networks to be integrated into NTN. The roles of adaptive 
resource allocation, intelligent routing and handover, autono-
mous network operation, and effective spectrum management 
are highlighted in the research. These AI/ML-driven functions act 
as powerful catalysts, improving NTN performance, maximizing 
resource use, and improving the seamlessness of connections. 

In “Reconfigurable Intelligent Surfaces for 6G Non-Terres-
trial Networks: Assisting Connectivity from the Sky” Khan et 
al. studies the potential of RIS-integrated NTN to revolutionize 
next-generation connectivity. First, it discusses the fundamentals 
of RIS technology. Secondly, it delves into reporting the recent 
advances in RIS integrated NTN. Subsequently, it presents a 
novel framework based on the current state-of-the-art for IRS-in-
tegrated NTN with classical single connected diagonal RIS and 
fully connected beyond diagonal RIS architectures.
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In “Key Issues in Wireless Transmission for NTN-Assist-
ed Internet of Things” Qi et al. investigate three key issues in 
NTN-assisted wireless networks. The first issue is to enable the 
massive connection by designing random access to establish the 
wireless link and multiple access to transmit data streams. The 
second issue is to accurately acquire CSI in various channel con-
ditions by channel estimation and beam training, where orthog-
onal time frequency space modulation and dynamic codebooks 
are on focus. The third issue is to efficiently allocate the wireless 
resources, including power allocation, spectrum sharing, beam 
hopping, and beamforming. 

In “Multiple Access Schemes for 6G Enabled NTN Assisted 
IoT Technologies: Recent Developments, Prospects and Chal-
lenges” Shah et al. investigates the implication of several multiple 
access techniques for 6G enabled NTN-assisted IoT technolo-
gies. Various types of multiple access schemes are discussed and 
compared in the context of NTN-assisted IoT systems. Simulation 
results are presented and important performance parameters 
such as energy efficiency and spectrum efficiency are examined 
for the discussed multiple access schemes. 

In summary, the compilation of articles in this specialized 
edition presents diverse technical strategies aimed at tackling the 
challenges linked to NTN-assisted IoT. Despite notable advance-
ments, there remains significant ground to cover in meeting the 
rigorous demands for NTN-assisted IoT services. We anticipate 
that this pertinent SI will stimulate further research in this emerg-
ing field, potentially paving the way for numerous innovative 
developments.
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