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G Non-Terrestrial Network (NTN) technology has suc-

cessfully triggered the convergence across satellite and

mobile cellular ecosystems. Compared with proprietary
technologies, the open standard 5G NTN technology can
enable satellite communications in more affordable devices and
mainstream consumer markets thanks to economics of scale.
The recent examples by smart phone direct access to satellite
already demonstrates high market interests and potential which
will benefit both ecosystems.

However, 5G system was not designed for satellite communi-
cation from its first standard release. Until 3GPP Rel-17 standard
enables [oT NTN and NR NTN features for handheld devices
connected with GEO and LEO satellites. The enhancements
were designed to avoid physical layer change and to minimize
hardware impact. There is still room to further optimize the effi-
ciency and performance if NTN could be natively designed
along with 6G standardization from Day-1. In the meantime,
more advanced and powerful satellites will also be developed,
which can also outperform the user experience and network
performance. It is anticipated that the 6G NTN technology will
further escalate satellite communication services to next level.

The objective of this Special Issue (S) is to publish the lat-
est NTN research findings and technology trends for global
researchers to envision the potential framework for 6G NTN
system. The objectives also include the publication on the latest
5G NTN standard development status and trends to help global
researchers understand the state of art. With many high-quality
submission by the experts around the world, the guest editors
select the following manuscripts to be published which covers
a wide variety of future NTN system design issues from direct-
to-cell use case, seamless mobility, NTN/TN spectrum sharing,
inter-satellites communication/routing, and HAPS NTN system
consideration to 3GPP NTN standardization progress.

In the article, “Ubiquitous 6G Service through Non-Terres-
trial Networks,” by Jeroen, et al. overviews how 3GPP Release
17 integrates NTN as part of 5G Advanced to meet satellite
communication market requirements. It also outlines a few of
6G key components identified as vital enhancements to the
current NTN baseline provided by 5G Advanced. Examples
are the seamless mobility between terrestrial and non-terrestrial
networks, GNSS independent operation and efficient spectrum
reuse between terrestrial and non-terrestrial networks. Another
article, “Toward Integration of 6G-NTN to Terrestrial Mobile
Networks: Research and Standardization Aspects,” by Mehdi et
al. further discuss the Release 18 NTN standardization progress
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and forecast the potential directions for 3GPP Release 19. It also
introduces ITU-R and NGMN views on NTN with examples on
technology development directions.

Another article, “Distributed Approach to Satellite Direct-to-
Cell Connectivity in 6G Non-Terrestrial Networks,” by Diego et
al. introduces an interesting idea on using multiple small satellites
with smaller antenna array to jointly form a sparse phased array.
This may provide another direction to resolve the difficulty to
deploy huge antenna array in the orbit and close the link budget
gap in direct-to-cell use case for regular smartphones that can
connect directly to a satellite.

Spectrum shortage is another challenge for future NTN mar-
ket space to scale up. The article, “Feasibility and Opportunities
of Terrestrial Network and Non-Terrestrial Network Spectrum
Sharing,” by Hao-Wei et al. investigates the feasibility for terres-
trial and non-terrestrial networks to share the same spectrum
resources and address the ICT industry’s growing needs on new
spectrum. Moreover, in order to verify user location for regu-
lation requirements, the article, “NTN-Based 6G Localization:
Vision, Role of LEOs, and Open Problems,” by Harpreet et al.
reviewed the positioning solutions in 3GPP and concluded the
research landscape with open problems identified.

Different than other articles, “HAPS in the Non-Terrestrial
Network Nexus: Prospective Architectures and Performance
Insights,” by Zhengying et al. investigates the role and impor-
tance of HAPS platform within entire non-terrestrial network
architecture. Coverage and capacity tradeoff for different
deployment models are also investigated.

The article, “Computer Vision-Based Joint Space Sensing
and Communication Systems: Non-Source Autonomy and Low
Latency,” by H. Yu, et. al., addresses the challenges in outer
space communications. It introduces a pioneering approach
using computer vision to enhance satellite communications,
focusing on joint space sensing and communication (JSC) sys-
tems. The article proposes a novel, open-loop JSC method,
emphasizing improved efficiency, reliability, and low-latency
communications, a significant stride in the field of inter-satellite
communications.

In, “MaCRo: Mega Satellite Constellations Routing Systems
with Multi-edge Cross-domain Features,” by J. Zhang, et. al.,
an innovative routing approach MaCRo is presented for mega
satellite constellations with multi-edge and cross-domain capabil-
ities. It utilizes an architecture separating control and user planes
across layers of GEO, MEO, and LEO satellites as well as a
ground control center. Overall, MaCRo offers flexible, low-com-
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plexity routing to address the demands of evolving mega-con-
stellations in future 6G NTN networks.

The guest editors would like to express our appreciation to
all the authors who submitted their outstanding research results
to this SI. All the reviewers who spent their precious time and
technical expertise to share constructive comments and help to
improve the presentation of this Sl are also greatly appreciated.
The advice and great support by EiC Prof. Nirwan Ansari are
also critical throughout the preparation of this SI.
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