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Chapter 1 Introduction

1.1 Purpose of the NTN Promotion Project

In Chapter 2 of the Integrated Innovation Strategy 2023, set by the Cabinet on June 9, 2023, the
goal is established to achieve a transformation towards a sustainable and resilient society that ensures
the safety and security of the people. The goal is to "complete the 'Data Strategy' and transform society
into one where cyber and physical spaces create a dynamic virtuous cycle, allowing anyone, anywhere,
at any time, to safely utilize data and Al to create new value." In line with this, the development and
research of next-generation infrastructure and data and Al utilization technologies suitable for the
digital society are being promoted.

According to the 2024 Information and Communications White Paper, "The rapid proliferation of
Artificial Intelligence (Al) and the expansion of the use of digital technologies such as robotics have
led to an increased demand for instantaneous processing and decision-making. As societal needs for
such capabilities rise, the requirements for information and communication networks are becoming
even more stringent, with elements such as low latency, reliability, and resilience being of increasing
importance. In particular, new approaches, such as 'Al Constellations' — decentralized Al systems
where multiple Als collaborate through networks — have emerged. To realize such systems, there is
a need for the establishment of more advanced network functions and the deepening of collaboration
between computing resources and networks.

The Ministry of Internal Affairs and Communications' "Strategy for Information and
Communication Technology Toward Beyond 5G" identifies all-optical network technology and Non-
Terrestrial Network (NTN) technology as critical technological areas. NTN technology, in particular,
is expected to significantly contribute to the realization of advanced communication capabilities
beyond 5G. As a new communication method that does not depend on terrestrial communication
infrastructure, NTN technology holds the potential to surpass traditional communication domains by
utilizing space and the stratosphere.

As part of the efforts to advance NTN technology, the Beyond 5G Promotion Consortium's
Scalability Working Group under the XG Mobile Promotion Forum has actively engaged in
discussions and activities to contribute to the spread of NTN, working with NTN stakeholders from
various industries. The "FY2023 Scalability Working Group Report" was finalized on March 31, 2024,
and the working group was subsequently dissolved in an evolving manner. In response, the NTN
Promotion Project Working Group was newly organized on April 1, 2024, to further advance NTN
technology and move to the next phase.

The main objectives of the NTN Promotion Project can be divided into two areas. The first is to
accelerate the deployment of information and communication networks by leveraging NTN
technologies, including High Altitude Platform Stations (HAPS) and satellite communications. To
achieve this, the project aims to provide opportunities for dialogue and value sharing with potential

users, clarify technical requirements based on user needs, and contribute to solving industrial and
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societal challenges through the examination of use cases. The second objective is to promote global
collaboration and build a co-creation cycle for NTN. This includes sharing common challenges of
NTN, exploring solutions, and promoting the dissemination of NTN technology while ensuring Japan
takes international leadership in NTN technology. Furthermore, the project seeks to strengthen
collaboration with other initiatives, promote cooperation across different fields, and contribute to

international cooperation and standardization activities.

/\GM F Purpose of Activities

Imtlatlve ultimately seeks to realize concrete user needs by Ieveragmg
insights from both supply and demand sectors
(Contribution to industrial application of NTN (Non-Terrestrial Networks) and solution to broader social challenges)

Conduct external
outreach and

engagement
f Collecting/examining \
industry opinions for social
implementation
| |
Generate acti Foster
outputs. teamwork
Information from the ' .QQ. Information from the
user needs side (user = supply side (servise
c\c’wi gniﬁs) - @'l I l‘.') providers)
at do they want to il i P d i
achicye? W Phpei i s What can they provide?
S these stakeholders. discussion

©2024 XG Mobile Promotion Forum. All rights reserved

1.2 Efforts Up to Last Year

The participating companies from the previous year included Ericsson Japan, SoftBank, VIAVI
Solutions, Huawei Technologies Japan, and Rakuten Mobile. Under the leadership of Mr. Toyoshima
(NICT), active efforts were made for information exchange between the participating companies,

updating the landscape map, and promoting NTN dissemination activities. The detailed division of

roles is as follows.

(1) Invite NTN related companies to WG
(2) Continue collection & dissemination of information on the industry and
FY. iy ikt standardization
22 ACtIVItI es FY23 (3) Involving and collaborating with vendor companies for solution
(excerpt) Activities (4) Interviews with possible user industries (Extract issues based on non-

Polic communication industry’s view)
Y (5) Proposals to related organizations for legal systems & standardization

NTN Update to the
Technology latest
Roadmap information

. Formulation of problem solution
Extract social plans

Survey of candidate companies for solution for next

Case study Case selection implementation ' request to participate In WG EYs

H Study technical spec for solutions
issues Formulation of Action Plan

Important items WI|| be
discussed in FY23

Extract issues For next
based on users FYs
view : :

Additional
interviews
(strengthen
activities)

Interviews
with user
companies
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1.3 Issues Identified Through Last Year's Activities

Through the activities of the Scalability Working Group in the previous year, several key points
emerged. Discussions with industry sectors on the use cases of HAPS and satellite communications,
as well as debates on the image of NTN, highlighted the challenge of how Japan should engage
internationally in the NTN field. It was recognized that, in order to realize an "All Japan" approach,
further identification of issues and continued efforts to discover new services are essential. The

following points were identified as common understandings for achieving "All Japan":

e Reliance on devices that can only be used with specific LEO constellations presents a high risk.

e Full dependence on overseas satellite operators is concerning. It is desirable for Japan to also
possess its own independent network.

¢ [t would be beneficial if the same device could utilize services from different LEO constellations.

e Furthermore, it would be advantageous if the same device could connect to GEO, LEO, HAPS,
and terrestrial networks.

e To realize this, standardization on both the device side and the network provider side is necessary
(though it is not guaranteed that entities like Starlink will comply).

e Devices will likely be standardized in three major categories: small IoT devices (low power
consumption), mobile devices (e.g., smartphones), and large devices (for high-speed
communication).

e [t is necessary for Japan to prepare for network construction with these developments in mind.

e Given Japan's geographical characteristics (with 70% of the land being mountainous or hilly,
possessing the world's sixth-largest Exclusive Economic Zone (EEZ), and being a disaster-prone
country), there will be numerous opportunities for utilizing NTN. It is desirable to continue the

development of services tailored to specific use cases.

Current Situation ) ) Current Situation

Although there are some exception, conventional NTNs are

basically independent systems from terrestrial NWs, and each -

has evolved and developed independently. Small Data, Voice Call Broad Band
Toward Beyond 5G/6, IMT-2030 Message, Alerting (incl. Emergency)

ere are areas where it is difficult to provide TN by various
NW services (Autonomous driving, forestry, shipping, DX etc.)
current %RdNi¥ quture ducte tcxl)tse_veral factt%rs. CoE/_erirE‘g/ t?ese
areas wi is expected to improve the continuity o q R
seamless communication network services It L

. O
=2 Deepening and developing Japanese-style hospitality o=
services across TN and NTN

2) Even in emergency situations on the ground, such as large-

scale NW failure, congestion, etc. due to disasters, providing Smart Phone
the minimum level of services through NTN as a backup for the

terrestrial NW is expected to support on recovery and

reconstruction.
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the ground/satellites during emergencies based on
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experience and knowledge. Small Data, Voice Call
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Broad Band

3) In order to ensure reliability even under disadvantageous
conditions compared to ground areas (latency, radio wave %.))

quality and reliability), ensuring redundancy and cooperation
within the NTN group without depending on a specific network
system, constellation, or operator is required.

=2 Ensure Made in Japan service quality by introducing
domestically groduced satellites & communication
equipment while cooperating with the private sector &
overseas satellite services on the premise of cooperation

between multiple operators and satellite systems. Smart Phone IoT Dedicated teminal

o & X

Multiple NTN
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Chapter 2 Activities Policy for This Year

Based on the activities and challenges identified in the previous year, the following activities were

carried out in the current year, including eight meetings, one of which was an exchange of views with

users in the maritime sector. The activity report will be presented in the following chapters.

Update of the NTN Technology Roadmap (updating with the latest information and
primarily revising the HAPS section)

Monitoring of relevant activities in foreign countries (investigating 6G-NTN activities,
understanding the situation in South Korea, etc.)

Identification of user needs related to communications utilizing NTN and clarification of
the requirements needed for realization (held discussions with ten users involved in the
maritime sector. Examined the requirements and challenges necessary to fulfill the
identified needs and considered existing technologies/services that could be utilized)
Examination of the challenges to realizing NTN services, clarification of technologies to
be developed, and consideration of solutions/responses (referencing the opinions from the
exchange meetings, organized the challenges and solutions necessary to realize services.
Reviewed the requirements for detailed design of inter-company collaboration architecture
through TN-NTN integrated control technology)

Development of a Grand Design (discussed a future vision that overlooks the technologies
and solutions expected for next-generation NTN)

Extraction and proposal of common challenges beyond industry boundaries (discussed

common institutional challenges identified from user needs)

In relation to last year's efforts, the meeting schedule, and the companies responsible for

summarizing each challenge are listed below. As with last year, discussions were actively conducted

with the lead of the project, Dr. Toyoshima (NICT), and the summarizing companies, with

participation from all members.

N YGMF Activity Overview .

Cooperation among both supply and demand sides, as well as
competitors, is key to implementation

Conduct external
outreach and
engagement

@ Identify communication-related @ ________________________

user needs utilizing NTN; clarify Updates to NTN technology /
requirements to realize those roadmap and understanding
needs related international activities

@ Examine issues in realizingNTN | "~~~ ~--~-------------o-omos
services; clarify required

development technologies;
consider problem-solving
approaches

Information from the Information from the
user needs side (user @ Formulation of a grand design supply side (service

companles) Extraction and recommendation prowders)
@ of common issues (e.g.,

standardization)
42024 XG Mobile Promotion Forum. Al rights reserved
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Chapter 3 Update of the Technology Roadmap
and Global Trends

3.1 Key News After 2024

Satellite Broadband

Geostationary Satellite

SKY Perfect JSAT Signs Procurement Agreement with Thales Alenia Space for Full Digital
Satellite JSAT-31. (SKY Perfect JSAT, May 27)
The first Viasat-3 started service on August 5, 2024 (capacity degraded due to antenna

deployment failure). (Viasat, August 5)

SKY Perfect JSAT signs communications satellite procurement contract with Thales (France,
March 11, 2025)

LEO Constellation

Starlink launches new D2C-enabled satellite. (SpaceX, June 4)

Amazon announces that Project Kuiper's initial service launch will be delayed to 2025
(Space News, June 27)

AST Space Mobile Obtains Commercial Satellite Launch Permit From FCC (AST
SpaceMobile, August 5)

Softbank announced to initiate Eutelsat OneWeb service on December 2024 (SoftBank

September 3)
Hawaiian Airlines Launches In-Flight Wi-Fi Offering by using Starlink (Hawaiian Airlines,

September 24)

Starlink has over 4 million subscribers. (Starlink, September 27)

Constellation Chiho by China‘s Shanghai Kakinobu Satellite Technology (SSST) launches
its first 18 satellites on August 6 (Space News, August 6) and launches next 18 satellites on
October 15 (Space News, October 15)

SKY Perfect JSAT and Planet Labs Collaborate to build Low-Orbit Satellite Constellation
with USD 230 Million (SKY Perfect JSAT, February 5. 2025)

Communications NBN considers entering low-Earth satellite market (Australia, February
14, 2025)

Amazon launches first Kuiper internet satellite (CNBC, April 28, 2025)

Satellite Mobile Direct

AT&T, AST Space Mobile Officially Sign Partnership. (AT&T, May 15)
Verizon teams up with AST Space Mobile for Satellite Communications Services (AST
SpaceMobile, May 29)

AST Space Mobile announced Satellite and Mobile Phone Direct Communications Details
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https://europe.nna.jp/news/result/2769929
https://europe.nna.jp/news/result/2769929
https://www.spacex.com/launches/mission/?missionId=sl-8-5
https://www.spacex.com/launches/mission/?missionId=sl-8-5
https://www.spacex.com/launches/mission/?missionId=sl-8-5
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https://www.businesswire.com/news/home/20240805857810/en/
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https://newsroom.hawaiianairlines.com/releases/hawaiian-airlines-now-offering-fast-and-free-starlink-wi-fi-across-entire-airbus-fleet
https://x.com/Starlink/status/1839424733198344617
https://spacenews.com/china-launches-first-satellites-for-thousand-sails-megaconstellation/
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https://spacenews.com/china-launches-second-batch-of-18-satellites-for-thousand-sails-megaconstellation/
https://www.skyperfectjsat.space/news/detail/planetlabspelican.html
https://www.skyperfectjsat.space/news/detail/planetlabspelican.html
https://www.skyperfectjsat.space/news/detail/planetlabspelican.html
https://www.skyperfectjsat.space/news/detail/planetlabspelican.html
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https://www.nna.jp/news/2760126
https://www.nna.jp/news/2760126
https://www.cnbc.com/2025/04/28/amazon-launches-first-kuiper-satellites-in-bid-to-take-on-starlink.html
https://about.att.com/story/2024/ast-spacemobile-commercial-agreement.html
https://www.businesswire.com/news/home/20240529554741/en/
https://www.businesswire.com/news/home/20240529554741/en/
https://www.businesswire.com/news/home/20240529554741/en/
https://www.businesswire.com/news/home/20240529554741/en/

(AST SpaceMobile, July 1)

Emergency SOS via satellite by iPhone 14 or later models starts on July 30 in Japan. (Apple,
July 30)

Verizon announces alliance with Skylo. Efforts to launch satellite text sending and receiving
service using 3GPP R-17 IoT-NTN compliant devices (Verizon, August 28).

AST SpaceMobile successfully launched five commercial satellites on September 12. (AST,

September 12) In October, Phased Array Antenna was successfully deployed. (AST, October
26)

10S 18 can send and receive text via satellite on iPhone 14 and later models (US and Canada

only). (Apple, September 16)

3GPP accepts Iridium's request to extend NB-IoT for NTN as an official work item in 3GPP
Release 19 (Iridium, September 25)

FCC permit provisionally to use Starlink Direct to Cell in U.S. Hurricane Disaster Areas.
(SpaceX, October 9)

KDDI successfully transmits and receives SMS by direct communication between au

smartphone and Starlink satellite in an experimental environment on Kumejima, Okinawa.
(KDDI, October 24)

Apple invests $1.5 billion in Globalstar to build new constellation (Via satellite, November
1)

FCC Allows Conditional Commercial License for Starlink Direct to Cell Services in the
U.S. (SpaceX, November 27)

One NZ Launches Starlink Direct to Cell Service in New Zealand (One NZ, December 19)
KDDI Obtains permission to launch Radio wave emission for Starlink Direct to Cell Service
(KDDI, December 25)

Vodafone Releases World's First Test of Satellite Video Calls, Connects Satellites and
Smartphones directly to call in Regions Where Mobile Phones can't Reach (Vodafone
January 29, 2025)

T-Mobile will start offering services that connect satellites and cell phones directly from
July (T-Mobile, February 9, 2025)

au launches "au Starlink Direct," a direct communication service between satellites and

smartphones, covering the entire country of Japan (KDDI, Okinawa Cellular Telephone, April
10, 2025)

Satellite [oT

Hubble Network successfully connects by Bluetooth from space (Hubble Network, April 29)
OQ Technology launches two additional satellites. The number of satellites are total 10. (OQ
Technology, March 10)

Sateliot launches four additional satellites on August 16. (Sateliot, August 17)

Solacom launches NTN IoT service compliant with 3GPP Rel-17 using Skylo's network

(available in North America, Europe, and Oceania). (Soracom, July 17)
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https://x.com/Starlink/status/1861544221683114066
https://media.one.nz/onenzsatellite
https://media.one.nz/onenzsatellite
https://media.one.nz/onenzsatellite
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HAPS

Succeeded in 5G communication experiment, simulating HAPS using small aircraft (4
business operators, SKY Perfect JSAT, NTT DoCoMo, NICT, Pana HD). (WING, May 29)
NTT DoCoMo and Space Compass announce launch of HAPS service in 2026 (Space

Compass, June 3)

SoftBank successfully demonstrates null-forming technology that enables frequency sharing
between HAPS and terrestrial base stations. (Softbank, June 26)

Sunglider, a large unmanned aircraft for stratospheric communication platforms (High
Altitude Platform Station, HAPS), successfully flew in the stratosphere. (SoftBank, October
2)

Successful demonstration of data communication to a smartphone via HAPS flying in the

stratosphere at an altitude of approximately 20 km above Kenya (Space Compass, NTT
Docomo, March 3. 2025)

Others

SES announces Intelsat acquisition; Deal expected to complete in second half of 2025.
(SES, April 30)

SES Space & Defense Demonstrates First Multi-Orbit, Multi-Band Commercial LEO Relay
(SES Space & Defense, June 5)

Italy's Telespazio teams up with US company Starlink. (NNA, June 10)

Adtran and Iridium Enhance PNT Resistance in Europe and Asia-Pacific with Satellite Time
and Location Technology (Adtran, June 24)

Starlink launches "Starlink Mini" in the United States. (SpaceX, July 11)

SpaceX’s proposal to ease PFD restrictions was met with opposition from companies.(FCC,
August 12)

The wireless communications and satellite industries don't match on U.S. position at WRC.
(FCC, August 20)

Intelsat and Intelsat start joint technology verification for realization of ubiquitous network.

In the future, terrestrial and satellite communication networks will be seamlessly connected
based on 5G standard specifications. (SoftBank, September 17)
Eriksson will participate in the Mobile Satellite Service Association (MSSA) and will

conduct a study on direct NTN satellite connection using the satellite frequency L/S band.

(September 18)
Mitsubishi Heavy Industries launch satellite with Eutelsat. (France, September 19)

SpaceX plan to invest in Vietnam with $1.5 Billion (Vietnam, September 27)

Commerce Department begins beta test of space transportation adjustment system. (NOAA
September 30)

Interstellar Technologies completes financing for series E round totaling 3.9 Billion Yen (PR
TIMES, October 24)

SKY Perfect JSAT Yokohama Satellite Control Center has established the “Universal NTN
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https://europe.nna.jp/news/result/2707044
https://www.nna.jp/news/2710106
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Innovation Lab” and started testing using non-terrestrial networks and 5G technologies.
(Sky Perfect JSAT, November 25)

» ESA to establish European satellite communications with 10.6 billion euros. (EU, December
18)

* Rosenwarthel, Chairman of the FCC, proposed to assign additional frequencies to space
launches. (FCC, December 19)

* Remote sensing by satellite mega-constellation. (Fraunhofer, January 2, 2025)

*  World's First Success in Transmission of Ultra-Large-capacity Mission Data Using 1.5-um
Inter-satellite Optical Communications - JAXA and NEC's Initiatives for Optical
Communications in Space - (JAXA, NEC, January 23, 2025)

« Marble Visions, NTT Data, Pasco, Canon Electronics, and NTT Data have agreed to form a

capital and business alliance to develop a high-resolution, high-frequency optical satellite
observation system. (NTT Data, February 25, 2025)

*  China successfully launches communications technology test satellite No. 15 (AFP, March
10,2025)

+ Space Compass to demonstrate satellite communications with ESA (EU, March 26, 2025)

* The U.S. State Department has urged allies to cut off contact with Chinese satellite
communications companies (NEXTGOV, April 21, 2025)

3.2 Technology Roadmap

The technology roadmap was established and updated as well as the previous one. The description
was updated while maintaining the framework of satellite broadband, satellite mobile direct, satellite

IoT, HAPS, and framework classifications for the aeronautics and oceans sectors.

The use of Starlink continues to expand, and as of January 2025, the number of subscribers
worldwide exceeded 4.6 million. Smaller and lighter terminals have also been released, and
convenience has also been improved. In addition to ship services, the company began offering
aircraft services in September 2024. OneWeb has also started services, and services by Project
Satellite Kuiper are scheduled to start in the future, and competition by LEO Constellation is expected to
Broadband intensify further.
Efforts are progressing to comply with the 3GPP standard of the VSAT system and to support
multi-orbit satellites of terminals with flat-type antennas, and it seems that integration of
terrestrial mobile communication networks and satellite communication networks, multi-orbit
support will be advanced in the future.

Direct communication between satellite and smartphone is already available in some models,
Satellite areas, both iPhone and Android, and services available on existing smartphones are also
Mobile Direct becoming available with Starlink D2C. AST SpaceMobile has also started launching commercial
satellites and will soon begin beta service. Although it is often time-consuming to send and
receive texts at present, it is expected that performance and communication opportunities will be
Satellite ToT improved by increasing satellite constellations in the future. 3GPP Rel-17 NTN compliant
terminals are also emerging, and usage is expected to expand in the future.

The development and testing of the system continues. It is expected that mobile network
coverage will expand, including in remote islands, mountainous regions, and by sea and in the air,
not to mention in the event of a disaster. In terms of the system, the revised version RR was
enforced from January 1, 2025, which made the 1.7 GHz and 2.6 GHz bands worldwide, and the
700-900 MHz band was specified worldwide, excluding some Asian countries. As the test
development phase progresses, it is likely that domestic institutionalization will proceed in parallel.

HAPS
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2022 2023 2024 2025 2026 2027 2028 2029 2030
@ @ @ @ @ @ @ @ @

GEQ Advanced Higher Throughput (VHTS- SDS), Lower Cost
Viasat Viasat-3 / Echostar Jupiter-3 / Konnect VHTS (VHTS)

v

Adaptation to 3GPP Rel. 18 NTN

. Intelsat-42,43 Superbird-9 (SDS)  Further Throughput Improvement : Optical Link, Large-
Satellite SAT-31 scale, Resource Optimization, V/E Band (feeder Link),
Broad LEO Constellation {Low Latency/Broadband Service) /High latitude which is hard for GEO Dynamic change of beam design
Band LEO Constellation Advanced Higher Throughput Capacity

Amazon Kuiper Further Throughput Improvement :
I il 4 Optical Link (Satellite-Satellite, Satellite-Terrestrial), Large-scale,
Telesat Lightspeed pesource optinization, V/E Band (feeder Link)
| T 2= 2SS ! Further Capacity Improvement :
OneWeb Gen-2 Increase the number of satellite (1,000 — 10,000 order)

_____ Stk G Toward Beyond 5G/6G

Starlink (Gen-1High Latitude region)
Starlink Gen-1(maritime)
OneWeb Gen-1(wigh Latitude region)

Satellite Terrestrial + satellite (satellite communication with the same terminal as the terrestrial)

Mobile Lynk AST SpaceMobile
Direct Starlink Direct to Cell
Apple & Globalstar Project Stardust

(incl Emergancy)

Satellite Echostar Mobile 0Q Technology Adaptation to 3GPP Rel. 17 NTN ot | :ﬂﬁme
TIoT Skylo L
Lacuna P ¥V sateliot, X

Payload development

HAPS
SoftBank HAPS
Space Compass HAPS
2023 2024 2025 2026 2027 2028 2029 2030
Broadband GEO Higher speed (VHTS, SDS), lower cost
Communications LEO Constellation: Higher speed / larger capacity
(In-flight Wi-Fi, In the aviation field, the use of in-flight Wi-Fi service (IFC) with geostationary satellite as a backhaul is expanding.
Aviation etc.) Starlink is also beginning to offer in-flight Wi-Fi, and services are becoming faster and less expensive.
bil . Regarding in-flight Wi-Fi, there may be demands in the future for improved speed and stability, and for a wider
Mobile Direct coverage, but for satellite mobile direct, due to aviation safety reasons, many countries do not permit LTE or 5G
ToT communications on board aircraft. So, for the time being, its use in the aviation sector is unlikely to progress.
GEO Higher speed (VHTS, SDS), lower cost
Broadband LEO Constellation: Higher speed / larger capacity
Communications In ships, internet access for crews and passengers is becoming essential, and Starlink's use of LEO satellites is
(In-flight Wi-Fi also promoted. There are problems related to charges and congestion during access concentration. In the future,
etc.) ! LEO constellations will become more powerful and sophisticated, and prices are expected to fall by increasing
’ users and competition operators. In addition, miniaturization of user terminals and simplification of installation are
MERTE progressing, and it is expected that usage in small ships will increase in the future.
Field Transition from satellite communication system to 3GPP Rel. 17 NTN compliant service,

integration with terrestrial mobile service

Mobile Direct Sophistication of navigation support by transitioning from AIS to VDES

loT For small ships and boats that are difficult to use the above-mentioned satellite broadband, it is expected that the

VDES use of direct communication between satellites, HAPS, and smartphones will be utilized. In Japan, a
demonstration experiment of VDES, which can provide bidirectional communication at high transmission rates, is
planned from 2024 to 2027, and after that, global demonstrations are planned.




3.2.1 Satellite Broadband
In addition to geostationary satellites (GEO), the development of low orbit satellites (LEO) that

will intensify in the future will include updated information on the situation.

_ VHTS - SDS OneWeb m Amazon Kuiper Telesat Lightspeed
(Geostationary Satellite)
GEO LEO LEO LEO LEO

Satellite

Service link frequency

Ku-band, Ka-band

Ku-band

Ku-band, Ka-band (from GEN-2) Ka-band

Ka-band

terminal Dedicated Terminal (VSAT, etc) Dedicated Terminal Dedicated Terminal (flat) Dedicated Terminal (flat) Parabolic, Flat

60 cm ~ 1.2 m Parabolic ~1.2m Parabolic 29.85cm x 25.9cm 17.8cmx 17.8 cm
50 x 45cm (flat) 59 4cm x 38.3cm 289cmx 289 cm
57 5em x 51.1cm 483 cmx 76.2 cm

Throughput ~150Mbps(Down) ~ 195 Mbps (down) ~220Mbps (down) ~1Gbps (down) ~7.5Gbps

~25Mbps (up)

Latency ~600ms (Alf.35,000km) 70ms (Alt. 1,200km) 20~40 ms (Alt. 500km) ~50 ms? (Alt. 600km) ~70 ms?

(Alt. 1,015 km, 1,325 km)

Coverage Depending on the position of Global Global Global Global
the satellite. Polar regions
coverage is difficult.

Features The existing ground-based Inter-satellite optical link (not Inter-satellite optical link Inter-satellite optical link Replay relay method
system for geostationary included in initial Inter-satellite optical link
satellites can be used. Cost constellation)
reduction due to expanding
capacity and optimization of
coverage due to flexible beams.

‘éV‘fE‘ESS Available at existing FSS Available in existing FSS Available in existing FSS Available in existing FSS Awvailable in existing FSS
s‘;,\';‘,';‘:"‘ca“”" distribution frequencies distribution frequencies distribution frequencies (Ku/Ka  distribution frequencies (Ka distribution frequencies (Ka
(Ku/Ka/Q/V band, efc.) (Ku/Ka band) band) band) band)
Related When Available within the system of Gen-1 is institutionalized Gen-1 is institutionalized In order fo introduce it, it is In order to infroduce it, it is
Si:lems 'Jr:;::‘““d " allocated FSS frequency necessary to develop a system  necessary to develop a system
Standards DVB-S2X (ETSI standard) European Standard, European Standard, = =
3GPP Rel-18 ECC Report 271, ECC Report 271,
ECC Decision (18)05, ECC Decision (18)05,
ETSI EN 303 980 ETSI EN 303 981
Use Case Rural area, broadband for ships  The basic use case is the same as the service by geostationary satelite (VHTS - SDS). Although it is considered advantageous due

and aircraft, mobile backhaul,
backup line for disaster

to latency, throughput, cost, and ease of terminal installation, it is assumed that there are many cases where it is difficult fo use
because the outlook condition is more severe than the GEO satellite.

VHTS (Very High Throughput Satellite)

A satellite with a capacity of several tens of times more than a conventional geostationary satellite by

arranging a number of spot beams and reusing frequency is called HTS, but a next-generation satellite with
an further larger capacity is called VHTS. In 2024, Viasat-3 service (Ka band) started. GSAT-20 (India, Ka
band, 70 Gbps), Telekomsat-113 BT (Indonesia, C / Ku band, > 32 Ghps) were launched and those are
currently being tested.

Satellite Overview

Having High Power (20 kW) to supply Thousands of Beams. Also afterlaunch, the band can be reassigned
from less demanded areas to more demanded areas in a flexible manner

Technology

VSAT, ESIM (available on existing geostationary satellites)

Terminal Throughput: > 100Mbps

Broadband, mobile backhaul, and disaster backup lines for ships and aircraftin the rural area.

Use Case . ) )
Available in a wider range and at a lower costthan ever before.

Wireless.
Communications
Rules

Available at existing FSS distribution frequencies (Ku/Ka/Q/V band, etc.)

Related

TS Introduced in Japan

Available within the system of allocated FSS frequency

Standards DVB-S2X (ETSI standard), 3GPP Rel-18

Others
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SDS (Software Defined Satellite)

Satellite Overview

Technology

Terminal

Use Case

Wireless
Communications
Rules

Related Introduced in
Systems Japan

Standards

OneWeb
Satellite Overview

Communication

frequency

Ground station
Terminal

Use Case

Wireless
Communications
Rules

Introduced in

Related Japan
Systems

Standards

Possibility of international
collaboration

Unlike conventional satellites, the beam design can be changed after the launch of the satellite. Beam
placement, size, bandwidth and power can be dynamically changed.

SKY Perfect JSAT Superbird-9, JSAT-31, Intelsat 1S-42, 1S-43, 1S-41, 1S-44, Inmarsat GX 7, 8, 9, efc. are
planned. Use Ku and Ka bands in service link. GX7, 8, and 9 can simultaneously place thousands of beams.

Thousands of beams can be dynamically repositioned with the latest digital processing and phased array
antennas

VSAT, ESV, ESIM (available on existing geostationary satellites) Throughput: > 100Mbps

Broadband, mobile backhaul, and disaster backup lines for the are available in a wider range and at a lower
costthan ever before.

Available at existing FSS distribution frequencies (Ku/Ka/Q/V band, efc.)

Available within the system of allocated FSS frequency

DVB-82X (ETSI standard), 3GPP Rel-18

Constellation of 588 satellites at an orbital altitude of 1,200 km (Gen-1)
Global Coverage (including sea)

Not implemented in Gen-1. Expected implementing an optical link between satellites in Gen-2.

Service link: Ku band,
Feeder link: Ka band

*V /E band (under consideration in Gen-2)

40-50 locations will be set up worldwide. The license for Japanese earth station(gateway) was given on
August 6, 2024.

855 x 374 mm (fixed/portable), 895 x 895 mm (fixed/movable/sea)

BCP/Remote/Land Mobile Broadband Communication
Ship/Aircraft Broadband Communication

Available in existing FSS distribution frequencies (Ku/Ka band)

Gen-1 is institutionalized

European Standard.
ECC Report 271,
ECC Decision (18)05,
ETSI EN 303 980

Solar panel technology, debris removal technology
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Starlink

Satellite Overview

SpaceX has launched more than 7,000 satellite constellations (alt. 550 km). The FCC has granted 12,000
launches. Downlink maximum throughput of 220 Mbps. The service link uses the Ku band (Ka band and V
band are also planned for Gen-2 and later). The Gen-2 constellation plans to launch 30,000 satellites
(altitude of about 330 km to 610 km).

Technology

Adopted the latest digital processing and phased array antennas. Adopting the inter-satellite laser link (ISL)
enables communication service even at a distance from the gateway.

Terminal

Starlink dedicated terminals. Manufactured by SpaceX. Phased Array Antenna

Use Case

Broadband for the Rural Area, Ships, and Aircraft, Mobile Backhaul, and Disaster Backup

Wireless
Communications.
Rules

Available in existing FSS distribution frequencies (Ku/Ka band)

Introduced in
Related Japan

Gen-1 is institutionalized

Systems

Standards

European Standard.
ECC Report 271,
ECC Decision (18)05,
ETSI EN 303 981

Possibility of international
collaboration

Amazon Kuiper

Satellite Overview

Satellite (LEO) Constellation by Amazon. The FCC has given permission to launch up to 3,236 satellites.
These satellites will be located between an altitude of about 590 km and 630 km, with service expected to
begin in the later half of 2025. The company conducted the launch of two prototypes in 2023, and is testing
things like 4K Video Streaming and two-way video communication. In addition, tests of inter-satellite
communication at 100 Gbps were conducted for the adoption of inter-satellite laser link (ISL).

Technology

By adopting inter-satellite laser link (ISL), communication services can be provided even at a distance from
the gateway.

Terminal

Kuiper dedicated terminal. Three models (phased array antenna) will be provided: Ultra-compact (~100
Mbps), high-performance (~400 Mbps), and high-bandwidth design(~1 Gbps).

Use Case

Rural area, backup line for disaster. It is expected that the service will streamline data processing and storage
in conjunction with Amazon's cloud services (AWS).

Wireless
Communications
Rules

Related

Available in existing FSS distribution frequencies (Ka band)

Introduced in

Systems
Japan

In order to introduce it, necessary system must be established.

Standards

Possibility of international
collaboration

Debris Removal Technology
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Telesat Lightspeed

Telesat’s satellite (LEQ) constellation. It is scheduled to launch 298 satellites in the Gen-2 Constellation. The
198 units of the initial launch were ordered to MDA. Operation on both polar and tilted orbital surfaces
enables polar-to-pole communication. Plan to deliver 1Mbps to several Gbps throughput to a single site. The
launch is scheduled to begin in 2026.

Satellite Overview

Combined with phased array antenna and beam hopping technology, several Gbps transmission can be
Technology concentrated spot-wise. Space-based IP NW was constructed by Inter-Satellite LaserLink (ISL). Improved
link performance by digital modulation and demodulation on satellite.

Terminal Phased array (aviation), flat panel (corporate), single dual dish antenna (ship), etc.

Use Case Backhaul of air, shipping, fixed carriers, or companies

Wireless

Communications Available in existing FSS distribution frequencies (Ka band)
Rules

R 2 Introduced in : ; H
Systems  ooon In order to introduce it, necessary system must be established.

Standards —

Possibility of international
collaboration

Debris Removal Technology
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3.2.2 Satellite Mobile Direct

Regarding satellite mobile direct (communication via satellite directly from communication

terminals such as smart phones without having a dedicated terminal that is responsible for

communication with satellites), update information is described for each company's service

development.

|| ASTSpaceMobile |

Satellite

Service link
frequency

Terminal

Services

Coverage

Features of each
technology

Wireless
Communic
ations
Rules

Related

Syst
YSEMS \hen

introduced
inJapan

Standards

Use Case

ST SpaceMobile Starlink Direct to Cell | Apple & Globalstar
LEO LEO LEO LEO GEO

3GPP Freguency (Mid-band, Low-
band) Partner MNO Freguency

Existing mobile phone terminals
(priorto 3GPP Rel 17)

Text, voice, broadband

Global, but the range of frequency
that can be used by pariner MNOs

Large Phased Array Antenna Vent
Pipe System Compensating for
Doppler, Delay on Ground

Additional distribution of MSS to the
frequency used.

Article 4 4 is Applied. Due fo using
frequencies that are not assigned to
mobile satellite operations

In order fo introduce it to Japan,
necessary system must be
established.

26, 4G, 56

Message services, calls, and data
communications outside mobile
coverage

AST SpaceMobile

Satellite Overview

Technology

Terminal

Use Case

Wireless
Communications
Rules

Related
Systems

Standards

Others

Introduced in
Japan

3GPP Freguency (Low-band) Partner
MNQ Frequency

Existing mobile phone terminals
(priorto 3GPP Rel 17)

Text (Voice, data in the future)

Global, but the range of frequency
that can be used by partner MNOs

Phased array antenna with 1m
~1.5m. Installed eNodeB, EPC in
satellite. Can transmit/receive text
with store and forward
communication even if it is away from
the gateway.

Additional distribution of MSS fo the
frequency used.

Article 4.4 is Applied. Due to using
frequencies that are not assigned to
mobile satellite operations

In order to introduce it to Japan,
necessary system must be
established.

2G, 4G, 56

Message services outside mobile
coverage

3GPP frequency (Mid-band)
Partner MNO freguency

Existing mobile phone terminals
(priorto 3GPP Rel 17)

Text (Voice, data in the future)

Global, but the range of frequency
that can be used by partner MNOs

2.7m x 2.3m Phased Array
Antenna.

Installed eNodeB in satellite.
Doppler Correction

Inter-satellite Optical
Communication

Additional distribution of MSS fo
the freguency used.

Article 4.4 is Applied. Due to using
frequencies that are not assigned
to mobile satellite operations.

Institutionalized

3GPP Rel-8 or later (LTE)

Message services outside mobile
coverage (calls, data
communications)

(L-band/S-band) using
global star frequency

iPhone 14 series or later

Emergency SOS, Text
(US, Canada only)

17 countries (as of Jan-
2025) (May be used in the
coverage of Global Star in
the future.)

Utilizes Global Star's
Satellite Communications
Function

Available in existing MSS
distribution frequency (L/S
band)

Institutionalized

Unknown.

Emergency Text
Send/Receive Outside
Mobile Coverage.

L-band (n255) S-band (n256)

3GPP Rel17 NTN loT-
compatible Terminal (Google
Pixel 9 Series, Samsung
Galaxy S25 Series)

Emergency SOS Text

Global except polar regions

Extend coverage using
existing geostationary
satellites (Inmarsat, Ligado,
Echostar)

Avalilable at existing MSS
distribution frequencies

Since rules are established
for each system, necessary
system must be established.

3GPP Rel 17 NTN

Emergency Text
Send/Receive Outside Mobile
Coverage.

AST Space Mobile's Satellite Constellation Provides Direct Communication Services to Existing Mobile
Phones (Text, Voice, Broadband Communications). Using MNO Partner Frequencies (3GPP Frequency Low-
band and Mid-band). Demonstration experiment in 2023 achieved voice calls and downlink throughput of
14Mbps. Launched five Block 1 BlueBird satellites in September 2024.

Phased array antenna with large diameter.
Vent pipe system (eNB is located on the ground).
Doppler shift and delay correction.

Existing mobile phone terminal (3GPP terminal)

Significant expansion of mobile network coverage.
Restoring mobile networks in the event of a large-scale disaster

Additional distribution of MSS to the frequency used.
Article 4.4 is Applied. Due to using frequencies that are not assigned to mobile satellite operations.

Necessary system must be established.

2G, 4G, 5G
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Lynk

Lynk's satellite constellation (altitude of 500 km). Provides direct communication servicesto existing mobile
phones (text). Using MNO partner's frequency (3GPP frequency Low-band). Three commercial satelites
have been launched. Two additional satellites were launched in 2024 (5 satellites are currently in operation).
Commercial service started in June 2023.

Sateliite Overview

1-1.5m Phased Array Antenna. The eNB and EPC are installed on the satellite. Store and forward
communication is possible even in a location away from the gateway. Doppler Shift and Delay Correction.

Technology

Terminal Existing mobile phone terminal (3GPP terminal)

Emergency Communications in dead area zones

Use Case Emergency Communications in the case of a Large-Scale Disaster

WIEEss Additional distribution of MSS to the frequency used.
Communications

Rules Article 4.4 is Applied. Due to using frequencies that are not assigned to mobile satellite operations.

Related
Systems

Introduced in

fiasen In order to introduce it, necessary system must be established.

Standards ZG, 4G, 5G

Others

Starlink Direct to Cell

Starlink satellite constellation for direct communication with mobile phones. Usually, the Starlink satellite is
about 500 km in altitude, but the direct communication satellite is orbiting at 340 km. Provides direct

Satellite Overview communication services to existing mobile phones (originally text, future voice, data communication) Utilizing
the frequency of MNO partners (3GPP frequency Mid-band) Successfully sent and received texts by launching
six satellites in January 2024. The service is scheduled to begin in Japan in the spring of 2025.

2.7m x 2.3m Phased Array Antenna. eNodeB is installed on satellite. Connected to existing Starlink

Technology constellations via laser backhaul (no dedicated gateway required). Doppler shift and delay correction.

Terminal Existing mobile phone terminal (3GPP terminal)

Emergency Communications in dead area zones
Emergency Communications in the case of a Large-Scale Disaster

e Additional distribution of MSS to the frequency used.
Communications

Rules Article 4.4 is Applied. Due to using frequencies that are not assigned to mobile satellite operations.

Use Case

Related
Systems Introduced in

S Institutionalized

Standards 4G

Others

Apple & Globalstar

Utlize Clobal Star's satelite (LEO) constellation, which is 32 satellites deployed at an altitude of approximately

Satellite Overview 1,440 km.

Technology Utilize Global Star's Satellite Communications Function

Existing mobile phone (iPhone 14 or later) terminals. The satellite connectivity function will be implemented in
Terminal Apple Watch Ultra in 2025. It can send and receive emergency SOS messages (texts) and send location
information on iPhone 14 and later.

Use Case Emergency SOS

Wireless

gogmunicaliuns Available in existing MSS distribution frequency (L/S band)
ules

Related 7
Systems Introduced in
Japan

Institutionalized

Standards 4G

Others —
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3.2.3 Satellite IoT

Satellite IoT is a network configuration that communicates directly with satellites from IoT

terminals, similar to mobile direct. Although there is no significant difference in the development of

services from last year, there is a lot of movement in Constellation, and we will focus on this and

provide updated information.

Satellite

Service link
frequency

Terminal

Services

Coverage

Features of each

technology
Wireless
Communica
tions Rules

Relat

Ej . When

Syste  introduced

TE inJapan
Standards

Use Case

Skylo

Satellite Overview

Technology

Terminal

Use Case

Related
Systems

Others

GEO

L-band (n255) S-band
(n256)

GPP Release 17 NTN loT-
compatible terminals

Direct satellite
communication from 5G
loT terminals

Global except polar
regions

Integrate with your
network on the ground to
expand 5G loT coverage

Available at existing MSS
distribution frequencies

Since rules are
established for each
system, necessary system
must be established

Echostar Mobile 0Q Technology | Sateliot |
LEO GEO LEO LEO LEO

L-band (n255) S-band
(n256)

GPP Release 17 NTN loT-
compatible terminals

Direct satellite
communication from 5G
loT terminals

Senvices by Global LEO
Constellation

Integrate with your network
on the ground to expand
5G loT coverage

Available at existing MSS
distribution frequencies (S-
band)

Since rules are established
for each system, necessary
system must be

3GPP Rel 17 NTN

3GPP Rel 17 NTN

S-band Licensed
Freguency

Lora terminal for LR-FHSS

Direct Satellite
communication from Lora
terminal

Europe-only service with
EchoStar XXI
(geostationary satellite:
10.25° E)

Integrate with LoRa
networks on the ground to
increase coverage

Available in existing MSS
distribution frequency (S
band)

Since rules are established
for each system, necessary
system must be
established.

LR-FHSS

S-band Licensed
Frequency

Antenna for Lora terminal
+with LR-FHSS

Direct Sateliite
communication from Lora
terminal

Service by Global LEO
Constellation
(approximately 500 km)

Integrate with LoRa
networks on the ground fo
increase coverage

Avalilable in existing MSS
distribution frequency (S
band)

Since rules are established
for each system,
necessary system must be
established

LR-FHSS

S-band (n256)

GPP Release 17 NTN loT-
compatible terminals

Direct satellite
communication from 5G
loT terminals

Senvices by Global LEO
Constellation

Integrate with your network
on the ground to expand
5G loT coverage

Available in existing MSS
distribution freguency (S
band)

Since rules are established
for each system,
necessary system must be
established.

3GPP Rel 17 NTN

S-band (n256)

GPP Release 17 NTN loT-
compatible terminals

Direct satellite
communication from 5G
loT terminals

Services by Global LEO
Constellation

Integrate with your
network on the ground to
expand 5G loT coverage

Since rules are
established for each
system, necessary system
must be established.

3GPP Rel 17 NTN

Utilize Existing satellites (Satellites of Inmarsat, Ligado Networks, Echoster)
Direct communication serviceto 5G terminals.
Frequency is used 3GPP bands n255 and n256

Provide Skylo NTN coverage by roaming with MNO, MVNO.

3GPP Rel-17 NTN (NB-loT) compatible terminals (Google Pixel 9, etc.)

Emergency SOS, Text, loT

Wireless
Communications
Rules

[No issues] Available with existing MSS distribution frequency

Infroduced in
Japan

In order to introduce it, necessary system must be established.

Standards

3GPP Rel-17 NTN(NB-IoT)
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OmniSpace

OmniSpace’s satellite constellation. It plans to provide initial service in 2026 with 300 LEO satellites. Provides
Sateliite Overview direct communication servicesto 5G terminals. Frequency is using 3GPP band n 256 (S band).
Test satellite Spark-1, Spark-2 has been launched (April and May 2022). These satellites are for NB-1oT.

Technology Details not disclosed

Terminal 3GPP Rel.17 compliant. Band n256 compatible terminal

Use Case loT use case general (asset tracking, etc.)

Wireless
CIMTETIEES [No issues] Available for existing MSS distribution frequency (S band)
Rules

Related Introduced in

o T [Issues] Since rules are established for each system, necessary system must be established.

Standards 3GPP Rel-17 NTN(NB-IoT)

Others

EchoStar Mobile

Using EchoStar XXI (geostationary satellite: 10.25° E)
Sateliite Overview Using the licensed frequency ofthe S band.
Providing direct communication services for Lora Terminals in Europe in July 2022.

Technology Available forintegration with LoRa networks on the ground.

Terminal Loraterminal for LR-FHSS

loT Use Case General (Asset Tracking, etc.)

Use Case Lora loT Service Coverage Expansion

Wireless

eI Available in existing MSS distribution frequency (S band)
Rules

Related Introduced in

s e Since rules are established for each system, necessary system must be established.

Standards LR-FHSS

Others

Lacuna Space

Lacuna Space's Satellite Constellation (approximately 500 km). Using Cubesat.

Provides direct communication services to Lora terminals. Frequency is S-band (2GHz band).
Commercial satellites are being launched (7 satellites have been launched (6 are in operation), total 32
satellites launch are planned)

Satellite Overview

Store and forward communication.
Available in integration with LoRa network on the ground.

Terminal Lora Module for LR-FHSS + Dedicated Antenna

Technology

loT Use Case General (Asset Tracking, etc.)

Use Case Lora loT Service Coverage Expansion

Wireless

go;zmumcations Available in existing MSS distribution frequency (S band)
ules

Related Introduced in

Syslems  Japan Since rules are established for each system, necessary system must be established.

Standards LR-FHSS

Announced collaboration with OminiSpace (March 2021). OminiSpace's S-band frequency will be used for
services

Others
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O0Q TECHNOLOGY

Satellite Overview

Technology

Terminal

Use Case

Wireless
Communications
Rules

Related

Smrs Introduced in

Japan

Standards

Others

Sateliot

Satellite Overview

Technology
Terminal
Use Case

Wireless.
Communications
Rules

Related Introduced in
Systems Japan

Standards

OQ TECHNOLOGY's satellite constellation (plans to launch 60 units).

Provides direct communication services to 5G loT terminals. Frequency is S-band (2 GHz band).
Commercial service has started in June 2023. 10 satellites have been launched. An additional 20 satellites
are scheduled to be deployed by the end of 2025.

Details not disclosed. A patent was granted for "wake-up" technology that efficiently uses power only when
a private terminal is communicating with a satellite.

3GPP R17 IoT-NTN support

10T use case general (asset tracking, etc.)

Available in existing MSS distribution frequency (S band)

Since rules are established for each system, necessary system must be established.

3GPP Rel-17 NTN(NB-loT)

Sateliot's satellite constellation (250 launches planned).

The first satellite was launched in April 2023, and the additional 4 satellites were launched in August 2024.
Plan to deploy 100 satellites in orbit by 2028 and provide real-time global coverage. Direct communication
service for and 5G NB-loT terminals. Commercial service to be started in 2025

Details not disclosed

3GPP R17 IoT-NTN support

loT use case general (asset tracking, etc.)

Since rules are established for each system, necessary system must be established.

3GPP Rel-17 NTN(NB-loT)
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3.2.4 HAPS

HAPS is one of the forms of NTN, an architecture form in which communication terminals such
as unmanned airplane (UAV) and smart phones flying into the stratosphere directly communicate.
This paper summarizes the outline of Space Compass, SoftBank, which is currently planning to

expand its services.

_ Softbank (software) Space Compass(Phase1) Space Compass (Phase 2-)

Satellite HAPS HAPS (Fixed Blade Type, Small) HAPS (Fixed Blade Type, Small to Medium)

Service link 3GPP Frequency PartnerMNO Frequency 3GPP frequency (2GHz FDD band)Using the 3GPP frequency (2GHz FDD/TDD band, efc.)

frequency frequency band of partner MNO partnerMNO frequency band *TDD band usage
policy is under consideration

Feeder link ITU-R HAPS Feederlink Frequency (Either 6 5GHz, 38-39.5GHz band 38-39 5GHz band, etc.

frequency 21GHz, 26GHz, 28GHz, 31GHz, 38GHz, 47GHz)

Terminal Existing mobile phone terminal (3GPP)_LTE/5G Existing mobile phone terminal (LTE/5G SA) Existing mobile phone terminal (LTE/5G SA)

Services Text, voice, broadband Text, voice, broadband Text, voice, broadband

Coverage 200km diameter 100km diameter Diameter 100-200 km

Features of each

Foolprint Fixation Technology

Vent pipe method

Vent pipe method/Regenerative repeater method

technology HAPS flight-compatible technology (feeder link HAPS flight support technology (feeder link tracking,
tracking, footprint fixing, Doppler shift correction, efc.) footprint fixing, Doppler shift correction, efc.)
Portable GW station Portable GW station, Feeder link MIMO via satellite,
high-speed capacity enhancing technology by multi-
beam, efc.
Wireless 17GHz band, 2GHz band and 2 6GHz band have been Specified as the frequency used in ITU-R
S:S'"&T:;CE" specified as the frequency used in the whole world. 700-
900MHz band is specified for feeder link worldwide except
for some Asian couniries: 6 5GHz, 21GHz, 26GHz, 28GHz
Related is specified for some regions and countries, 31GHz,
Systems 38GHz, 47GHz is specified for worldwide use
When Necessary system must be established as a radio station to Install ized Services in Japan ization as v
é”;m:;'c”g different from existing mobile phone base stations for 2026
Standards 3GPP (HAPS BS standard) 3GPP (HAPS BS standard)
Use Case Significant expansion of mobile network coverage Expansion of mobile network coverage according to Significant expansion of mobile network coverage
Restoration of mobile networks inthe event of large-scale ~ needs, such as remote islands and area [ ing sea and air.
disaster Restoration of mobile networks in the event of large- Restoration of mobile networks inthe event of large-
Migration support to next-generation communications. scale disaster. scale disaster (More rapid, large-capacity system
Realization of low-latency communications Low-latency communication (industrial use, etc.) recovery)
Low-latency communication (industrial use, efc ), ,
Temporary industry/event use etc, using TDD band
HAPS

Providing communications services over a wide area by operating unmanned aerial vehicles (UAVs) such
as aircraft flown in the stratosphere as communication base stations. The onboard radio will emit radio
waves toward the ground to provide connectivity to communication networks such as LTE and 5G.

Qverview

Development of optical wireless for FeederLink (Establishment of fine tracking and coarse tracking
technology/improvement of accuracy)

Development of radio wave management technology assuming ground station interference/prohibited areas
(footprint fixing, radio wave propagation model/simulation)

Establishment of Inter-HAPS technology (Stratospheric mesh configuration/improvement of operation rate)
Multi-cells/large capacity

Payload

Technology

Higher density / lighter weight (all solid batteries). Battery life improved / cycle number increased (next-

sateny generation resin foil). Safety improved under stratospheric environment.

Solar Panel Module development for stratospheric environments. Lightweight/high efficiency

Use Case Rural / Remote island area/ 3D coverage, Disaster communication, loT, Sensing service (camera etc.)

1.7GHz band, 2GHz band and 2.6GHz band have been specified as the frequency used in the whole world.
700-900 MHz band has been specified worldwide, excluding some Asian countries.

Feeder link frequency: 6.5 GHz, 21 GHz, 26 GHz, 28 GHz are specified in some regions/countries, 31 GHz,
38 GHz, 47 GHz are specified as the worldwide use frequency

Wireless
Communications
Rules

Related

S A system needs to be established for radio stations that are different from existing mobile phone base

stations (SoftBank).
Currently working on domestic institutional arrangements in preparation for service launch in 2026 (Space
Compass)

3GPP (HAPS BS standard)

Promotion of various institutional adjustments (ICAO, FAA, EASA, CASA). International Frequency (ITU,
3GPP)

Introduced in
Japan

Standards

Possibility of international
collaboration
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3.3 Related Activities in Overseas Countries (EU-6G-
NTN Project)

This year, for related activities in overseas countries, EU 6G-NTN's activities through the Web-HP

(https://6g-ntn.eu/) was investigated to understand the so far conducted their research activities. 6G-
NTN is one of the major European Union's 6G research project on NTN, which is having financial
supports from the parent organization, 6G-SNS (Smart Network & Services).Also, we considered this
activity is a major overseas NTN research activity in EU therefore, we focused it as the subject of our
survey. Following shows our survey implementation details and observations on the 6G-NTN EU

Project.

. WGMF Task(1)b: Reviewing 6G-NTN works

This task tries to identify 6G-NTN work status specifically focuses on;
(1)Use-cases (Case study)

(2)Technical Landscape (Technology information & 3GPP trends)
(3)Seeking Solutions (Industrial Cooperation & Technical Challenges)

.{f} 6G5NTN  ABOUT+~ WHAT'SNEW? . RESOURCES+~ CONTACTS

https://www.6g-ntn.eu/

6G Non-Terrestrial
Networks

for the full integration
of NTN component into 6G

22


https://6g-ntn.eu/

USE CASE #1: Maritime
coverage for search and rescue
coast guard intervention

USE CASE #2:
Autonomous power line
inspection using drones

USE CASE #3
Urban air mobility

USE CASE #7:

YGMF

Addressed Markets

s
Drones Defense

3 B B
Media &

entertainment Telecom Public safety

\ p. P
p ¢ <«

Aeronautic Automotive Maritime

https://www.6g-ntn.eu/use-cases/

*

USE CASE #4

Adaptation to public
protection and disaster
relief or temporary events

USE CASE #5

Consumer handheld
connectivity and positioning
in remote areas

USE CASE #6

Continuous bi-directional
data streams in high
mobility

Direct communication over satellites.

&
Railway

Observation: These fields indicated as main target markets that 6G-NTN focuses on.
Detail survey can be found in each (see next page), worthwhile to observe.

23



YGMF

THALES

6G NTN Use-Cases

Presentation by Thales Six France | EUCNC & 6G
Summit 2024 — “European vision on 6G use-
cases” Session | 05.06.2024 | PDF

I
4G NTN Use-Cases

EUCNC 2024
“Eurcpeon h)llv IN vie- \.\) C3” Sesion
Wodnosdcy, 5 @ 2024, 11:0C-13:00

Dorin Panaitopol
THALES SIX FRANCE
https://www.6g-ntn.eu/download/6g-ntn-use-cases/

. YGMF NTN Integration related information in 6G-NTN
5G NR Satellite NTN integration with 5G NR TN - Short View 6GNTN

J

Rel-17: Ended (March 2023 from RAN4 point of view)

- Transparent Satellite; J .
- NTN UE is a Smartphone in L/S Bands. 3 (Non-Terrestrial Network)

EUCNC 2024
"European vision on 6G use-cases” Session
Wednesday, 5" of June 2024, 11:00-13:00

Rel-18: Ended (RAN4 work finished in May 2024)
- Transparent Satellite;
- NTN UE is a VSAT operating in Ka-band.

NINUE 7 Lmesommmmacoan

Rel-19: TBC end-2025? smaoere o2 S

with Satellite

- Regenerative Satellite; czpabmnei/

- DL coverage enhancements;
- Other bands: Ku-band; /
- Other FR1-NTN UE types: HPUE.

@,
3%

one .
Rel-20/Rel-21: '\ [ . o 4 (Terrestrial Network)
- GNSsS-free operation; \\TNUE ‘_,/ il
- Other bands: Q/V band; TNCell "l atellite
....................... (NTN) Cell

- Lower form factor for VSAT terminals;
- Enhanced (broadband) services.

Observation: This summary provides 3gpp release contexts & the new targets.
Overall NTN integration image (in 6G-NTN) can be captured from the study.
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))(GMF NTN Integration related information in 6G-NTN

Trends: Standardization, Implementation and Research (takeaways)

6EGNTN

Support implementation of 5G NTN standards defined in 3GPP domain
+ to the maximum extent possible and
« through a gradual implementation approach

(L

| IRIS? (approach under construction):

| Future roadmap, in order to support 5G/6G NTN-TN convergence:
> Satellite with regenerative payload: starting from Rel-19;

> Evolution towards 6G New Radio:
- Increasing Non-Terrestrial Network (NTN) capacity:

« Introducing more Satellite frequency bands for increased capacity;
« Integration of TN and NTN 5G/6G towards 3D (mesh) communications.
- Simulation and testing capabilities:
« 6G WaveForm (WF) abstraction toolbox;
+ Channel Model for satellite communication;
« Evaluate PAPR, resilience to Doppler & timing errors of various WaveForms.

Observation: it can be observed 6G-NTN also has high-level requirements in TN-NTN
integration with various analysis.

YGMF NTN system Overview image in 6G-NTN

L,
6G-NTN SNS Project: Key Design Principles

=z )

6EGNTN

Network functions (incl.
Edge resources)

GS0 Inter Node 680
‘ Link (INL)
<
' INL
Multi dimensional

network infrastructure
|

+ UE functions for on

Multi constraints radio feeder
access network

Multi mission
radio protocol

feeder

unified with terrestrial
network component

/ 6G
Cogpea core

Observation: an image of design principles is provided.
Could be referred as our study of Grand-Design.
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Y GMF

Technical Information & Challenges

Report on 3D multi layered NTN architecture (3rd

P e J D36 M24
unlic beillveranies e
Report on 3D multi layered NTN architecture (final
b1 D3.7 _ M36
version)

This page gives you the opportunity to download all public deliverables developed within the scope D3.8  Report on terminals (final version) M30

of the 6G-NTN project. As the evaluation and approval process by the European Commission is RenOrt on SoTtare dennedl payload andite scelablily

ongoing, some of the content may change. 3.9 (final version) MU
D3.10 Report on vLEO space segment (final version) M30
Work Del. # Title Delivery date Wpa o1 Report on unified and data driven airinterface for 6G-NTN N7
package (month) 222 (1stversion)
WP 1 D1.1 DMP M5 D4.2  Report on 6G-NTN radio controller (1st version) Mm17
WP 2 D2.1 Use case report M3 D43 Open datasets for 6G-NTN data driven radio access M8
networks
D22 Report on user requirements M6 pgd Spectrum regulation analysis for 6G NTN scenarios (st M8
. T version)
D2.3  Report on system requirements M9
5 i - WPS D5 Report on reliable and high accuracy positioning M36
D2.4  Report on business model metrics and analysis M24 S litions for 6GNTN
D2.5 Report on regulatory requirements M12 e Initial report on ion and M8
~ and cybersecurity threats for 6G-NTN
Report on 3D multi layered NTN architecture (1st
WP3 D3.1 version) M7 D53 Final report on | and cyb ity M36
™ framework for 6G-NTN
D3.2 Report on terminals (1 st version) Mmig WP6 D6.1  Dissemination and Communication Strategy and Plan M4
D33 Report on software defined payload and its scalability Mig D6.2  Impact Creation Mid-Term Report M18
: (1st version) L - and —
063 Y mis
D3.4  Report on vLEO space segment (1st version) M18 ST
D6.4  Impact Creation Final Report M36
Dao Report on 3D multi layered NTN architecture (2nd 12
= version) Be& isation, itation and inability Final i

Roadmap
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— EUCNC & 6G Summit 2

Enablers for E2E
integration in 6G-NTN
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6G-NTN project overview

66 NON-TERRESTRIAL NETWORKS FOR THE FULL INTEGRATION OF
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66 NON-TERRESTRIAL NETWORKS FOR THE FULL INTEGRATION
OF NTN COMPONENTS INTO THE FUTURE 6G INFRASTRUCTURE

e

wure

Architecture & use cases

brochure

DOWNLOAD

Enablers for E2E integration in 6G-NTN

»GM

USE CASES

About 6G-NTN -
Introductory Flyer

WNLOAD rights reserved

6G NON-TERRESTRIAL NETWORKS FOR THE FULL INTEGRATION
OF NTN COMPONENTS INTO THE FUTURE 6G INFRASTRUCTURE

Enablers for E2E integration

I Reliable Positioning

Positioning objectives

for
with 3GPP Rel.17's introduction [1]. NTN, pivotal for emergency
services, explores explicit positioning via single or multiple LEO
satellites in scenarios with weak or unavailable GNSS signals.
Various methods, including TOA, TDOA, RTT, two-way TOA, and FDOA
Method
choice hinges on system requirements and available resources.
For instance, TOA and RTT need high bandwidth for resolution,
RTT requires bidirectional signaling, and TDOA has a trade-off with
DOP [2]. This paper explores positioning techniques in 6G NTN,
focusing on LEO satellite constellations in diverse configurations
and deployments to propose suitable NTN positioning methods.
o

Sie . 3000 TS 22071 wemen 17804
B AL P ners
o N, vl 8.0 3. 821 - 641 . 2021

g 4

State of the art for positioning

NR-positioning involves two key processes: measurement and

UE-based, and
ion. In terms of

in 6G-NTN

we have observed the following:

+ The best positioning accuracy was achieved in FR2 with
i ©,78GHz)

subcarrier spacing (i.e., 240 kHz).
+ The achievable positioning accuracy is indeed below 1m.

However, using FR1 and sub-carrier spacing between 15 kHz
and 60 kHz, the accuracy is above 1 m and below 6 m.

Dynamic Orchestration and
Autonomous Monitoring

ML for VNF orchestration

+ A virtualized and cloud native architectures for the 6G core
network capable to cope with ad-hoc satellite constellations
of 6 through a dynamic orchestration of the service-based
architecture.

« InTN/NTN scenarios, the orchestrator leverages insights from
th i i

I Cyber Security

Context and technical problem

Security of cloud computing infrastructures

Itis a de f to deploy f micro-
services. Kubernetes is an open-source orchestration engine of
containers on clusters of servers. It's very flexible but with some
drawbacks:

+ Security risks induced by virtualization

« Security’ i
model)

+ Security configurations complex and difficult to implement

» Little visibility on what is implemented

Cantaer mages

Network-based, offering flexibility i
Sng

-RSTD, UL-
RTOA, Rx-Tx time difference) and receive-power measurements
(DL PRS-RSRP, UL SRSRSRP, AoA, Zenith-AoA, SSB, and CSI-
RS). Numerous 3GPP evaluation studies on these schemes are
documented in 3GPP 38.855 (3] and 38.859 [4], providing valuable

ensuring that sufficient resources are allocated to meet each
user’s specific requirements.

waste of energy associated with overprovisioning while
i d of to

insights into their performance in the context of NR+
The following highlights the main challenges in LEO-NTN based
positioning:

under provisioning.

A
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Scsaning Network tecurty
Mitgaion

Technical solution

Building a microservice deployment model using a topological
graph G(v.€) and assessing its security

+ Nodes (¥): pods (or deployments) and containers

Poster — EUCNC & 6G Summit 202

ttps://www.bg-ntn.eu/wp-content/u ploads/sites/94/2024/06/EuQNC_GG_NTN_WPS_poster-1.pﬂf



)(GM Presentations & Talks https://www.6g-ntn.eu/presentation-talks/

—e

THALES

6G NTN Use-Cases

-
GCNIN Use:Cases Presentation by Thales Six France | EUCNC & 6G

Summit 2024 - “European vision on 6G use-
cases” Session | 05.06.2024 | PDF

EUCNC 2024

e o, 65 oF Aok s A

Dorin Panaitopol
THALES SIX FRANCE

THALES

NTN-TN Convergence for
T%?s%r?vw&g‘“; 5G/6G Networks - Use Cases &
Challenges

oonn Pcmulvopol
THALES SIX GTS FRANCE

Presentation by Thales Six GTS France| Thematic
days on NTN communications Organised by the
CNRS GDRs RSD & ISIS | 19/20.10.2023 | PDF

SWGMF Observation Summary of 6G-NTN Activities

Intensive studies are observed in 6G-NTN Activities, such as including

(1) On Use Cases: 7-fields of key Use-cases.

(2) On Technical Landscape (Technology information & 3GPP trends)

N
TS mEm e

(3) On Seeking Solutions: Plenty number of Dellverables (Technlcal Challenges)

Public Deliverables I Produced Materials
O— N

This page gives you the opportunity to download all public deliverables developed within the scope
of the 6G-NTN project. As the evaluation and approval process by the European Commission is
ongoing, some of the content may change.
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3.4 Summary

For the technology roadmap, as last year conducted, the main news from FY2024 onwards we
surveyed following three categories of NTN related information, which is satellite broadband,
satellite mobile direct, satellite IoT, and HAPS. We updated the comparison table and detailed
information of each company's services in accordance with the status of the service deployments.
Although there were no noticeable updates, future plans for satellite constellation and radio
communication regulations are still in place. It observed that preparations were underway for the
these service deployments.

For related activities in overseas NTN related research, this year EU 6G-NTN's activities through
the Web-HP (https://6g-ntn.eu/) was investigated. We were able to observe, the key use cases,
technical information and 3GPP trends & technical issues, etc., eventually we were enable to capture

their outline of the work status via this survey.
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Chapter 4 Identifying the Needs and

Requirements of Users Interested in Utilizing
NTN

4.1 Identifying the Needs of Users Interested in Utilizing
NTN

4.1.1 Implementation of Opinion Exchange Sessions

Continuing from last year, our project conducted activities to identify user needs. This year, we
focused on identifying the demands and challenges in the "marine" sector and organized the opinon
exchange sessions as described below. Invitations were extended to institutions and companies
associated with our project members (hereinafter referred to as "guests"). The participating guests
introduced the activities of their respective organizations and also took part in a pre-session

questionnaire.

® Title: Opinion Exchange Session on Communication Services Using Satellites and HAPS in
Marine Sector
® Date and Time: November 7, 2024 (Thursday), 15:00-17:30 (JST)
® Venue: Conference room at the Association of Radio Industries and Businesses and Online
(Hybrid Format)
® On-site Participants:
Guests:
- Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
- Nippon Kaiji Kyokai (ClassNK) / Ship Data Center Co., Ltd.
- NAIKEN R&D / SIM-SHIP Co., Ltd.
- Infracom Corporation
- Oceanic Constellations, Inc.
- MOL Sunflower Ltd.
- BANYANS Inc.
- FURUNO ELECTRIC CO., LTD.
- NYK CRUISES CO., LTD.
- Lighthouse Inc.

Project Members:
- National Institute of Information and Communications Technology (NICT)

- Sharp Corporation
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- Space Compass Corporation

- Softbank Corp.

- Nokia Solutions and Networks Japan G.K.
- Rakuten Mobile, Inc.

- ITOCHU Techno-Solutions Corporation

- Internet Initiative Japan Inc.

- VIAVI Solutions Inc.

- Keysight Technologies Japan K.K.

- KDDI CORPORATION

4.1.2 Summary of the Opinion Exchange Session

The specific examples (activity introductions, Q&A, and contents of the pre-session questionnaire)
provided by the guests were consolidated, and a list of demands and challenges was compiled based
on each example. The following trends were frequently observed. For specific details, please refer to
Section 4.2.

o Pricing plans (balance between price and data capacity, etc.)
Communication quality (latency, connection stability, etc.)
Communication coverage

Legal and regulatory framework

©c o0 O O

Communication terminals and equipment

4.1.3 Titles of Activity Introductions (Reference Information)
Each guest introduced their organization's activities with the following titles. As these were based
on a closed meeting within XGMF, the detailed contents are omitted. (Specific examples collected

are included in the content consolidated in Section 4.1.2)

\[:GM F Introduction to Activities from Each Organization/Company
(P—

No. Organization / Company Name Title
1 Japan Agency for Marine-Earth Current Status and Challenges of Satellite Communication in Offshore
Science and Technology (JAMSTEC) Unmanned Observation Platforms

2 Nippon Kaiji Kyokai (ClassNK)

| Ship Data Center Co., Ltd. Examination Towards Remote Operation for Autonomous Ships

Future Brought by Automation and Mass Production - Proposing a New

3 | NAIKEN R&D / SIM-SHIP Co., Ltd. Shape for Coastal Vesseles

4 Infracom Corporation Safety Measures System for Mountain and Marine Leisure

Communication Needs in Forming Networks between USVs (Unmanned
Surface Vehicles)

Use Cases of Marine DX and Low-Earth Orbit Satellite Communication at

5 Oceanic Constellations, Inc.

6 MOL Sunflower Ltd. MOL Sunflower Ltd.

7 BANYANS Inc. Company Introduction of BANYANS Inc.

8 FURUNO ELECTRIC CO., LTD. Marine DX Promoted by FURUNO

9 NYK CRUISES CO., LTD. Case Study of NTN Utilization in ASUKA Cruises
10 Lighthouse Inc. Business Introduction of Lighthouse Inc.
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4.1.4 Questions in the Pre-event Survey (Reference Information)
Below questions were used for the pre-session questionnaire, and responses were collected from
the guests. As these were based on a closed meeting within XGMF, the content of the responses is

omitted. (Specific examples collected are included in the content consolidated in Section 4.1.2)

Q1. Are you currently using NTN? If yes, could you tell us any challenges you are facing?

Q2. Have you ever had to give up on something due to communication issues? If yes, could you
share the reasons if possible?

Q3. What are your expectations for NTN?

Q4. If you could use NTN, what would you like to use it for? Please provide potential uses and
needs.

Q5. Are there any challenges, considerations, or issues that need to be solved for using NTN? Either
industry-specific matters or communication environments is fine.

Q6. Is there anything you think would make NTN more convenient or encourage you to use it more
actively?

Q7. Do you have any other concerns or issues regarding fees, subscription contracts, or legal
matters?

Q8. Do you have any expectations or requests for the NTN promotion project?

4.2 Presenting Solutions Using Existing Technologies

The content from the activity introductions, Q&A, and pre-session questionnaire were
consolidated, and potential solutions that users might not have recognized were flagged against the

demands and challenges listed in Section 4.1.2.

Flagging Criteria:
(A) Feasible using existing technologies or combinations thereof.
(B) Feasible using forthcoming technologies in the near future or combinations thereof.

(C) Not feasible with existing technologies.

When summarized for each flag, the following results were obtained. The most notable group is
the "(A)" group. It was to become apparent that despite existing solutions capable of addressing
operational issues and demands, users (demand side) were unable to adopt them due to various
reasons. Hence, focusing solely on technological challenges will not solve the demands and
challenges.
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}]:GM FPotentiaI for Problem Solving with Existing Technologies: Summary (1%)

[Group A] Solution Already Available / Improvement Expected with Existing Technologies

Reguests/Challenges Solutions Other Requests
Low latency, high capacity, and low cost are being realized through satellite broadband Request for low-cost services.
Low Latency communication with LEO satellite constellations like Starlink Business, Eutelsat OneWeb, Request regarding Regulations.
(at Viesseles/Ferries) Amazon Kuiper project, etc. (Eutelsat OneWeb also offers performance guarantees), Reguest for simplified procedures.
and further improvements are expected in the future. Request for information sharing.
Simplification of Receiver  Flat type antennas make the installation easier compared to conventional movable Request for a trial environment.
Installation antennas. S
gﬁ%ﬂﬁ?cg;g:ﬁinal Coverage Area Expansion is possible with NTN (except for polar regions). V\_.I’e_lgmw Ih.ere are \'“\.:
Low Latency Implementation of Communication Using MEC. e :r):::;:?ni:tv:fntngjs 7\ Customer
High Capacity High-capacity plans are already available. S P P s mpamt H
Ensuring Security There are already services that can add security features. \___ excessively high.,.. S
T S— - 2
- — {Image) ‘
It's tough to meet operational challenges and customer demands while keeping the ‘ '

If we only focus on tech issues, it's impossible to solve everything.

service providers' businesses viable.

~ —
. -
—

/_‘MTJ'{_d “:’ N Requests/Challenges Bottlenecks
oy th Sl eﬁnbu{ /‘! Supplier  [Various type of service plan such as Depends on the decision for service providers based
( EISBEILEEL, \ offering area and data allowance on cost-effective.
y~ i MEIEESE =, 4 . . o . Depends con the decision for device venders based on
. effectiveness. .. Various option of communication devices ;
—_ . Ly cost-effective.
— Y

(Image) n High data allowance plan

Although a high data allowance plan are offered, the
significant expense are necessary to utilize it.

}):GM FPotentiaI for Problem Solving with Existing Technologies: Summary (2%)

[Group B] Potential for Resolution with Alternative Services / Solutions Expected to Emerge

in the Future

Requests/Challenges

Solutions

Marine Observation: The options are limited

(The requirements for Devices: small size, low power;
The requirements for Communication Methods: data
capacity, coverage area)

High Capacity

Low-Cost Satellite Communication Solutions for USVs

Increase in Communication Capacity (for Image Data
Transmission)
Implementation of TN/NTN Interworking System

Seamless Handover

Marinization of Antenna Equipment
Communication Environment Equivalent to Terrestrial

Stable Connectivity

Provision of D2D Services

If the coverage requirements can be met, the following solutions may be applicable.
Iridium, Globalstar, Inmarsat, Orbcomm

Low latency, high capacity, and low cost are being realized through satellite broadband
communication with LEQ satellite constellations like Starlink Business, Eutelsat OneWebh, and
Amazon Kuiper project, etc. (Eutelsat OneWeb also offers performance guarantees), and further
improvements are expected in the future.

*There is room to explore the potential for improvements through the combination with QosS.
The following solutions may be applicable.

Iridium, Globalstar, Inmarsat, Orbcomm

The following solutions may be applicable.

Starlink Business for Maritime

Possible if standardization by 3GPP and the development of RR, etc., progress.

It may be possible with the use of SD-WAN equipment.

*Excluding international legal frameworks

Development of ocean-proof terminals seems possible (however, depending on cost-effectiveness
criteria of equipment developers).

Development of hybrid terminals is anticipated in the future.

Using the bandwidth guarantee option of Eutelsat OneWeb could provide more stable connectivity
than best-effort lines.

Solutions enabling communication with existing terminals, like Starlink D2C and AST mobile, are
planned to be releasad in the future. Subsequently, standardization of TN/NTN dual-compatible
terminals complying with 3GPP Releasel7 NB-IoT,/18 NR-NTM is also anticipated to proceed.
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\I:GM FPotentiaI for Problem Solving with Existing Technologies: Summary (3/4)
- ®

[Group C] Resolution is difficult due to natural laws/coverage limitations and
legal obligations.

Requests/Challenges Solutions,/Bottlenecks
Marine Observation: Flexibility in Choosing
Communication Means (for Communication Coverage
Area)
\esseles/Farries: Expansion of Communication Area
(for Remote Control from Terrestrial)

Currently, only Iridium MSS service supports small terminals globally. Orbcomm, Globalstar, and
geostationary satellites lack coverage in polar regions.

Marine Observation: Flexibility in Choosing It is expected that communication capacity will increase with IoT services provided by Starlink D2C and
Communication Means (Communication Capacity) AST SpaceMobile. (However, the area is limited to the territorial waters of the serviced country.)

As transmission capacity and power consumption are proporticnal, it is challenging to achieve both high
communication capacity and energy efficiency.
Marine Observation: Balancing Miniaturization and Low If the performance of satellite transceivers improves, it might be possible to increase communication
Power capacity without raising the power consumption of terminals. However, specific plans are unknown.
High-speed communication with VSAT is difficult to achieve with small antennas because of the need to
capture geostationary satellites.

Improvements are expected with satellite SOS by iPhone and LTE area coverage expansion by Starlink
DZC and AST SpaceMobile. (Reportedly, Apple Watch Ultra 3 will support text messaging via satellite.)

Mountain/Marine Leisure: Difficulty in Rescue/Search In valleys, even NTN might not ensure communication, but obtaining lecation information and

in Areas QOutside Communication Coverage

might be somewhat replaceable by beacon systems like COCOHELL.

Vesseles/Fermies: Reduction of Service Price, Satellite broadband communication using LEO satellite constellations such as Starlink Business, Eutelsat
Implementation of TN/NTN interworking Systems, OneWeb, and Amazon Kuiper project is realizing lower latency, high capacity, and lower prices (Eutelsat
Stability/High Capacity/Performance Assurance OneWeb also offers performance assurance), and further improvements are expected in the future.
There is potential for further reduction in the cost of satellite broadband with LEO satellite constellations
Regulatory: Reduction of NTN usage fees in the future.Cne possible bottleneck is the difficulty in obtaining GMDSS certification for satellite

broadband systems.

\I:GM FPotentiaI for Problem Solving with Existing Technologies: Summary (4/4)
- 9

[Group C] Resolution is difficult due to natural laws/coverage limitations and
legal obligations.
Requests/Challenges Solutions/Bottlenecks

D20 services available on existing terminals by Starlink D2C and AST SpaceMobile cannot be used in
waters beyond territorial seas due to regulations. Responding to the traffic demand of cruise ships with
D2D services, including others, is challenging in terms of capacity.

Data Linkage MNecessary for Safe Navigation: Provision
of 02D Services

Due to the high number of passengers on cruise ships, capacity issues are frequent. Expected
Cruise Ships: High-Speed, High Capacity, Low Latency 'alleviation of capacity issues with the increase in the number of constellation satellites and use of Ka-
band in the future.

In high-latitude regions, due to generally low traffic demand, the number of satellites in orbits that
cover high latitudes is relatively low in constellation plans. Expected alleviation of capacity issues with
the increase in the number of constellation satellites and use of Ka-band in the future.

High Latitudes: Expansion of Communication Coverage
Area

Balancing Communication Capacity / Throughput and

Miniaturization / Energy Efficiency Trade-off between the two.

Low Solar Power Generation in Mid-High Latitudes

i . Correlation between sunlight hours, solar radiation, and solar power generation.
During Winter

4.3 Clarification of Requirements Necessary to Meet User

Needs

For the requests and issues listed in section 4.1.2, the following results were obtained by

summarizing the requirements necessary for realization.
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A\X/

[\GM F Summary of clarification of requirements needed to realize needs

category requirement Technology, services, etc. required to solve the problem
lbandwidth [Expansion of allo(_ated bandwidth
[Utilization of multiple bands (Ku, Ka, Q, V, etc.)
fitter Difficult to resolve due to NTN characteristics?)
[Communication using MEC
delay [Utilization of satellites in relatively low arbit such as LEG/MEO

but difficult to solve fundamentally due to the characteristics of NTNs)

fcommunication speed

ariable DL/UL Ratic
[Spatial multiplexing technology

Communication stability lE2E Orchestrator

[E2E Orchestrator
[E2E Qrchestrator Implementation Obstacles to Implementing E2E Orchestrator Radio Laws, etc,

[GLA-based QoS management

[SLA-based QoS management

|network slicing

etwork slicing

[coverage area

[TN/NTN coordination
LEQ/MEOQ/GEC/HAPS multi-orbiting
igh latitude communications satellite deployment

itter reduction during handover

Difficult to resolve due to NTN characteristics?)

Packet Loss Reduction

Difficult to resolve due to NTN characteristics?)

[TN/NTN inter-domain orchestrator

[[mplementation of TN/NTN inter-domain orchestrators

[5eamless handover
TN/NTN coordination

Providing TN/NTN hybrid terminals
Providing communication plans for TN/NTN hybrid terminals

egulation adjustment

|Standardization of linkage between TN/NTN in 3GPP

IQoS guarantee considering NTN line characteristics
bandwidth, jitter, delay)

[QoS settings for TN/NTN

Reliable communication channel

Providing bandwidth reservation services

[ecurity

lquantum cryptography

Communication Reliability
Network Conduciveness

[Combined service of multiple satellite communication networks
[Coordination between TN/NTN
ILEO/MEO/GECQ/HAPS multi-orbiting

Expansion of communication

capacity igh capacity communication plan

[Offer inexpensive unlimited capacity plans

IoT device support ICommunication Plans for ToT

Providing communication plans for IoT

[5atellite Communication Terminal Specifications

ide range of satellite terminals (small, power-saving to large, high-speed communications)

communications device ICommunication standards for IoT devices

[Standardization of communication standards for IoT devices

D2D service support

Providing of D20-compliant satellites
fcommunication plans for D2D

Standardization of terminals for [Product size

offshore use Mounting Method

tablishment of unified standards for offshore terminals and mounting jigs

4.4 Summary

Through the opinion exchange sessions, the demands and challenges in the marine sector were
identified, and the feasibility of solutions using existing technologies was examined. For unresolved
issues, necessary requirements to meet these needs were considered. It became apparent that
operational challenges and demands from the user's side (demand side) confront the business

feasibility of the service provider side (supply side), and focusing only on technological challenges

does not ensure resolution.

It was perceived that to achieve widespread adoption of NTN, reducing usage costs is necessary.
This indicates that procurement costs for satellites and HAPS are key issues. Forming a global

ecosystem aimed at reducing NTN costs in parallel with technological advancements deemed

essential.
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Chapter 5 Efforts to Solve Challenges for
Realizing NTN Services

5.1 Examination of Challenges for Realizing NTN

Services

By the end of the last fiscal year (FY 2023), as an activity to raise interest in NTN, which is an
important element of Beyond 5G, we formulated use cases. By disseminating examples that make it
easy to imagine that what cannot be done with 5G until now can be done with Beyond 5G, and by
conveying the appeal of NTN, we aimed to bring to light the needs and problems of users, and to
provide opportunities for collaboration with companies that possess technologies. As a result, 19
examples were formulated from 2 different viewpoints, namely, from the technical viewpoint that
overviews the whole NTN, and from the industry viewpoint that expresses concrete application
contents.

In addition, from these examples, we examined them from the viewpoint of the examples that
should be most realized as Beyond 5G, and selected examples to be taken up as initiatives to solve
problems for social implementation. Those with an asterisk (*) at the end of each case name are

applicable.

e Technical Perspective

NTN and TN Integration (*)

Broadband communication outside of TN coverage (*)
IoT communication outside of TN coverage (*)

High-Precision Positioning &Navigation (*)

O O O O O

Sensing and Communication Service Integration

e Industry Perspective

Observation of River Water Level & Snow Accumulation

Herd management

Collaboration between Disaster Medical Sites and Hospitals (*)
Provision of Power Supply and Communication to Disaster Areas
Mobility

Communication Methods in Mountainous Areas (*)

Unmanned delivery (by HAPS)

Advanced Airport Control

Disaster Detection in Mountainous Areas

Public Safety LTE

Sensing

o 0 0O 0o o o o o o o o
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o Complementary Service by NTN
o Unmanned delivery (by Satellite) (*)

o BCP for Cellular Communication

In this fiscal year (FY 2024), as described in the previous chapter, we took up marine
communication use cases, such as ships and ocean observations, as new applications of NTN services,
and discussed issues and solutions to realize social implementation through discussion meetings with
related companies. In addition, with regard to HAPS, which is aimed at early commercialization in
Japan in particular, we updated the examination of utilization cases from a technical perspective,
including HAPS, in the integration of NTN and TN, and additionally examined utilization cases from
a new industry perspective that utilizes the features of HAPS.

As a result, the following three new cases were examined through this year's activities.

e Additional cases (Industry Perspective)
o Mobility in the Ocean (*)
o Disaster Countermeasures (by HAPS)

o Video Transmission from Remote Areas and Drones (by HAPS)

In the following sections, a total of 22 NTN use cases are presented, including 3 new cases added
this year.

14 15 16 17 18 19 [ 20 21 22

Observati Provision

- o -
loT High- SelSine onof N of Power Communi . " Vld90‘
d ; and H tion " Disaster Disaster |Transmis;
NTN and Communi|Precision | River Supply cation N . Complem{Unmanne| BCP for L .
Communi| . o Herd |between Unmanr Public o Mobility | Counter |sion from
™ . cation [Positionin| . Water . and .| Methods . " . . entary |d Delivery, Cellular | =/
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5.1.1 Integration of NTN and TN

Use case overview

Throughput

Latency

Coverage

Terminal type

Frequency

Expected Service
Provided Timing

Use case
overview

Throughp
ut

Latency

Coverage

Terminal type

Frequency

Expected Service
Provided Timing

This shows an overall NTN-TN
convergence image. Satellite BB,
Satellite loT, Satellite Observations,
and HAPS are integrated with TN
communication.

>100Mbps

<20ms

Rural areas, ocean, etc.

Dish terminal(fixed)
Mobile phone

Ku Ka S sub-6G

Year 2025~30

Connectivity to conventionally
unconnected objects with
Satellite-broadband.
(convergence of TN and NTN-BB)

+ >100Mbps for moving platforms
+ >10Mbps for cellphone
- >1Mbps for first responder

+ <20ms

+ Rural areas, ocean, etc.

+ Dish terminal on platforms
+ Handset type mobile phone

+ Ku Ka for dish terminals
+ Sub-6GHz for mobile phones

Year 2025~30

Remote area
roadband

rge v
municatio,.........
===
. .
Maritime
Broadband

Maritime loT

' Heavy ~
equipment loT

Satellite

B —N

\ Satellite
. GW
« Core NW

Data and control cente

First Responder communication and disaster relief
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5.1.3 IoT Communication in TN Coverage-Limited Areas

Expand loT service coverage, Lower band-width, extremely wide-range coverage
collecting information in
conventionally TN unconnected,
Use case overview such as buoys, containers and
animals in forests.
(convergence of TN and NTN loT
services)

ALICULTNa Kbps level

Latency No requirement

Coverage Rural areas, ocean, etc.

&f;f.

é . T
1 o o o o R

Terminal type Portable

Technical Challenges and issues/difficulties to overcome this scenario includes;

1. Unified Protocol and Multi-Connection Technelogy for IMT and satellite

) 2. Intelligent High Dynamic Routing and Inter-satellite Optical Interconnection Tec.
Expected Service  INNPYPIIp 3. Satellite-Ground Network O&M and Resource Management

Provided Timing 4. Unified terminal for IMT and satellite communication

Highly expected international cooperation to overcome such challenges/issues.

Frequency Low band (such as L ,S, etc.)

5.1.4 High-Precision Location Information and Navigation

High accuracy required scenario with Low Latency
in Satellite communication.

Integration of positioning and
navigation for critical applications,
such as remote driving, precise
agricultural applications.
(convergence of GNSS and Satellite
communication)

Use case overview

Throughpu

t No requirement

KPI

-

Data and control center

Latency <20ms

Coverage Full coverage of earth

Convergent terminal for positioning
and communication

Terminal type

Frequency No requirement

i Technical Challenges and issues/difficulties to overcome this scenario includes;
; 1. Unified Protocol and Multi-Connection Technolegy for IMT and satellite
: 2. Intelligent High Dynamic Routing and Inter-satellite Optical Interconnection Tec.

Expected Service

Provided Timing Year 2025-30

3. Satellite-Ground Network O&M and Resource Management
4. Unified terminal for IMT and satellite communication
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5.1.5 Sensing and Communication Service Integration
Sensing and Communication Service Integration

Satellite

Use case overview

Throughput

Latency

Coverage

Terminal type

Frequency

Expected Service
Provided Timing

Remote sensing and data
transferring by the same
satellite node. (convergence of
Earth observation and
Communication)

>100Mbps for data transfer
xx resolution for earth
observation

<20ms

Full coverage of earth

Dish terminal
Mobile terminal

Ku Ka and Low band

Year 2025~30

Accident
and fire

Data and control
center

echnical Challenges and issues/difficulties to overcome this scenario includes;

1. Unified Protocol and Multi-Connection Technology for IMT and satellite
2. Intelligent High Dynamic Routing and Inter-satellite Optical Interconnection Tec.
3. Satellite-Ground Network O&M and Resource Management
4. Unified terminal for IMT and satellite communication

ighly expected international cooperation to overcome such challenges/issues.

5.1.6 Observation of River Water Level and Snow Accumulation

Tech to be used

GEO or LEO + Image analysis

Remaote monitoring of river water level and snow

Use case accumulation around railways, combining with NTN

and single-board computer.

UC Overview

To realize the measurement of water level and snow
depth through the analysis of images or videos

taken by the cameras installed near the river.

Exizting solution

Mone

Throughput Latency Cowverage

Several Mbps - Remote area

Challenge

Inability to carry out measurements due to lack

of personnel.

Personal injury accidents caused by working in

hazardous areas.

Inability of measuring personnel to reach the site

due to heavy snowiall.

Expected Benefit

Acquisition of observation data regardless of

weather

Supplementing staff shortages and reducing

operating load by using data analysis

Expected Service
Provision Timing

Year 2023-2025

Although there is a tendency for snow accumulation fo decrease as
global warming progresses, varnous natural disasters have been seen
due to recent extreme weather. Working near rivers under such
conditions is dangerous and may lead to the worst-case scenano.
Mechanizing surveying operations such as image analysis allow us to
avoid hazards as well as eliminating variations in measurement result
caused by manual work. As a disaster-prene country, there are high
expectations for data preservation, and it is expected to use for
sharing information not only to Japan but also to other countries.
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5.1.7 Herd Management

Tech to be used GEO or LEO + LPWA

Cow's herd count management integrated with
LPWA

By attaching LPWA tags to cows, we can
achieve the automation of headcount
management for cows moving around on the
vast ranch.

Use case

Existing solution None

Throughput Latency

Suburban
area

Several
Mbps

1. Reducing personnel operating cost at
public ranch

Reducing the workload of patrolling vast
ranch

Challenge 2

Reducing operating costs and time, and
mitigating labor shortages

Year 2023-2025

Walking around a vast ranch is physically taxing and managing
each numbered cow is not easy. As an initial introduction, reduced
operating costs and workload in herd management are expected.
In future, collaboration with the ranch’s own physical condition
management system (requires LTE communication) will be
expected. There is also the possibility of technology diversion to
other livestock. Demand is also expected in overseas countries
(US, Australia etc.) where grazing area is larger than Japan.

5.1.8 Collaboration between Disaster Medical Sites and Hospitals

Tech to be used LEO

Means of communication among disaster

B EEE medical sites and hospitals

Provides collaboration among disaster sites and
UC Overview hospitals, and access to EMIS by installing
antennas on emergency medical vehicles

Existing solution Mone

Coverage

KPI Urban/subur
ban area

Cue to communication disruption at the disaster
site ;

T 1. Unable to contact nearby hospitals {unable

to cooperation;
2. Unable to access to EMIS {unable to
system cooperation)

1. Time saving for deciding on treatment
methods and transport destinations

2. Smooth information sharing amonag field
responders by communication equipment

Year 20232025

In additien te providing medical treatment at the disaster site and a
means of communication with hospitals, it enables to access fo EMIS
(Emergency Medical Informaticn System), which enables appropriate
treatment and transportation by checking the operating status of
nearby hospitals. It enables to provide optimal treatment by linking
with a platform that cenfrally manages health information (medical
history, hospital visit history, etc ). This use case is expected to be as
an advanced initiafive for the promotion of MTH, which combines both
aspects of communication as a means of contact and as a means of
accessing data.
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5.1.9 Provision of Power Supply and Communication to Disaster Areas

Tech to be used LEO + EV

Providing power supply and communication
Use case through electric vehicles in the event of a
disaster.

Provides power supply and communication
UC Overview services in disaster areas by installing antennas
on electric vehicles.

Existing solution None

KPI Urban/subur
ban area

Ensuring power supply and communications in
evacuation shelters Source : https:/iwaww_softbank jp/corpinews/pressisbids2022/20220214_01/

Challenge

With availability of communication;

1. Sharing information using safety Telecommunications, now indispensable in daily life, is expected to be

used especially for information gathering and communication during

confirmation and collection of damage data disasters. Many disaster victims become anxious when their daily
by local governments communications become unavailable during a disaster, and the
2. Reduction of mental stress system is expected to reduce their stress. This case can be used not
3. Obtain surrounding information (damage, only during disasters, but also for special events, and is expected to
distribution of supplies, etc.) be used as an alternative to wired communications, which take time to
=z prepare.
ENcie e Year 2023~2025

Provision Timing

5.1.10 Mobility

Tech to be used LEO/HAPRS + Connected car

Use case Standardization of eCall at Connected cars

By equipping vehicles with communication
UC Overview devices, it is possible to realize the rescue of
accident vehicles using eCall.

Existing solution Mone
Coverage

KPI Urban/subur
ban area

In case of the accident in dead zones, it is
unable to call for help

il e 2. Ifthe passenger cannot call, it will lead to

a delay in rescue
¥ Since April 15t, 2013, it iz mandatory to equip new vehicles sold within

1. Expansion of the areas where rescue is the European Union with eCall. While advancements in autonomous
possible using 2Call even outside of driving technolegy focus on "safe driving," there is also an expected
Expected Benefit cellular coverage. demand for the implementation of eCall services that prioritize posi-

accident response. As there are still areas without cellular network
coverage, there is anticipation for satellite communications fo
compliment the coverage. Addificnally, by integrating with 1oT, there is
the potential for applications such as reassessing insurance premiums

2. Communication-based loT collaboration
and updating of vehicle-mounted systems

Expected Service
Provigion Timing Year 2025-2030 based on accumulated driving information and detecting vehicle
mainfenance timings.
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5.1.11 Communication Methods in Mountainous Areas

Tech to be used HAPS

Means of communication in mountainous areas

Use case

Emergency communication methods for forestry

UC Overview workers

Existing

. MNone
solution

Throughput

Suburban
fmountainous
area

KPI

In mountainous areas, where communication is

not available, there is a risk of life-threatening

situations as contacfing for rescue becomes

impossible in the event of workers getting

injured.

1. Life saving of the injured in mountains

2. Communication among workers and remote
responders

3. Improve work efficiency by sharing on-site
photos of tree growth condifions

Challenge

Expected Benefit

Expected Service
Provision Timing

Year 2025-2030

According to MAFF data, number of forestry werkers in 2015 are
decreased to 45,000 {11,000 people are 65 years and over) compared
to those in 1990 by 55,000 (decreased 3,000 people of 65 years and
over). It is expected to be used as a means of emergency
communication to protect current workers and promaoting 10T in view
of the declining workforce and aging of the industry. With the "Green
Employment" project that started in 2003, a certain number of
inexperenced workers are finding employment, and remote
menitoring and work instructions are expected fo be a great help.

5.1.12 Unmanned Delivery (Using HAPS)

HAPS + Location data
Delivery by small drone

Tech to be used

Use case

By equipping small unmanned drones with

UC Overview location data, unmanned delivery to specific
locations is made possible.
Existing solution Mone
Throughput Latency Coverage
KPI Several ) Urban/subur
Mbps ban area

Shortage of delivery stafi due to increased
demand by popularity of food delivery and
flea market application

Increased cost on the transportation
industry due to free shipping etc.
Increased operations due to redelivery
Development of laws for air mobility

Challenge

Reduction of delivery burden for small-
sized packages

. Digital transformation (DX) of the
fransportation industry in data
management

Expected Benefit

Expected Service

Provision Timing Year 2025-2030
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Delivery demand has been rizing due to new services and impact of
COVID-19. The issue that stands out is the shortage of delivery staff.
The service by equipping small drone with location data and enables
unmanned delivery to unique locations have benefits including
operationdfuel reduction for fransporiaficn industry, and same day
delivery for users by shipping from nearby logistics center. It can also
be used for transporting supplies during disasters. However, there is
currently no established system for small drone to conduct aerial
deliveries. It is anticipated that the development of regulations will
enable smooth and efficient aeral delivery services.




5.1.13 Advancement Airport Control

Tech to be used

Use case

UC Overview

Existing solution

Challenge

HAPS + Sensing + Location data

High-density operations through advanced

control management

achieve optimization of operation and routes.

Combining connectivity and sensing to

s Urban/Subu
Tens of Mbps "‘;2'?:::2?5 rban
Maritime

None

Several

milliseconds

. Prolonged waiting time for takeoffflanding
. Data acquisition for flight path judgment

1. Shortened waiting time for takeoff/landing

. Determining flight path based on more

. Reduction of CO; emissions through

through the utilization of location and
sensing data

detailed weather data than before than
before

optimal flight path

According to the International Air Transport Association (IATA), global
aviation demand has shown signs of recovery as of June 2022. The total
revenue passenger kilometers (RPK) increased by 76.2% compared to
the same month last year, surpassing 70% of pre-pandemic levels. It is
also forecasted to reach 101% of pre-pandemic levels by 2025. Prolonged
waiting times during takeofflanding not only create a negative impression
for passengers but also require optimization from the perspective of
smooth flight management. Detailed weather data obtained from the
stratosphere enables better understanding and prediction of weather
cenditions, providing valuable insights for determining and modifying flight

Expected Service
Provision Timing

Year 2030 and later

path. Additionally, flight path optimization is expected to contribute
towards achieving a carbon-neutral world.

5.1.14 Disaster Detection in Mountainous Areas

Use case overview

Throughput
Latency
Coverage
Terminal type

Frequency

Expected Service
Provision Timing

To reduce damage by detecting signs of
landslide occurrence and promptly warning
downstream areas

+ Monitoring of landslide morphologies

+ Monitoring of natural dam water level

+ Detection of debris flow (wire sensor)
Although this technology already exists, it is
currently difficult to secure low-cost
communication methods in mountainous areas.
Safellite NB-loT enables monitoring at lower cost
over the wider areas.

kbps level

<600ms

Mountainous area

NB-loT

L-band, S-band

Year 2025~30
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5.1.15 Public Safety LTE

Use case overview

Throughput
Latency
Coverage
Terminal type
Frequency

Expected Service Provision
Timing

5.1.16 Sensing

To Provide seamless Public Safety LTE service for areas I
outside cellular coverage or in the event of base station
failure due to disaster by using satellite lines.

Public Safety LTE:

A shared-use mobile communication network that
enables high-speed data communication as well as voice
communication using LTE. MIC aims to establish a
verification system for the basic functions of PS-LTE,
conduct functional verification in actual fields in
cooperation with related crganizations, and study
operational issues and measures for social
implementation in FY 2020, with the aim of starting full-
scale operation in FY 2022,

Areas outside of terrestrial LTE coverage

MNormal UE Compliant to 3GPP

3AGPP Band

Year 2025~30

Use case overview

The use of sensing data provided by earth
observation satellite is increasing in specialized
areas such as weather observation and military.
On the other hand, research and development of
sensing technology for private-sector applications
is also progressing, and in 3GFP Rel-19, a study
item on sensing using mobile networks and base
stations for terrestrial and indoor applications has
been staried, and discussions on use cases and
network services are ongoing.In the future, mutual
integration of sensing data between TM and NTN is
expected to improve the accuracy of analysis and
expand to various private services.

Throughput

NiA

Latency

NiA

Coverage

Mationwide (Ground + Sea)

Terminal type

NiA

Frequency

Expected Service Provision
Timing

Year 2030 and later

PE—LTE
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5.1.17 Complementary Services by NTN
SR

Tech to be used

LEO, 5GNR

1-Z5—2 -5G Service at TN outside coverage
-TN Backup to big NW failure/disaster
-Reinforcement of government NW

A-AT—AHME Global connectivity for transportation,

UC Overview energy and health sector 5G use case

BizYUi—33a>
Existing Solution

Use Case

None

Throughput Latency Coverage

25-42ms  (max.
RTD)

Outside of TN
Coverage

DL:10-15Mbps
UL: ~1Mbps

NTN payload
Feeder \\ Service
link Uu \Ilnk
- ,
L NG —— -
-
5GC gNB  Gateway UE

1.Doppler effect
2.Latency/Delay

3.Inter-system connection

4 Install functionalities to smart
phone

B
Challenge

iUﬁﬁfﬂi 1. Large ecosystem of standard

Expected Benefit products and components

2B AR 20256FF(320265F

5.1.18 Unmanned Delivery (by Satellites)

The 5G NTN business opportunity:

*Dedicated satellite network for national or regional security and
sovereignty in addition to terrestrial fixed and mobile networks

* A supporting complement to the existing 5G cellular networks for
additional coverage at lower costs (roaming partner solution to existing
MNOs)

*An emergency fall-back system if parts, or all, cellular systems fail to
function (resiliency)

Eco-System:

Reuse of the mass market 5G smartphone ecosystem and CSP
subscriber base for satellite communication is what sets 5G NTN aside
from anything else on the market.

Tech to be used LEO

Use case Unmanned delivery

Automated delivery by smart mobility (self-

UC Overview driving car and drone etc.)

Existing solution None
Coverage

KPI Suburban/
urban area

Establishment of flight operations
including autonomous driving

« Cooperation between cellular and

Challenge satellite communications

+ Installing the satellite terminal onto the
drone

* Legal development

+ Efficient delivery

S L Soiytion for labor shortage

Expected Service
Provision Timing

Year 2025~-2030
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In 2030, Japan will face a labor shortage due to a rapidly
shrinking population. Particularly mountainous areas and
its surrounding area will see increased number of
shopping refugees due to reduced public transportation
and retailers. It is important to build an automatic delivery
system that utilizes smart mobility such as self-driving
cars & drones as counter measures.




5.1.19  Business Continuity Plan for Cellular Communication

LEO+ Domestic vessel+ Base station

Tech to be used

[EzEes vessels at the time of disaster

To provide communications for mobile phenes from domestic

Cellular base stations equipments are installed on board

Fi is provided for crew members.

domestic vessels to provide cellular communications from the
essels by using satellite communications as a backhaul line.
In the event of a disaster, thiz contributes te rapid restoration

in areas where restoration is difficult. During normal times, Wi

Cable laying vessel "KIZUNA"
Throughput

event of disaster

he land route
3. Delay in safety confirmation due to communication
disruption

1. Communication failure due to collapse of base station in the|

. Prolonged communication recovery time due fo damage to

Domestic
Wassal

UT : Userterminal for satelite communication  ME : Callular base station eguipment

Cellular communication has become an essential infrastructure for daily life,

1. Swift communication resteration

. Early safety confirmation

3. Reduction of mental stress

4. Obtain surrounding information (damage, distribution of
supplies, efe.)

swift recovery is reguired in the event of communication disruption due tc a
dizaster. It iz necessary to have BCP measures throughout Japan as itis
essential not only fer confirming safety in disaster-stricken areas, but also
as a8 medium for communicating and gathering informaficn. The solution of
approaching from the sea using a “shipboard base station” that was
operated during the Meote Peninsula earthquake in 2024 has proven fo be

Year 2023~ 2025

technically feasible. Increased numbers of such stations will enable to
respoend quickly and flexibly. Price reducfion might be possible if it could be

5.1.20 Mobility in the Ocean

LEO or HAPS + Mobile direct

Ocean observation, communication provision to ships
and ferries, safe operation system for small ships, etc.

Tech to be used

Use case

Offering seamless NTN mobile direct communication

UC Overview X . X
services in the ocean for various use cases

Existing

z Satellite phone service, etc.
solution

Throughput Latency Coverage

KPI Several kbps to

several Mbps Ocean

introduced to all existing (approe.7,000) vessels.

a&

= ~
HAPS

7

Provision of NTN services to the ocean

1. Network: Implementation of TN/NTN linkage system,
seamless handover, land-sea seamless, provision of
D2D services, etc.

Terminals: Sea specification of antenna equipment,
compatibility of communication capacity/speed with
compact size and power saving, etc.

Communication quality: Same communication
environment as on the ground, stable connectivity, etc.

Challenge

In the conventional satellite phone service in the ocean, a
dedicated terminal is required, and communication speed
and capacity are limited. Mobile direct by LEO/HAPS is
expectedto realize a faster and larger capacity service
using the same mobile terminal as on the ground, suchas a
smartphone.

Expected
Benefit

Expected Service

Provision Timing Year 2025-2030

. Ocean
observation

essel

T2

Small ships

It is expected to provide a seamless mobile direct
communication service by NTN in the ocean and use it for
various use cases such as ocean observation, communication
provision to ships/ferries, and safe operation system for small
ships. Different services require a wide range of communication
speeds and required costs, and flexible service provision is
required.
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5.1.21 Disaster Management (by HAPS)

Tech to be used HAPS

o &6 Rapid restoration of mobile communications services =
(LTE/5G) in the event of a disaster HAPS
Provides direct communication services (LTE/5G) to
mobile terminals by utilizing highly mobile HAPS in
UC Overview areas where terrestrial communication services are
difficult to provide in the event of a disaster
(To improve the mobility of HAPS, use portable GW
stations or backhaul lines via satellites.) e pl]
- - g \ —
Existing Large zone base stations, transportable base stations ol C =5 P~ ~
solution by vehicles or ships, etc. - Pt 0
o Throughput Latency Coverage = ﬂ
Several Mbps - Disasterarea - -

In some disaster-stricken areas, it may be difficult to
Challenge move portable base stations, and it may take time to
restore mobile communications services.

Faster recovery of mobile communications services
Expected compared to existing solutions, especially in disaster-

Benefit stricken areas where mobile base stations are difficult
to move.

Expected Service
Provision Timing

Year 2025-2030

Recently, a number of natural disasters have occurred in Japan,
such as the Noto Peninsula Earthquake. Expectations for the
practical application of HAPS as a means of disaster
countermeasures are growing among telecommunications carriers.
The direct communication service to mobile terminals by HAPS
does not depend on the 3GPP NTN standard and has the
advantage of being compatible with a wide range of existing
terminal models, leading to the ability to provide a lifeline service
to a larger number of users, especially in use cases such as
disaster countermeasures.

5.1.22 Video Transmission from Remote Area and Drone

Tech to be used HAPS

Video transmission via mobile communications
services (LTE/5G) from remote areas and drones

Use case

Real-time video transmission from a terminal mounted on a
drone, etc., using high-speed uplink data communication
via HAPS from remote areas or airborne areas where
terrestrial communication services are out of range

UC Overview

Existing
solution

LTE airspace plan, etc.

Throughput Latency Coverage

KPI Remote or

Severalibps airborne areas

1. In someareas, it may be difficult to provide
communication services to drones using existing
terrestrial networks (such as LTE airspace plan)

Ghallengs 2. InNTN, future technological developmentis required to

- ——

realize uplink high-speed data communication from
mobile terminals with limited transmission power.

1. Itis possible to transmit images using mobile terminals
from areas outside the range of terrestrial networks,
and can be used for various use cases such as
broadcasting, surveillance, life-saving search, etc.

Itis possible to realize seamless real-time transmission
of drone aerial images by supplementing existing
communication services via terrestrial networks.

Expected
Benefit 2

Expected Service

Year 2025-2030

The direct communication service to mobile terminals by HAPS
has the feature of realizing high-speed data transmission,
especially on uplink where terminal transmission power is
severely limited. Therefore, it is possible to realize not only
services such as text messages and voice calls, but also
services that require high-speed communication, such as video
transmission from remote areas using drones and buoys on
the sea, etc. It is expected to be used as a use case especially
for industry.

Provision Timing
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5.2 Examination of Solutions and Countermeasures for

the Issues

In the last fiscal year (FY 2023), we mapped each of the use cases shown in the previous section
and the categories included therein and examined them from the perspective of the cases that should
be most realized as Beyond5G. As a result, we selected seven application cases to be taken up as
subjects for extracting issues for social implementation, and examined the technologies and solutions
considered necessary for solving the issues.

In the current fiscal year (FY 2024), discussions were held mainly on cases of NTN utilization in
the ocean, such as ships and ocean observation. As a result, mobility in the ocean was newly selected,
and issues and technical requirements that need to be developed for social implementation of NTN

services were examined.
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5.2.1 NTN and TN Integration

Wil SR PO RERRE
No. E Sl (I HE) Target industries for XEBETRATUSEONBNIE "=
| Challenge Details (Subdivision) get Ir Technical challenges/Solution idea Remarks
TN I Re=iE *If it is currently known
issues
MBET AT —AlCH| s ] e -
e (LRI . FIFE—— X (CRILIE o
?}"F‘ iS5 Standardization/industry group trends Indl?s(tsrélq\rﬁp (5GAA etc) Standardization in line with user needs TEAICHE
Bith * =S Ok EEH -

1 [Confirmation of A R B b
required FIREEEHG (B$hEEOEMES) FIFEE - — A (RIS Disaster countermeasures become
f:;:]?:eu:‘:z:?;fgr User company trends Target user (Automotive OEM Standardization in line with user needs imore important
target use cases etc.)

[SD-WAN7T=] IRTE. &RV —ERE
-UTHBEITEEAFIONE. ~SewIn "U\T‘l’ﬂ” -NWHEIHE—~A4S—T
Bonding/Blendingzf73 L TOHROFE—L +SD-WANARA— hInER )
[SD-WAN] .SD-WAN vendor Currently, each vendor has its own
+ Unification of specifications for communication bearer implementation — UT side and NW
switching and traffic bonding/blending between UT & side must be from the same vendor.
network side
e o TEFs
[TN-NTNSEEE AR : e e ! ST
N o NTNSEZE <G — D ER—E O0—=>7 3 RABUIC Share
'ﬁﬂfaﬂ_‘l’/?jlf;(/j[l FLOFGEE STNSEEEE Definition of TN-NTN carrier network connectionRAN7S 40
TN/NTN NWEES — AT -Global MVNO imethod & unification of vendors’ specifications HAPSKGEO/LEOU)@}%E@ET
DftEH —Handover SEE gpmm g e i

2 Mocheremor | —FEEIBEEEOTI 5 et e SN methocs
TN/NTN NW [TNTNTN carrier netwmfk connection method] TN operator Considering collaboration between
int i *Unification of network interfaces/protocols 'GlDbapl MVNO HAPS and GEQ/LEO(NTN inter-node
integration :Qutl:jenncanun method -Communication NW equipment lcooperation)

fcsnvec:’:tearr in case of inconsistency manufacturer

[HAPSHEE D57 ]

-HAPSUERICE B3 — L ABNTNS —EZIR{H

-HAPSAQ I~ IR R TR T 575 | NTNEER

HF -TNEEE

[HAPS & satellite cooperation method] +NTN operator

-Seamless NTN service provision using HAPS & satellites |* TN operator

+Method of providing feeder link line to HAPS via satellite,

letc.
E BB D EEFUTAS
b3, ST
(372, UTAYA—DEZIAH DS

e . Fu Ttk /SIM/ 7T HEOF—L WeE RS
|- Fy Ty 7 s . A — . ;
TN/NTNRE RS U;nffigt)\gr/lsolfhg’\j\ jsgS#IM/);ntLtnna otc gg’e\nfdz Unification of chipset/SIM/antenna  [UT vendor holds the

3 D)k P ) etc. initiative in selecting each
E’;‘;ﬁ:ﬁg{gs:ﬂt D;tible component. Involve the UT
with both TN}]NTN vendor first, rather than the

component manufacturer.
T2 A BRI ROT o7 B . N
Developing antennas with shapes tailored to :bﬂ’;ﬁf: z&zrﬁ?ﬂiﬁgfurizaﬁm
use cases
-NTNSZEE
_ e -TNEEE e o
-TN/NTNSEACRT 355 R AT LA -Sier FE T (FSRIROTEE THhHEIBTE
Billing system integration for TN/NTN integration -NTN operator IAssumed to be technically feasible
+TN operator
- Sier
FIFRRRZEOIRE AT ©ORRE /% “NTNEEH o .
Design/development of visualization system for usage STNSBEE iﬁﬁmﬂkﬁl?iﬂ?gﬁfnaﬁfﬁtfﬁi
B PFORE: status, etc. -Sler ssumed to be technically feasible
4 |Devel tof e - P .
ot | | EREIES AT LR R Ry IR T LR
Design/development of line management system .Sler IAssumed to be technically feasible
-NTNSEE
N TN
EEEELSATLOR/ME -BENWAEEE I RN A TR B ETE
esign/development of communication optimization -NTN operator Assumed to be technically feasible

system

+TN operator
+Communication NW equipment
manufacturer
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FEEAERICRITTE

RN R EE REARRE
Nol W (ML) T | smmaTRzTUSSONBIE L
| Challenge Details (Subdivision) T T () bl Technical challenges/Solution idea Remarks
perat *If it is currently known
Issues
7 —FT I VIEE ORI UTE
= — A DR
NTNSEES i
E\No%a%fwo o . -Mobility DEEEER
* IBIBERZENW (TN/NTN) O 25—-0—-001 | TENWAEE A —f— ﬂi%:ikﬂﬂun{/;—U—Omﬁ%ﬁa& {EZ%@@@KE’S;@E@,{&
AHTEE -NLTN:loperator (Exe . o Requires understanding of
*Definition of ideal interwork mechanism for each NW -TN operator Eseeﬁrnrlytel:zré?fmtenNDrkmechanlsm in line with customers needs to define
. Global MYNO architecture as a first step.
+Communication NW equipment e.g. .
FIEACICEILS TO manufacturer + Mobility autonomous driving
rdAR=T -Communication lines that can
5 |Technical be used outside of the EEZ
consideration for _ BB EFEm TN E R KR E
institutionalization * NWiES T 280 FEROES SNTNEZE ESEEEE =] °
(S%Dxevﬁi%) -TNSBEH HAPSICL IR DB ZBEL
—=2U- -Global MVNO FIEE-— X CRILE A —T— GEO/LEOIC &2 A EETE Hiff|
=~ ood! Z-ZICBILIEA 25 =008 |2 RAE
- EEER0-2T -EENWAEEE A~ e DAL A8
—TOfh -NTN operator Definiti fint K hanism in i Need to achieve changeover times
*Examining the optimal means of NW integration (possible|. T\ operator ernition or Interwork mechanismin i€y meet customer requirements.
idea) -Global MVNO with user needs It is assumed that direct
—SD-WAN . PR ‘communication to terminals using
—Inter-operator roaming Co_rnmunlcatlon NW HAPS and large-capacity fixed-line
—Others equipment manufacturer communication using GEQ/LEO will
be the main ones.
— HEEEULSATLEE (55-7-7) Uk
BEAFHISE OISR (TNEAE ORAEETI S0 5 - LI i = E iy gou: 1 2 O R R Ty YR P
o B0z R B, D) Ry s
Considerationofthe  |Consider & determine whether TN standards can be .SDOs Definition of interwork mechanism in line
application scope of  |followed in line with the system collaboration (interwork) “MIC \with user needs
existing systems planned to be implemented in society (Authentication
method, frequency, communication equipment)
] AR CRERIOEREEDT CATIZIEN (Rp.232669) 3GPP RANL-
NILYSALA S — B AL~ LAV —D—IOBERE , Rel18ICTHBINTLS
Coverage enhancement 'Vendor& Operator ?hazcmg CD‘{EHEE?& |nterv|vim[]kmg to SSPPD'T Tn-discussion (RP-232669) 3GPP
S irect connection between ce ones an
7 [ARLyziEtE [ telliton P RAN1-Rel18
oaporae ~ ) TRy NI~ 08 LRy NI~ 007 17 E i
TNy S R THERE A — RARL—H— HEOh) (LY SHEA 3GPPICBULTHERFEN
Dual coverage/multi connections \Vendor& Operator Extending dual connection coverages of satellite [Not discussed yet In 3GPP
and terrestrial networks
- e . 50y NI— IR0~ AL ARD—Z )%
2 :Zzeﬂ,hquangaig%ment \/‘;iif_&&okiggf_g_ E{E@gziighgrlggeftifsﬁfigseamless 3GPP RAN2 (RP-232669)(
s o e
8 Hﬁﬁ}ﬁfyiﬂﬂr}f@ =2 roaming between different networks tﬁsﬁéhtu%
Mobility Management — = - iscussed in 3GPP RAN2 (RP-
A — s N R AL —H— \VFA— N —BFDUI0OZ ER ) L 232669)
H Improve link stability while during handover
andover \Vendor& Operator
rocess
. - REAERCEEE IR YR R/ SRR
No mE F(EA1E) BB R HRBATRA TWSEON B %
oy b= NROS—ZUPIAA LTEBEREEH TS | - .
e FAFID-RROS- S A FUL—ALFOEA (NTTRESOREED) (oo oroy. BT
=208 Dynamic Topology Vendor& Operator Introduce new mechanisms to obtain or update the network y:b‘g{b?éfc@. i ENWED
o [# topology in real time HEELL
Routing N D s o More difficult than terrestrial,
management IL—F<>7 70 oA — QAR L —H— TCP/IP;H&@)OE: f‘ZUI;]%EﬂELA fgi‘h_ﬁhﬁﬁzﬁtbz‘% because the satellites moves, the
Routing Protocols Vendorg Operator Israll‘;”i]t\éetar?grgttows such as TCP/IP to catch up moving topology changes by time
SIS T— RBELRYSY SIS mA100Gbps (U 2iich) OFEREBECH
BIER8BE High capacity & stable link Optical communication Up to support 100Gbps (per-link) inter-satellites i R AEE AR s
n ; EeyTvwres LR
10 finter satelite [z g = — ——— SR AT ORI B DA bR DR gl : =
communication FRRAROIIR 7 —IE r(}"jzti F) Technical thaI\enge b;;un the evolution of L;]pt\CI;TSWItCheS {inter-satellites bandwidth allocation
IOn Board exchange Data processing (Chip speed) and processors on boarded.
= w ¢ ARESEIDL TSNS AT AOSERCETERE  [AINODHELEART NS A
miHOEE L ARL T~ [REE : 92 -
Spectrum management Regulators and Operators zﬁ?;;g‘;’;‘ig;_;requenw Allocation and Multiplexing for ;ﬂ%?GéI;U’Rﬁ:tU3GPP RP-
1 E‘ifﬁfg ISpectrum isolation or Spectrum
. N . . . _ isharing (ITU-R and 3GPP RP-
coordination TRl ARL—4— ENETHFRAEEHEXN XL 232669)
Interference detection Operators Intelligent Interference Detection and Evaluation mechanism HAPS T FNWERIUE RS
EHAT S AEREERE
RADFYRI—IREOVY - AZEEL. 1-F-DIEHE
-2 B0 —1b ARL—4— (TERICSoRE AL —F— (& BEM QURTHE
12 hE A & {RST Unified resource management Operators Coordinates resources between different networks to meet  [BE(D[E_EH'ERFENS
0&M user connection reguirements. perators improved O&M features
O-H-ER0E—b ARL—4— =47 mE. RE0K—b lare expected
Unified user management Operators One charging mode, one terminal, and unified settlement
. FIINIL—ART LA (LB TR — LAT PULTENY —
HERAIOT T 7T A—=h— yEDENE: |
Satellite antennas Antenna manufactures Digital phase array to support flexible beam steering and R T T OBREHOR_ LA
11 7T resource allocation HRfFEND
Antennas ZMBRERINAT A7 7 S EEA/NNELIRHR 7 [Expected improved Radio
iGARAIOT T T T FA—=N— ~ T EAOPKES technology on Satellite Antennas
ITermina\ antennas Antenna manufactures Low cost electrical steering antenna/ compact size terminal
antenna for cell phones
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5.2.2 Broadband Communication Outside of TN Coverage

|Acceleration of Mobile
Direct

+Can download speeds of >10Mbps be
achieved with satellite-smartphone

communication? With upload, the speed may

be less than 1Mbps.

+There are also concerns of capacity due to

the large cell range.

+LEO Operator

Larger antenna (However, trade-off with convenience)

Wsriad o BB IE R RERAR
No. E ] Sl ($E5ME) Target Industries for XRFRTRITVZEON BN &%
| Challenge Details (Subdivision) cooperation to resolve Technical challenges/Solution idea Remarks
A *If it is currently known
issues
=+ [Throughput : >10Mbps
for cellphonel £OE/AILAALY
1l =&, Al
B2~ AX—FJAVBIET >10Mbps) o - IR C
TOEEEERTESN. —H T EDEE( HAPSICEBE) LA LI FOEE
WL TIF1IMbpsz T EISDTIZEL D, KREE(rAISS.
ESNAI FALIRD | - Cell RN RENTEC LD Fv/NS T4 LEOIAE — AP B LWHETEEN. 71
1 |[EEL HEEHD -LEOEEHE 7T HOREYE (2L, AMErEE M —FAT) AU AR S

Determined as Mobile Direct case based
on the requirement [Throughput :
>10Mbps for cellphone] .Reguirements
need to be refined as a first step.
Considering increasing the speed &
capacity of mobile direct using HAPS.
LEQ is expected to have a large number
of beams, and there are concerns about
the feasibility of feeder links.

[EIHA

A — AR —H—

E2BIEICHI HRRBIEL Py TSR 08 R 5
AT BI2th, FLELTASHAICGNSSICL BRI
CORIREE RS B RNEBEE RS,

3GPP RAN1 38.213-4.2 ;

Satellite payload

B
Power supply

BRAS —

Satellite manufacturing

SEOEIAME

Low-cost Equipment

synchronization 'Vendor& Operator To over come the Impact of Transmission Delay and 38.211-4.3.1
Doppler Effectin satellite communication, common TA
(Timing Advance) and GNSS positioning may mitigate the
L7 — A7 —J1— issue. _
2 . - B SINS B A, Fo5L PO UAFIRORE —
|Air interface SIALTITA N — QAR —H— =1k 3GPPICBWTERASENR
Random access \Vendor& Operator New preamble sequence, Simplified random access Not discussed in 3GPP yet
procedure
‘ ] ROMLEIEDE . EHOBEEEDLSI ERE —
YILF1—H—MIMO AR — QAR —5— 2 HH R 3GPPICBWTE AR
MU-MIMO \Vendor& Operator Tmprove the spectrum efficiency, the difficulty is how to [Not discussed in 3GPP yet
isynchronize multiple satellites
. o X D)LY ORECEST B0 —AVY—AEIDY (9 TICGEORIZEE AT ATHEAS
E— L N — RARL—H— OZZ L nTs
Beam hopping \Vendor& Operator Beam resource allocation mechanism to make sure match|Already used in GEO satellite
3 MACj’EI L the coverage demands communication systems
MAC protacols ) S A~ T DR ST B E ], TrUTUY—
Y —2DE| A= AR —H— E|H T, FEIROZIH TR T HRE Nl S e i
Resource allocation \Vendor& Operator Power, carrier resource allocation and bandwidth Similar to terrestrial networks
assignment to meet requirement of high throughputs
sl RIS R BERAE
No E 2] =4l (#4E) Target industries for XRFRATRATN3E0N BN mE
| Challenge Details (Subdivision) cooperation to resolve Technical challenges/Solution idea Remarks
perat *If it is currently known
Issues
§ — . —H -k oL
N— Fy i f— BIRETONIIL [EHEBHT AR, SCEDLIEL RIS L R DEIRM DL T 3GPP
/ = . Chip manufacturing & protocol  |Low power consumption devices, low transmit power RAN1 Tri ntt’ D .
Power consumption standard than 5G EIRP of user terminal discussed in 3GPP
RAN1
P27 A—4A—(Z3GPP RAN1
. _ _ — BT ROE ==ic o L 257U A 7, [Rell6 (TR38.821) TEsmen T
2 O-v-E 7N T = f— ;?L FITY ROTEDOERERZEDOE — AT 7T 7> %
User terminal /Antenna miniaturization \Antenna manufacturing B \Antenna parameter of user terminal
[Beam steering antenna in mobile phone for broadband iscussed in 3GPP RANT Rel16
(TR38.821)
. . U FRYNBRFZER—TILT A 2NDFAL I BB T ZA—D—ED -2 —
RN A R T RSFHIA(CHAE
Device miniaturization Device manufacturing Support direct connection to handset-UE or portable miniaturization may depend on device
devices manufacturers and usage scenarios.
e 7 AT O— P EDBIEE BRI, JDFEEY L
I OtyY FyTA—h— —FAERHTS 3GPP RANITERINTLS
Onboard processor Chip manufacturing Digital payloads, reduce time delay and provide more Discussed in 3GPP RAN1
5 HEE A O—F flexible service

SEEERAHAIRERIHRI D1
el
High-capacity power supply is one of

the technical limitations so far.
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5.2.3 IoT Communication Outside of TN Coverage

No.

E o)
Challenge

=Hl (#534E)
Details (Subdivision)

BEFRICETT
BhimEke R ERE
Target industries for
cooperation to
resolve issues

PR R EE RERRE
(RBATRI V3O SNIE
Technical challenges/Solution idea
*If it is currently known

m=
Remarks

TN/NTNSE
DFEE

-BHCNTN ToTHAIEEIRL TS

=HHRBEHIE : NTN-TN interworkin

=STNURENBRELLRDSS, BESNS 1
— A — AR PEF AT AOERIINSsE

al

FIFAE - XICAILIZD— A — ADIEHR

Satellite payload

1 -5 DEERA lUnderstanding use cases that meet user needs.
Definition of TN/NTN |61 technology has already been realized
integration —1If integration with TN is required, it is
necessary to define the integration based on the
expected use case
—Discuss “Target case: NTN-TN interworking”
B2BIEICDIBRBIEE v 7B OB R TR
. 951z, HIBHTASTHAILGNSSIC LA BRI DR
mm (O BARLH- B SRR E AR, 3GPP RAN138.213-4.2 ;
synchronization endor& Operator To overcome the Impact of Transmission Delay and Doppler [38.211-4.3.1
Effectin satellite communication, common TA (Timing
dvance) and GNSS positioning may mitigate the issue
ERZIN s A — B ARL—H— |¥ﬁfc?§D°U7>jJI»9*¢F>X\ FANTIEAFIEBOREFRAL3GPP RANLC TEREN TS
—_ . ¢~n_—_ |Random access ‘endor& Operator New preamble sequence, Simplified random access procedure |Discussed in 3GPP RAN1
L7 —-A>»5-J1
2
fir interface Redcep I BARL - EHEEA, 65, RN 3GPP RANLICTHSENTLS
| B 4500 . \ il C 5
ﬁ%ﬂ%ﬁgﬁiﬁ?ﬂ?ﬁlgﬁﬁ%ﬁ\ 5GTHE endor& Operator Low power consumption, low modulation rank, low complexity|Discussed in 3GPP RAN1
] NB-IoT(F3GPP RAN1(C T35
. NB-IoT, LoRa, Sigfox2 &3t BRNE123 /0N ILOIR [FnTL\5, LoRakSigfox(3F54
LoTJOrIL A BARL—A— 2R A~ HTO )L
10T protocols endor& Operator Diversified three different protocols, such as NB-1oT, LoRa INB-IoT is discussed in 3GPP RAN1,
and Sigfox are exist, how should they be accommodated? LoRa and Sigfox are private
rotocols
e e AR E RIS
No 2= (ML) T et ias or HRIBATRATISEON BN i
| Challenge Details (Subdivision) — %ration ® el Technical challenges/Solution idea Remarks
P eees *If it is currently known
) T T P e e R PR L = e el -
Y —AOEFESNHT A — R AL~ - ZFBINYTEEE (NB-ToT) 3GPP RANL[C TSN TS
Fixed resource assignment \Vendor& Qperator IAllocating fixed time-frequency resources to users may Discussed in 3GPP RAN1
contribute to avoid collisions(NB-1oT)
3 [MACTORIIL Z0S(EDE - BRSO I -ABEFEL, 2T
MAC protocols . w . . ILENZRE TR IR OB _ EF SO (LoRa BEU|_
Y- 2D LFINST A AL~ SigFox) 54 A—TORal
Random resource assignment Vendor& Operator lAllocating different (time & frequency) domain resource Private protocols
mechanism may improve spectral and energy efficiency (LoRa
land SigFox)
WA — ) — RS 21— U EIRPICO LTI
HEED FUTA N BEETONL sy 2, SGLUBARL SRR 3GPP RANL RTINS
Power consumption " |pdmadnu acturing & protocol | power consumption devices, low transmit power than 5G |[EIRP of user terminal discussedin
4 O—Y-ihE Frender 3GPR RANT
User terminal e A = j. 0 e NEUKET ) A AA-N—ET1 A
s ) . m A\ G o
snm e g@éf RS TNTSAZNDIAL N - g (ML A
Device miniaturization Device manufacturing Support direct connection to UE or portable devices miniaturization may depend dew_ca
manufacturers and usage scenarios.
. T IINAAAO—FICEDBIE BIEL. JOFEERY—UR .
EE Oty FuTA—h— iR D 3GPP RAN1THEHREN TS
. Onboard processor Chip manufacturing Digital payloads, reduce time delay and provide more flexible |Discussed in 3GPP RANL
5 fEEA(0—F service

=5

Power supply

EE A4 —

Satellite manufacturing

F=EOEIAME

Low-cost Equipment

S 2R EIHACR T ERY
D12

High-capadty power supply is one
of the technical limitations so far.
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5.2.4 High-Precision Positioning and Navigation

Satellite payload

Wria BRI R SERAR
No. B Sl (H4E) Taraet industries for XEBETRITUSEON BN "=
| Challenge Details (Subdivision) 3ooperation to Technical challenges/Solution idea Remarks
FTF i+ T
e RS If it is currently known
BB
-Mobility DB ShEsza alae T At | EHEA—— HAPS TR — S LB 008
GBI BRI OBAFE( ‘FO—=>A=j— FIFRE - —CBILI 127 —ADIEIR <Ed
ﬁ*ri]g Clarification of positioning accuracy for 'AUtP manufacture_r Understanding use cases that meet user needs. Sensing using optical sensors etc. in HAPS is
1 |BBEAL lenabling self-driving Mobility Agriculturalmachinery also promising
High precision manufacturer
positioning - Drone manufacturer
=A== LA =gy h . .
CSERMEAMEONER | EERECD - s XU - R AOIEE s cmiATT (RTKHT)DSOLITTFIE
tei‘;;gﬁ]n;jn ©orHigh precision positioning m;nmuggalj‘r::rmn equipmen Understanding use cases that meet user needs. %% cm-positioning (RTK positioning) SOL exists
. DERAIER  EEGEA0RE
HEGIEERE B 545} Consideration of feasibility BEBEEES FIARE - —Z(CRILIZ1— 27 —AMIEHE
(Latency : when placing processing power in satellite|- Satellite operator Understanding use cases that meet user needs. .
<20ms) side BIFRELTEAD
2 | o= ] ——Z([CBDLIz1— 25— FEEUEH
D‘Et:lfi?;n of low @HAPS@*U?H@’E}%S‘@%TREJE@ THAPSAAL 45— }iﬁsﬁa; I;A%@Eﬂ[?i\gj?g}?ﬁ%ﬁ(;ﬁbfﬁ Requirements need to be refined as a first step
E;%I:“CZ)(LEIEHW . E&\éunmderatmn of feasibility when using | HAPS operator S, B2 ETOILEBEHECIMECD BRSNS
(TNEEIL)
BEBLRIRE IR, LOS(RB | mmmy
U)DERNRVNSEN BN, TTERE | sy 1
SESEE AL | ey ) § 15— 91D OSTN VBT 18
3 RiBLEE With satellite communication, there are |- FO—>A— )~ FIFE——A(BILIE1- 2 —ADIEIE T ioni e i
LOS impact vith 5 C , L . Auto manufacturer derstanding use cases that meet user needs. Target situation is where it is out of cellular
P situations where LOS (line of sight) . leural hi Understanding service and cannot obtain LOS.
icannot be obtained. The autonomous AngCfU tle.lra machinery
idriving scenario should take this into mDanu acturer
laccount. *Drone manufacturer
EERECHI BRI Ry S NROREE T
AR Y BIcth, B TASHRIEGNSSICE BB AN
Bz N — AR —4— CORBEEER T AIRMICENEAEER S, 3GPP RAN1 38.213-4.2 ; 38.211-
synchronization endor& Operator To over come the Impact of Transmission Delay and 4.3.1
Doppler Effect in satellite communication, common TA
(Timing Advance) and GNSS positioning may mitigate the
issue.
_“ - TRIITTINT—H VR, T L7 IEAFIROME —
T7—- A 9—71 [PXILTIER N — AN~ (e 3GPP RAN1CTE®REN TS
4 |— IRandom access ‘endor& Operator New preamble sequence, Simplified random access Discussed in 3GPP RAN1
|Air interface - DfDCEdI:JFE _
A=l v A — BARL—H— B — B2 (L BN, GNSSAMTDSRY 3GPP RANLICTERENTLS
Positioning ‘endor& Operator single satellite positioning enhancementbased on GNSS  |Discussed in 3GPP RAN1
3GPPT(FEmSN TR ISACERIER, 2
.y S 8K 3 BRI TS CORAEF R SRR S
= N — &AL —F— . A
Sensing ‘endor& Operator :gi\‘{jft?rz‘rg support sensing and communication at the ﬁ?tél;ig;sv_j?sed in 3GPP, similar to ISAC, need to
consider the same waveform to support two
functions
W BRI R BERAR
No. £ SHll (#34E) Target industries for XBERBETRITUSEONBNE "=
| Challenge Details (Subdivision) cgooperation to Technical challenges/Solution idea Remarks
FTF i+ T
e S If it is currently known
SAN—TY OB EHICITHDES, FUTVY— S TICGEOBEBESITATERSNTL
b — A4 R — R AR —H— REIYT, BEIROE S TICRI I 5:3%A =
5 MACTORIL Beam hopping ‘endor8. Operator :S::r:;rf:r:?fur :vi:gg:l:rrzi?qi:Eﬁzﬁ?s{‘tﬁ:ﬁ?gxﬁ;pputs Already used in GEO satellite communication
MAC protocols systems
- 208 ol B iy Ry bD— e B
Resource allocation endor& Operator Similar to terrestrial networks
SuEE FyTA—h— EETONILERBE RN T /A, SGLOGELE(ER 1 —F— R OEIRPICOWTIE 3GPP
Euwer consumption Chip manufacturing & protocol [Low power consumption devices, low transmit power thanRAN1 THIRSNTULD
standard 5G EIRP of user terminal discussed in 3GPP RAN1
75 )T —H—
IR IS smemsr e 1 s e, [P T T IUIA—S—(Z3GPP RAN1 Rell6
. B A 2EI FI FOIdOERERZOY —LAAT AT 7Y TRA8. 82 1) TR TS
|1 -k 1L ) > >
6 User terminal [Antenna miniaturization (Antenna manufacturing Beam steering antenna in mobile phone for broadband ﬁ]ngzrgvpa&:&a;a?&r;{f;&;g‘tgazr;n)lnal discussed
= = = = A = . . B
— ok 1 SERASMR—ITNTSHINDIAINERE (75012025 PO KB
Jﬁ;EJ I“: -~ i X~ 1) . =1 Depend on device manufacturer and usage
[Device miniaturization Device manufacturing guprportdirect connection to mobile phone or portable cenarios
evices
N 7 NN O—RICEDIBERHIIRL, JDERET— .
rEE Oyt FuT A=~ E2EIRIHT D 3GPP RANITEHRENTLS
7 HEEA/O—F Crboard processor Chip manufacturing Digital payloads, reduce time delay and provide more Discussed in 3GPP RANL
flexible service

=i
Power supply

AL —

Satellite manufacturing

FREOEIAME

Low-cost Equipment

SEEERIHAEETIRmEHO1D
High-capadty power supply is one of the

technicallimitations so far.
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5.2.5 Collaboration between Disaster Medical Sites and Hospitals

o SN R BERRE
No mgm S (ML) T et for KIEBSTRI TS50 S (==
: Challenge Details (Subdivision) get r I Technical challenges/Solution idea Remarks
SR F=Eite *If it is currently known
Issues
P RRIRIER TSR
DEREEE (Ku, Ka®) ofits DR (Ku, KaF) ORFEEELISERN
EEUGERNRE WHEE
BALEOTE S/LFDGEOLOTTE BaLEOTE S/LFOGEOLD R RFIESh
EERICENRE -LEOSRES e
Rain attenuation measures +LEO Operator (DRequires operation considering characteristics of
(DRequires operation considering frequency bands (Ku, Kaetc.) R,
;I;a;iccgenstm of frequency bands (Ku, In some cases, consider the needs of redundancy %E‘EU;IL('C:‘;}%’{*XEJ
0 In surﬁe cases, consider the needs of with GEO in S/L bands etc. o ECF T - T“D\D
E(Jgﬂr%{ggﬁ%) redundancy with GEO in S/L bands etc éﬁ;}'{y)g}b\ ? MEHH
4 R e SaE e i .
1 [Ensuring availability |7 s 20 e oimisseh QUT (7>77) R OMBISHEN (BRSO
(Rain attenuation = e = -5 (QF)
measures) (SE/EAE)DmE E -LEOZ=ESE is ) ) J4—5U>7 (Qm) O]
Rain attenuation measures -LEO Operator 2QUT (an.tenr.‘na) - Impll’ClB\_/Ing satellite M FEHAPSTHAS
(2UT (antenna) - Improving satellite communication capabilities EEsE
lcommunication capabilities (reception/transmission)
(reception/transmission) There are already use cases
(EEareE=IaES . . e in the US etc. Discussion on
(BISL(Inter Satellite Link)# &2 BISL(Inter Satellite Link)ZAHRELIUE FGWSS |how much the usability can
LT EGWR(TU7)DnE -LEO=EH %T.U? DTE . be improved is necessary.
Rain attenuation measures +LEO Operator ®Redundancy of ground GW station (area) based [Improving the availability of
(IRedundancy of ground GW station on ISL (Inter Satellite Link feeder links (Q band) is a
(area) based on ISL (Inter Satellite Link) major issue for HAPS as well
TR ORER
(RIBLORWEEIRS (. N e E . .LEO
CBTBRETE) FBLORVRERBRISHET +Tﬁ%ﬁm§% AN OsBIE S
2 |Ensuring availability Ejﬁ(':‘ﬂﬂNthﬂ'ﬂlgg*‘;ﬁﬂ ith other NWws |LEO Operam?hmﬂnm « Consider collaboration with other NWs
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5.2.6 Communication Methods in Mountainous Areas
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5.2.7 Unmanned Delivery (by Satellites)
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5.2.8 Mobility in the Ocean
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5.3 Examination of Architecture Required for Inter-

Enterprise Collaboration

In the future, the world's communication traffic will increase, and the era of global traffic control
will come. It will be necessary to realize a network that provides high-quality services by utilizing
communication resources available anywhere on the planet. Taking disasters as an example, even if
the data traffic of a certain business operator is congested, if the system is globally interconnected
through inter-operator cooperation, it will lead to the relief of users. In the construction of such
terrestrial and non-terrestrial networks, it is important to control traffic and network resources on a
global scale that transcends the boundaries of the domains of operators. In this project, we will solve
this problem by proposing an architecture that links networks with different specifications and enables
global resource control among operators, rather than simply connected for data transmission.

Terrestrial networks (TN) and non-terrestrial networks (NTN) integration requires a close
cooperation between TN and NTN network operators and service providers. TN/NTN convergence
or integration requires the involvement of multiple TN segments such as terrestrial mobile core
networks (CN) and data networks (DN) as well as multiple NTN segments such as Geostationary
Earth Orbit (GEO) and low Earth orbit (LEO) satellites and High-Altitude Platform Station (HAPS).
In most use cases involving TN-NTN integration, a single operator may not be able to provide both
TN and NTN network segments. It is likely that many operators require to collaborate to one another
to have their network segments interconnected both in the control plane and the data plane. Therefore,
to interconnect TN and NTN segments, it is essential to develop new mechanisms and interfaces.

The network operators and service providers can collaborate on the basis of established standard
framework such as one developed by the International Telecommunication Union (ITU). ITU has
developed a framework architecture for TN-NTN integration, also known as fixed, mobile and
satellite convergence (FMSC). ITU-T Y.3207 (2024) “Fixed, mobile, satellite convergence —
Integrated network control architecture” specifies the framework of TN-NTN convergence, where
TN and NTN network segments have their own individual network controllers to monitor their
performances and control their resources. These individual network controllers are connected to the
integrated network control system through interfaces. Through the interfaces, which are yet to be
developed and standardized, the integrated network control system can collect the monitoring data of
TN and NTN segments as well as transmit control commands/parameters to them.

This report describes a scenario of TN and ITN integration, TN-NTN integrated network control
architecture (INCA), and required interfaces to be standardized.

5.3.1 Scenario of TN and NTN integration

Figure shows the scenario of TN and NTN integration through the integrated network control

system. The TN segments are data networks, cellular core networks, and access networks. Data
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networks are composed of the Internet, cloud computing infrastructure, data storage, and application
servers. The cellular core network is composed of functions for user authentication, mobility
management, resource management, session management, etc. of cellular networks as defined and
specified in 3GPP standards. Similarly, NTN segment includes satellites and HAPS in space and
satellite operation center (SOC), network operation center (NOC), ground stations (GST), non-
terrestrial network and terrestrial network gateways (NTN-TN GW), and NTN terminals on earth.
The radio frequency (RF) or free-space optical (FSO) links are used to communicate between GST
and satellites/HAPS or among satellites and HAPS. Similarly, NTN-TN GWs can be connected to the
cellular core network or directly to data networks if cellular core functions are not required by the
radio access network connected to NTN terminals

The access network can be a fixed access network (e.g., fiber-to-the-home) to connect fixed
terminals (e.g., computers and smart devices in home or office) or a radio access network (e.g.,
cellular wide-area network (WAN) consisting of radio access network (RAN) central units and radio
heads) to connect mobile user equipment (e.g., smartphones). The fixed access networks (not shown
in figure) are usually connected to data networks, while a RAN is connected to the cellular core
network through high-speed, multi-core optical fiber networks so that seamless mobility of mobile
users from a TN to an NTN can be supported. Similarly, the cellular RAN including local Beyond-
5G and 6G access networks and various types of wireless access points installed on ground, airplanes
or ship can be connected to NTN though an NTN terminal such as a VSAT (Very Small Aperture
Terminal) acting as a gateway between the terrestrial RAN and NTN.

In the control plane, each network segment is managed by its own network controller. Although
different kinds of NTN networks (e.g., GEO satellites, LEO satellites, and HAPS) are shown
collectively managed by a single NTN controller in Figure 1, each NTN segment or domain operating
at a different altitude may be controlled and managed by a different network controller operated by a

different operator.
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Figure Scenario of TN and NTN integration

5.3.2 TN-NTN integrated network control architecture (INCA)

This section describes the functional components of TN-NTN integrated network control
architecture.

Figure shows the functional architecture of integrated network control system [ITU-T Y.3207]. The
major components of integrated network control architecture are: (1) integrated network control
interfaces, (2) integrated control data service, (3) end-to-end (E2E) network status analysis, (4)
application requirements and user intent analysis, (5) E2E resource allocation, management, and
optimization, and (6) integrated control and orchestration functions.

The integrated network control interfaces communicate with the network control external
interfaces of individual network segments (e.g., radio access, NTN, cellular core, and data networks)
controllers to collect control data from them and send control commands to them. The interfaces also
contain functions to collect control data in different granularity of time scales and details as required.

The collected control data from various network segments are managed by the integrated control
data service functions. The data service functions are responsible to manage the data consistency and
provide control data in dynamically adjustable granularity to E2E network status analysis function

through on-demand and streaming data services.
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Figure Architecture framework of integrated network control system (ITU-T Y.3207)

The E2E network state analysis function processes control data to assess the status of end-to-end
network services by analysing the status of resource utilization and performances of all involved
network segments. It also uses the output coming from the application requirements and user intent
analysis component to judge the network service quality with respect to service level agreements. The
application requirements and user intent analysis component includes necessary functionalities to
interpret the user and service provider expectations expressed in abstract policies (called intents) and
convert them into the control system-understandable parameters that can be mapped into well-defined
service configuration templates.

The E2E resource allocation, management and optimization functions formulate optimal control
decisions on the basis of the current and predicted future network states of network segments involved
in an end-to-end communication service, together with the prediction on the fluctuation of available
resources and their demands. Different kinds of network segments can have different kinds of
resources in demand. For example, data networks may demand more computational (e.g., virtual
machines, CPU, GPU, memory) and storage resources, while the NTN may demand more RF
bandwidths for feeder and service links or replacement of RF links by FSO links due to changes in
weather conditions and user traffic demands. Different combinations of resource allocation strategies
can be considered as feasible candidate solutions and evaluated them for their fitness by using

mathematical optimization models and/or machine learning models. The optimal resource allocation
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and control decisions are provided to the integrated control and orchestration function.
The integrated control and orchestration function executes the control decision by generating lists
of appropriate resource control parameters and commands for each network segment involved in the

end-to-end network service and sending the lists to the network segments through integrated network
control interfaces.

5.3.3 Use cases scenarios of INCA

The following are prominent use-case scenarios of INCA in Beyond-5G and 6G network
environments. It is not an exclusive list.

1. INCA as an Enabler for Multi-Operator Network Services over TN-NTN Integrated

Environments

A virtualized network domain with slicing capabilities can be shared by multiple operators. Each
operator manages its allocated resources through a dedicated INCA instance and can create multiple
slices for different services (e.g., URLLC, eMBB, mloT). This scenario is illustrated in Figure.

Integrated NW Control FN Operation ~ ~——7
C(}:EE(;I”EEQIF —/_{ I I — I-ﬁ\ P Operator 1

Operator 2

Operator N

| TN/NTN RAN Control | NTN Control

F e L i

Ground Station Selection

NTN RAN coverage (remote, rural)

O NW Domain/Segment FN: Function; IF: Interface
NW: Network; DN: Data network

RAN: Radio access network
%Contm' FN/IF Instances NOC: Network operation center

SOC: Satellite operation center

Figure INCA as an enabler of multiple operators deploying network services in different slices of
TN and NTN domains/segments

2. INCA for Seamless TN-NTN Handover to Optimize Terrestrial Base Station Power Management

In multi-layered RANs covering overlapping areas, INCA enables efficient power management of
terrestrial base stations. It can switch user connections from terrestrial to NTN radios when the user

activity as well as data traffic flow is low, allowing base stations to enter sleep mode or power off.
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INCA monitors resource utilization across TN and NTN, making intelligent user terminal handover

decisions, thus enable effective power management without hampering the quality of services.

3. INCA as an Enabler for Optimal NTN Segment Selection

With the growing use of various NTN segments like satellites and HAPS at different altitudes,
INCA can monitor their resource availability and performance, helping select the most suitable NTN
segment for each network service.

5.3.4 Interfaces to be standardized

To enable interworking between TN and NTN network segments, both network segments should
be equipped with standard interfaces. These interfaces allow the integrated network control system
to collect monitoring control data from each network segments. Similarly, standard interfaces are also
required to send control commands and parameters from the integrated network control system back
to the individual network segments.

In a TN-NTN integration environment, multiple operators can collaborate by sharing monitoring
and control parameters through these standard interfaces. Interfaces in the control plane as well as in
the data plane are discussed next.

Interfaces are required both in the control plane and the data plane, as discussed below.
¢ In the control plane, interfaces are used to transmit monitoring data, control parameters, and

control commands.

¢ In the data plane, interfaces enable the transmission of user data traffic between TN and NTN

segments, and vice versa.

Based on an experimental system developed at the National Institute of Information and
Communications Technology (NICT), example monitoring and control parameters through the
interfaces to the DN, CN, and NTN are listed below. The parameters for the RAN interface
(Interface RAN) are assumed to follow specifications set by industry groups such as the O-RAN
Alliance; however, they are not discussed in this report.

The parameters can be represented in standard formats such as the JSON, as illustrated in the
examples below. Further discussions among TN and NTN operators are required to complete the lists

of parameters and their standardization.

53.4.1 Control plane monitoring interfaces to collect monitoring data from TN and
NTN segments

The control plane monitoring interfaces are used to collect monitoring data from various TN and

NTN segments. These interfaces can be categorized into the following four categories:
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e Monitoring interface DN (list of parameters)
e Monitoring interface CN (list of parameters)
e Monitoring interface NTN (list of parameters)

e  Monitoring interface RAN (list of parameters)

[ Monitoring interface DN parameters list]
Examples of monitoring parameters collected from each functional instance of the DN are as follows:
{‘timestamp’: 1707187366889805056,
'src': 'osm', #source controller of monitoring data
'nsname'’: 'haweb',  #network service name
'instancename’': 'haweb-2',
'cpu_utilization": 0.24,
'memory_utilization’: 0.88,
‘tx_bw_utilization’: 0.4,
‘rx_bw_utilization’: 0.5

}

Examples of monitoring parameters summarizing the monitoring data from all functional instances
are as follows:

{‘timestamp’: 1707187366889805056,

' ' ' '

src': 'osm',

'nsname': 'haweb',
'instancename': 'all’,
'cpu_utilization": 0.24,
'memory_utilization': 435.88,
‘tx_bw_utilization’: 0.4,
‘rx_bw_utilization’: 0.8,

'num_of instances’: 1

[ Monitoring interface CN parameters list]
Examples of the monitoring parameters collected from each functional instance of the core network
functions are as follows:
{‘timestamp’: 1707187366889805056,
‘instancename’: 'upfl', #name of core network function
'interface': 'eth(',
'cpu_allocation': 1,
'cpu_utilization': 0.3,

'memory_allocation": 8330 MB,
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'memory_utilization": 0.41,
‘tx_bw_allocation": 1000 Mpbs,
‘tx_bw_utilization": 0.1,
‘rx_bw_allocation: 1000 Mbps,

‘rx_bw_utilization": 0.1

[ Monitoring interface NTN parameters list]
The NTN parameter list can be divided into four types: present system parameters, service
requirement parameters, system monitoring parameters, and link control parameters. These

parameters are listed in Table.

Parameter types Parameters
Preset system ¢ Number of satellites in a constellation
parameters » Satellite orbit coordinates

* Satellite interfaces characteristics (e.g., physically/logically connected, radio or FSO
links, transparent or regenerative)

» Uplink/downlink beam upper and lower frequencies, bandwidth, modulation methods

* Inter-satellite link characteristics (e.g., frequencies bands, FSO wavelength)

* Number of available GSTs and their coordinates

Service requirement ¢ Service type (e.g., voice, video, web browsing, and sensors data)
parameters * QoS requirements (e.g., minimum data speed, maximum latency, tolerable call drop
or packet loss rate, and security levels)

System monitoring ¢ Number of active user terminals
parameters * Weather conditions
* Doppler shift
* Performance (e.g., throughput, latency, jitter, packet loss, and call drop rates)

Link * Number of beams, coverage coordinates, types (fixed or movable), transmission power
control/monitoring * Radio frequencies or FSO wavelengths allocated to each beam
parameters * Earth station and space station antenna patterns

* Feeder and service link performance monitoring (bandwidth, transmission speed, loss
rate, interference, coding rate)
* Active GSTs (site diversity that changes GSTs depending on the weather)

Table NTN parameters

Some of the NTN monitoring parameters overlap with the control parameters whose values are set
based on the values of control parameters/commands issued from the integrated network control

system.
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5.3.4.2 Control interfaces to send control commands and parameters to TN and NTN segments

Four types of control interfaces can be considered for sending control commands/parameters from
the integrated network control system to the four types of network segments: DN, CN, NTN, and
RAN.

e Control interface DN (list of parameters)
e Control interface CN (list of parameters)
e Control interface NTN (list of parameters)
e Control interface RAN (list of parameters)

Control interfaces carry two sets of parameters:

1) one set for network resource allocation to create a network service based on given QoS
requirements, and

2) the other set for adjusting network resource to guarantee end-to-end network QoS.

Examples of control interface parameters for DN, CN, and NTN are listed below. Control
interfaces for RAN are not discussed in this report, as it is assumed that their parameters will follow
the formats specified by global industry organizations such as the O-RAN Alliance.

[ Control interface DN parameters list]
Examples of control parameters used in a request for resource allocation of the DN to a network
service are as follows:
{‘timestamp’: 1707187366889805056,

'nsname': 'haweb',

‘number of servers’: 1,

‘cpu_allocation’: 2,

'memory_allocation’: 5 GB,

‘tx_bw_allocation’: 1000 Mbps,

‘rx_bw_allocation’: 1000 Mbps

}

Examples of control parameters transmitted through the control interfaces in a request for resource
adjustment of a network service are as follows:
{‘timestamp’: 1707187366889805056,
'nsname': 'haweb’,
‘instancename’: 'haweb-2',
‘cpu_allocation’: +1,
'memory_allocation’: +2 GB,
‘tx_bw_allocation’: +100 Mbps,
‘rx_bw_allocation’: +100 Mbps
}
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[ Control interface CN parameters list]
Examples of control parameters used in a command for resource allocation of CN functional

components are shown below:
{‘timestamp’: 1707187366889805056,
'nsname': 'haweb',
‘number_of network functions’: 7,
For each network function:
‘cpu_allocation’: 2,
'memory_allocation’: 5 GB,
‘tx_bw_allocation’: 1000 Mbps,
‘rx_bw_allocation’: 1000 Mbps

}

Examples of control parameters used for resource adjustment of CN functional components

are shown below:

{‘timestamp’: 1707187366889805056,

'nsname': 'haweb’,

For each network function instance:
‘cpu_allocation’: +1,
'memory_allocation’: +2 GB,
‘tx_bw_allocation’: +100 Mbps,
‘rx_bw _allocation’: +100 Mbps

}

[ Control interface. NTN parameters list]
Examples of control parameters used for resource allocation of the NTN are as follows:
{‘timestamp’: 1707187366889805056,
'nsname': 'haweb',
‘number_of network functions’: 2,
Network service information:
‘service_type/QoS Identifier’: 1,
‘maximum_number of UE’: 100,
‘ul_bw_allocation’: 2000 Mbps,
‘dl_bw_allocation’: 2000 Mbps

‘ntn_segment_latency limit’: 100 ms

Examples of control parameters used for resource adjustment of the NTN are given below:
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{‘timestamp’: 1707187366889805056,
'nsname": 'haweb’,
For each network service:
‘ul_bw_allocation’: +100 Mbps,
‘dl_bw_allocation’: +10 Mbps

}

5.3.4.3 Data plane interfaces to transmit data traffic between TN and NTN segments

These interfaces are necessary for transferring user data traffic between different network segments.
They can be implemented as simple IP packet forwarding interfaces or as higher-layer tunnels, such
as IPsec or IP-in-IP tunnels, to ensure data security and protect user privacy. Established standard
interfaces, developed by standards organizations such as the IETF and adopted by 3GPP, can be

reused as the data plane interfaces.

5.4 Summary

As an examination of the issues to realize global connectivity through NTN integration, we
examined use cases as an activity to raise interest in TN-NTN integration, which is an important
element of Beyond 5G. To disseminate examples that make it easy to imagine that Beyond 5G will
be able to do things that could not be done with 5G until now, we have formulated 19 case studies. In
particular, this fiscal year, we will take up marine communication use cases such as ships and ocean
observations as new use cases of NTN services, and discuss them through opinion exchange meetings
with related companies to consider issues and solutions for realizing social implementation. We
examined additional cases of use of HAPS from a new industry perspective that takes advantage of
the characteristics of HAPS, and added three new examples. In addition, the necessity of an "inter-
company collaboration architecture," which is an important issue in the integration of TN and NTN,
and specific measures for inter-operator collaboration were examined, and the direction of
standardization was discussed. By utilizing NTN, 6G will be able to expand the scope of application
to environmental measures that have not been reachable so far, and contribute to the realization of a
more human-friendly and environmentally-friendly future, such as optimizing global traffic,
monitoring the environment, and reducing energy associated with the movement of people and goods

through remote access.
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Chapter 6 Summary and Future Issues

6.1 Grand Design

NTN is comprised of multiple different non-terrestrial networks, including satellites such as GEO,
MEO, and LEO, and aerial platforms such as HAPS and drones. These networks, along with the
terrestrial networks, complement each other with their respective strengths to realize a ubiquitous

network that allows anyone, anywhere on the planet, to connect to the network.

Future Vision

Non-terrestrial networks are wireless
communication networks leveraging
satellites, HAPSs, drones, or other aerial
platforms

Complementary Strength

Inter-satellite links

Non-Terrestrial Networks

abesanod

Terrestrial Networks

Converged TN-NTN ground infrastructure

©2025 XG Mobile Promotion Forum. All rights reserved

NTN Future Vision

® The deployment of NTN will raise expectations for the provision of functions and services
that could not be realized with terrestrial networks alone.

® NTN will achieve global coverage and enable seamless integration with terrestrial networks,
allowing people to maintain connectivity with the network anywhere in the world. Enabling
all terminals to access NTN will also help to eliminate the digital divide.

® The arrival of NTN will also raise expectations for the creation of new industries. By
resolving the coverage issue, it will become possible to use industrial IOT services for
vehicles, drones, robotics, and other fields that were not possible until now, as well as new
services based on remote access in a variety of fields.

® By making remote access available over a wide area, it will become possible to work without
moving personnel even in areas where physical on-site work was previously unavoidable,

and by enabling the collection of highly accurate information, including the surrounding
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environment, it will become possible to provide appropriate and safe responses quickly.
® Linking multiple non-terrestrial networks can increase the flexibility and resiliency of the
network, making it possible to provide connectivity over a wide area, including mountainous

regions and oceans, and to respond quickly to emergencies such as disasters and distress.

Using NTN can also expand the scope of application to environmental measures that were
previously out of reach. Examples include global environmental monitoring and reducing the
energy required for the movement of people and goods through remote access. By being able to
obtain more precise positioning information that does not rely on conventional GNSS, it will also
be possible to reduce the power consumption of terminals, contributing to the realization of a more

environmentally friendly future.

\I’GM F Future Vision

C ®

* Realization of "ubiquitous network" through integration with
terrestrial networks —

« Seamless connectivity of TN and NTN

« Coverage that connects anywhere in the world
« Elimination of the digital divide

« Support for all device types

* Expectations for the creation of new industries and services

* New industrial loT services for drones, robotics, and vehicles
* Expanded service range through remote access (healthcare, agriculture,
education, etc.

* Key to realizing a green future

+ Remote collection of wider environmental data
« Efficient social investment and energy consumption

* Multi Orbit (GEO-LEO-HAPS) support

* Integrated coverage further improves network flexibility and resilience

+ Rapid network deployment (disaster and rescue response, public safety)
« Improves energy usage efficiency of devices

* Provides precise location information without relying on GNSS

©2025 XG Mobile Promotion Forum. All rights reserved 2

Expectations for NTN

6.2 Summary

The NTN Promotion Project has been conducting activities aiming for examining technologies,
companies, and services that NTN should appeal to as Japan, identifying and solving social issues,
and creating social value. This year's activities included updating NTN's technology roadmap,
understanding related activities in overseas countries, identifying user needs for telecommunications
using NTN and clarifying the requirements necessary to realize them, examining issues for the
realization of NTN services, clarifying technologies that need to be developed, examining

solutions/countermeasures, and formulating a grand design.
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This year, we focused on identifying the issues of users in the maritime area and discussing whether
NTN technology can be used to solve them, and in particular, the opinion exchange meetings and
questionnaires held to understand the needs of users in the maritime area were particularly significant.
In response to the requests and issues in the marime area, we examined whether there are solutions
with existing technologies, examined the requirements necessary to realize the needs for those for
which there is no solution at present, and confronted the operational issues and requests of the user
side (demand side) with the business establishment of the service provider side (supply side), and it
became clear that it is impossible to solve them by focusing only on technical issues. For this reason,
it is necessary to reduce the cost of using NTN in order to achieve widespread dissemination, and for
this purpose, the procurement cost of satellites and HAPSs is the issue, and it is essential to form a
global ecosystem to reduce the cost of NTN in parallel with the development of technology.

In addition, in order to examine the future vision that NTN should aim for, we discussed what is
the grand design of NTN in the NTN Promotion Project. NTN is composed of multiple different non-
terrestrial networks, such as satellites including GEO, MEO, and LEO, and aerial platforms such as
HAPSs and drones, and is a ubiquitous network that allows anyone anywhere on the planet to connect
to the network at any time, while complementing each other with their respective strengths. The
deployment of NTN is expected to eliminate the digital divide where all terminals can access NTN,
provide IOT services for industries such as vehicles, drones, and robotics, and provide new services
based on remote access, as well as provide functions and services that could not be realized by
terrestrial networks alone, and will be able to create novel industries. It has a more human-friendly
aspect, making extensive use of remote access to work without moving personnel even in areas where
physical on-site work was unavoidable, and enabling highly accurate information collection including
the surrounding environment, making it possible to quickly provide appropriate and safe responses.
By linking multiple terrestrial and non-terrestrial networks, it is possible to increase the flexibility
and resiliency of the network, make it possible to utilize connectivity over a wide range of areas,
including mountainous and maritime areas, and to respond quickly to future disasters and emergencies
such as distress.

In this way, NTN can be used to expand the scope of application to environmental measures that
have not been reachable in the past, and contribute to the realization of a greener future, such as
optimizing global traffic, monitoring the global environment, and reducing energy associated with
the movement of people and goods through remote access. We would like to continue to promote the
activities of the NTN Promotion Project so that it will become a place to disseminate Japan's strengths
in Beyond 5G/6G, and will lead to the extraction of common issues and proposals, and will be an
activity that can contribute to such a large global SDGs.

Lastly, the coordinating member companies, which played a central role in each of the issues to be
considered, put a great deal of effort into actively examining the contents in this report. I would like

to express the deepest appreciation once again.
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