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1.Introduction

This document reports the FY 2023 (Japanese fiscal year 2023) activities of Beyond
5G Promotion Consortium Scalability WG.

1.1  The Purpose of WG

Scalability WG contributes to the NTN (Non-Terrestrial Network) propagation based

on the activities and information offering for NTN stake holders including other industries.

Contribute to the NTN propagation based on the activities and
information for NTN stake holders including other industries

: ; (2)Update/ elaborate the (3)Activities to get
(1)Exchange information - people interested In
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+ Creation of the NTN technology roadmap - Disseminating information to a wide

- Extraction of NTN technology information range of industries inside and outside of
Shal’e the kn0W|9dge Of - Use cases based on the roadmap Ihegconsorlium
eaCh COmpany . Regrulallons - Study group including different industries

1.2 Activities in FY 2022

The participants for activities in FY 2022 (Japanese fiscal year 2022) were Ericsson
Japan, SoftBank, VIAVI Solutions, Huawei Japan, and Rakuten Mobile (titles omitted).
Led by Dr. Toyoshima WG group leader (NICT), the WG actively exchanged information
among participating companies, updated landscape map, and promoted NTN. The

detailed each role are as follows.



Ericsson Japan, Softbank, VIAVI Solutions, Huawei Japan, Rakuten Mobile
(Titles Omitted)

Technology information 3GPP/Standardization trends Case study

Deliverable

= NTNIO- K390 : 36PP/ B {LEM - UEEARE L SR OER
T T

s
(Landscap
e map)

« Introduce case studies collected by the WG to governmental disaster prevention organization and discuss
Exch_a!']ge the possibilities of NTN technologies

of opinions « We received opinions from the perspective of disaster prevention response such as the networks of each
local government

Determine the coordinating company for each sub-WG + all the companies carry out the activities

Activities Coordinator Participants Details
Information exchange Softbank Ericsson Japan, Softbank, « Organize the opinion exchanging
VIAVI Solutions, Huawei meeting at regular meeting (RM)
Japan, Rakuten Mobile
Update/ elaborate the Each NTN Rakuten Mobile Same as above + Researchoneach NTN technology
landscape map technology + FY2022 Interim report to International
information Committee

+ FY2022 Results report at GM

Use cases Huawei Japan Same as above + NTN use cases for other industries

« FY2022 Interim report to International
Committee

« FY2022 Results report at GM

Regulations Softbank Same as above « Study on related regulations

+ FY2022 Interim report to International
Committee

« FY2022 Results report at GM

Activities to get people Scalability WG VIAVI Solutions Same as above + Provide information to non-members
interested in NTN
Pitch plan to other Ericsson Japan Same as above + Discussion on the future of industries
industries (Opinion by leveraging NTN
exchanges) + Activity plan/implementation involving

other industries

‘ Observers - Tokyo Metropolitan University (Professor Shoken Ishii), NTT Docomo

1.3  Challenges found in FY 2022

Although NTN standardization is being developed at SDOs such as 3GPP, in FY 2022
we found that there are still many challenges toward realizing NTN. The examples of the

challenges include the following points.



-System for use of land IMT frequencies of satellites has not yet developed

Frequency -Standardization is only for limited frequencies
- *Required miniaturization/low cost for Satellite UT
Terminal *Development is left to vendors
TN-NTN *Authentication/billing for 1 SIM - 1 Profile

A -Handover (roaming)
cooperatlon *Implementation time of satellite cell — ground station cell hand-in/hand-out

Dependance

*There is no LEO satellite constellation service in Japan
of oversea

Specifically, for example, in order to achieve seamless handover between TN and NTN,
it is necessary to discuss and search for solutions from the perspective of where the issues
are and what kind of solutions are needed. It is difficult for a single company to solve
such issues alone. Collaboration among NTN-related companies and organizations is
required. As a part of those activities, in FY 2022 we offered wide range of information
by posting reports etc. on our website.

We also reported on the following examples of business collaborations.

Business Collaboration Case 1 : HAPS Alliance

Over 50 participants since its establishment in April 2020

Leading companies from communication, aviation and technology industries

mbH
ons Management
Group, Inc.
Tonomus, ANEOM Company
Mynaric AG
National Institute of Information

Tunisia and Communications Technology

(Source) HAPS Alliance https://www.hapsmobile.com/ja/haps-alliance/pdf/haps-alliance-2022. pdf



Promotion of HAPS market & initiatives to revitalize the market
. T N

H Build HAPS ecosystem through

International standardization collaboration with other industries

of frequencies for HAPS — ’.‘ ‘?Mi&
= I . :'-
L " -

Standardization of stratosphere Standardization activities for HAPS
area etc. through collaboration network interoperability by defining
with aviation regulators the product specification
mm — @ .v..g- # ...’ n

Business Collaboration Case 2 : Joint development of Battery pack for HAPS
Development of HAPS battery pack

Joint development of next-gen lithium metal battery of
Enpower Japan world class boasting gravimetric energy 439Wh/kg and
electrolyte suitable for stratosphere

Joint development of battery pack materials and succeeded
ENAX in reducing the weight of each component (restraint
mechanisms, heaters and insulation materials etc.)

A Enpower Japan lithium AHAPS battery pack jointly AOperation demonstration
metal battery used for developed with ENAX in the stratosphere
battery pack (Source) https://www.softbank.jp/corp/news/press/sbkk/2023/20230316 01/



Business Collaboration Case 3 : Joint Study, capital/business alliance

National Hospital Joint study for utilization of next-gen-high-
Organization speed satellite communication services at
DMAT medical care at disaster sites
HW ELECTRO Jol_nt study for s_upply of mobile infrastructure
using NTN solution
Marindows _Capntal/bu_sl_nesg alliance for promotion of DX
in the maritime industry

«"ELEMO” made and distributed by

HW ELECTRO

(Source) https://www.softbank.jp/corp/news/press/sbkk/2021/20211029_01,
https://www.softbank.]p/corp/news/press/sbkk/2022/20220214_01/
https://www.softbank.jp/corp/news/press/sbkk/2022/20220726_02/

Field/Functionality/Capacity/Stability/Reliability & E2E testing

Test need & application

* Early functional tests e.g., Rel-17 3GPP protocol
testing (SIB-19, timer extensions, HARQ buffer
increase, etc)

n in Orbit
R

* System must deal with synchronization, propagation

delay and large doppler.

* Applies to both Regenerative & transparent
architectures.

* Cannot afford unreliable deployment into space

Real-world
Test in the field

* Must handle large number of devices and coverage

areas with mobility and stability

* Every byte/megabyte counts for monetization

OneAdvisor 800
EEETAE S 5G OTA Feeder Link

= Field testing for feeder link and service link where TN

and NTN co-exist

Several stakeholders (mobile operators, [« |
satellite operators, mobile network equipment [« |
vendors, system integrators, test equipment (¢ ]
vendors, researchers, etc.) should be involved p—
in system validation to facilitate NTN. Test in the lab




2.FY 2023 Activity Policy

Based on the activities and identified challenges in previous year, we carried out the
following activities in FY 2023. KDDI and Space Compass joined us as new WG
members. These activity reports are found in the next chapters.

e Invite NTN companies to WG

e Continue collection & dissemination of information on the industry and
standardization

e Interviews with possible user industries (to identify issues that cannot be found
by telecommunications industry alone)

e Involving and collaborating with vendor companies for solution

e Creating proposals to related organizations for legal systems & standardization

Following shows the relationship of the activities with FY 2022, meeting schedule and
each initiative coordinator. As with last year, the discussion was led by Dr. Toyoshima
WG group leader (NICT) and the coordinators, and all the WG members actively

discussed items.

H @ Invite NTN related companies to WG
@Encourage Gompanles tO @ Continue collection & dissemination of information on the indusiry and
FY22 Activities participate in WG FY23 standardization ! ! !
R @ Involving and collaborating with vendor companies for solution
(excerpt) Activities @ Interviews with possible user industries (Extract issues based on non-

communication industry’s view)
® 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 4 Case selection implementation Bt T T T -

iSSues Study technical spec for solutions
Formulation of Action Plan :

Important items willibe

. . 1
_ Additional ) discussedin FY23 0
Interviews . . Extract issues
: interviews For next
with user based on users FYs

. (strengthen .
companies i view
activities)




- . Kickoff @ @ ©)] @ ® ® GM
Activities Initiatives 8/30 | 919 10/31 1121 12019 1/30 2/20 3/8
Recruitmentto join the WG at international
@ Invite NTN companies Committee
to WG
Individual briefing for applicants
Information exchange among participants * * * * * *
© Gontinus colection & Update NTN Technology Roadmap
:::j,en’:::::D:nD.;e inqusty | Creation and publication of WG activity - - kS A
and standardization reports *
Posting on website (including derivatives from other .
| activities & English translation)
Select use cases O %D Yy
Extract socialimplementation issues O w > Yy
@ Involing and Survey of candidate companies for solution O %> Yy
collaborating with vendor NN
companes for solion Request candidates to participate in WG %% ——>
Formulation of technology specifications &
Action Plan O = K= Kk =>
o o =
Selectinterviewee and interview contents (@) * = Y
@ Interviews with possible
user industries (Extract . . —— * E> ‘
isuos) Interview request and execution N % *E>7ﬁf

Extract issues based on the results and
addition of use cases

O Kk = x> 3¢

@® Proposals o related
organizations for legal
systems & standardization

Summary on required legal development

Summary on required standardization

Activities

Initiatives

Coordinators

(D Invite NTN companiesto
WG

Recruitment to join the WG at international
Committee
Individual briefing for applicants

(2 Continue collection &
dissemination of information
on the industry and
standardization

Information exchange among participants

Update NTN Technology Roadmap
Creation and publication of WG activity
reports

Posting on website (Including derivatives from

Secretariat [Data collection &
projection at Regular Meeting]
Rakuten Mobile

VIAVI Solutions

Secretariat[Data collection (Including

(3 Involving and collaborating
jwith vendor companies for
solution

other activities & English translation) format adjustment) ]
Select use cases Softbank
Extract social implementation issues Softbank

Survey of candidate companies for solution
Request candidates to participate in WG
Formulation of technology specifications &
Action Plan

VIAVI Solutions

Huawei Japan

(@) Interviews with possible
user industries (Extract
issues)

Select interviewee and interview contents
Interview

Extract issues based on the results and
addition of use cases

Ericsson Japan
Ericsson Japan

Space Compass (HAPS),
KDDI (satellite)

(5) Proposals to related
lorganizations for legal
Isystems & standardization

Respond as needed in (2-@ activities

WG leader

Observers

Tokyo Metropolitan University (Professor Shoken Ishii), NTT Docomo, Nokia |
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3.Technology Roadmap Update

3.1

News Excerpts from 2023 and beyond

Satellite Broadband

Geostationary Satellites

The first satellite of Viasat-3 was launched on April 30, 2023. Due to the
communication failure, the available bandwidth has decreased significantly to less
than 10%. (Viasat, 10/12)

Konnect VHTS was launched on September 8, 2022 and started its service on
October 26, 2023. (Eutelsat, 10/26)

JUPITER 3 was launched on July 28, 2023 and started its service on December
19, 2023. (Hughes, 12/19)

LEO Constellation

OneWeb has launched GEN-1 constellation and completed its construction.
(Eutelsat OneWeb, 3/27)

SoftBank started offering Starlink Business service. (Softbank, 7/13)

Telesat announced the contract with SpaceX to launch LEO satellite. The launch
is planned in 2026. (Telesat, 9/11)

SKY Perfect JSAT, NTT DOCOMO and NTT communications started to offer
Starlink Business service. (SKY Perfect JSAT, NTT DOCOMO, 10/31)
Amason’s Project Kuiper, NTT and SKY Perfect JSAT agreed on strategic

collaboration. (Amazon, 11/28)

Project Kuiper launched 2 prototype satellites in October 2023, and succeeded in
the test of optical intersatellite communication of 100 Gbps on the orbit. (Amazon
12/14)

Starlink subscribers exceeded 2.3 million. (Starlink, 12/22)

SpaceX announced 100 Starlink satellites in service to voluntarily be destroyed
by entering the atmosphere. (2024/2/16)

Satellite Mobile Direct

SpaceMobile’s test satellite BlueWalker 3 achieved voice call (AST, 4/25), video
call, and downlink speed over 14 Mbps by existing smartphones (AST, 9/19)

Bullitt, a British cellular maker, started satellite communication service (text only)
compatible to GPP R17 [oT-NTN in May 2023. Slylo provides its networks using
geostationary satellites (of Echostar and Immmarsat). (Skylo, 5/3)

Lynk started satellite communication service (text only) for existing smartphones

11


https://news.viasat.com/newsroom/press-releases/viasat-provides-an-interim-update-on-vs-3-f1-satellite-status-and-anticipates-positive-free-cash-flow-earlier-than-planned
https://www.eutelsat.com/en/news/press.html
https://www.hughes.com/resources/press-releases/hughes-elevates-rural-americas-internet-experience-new-hughesnet
https://oneweb.net/resources/successful-launch-36-oneweb-satellites-isronsil-marks-key-milestone-enable-global
https://www.softbank.jp/corp/news/press/sbkk/2023/20230713_03/
https://www.telesat.com/press/press-releases/telesat-reports-results-for-the-quarter-and-nine-months-ended-september-30-2023/
https://www.skyperfectjsat.space/news/detail/_starlink_business.html
https://www.docomo.ne.jp/info/news_release/2023/10/31_02.html
https://www.docomo.ne.jp/info/news_release/2023/10/31_02.html
https://press.aboutamazon.com/2023/11/amazons-project-kuiper-and-ntt-sky-perfect-jsat-form-strategic-collaboration-to-bring-advanced-satellite-connectivity-options-to-japan
https://www.aboutamazon.com/news/innovation-at-amazon/amazon-project-kuiper-oisl-space-laser-december-2023-update
https://www.aboutamazon.com/news/innovation-at-amazon/amazon-project-kuiper-oisl-space-laser-december-2023-update
https://twitter.com/Starlink/status/1738025258089935219
https://gigazine.net/news/20240216-spacex-starlink-deorbit/
https://www.businesswire.com/news/home/20230425005532/en/
https://www.businesswire.com/news/home/20230919031637/en/
https://www.skylo.tech/newsroom/telco-titans-bullitt-fires-first-shot-in-sat-to-phone-messaging-battle

in Palau on June 21, 2023. (Lynk, 6/21) The services for the Cook Islands (Lynk,
8/8) and the Solomon Islands (Lynk, 11/7) were also launched.

« KDDI and SpaceX announced a business partnership to provide satellite mobile
direct communication by Starlink. (KDDI, 8/30)

*  Qualcomm and Iridium terminated the contract of Snapdragon Satellite that

provides satellite communication function on Android smartphones. (Iridium
11/9)
* WRC-23 resolved to study on allocation of 694/698MHz-2.7GHz band

frequencies for satellite communication to enable satellite communication from

existing cellular phones (direct communication of cellular and satellites). These
bands were specified to cellular phone communication. (MIC 12/27)

* Iridium announced Project Stardust that uses existing LEO constellation to
provide 3GPP IoT-NTN compatible service planned to start in 2026. (Iridium,
2024/1/10)

* SpaceX launched first 6 satellites compatible with Direct to Cell and succeeded

in sending text messages to existing smartphones. (SpaceX, 2024/1/10)

* Rakuten to provide direct-satellite-cellular-communication service with AST

Space mobile in 2026. (2024/2/16)
Satellite IoT

* EchoStar announced construction of a S-band LEO constellation consisting of 28
satellites. Provision of satellite communication service compatible with LoRa and
3GPP Rell7 is planned in 2024. (EchoStar, 2/1)

* 0OQ Technology started satellite commercial communication service based on
3GPP technology. (OQ Technology, 4/17)

* SORACOM announced business partnership with Skylo to provide satellite
communication network for [oT compatible with 3GPP Rell7. (SORACOM, 7/6)

» Sateliot confirmed the smooth switching from Telefonica ground network to

Sateliot satellite network by installing existing SIM card onto [oT terminals. 3GPP
Rell7 compliant commercial satellite communication service is to start in 2024.
(Sateliot, 7/28)
* Viasat and Skylo announced the launch of satellite communication service
compliant to 3GPP rell7 from early 2024. (Viasat, 11/16)
HAPS
* NTT Docomo and SKY Perfect JSAT succeeded in completing a 38GHz band

radio wave propagation test measurement for the first time in the world from the

lower stratosphere (approximately 14km above the ground) to a ground receiver.
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https://lynk.world/news/lynk-PNCC/
https://lynk.world/?post_type=news_releases&p=884
https://lynk.world/?post_type=news_releases&p=884
https://lynk.world/news/lynk-and-bmobile-solomon-islands-limited-begin-sat2phone-service-for-bmobile-subscribers/
https://news.kddi.com/kddi/corporate/newsrelease/2023/08/30/6935.html
https://investor.iridium.com/2023-11-09-Iridium-Announces-New-D2D-Direction
https://investor.iridium.com/2023-11-09-Iridium-Announces-New-D2D-Direction
https://www.soumu.go.jp/menu_news/s-news/01kiban10_02000045.html
https://investor.iridium.com/2024-01-10-Iridium-Unveils-Project-Stardust-Developing-the-Only-Truly-Global,-Standards-Based-IoT-and-Direct-to-Device-Service
https://investor.iridium.com/2024-01-10-Iridium-Unveils-Project-Stardust-Developing-the-Only-Truly-Global,-Standards-Based-IoT-and-Direct-to-Device-Service
https://api.starlink.com/public-files/DIRECT_TO_CELL_FIRST_TEXT_UPDATE.pdf
https://www.bloomberg.co.jp/news/articles/2024-02-16/S8XNSVT0AFB400
https://www.echostar.com/press-release/246
https://www.oqtec.space/news/oq-technology-starts-commercial-service-using-its-5g-satellite-constellation
https://soracom.com/ja-jp/news/20230706-soracom-skylo-satellite-ntn/
https://sateliot.space/en/news-sateliot-space/sateliot-and-telefonica-make-a-reality-first-ever-5g-roaming-connection-for-space/
https://investors.viasat.com/news-releases/news-release-details/viasat-and-skylo-technologies-launch-first-global-direct-device

(NTT DOCOMO, 1/24)

* SoftBank succeeded in 5G communication test from stratosphere. (SoftBank
10/17)

* Mira Aerospace succeeded in 5G communication test from stratosphere. (Mira
Aerospace, 10/27)

*  WRC-23 identified frequency bands for using HAPS as mobile base stations:
1.7GHz, 2GHz band and 2.6GHz bands worldwide. With 700MHz, many
countries including Japan are to use the band for HAPS as mobile base stations.
(MIC, 12/27)

3.2 3GPP Standardization Trend

As with FY 2022, we discussed and partially updated 3GPP standardization trend.
3GPP had nearly completed the discussion on Release 18, and has started discussion
on Release 19. The initiation of discussion on use cases based on IMT-2030 framework
recommendation (Framework and overall objectives of the future development of IMT
for 2030 and beyond) in light of 6G is expected in future.

2022 2023 2024 2025 2026 2027 2028 2029 2030
&) @ O @ O @ O O O >
5G Evolution > 5G Advanced 2> 6G

3GPP 6G first
version

Note: this is an inlial possible tho:
pian from NTN proponents in R
ITU-R schedule referred fron
acliedils doas nal - b oSAI 6G use cases & requirements
N SI (Rel-20) + WI (Rel-21) 1
o SAZ 6G Architecture 2
SI (Rel-20) + W1 (Rel-21) [

X, aecwire2) @ i
Y o level Req. SI .
: (Rel-20) ’

Details of 3GPP Rel 20 mile stones, [3) ?Tnﬁilﬁ“ﬁu“ﬂ'&'lr"aﬂ? (4]

so far planned
- RAN WG level: RAN2/3/4 part
S (Rel-20) + WI (Rel-21) e

@ Avproval of A1 6G SI @ Sep. 2024 @ RAN1 6G 14 release Stage 3 freeze @ Sep. 2028

@ G workshop and approval of RAN-level 6 51 @ Mar. 2025 () RAN2/3/4 and CT 6G 1 release Stage 3 freeze @ Dec. 2028

€ Approval of RAN WG and SA2 6G S| @ Jun. 2025 O 66 1" release ASN.1/OpenaP! freeze ® Mar. 2029
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https://www.docomo.ne.jp/info/news_release/2023/01/24_00.html
https://www.docomo.ne.jp/info/news_release/2023/01/24_00.html
https://www.docomo.ne.jp/info/news_release/2023/01/24_00.html
https://www.softbank.jp/corp/news/press/sbkk/2023/20231017_02/
https://miraaerospace.com/news/mira-aerospace-delivers-worlds-first-5g-connectivity-from-fixed-wing-haps
https://miraaerospace.com/news/mira-aerospace-delivers-worlds-first-5g-connectivity-from-fixed-wing-haps
https://www.soumu.go.jp/menu_news/s-news/01kiban10_02000045.html

NTN Technology Roadmap : 3GPP/Standardization trend
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(W. NTN Technology Roadmap Comparison : 3GPP

3GPP
NTN{Rel-17)

incompatible

3GPP NR NTN
(Rel-17/18)

3GPP NB-IoT/eMTC
NTN(Rel-17/18)

After Rel-19
Beyond 5G/6G

Cateldit=
Sarvice lnk
frequency

Termiral

Sarvice

Charactemstic
Ralic

Lions

LCTRON

Japan

Standa

Rell6 and earlier
HFA

IGPP freguency.
Use frequendes of partner MNO,

Existng mabae phone (3627

Test, woice, broadband

HARSALECY GEOYMED

50 MR terminal
[AGPP RellF)

Tiewl, visge, brosdbard

HAPS/LEQ/GEQ/HED

56G loT tenmanal
{2GPP B2l 7Y

Teal, woice, broadband

Glohal. Howewer, in the range where partreer MO frequencies can be used

=hdditsanal M55 allocation =
reguired for the freguency used
shrtiche 4.4 apphes due to

wme af unallocated reguencies
for mobile satelite service

System davelapemant &5 requinsd
aftar salve the irstitutanal isswes
{type of radio station, koarse,
atc, ) due to the deact
cammunicatan of maobde phone
ard satellite,

IGAP Red-B and later (LTE)

Can be wsed with exsting MS5
allocated freguency (S Bard)

Sysram devalopment is
requnad as regulatons are t
b 5t for esch system in
prnciphe,

IGPP Rel 17 NTR
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NTN System 3GPP Rel-15

Introduction of the NTN subject. Service requirements for 5G via satellite. Satellite
propagation model definition & Issues for 5G support NTN.

Approach for 5G

NTN related » Deployment Scenarios and Related System Parameters (Satellites and HAPS)

standardization » 5G service requirements for 5G via satellite
activities
» Satellite propagation model definition & Issues for 5G support NTN

RAN + Study item (SI) on NTN scenarios and channel models: TR 38.811

SA « KPIs for a 5G system with satellite access: TS 22.261

Use case for satellite EN:IML
access loT NTN

Possibility of
international Yes, at 3GPP
collaboration

NTN System 3GPP Rel-16

Approach for 5G Assessment of the issues. Study satellite features for 5G system and RAN.

. Stud?( satellite features for 5G system and RAN*
NTN related + Satellite architecture and key issues
standardization * Management and orchestration aspects

activities *HAPS could be considered as a special case of non-terrestrial access with lower
delay/Doppler value and variation rate

RAN + Study on solutions for NR to support non-terrestrial networks (NTN): TR 38.821

+ Integration of Satellite Access in 5G : WID in SP-180326 ; TR 22.822

. _?RJ%% cg{g_?rchitecture aspects for using satellite access in 5G : WID in SP-181253 ;

+ Study on management and orchestration aspects with integrated satellite components
in a 5G network : WID in SP-190138; TR 28.808

Use case for satellite B3I
access loT NTN

Possibility of
international Yes, at 3GPP
collaboration
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NTN System 3GPP Rel-17

Approach for 5G

NTN related
standardization
activities

RAN

SA

nglllnition of Market enabling features. Define satellite features for 5G system and

Specify basic NTNfeatures for 5G system and RAN

Specify basic satellite features for LTE NB loT/eMTC

Specify NTN components in the 5G architecture

Specify RF requirements based on the result of co-existence study

= TS 38 series referred in §5.1.2 in TR21.917 (NR NTN)
+ TS 36 and 38 series referred in § 5. 2in TR21.917 (NB-loT/eMTC for NTN)

= TS 23, 24, 29 and 31 series refried in §5.1.2 and 5.2 in TR21.917

Use case for satellite BNz

access

Possibility of
international
collaboration

Approach for 5G

NTN related
standardization
activities

SA

Use case for
satellite access

Possibility of
international
collaboration

loT NTN

Yes, at 3GPP

NTN System 3GPP Rel-18

Definition of enhancements optimizing performance and enabling new capabilities.
Define enhanced satellite features for 5G system and RAN.

Coverage enhancement for direct smart phone connection

UE location verification for PLMN selection

Support for non-continuous coverage with sparse constellation
Support of Satellite Backhauling

« s e e

+ NR NTN (Non-Terrestrial Networks) enhancements : WID in RP-223534

* Introduction of the satellite L/S-band for NR: WID in RP-223485

* loT (Internet of Things) NTN (non-terrestrial network) enhancements: WID in RP-223519

* NB-loT/eMTC core & performance requirements for Non-Terrestrial Networks (NTN):
WID in RP-223437

+ Enhancement to the 5GC LoCation Services : SID in SP-211637
+ Study on Support of Satellite Backhauling in 5GS : SID in SP-211317
+ Study on satellite access Phase 2 : SID in SP-211651

NR NTN
IoT NTN

Yes, at 3GPP
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NTN System 3GPP REI'19 (preliminary forecast)

Approach for 5G

NTN related
standardization
activities

Use case for satellite
access

Possibility of
international
collaboration

= Definition of 2nd set of enhancement optimizing performance and enabling new
capabilities

» Define 2" enhanced satellite features for 5G system and RAN
+ RAN and AS enhancement for global seamless coverage supported by satellite
constellation

« Some continuations from Rel-18 (e.g. further performance enhancements,
regenerative architecture);

+ TN-NTN, NTN-NTN with regenerative architecture

+ Enhanced mobility management

« Carrier Aggregation

« Seamless coverage with satellite constellation; UPF on board; E2E

Enhanced direct to cell services
Support Redcap
Supporting terminals without GNSS

Yes, at 3GPP

Lm NTN and MT-2030

https: e, itw int/end TU-Ristudy-groups/rsgs/nvpSdimi-203 0 Pages/defaull aspx

b Usage scenarios

e [ Rl

1 Py BTS00 (561

o -

T

Capabilities of IMT-2030

¥

Thie rasggir oF i boiri v for Capabilivies ae
eatimarted targets dor research and invertigation ol
IWAT - B3,

Al akies in the mnge have equal priorty in
nrwmarch and imewiligation

FOf gach sSage SCOnars, J Sngh o mulliph

wplues within Bhe range would be developed in
Tuuee i othar ITUAA Repomm i ifatio i Fe perts.

s adhed P ingrae”
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3.3 Technology Roadmap

We carried out detailed studies and updated NTN Technology Roadmap as follows.
The Technology Roadmap is divided into the following fields: Satellite Broadband,
Satellite Mobile Direct, Satellite IoT, HAPS Framework, and Aviation & Maritime field.

Satellite
Broadband

Satellite
Mobile Direct

Satellite [oT

HAPS

Starlink subscriptions are growing rapidly, with the number exceeding 2.3 million worldwide as of December 2023.
The services for vessels have been started, and service expansion to aircraft is also planned in 2024. Competition
among LEO constellations is expected to intensify with the launch and expansion of OneWeb and Project Kuiper
services.

With geostationary satellites, Low-cost, high-speed services have been launched based on VHTS such as Konnect
VHTS and JUIPITER 3. Services based on SDS (Software Defined Satellite) are also planned and expected to develop
services with low-latency and high-speed. Currently, frequency of service link mainly uses Ku band, usage of Ka
band is also increasing. With feeder links, the use of higher frequency bands such as Q/V bands has also begun.

Direct satellite communication services with smartphone have been started by Lynk and Bullitt, and AST SpaceMobile
and Starlink are also planning the launch of services in future. Services can communicate with directly IoT terminals
(3GPP Rel 17 NTN compatible terminals and Lora terminals) are about to start, and it enables significantly increased
coverage as both terrestrial and satellite networks can be used on the same device. The dissemination of the
services is expected with the expansion of the service area and improvement of performance.

Research and development is in progress. The usage method of mobile direct communication and CPE is planned.
The expected HAPS usage is for a hyper-expanding mobile coverage and backup communications in the event of
disasters. Although HAPS has narrower coverage than satellites due to its lower altitude, it can provide high-speed
communication services with low latency compared with those of satellites.

2023 2024 2025 2026 2027 2028 2029 2030

Satellite

Large-scale, Resource Optimization, V/E Band
Broad LEQ Constellation (Low Latency/Broadband Service) /High latitude which is hard for GEQ (feeder Link), Dynamic change of beam design

Band

Starlink Gen-1(High Latitude region)

Smal Defa Voico Cal
Satellite Terrestrial + satellite (satellite communication with the same terminal as the terrestrial) (inc Emergency)

OneWeb Gen-1(nigh Latitude region)

GEO Advanced Higher Throughput (VHTS- SDS), Lower Cost

Viasat Viasat-3 / Echostar Jupiter-3 / Konnect VHTS Adaptation to 3GPP Rel. 18 NTN
(VHTS) Intelsat-42,43 / Superbird-9 (SDS) Further Throughput Improvement : Optical Link,

v

LEO Constellation Advanced Higher Throughput Capacity

Amazon Kuiper Further Throughput Improvement :

: Optical Link (Satellite-Satellite, Satellite-Terrestrial), Large-
Telesat Lightspeed scale, Resource Optimization, V/E Band (feeder Link)
OneWeb Gen-2 1 Further Capacity Improvement :
A | Increase the number of satellite
Starlink Gen-2 !

el (1,000 - 10,000 order)  Toward Beyond 5G/6G

Starlink Gen-1(maritime)

Mobile Lynk AST SpaceMobile
Direct Starlink Direct to Cell
Apple & Globalstar Project Stardust
Satellite Echostar Mobile it Phono ar EwnansT
ot o ) TEChgﬂ?,l,?ogy Adaptation to 3GPP Rel. 17 NTN . ——
Lacuna Space Sateliot 77 =) g

Solar Panel Lightweight/High

Efficien: Next Gen Solar Pane )

Gen after Next Gen 600 ~
HAPS Battery high density/high cycling Next Gen. 400 ~ 500 Wh/kg 1000 Wh/kg
Payload multi-cell/high capacity SoftBank HAPS

Space Compass HAPS
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2023 2024 2025 2026 2027 2028 2029 2030

Broadband GEO advanced/ high-speed (VHTS - SDS), lower cost
communicatio LEO constellation advanced/ high-speed/ large capacity

n . o The use of In-flight Wi-Fi (IFC) using geostationary satellites as backhaul is growing in aviation field.
(In-flight Wi-Fi  The use of LEO constellations is expected to expand in the future, leading to lower costs and

A‘;}Zﬂjon etc.) higher speeds. However, high institutional hurdles such as aviation laws might take time for
propagation.

Mobile direct The use in the aviation field is unlikely in progress as many countries do not allow LTE and 5G
IoT communications on board for aviation safety, and the Wi-Fi service is sufficient for users.
Broadband GEO advanced/ high-speed (VHTS - SDS), lower cost
communicatio LEO constellation advanced/ high-speed/ large capacity
n Demand for satellite broadband as Wi -fi backhaul line is high as the internet connection on board is becoming
(In-flight Wi-Fi  necessity. LEO constellations are expected to see increased use on small vessels because they use terminals
etc.) that are relatively compact and easy to configure compared to GEO.

Maf'_'iﬁi‘;ne ransfer from dedicated satellite communication system to 3GPP Rel. 1/ NTN compliant service &

el intearation with terrestrial mohile service:

Mobile direct Advanced maritime operation by transfer from AIS to VDES
IoT Smaller vessels that are difficult to use broadband communications are expected to use direct communication
VDES between satellites and HAPS & smartphones. International efforts are in progress to utilize satellites to

coordinate and improve global maritime operations. The efforts in Japan and other countries include
implementation of VDES that extends the current AIS and allows bidirectional communication at higher
transmission rates.

We also identified the following technical challenges that need to be resolved to realize
NTN utilization.

Technology issues to be solved for utilization of NTN

X5y NTN Technology Issues Source
Communicatio | @Digital coherent optical communication technology, adaptive optics technology, site diversity R&D
n technology Theme
@Satellite constellation, Base station backhaul line using HAPS (%)
®Optical data relay technology transmit sensing information via GEO satellite
@Development of new frequency sources (Q band/V band)
Environmental | @HAPS base station that realizes decarbonization
measures
Area @Radio wave propagation model
construction/d | @Technology development ("Cylinder antenna" and "rotating connector” etc. ) for stabilized
esign communication area and network construction
Operation ©Management for integrated network including satellite, HAPS networks, orchestration
technology, autonomous operation technology using Al & machine learning (Zero-touch
automation)
©Space / NTN open architecture technology
Payload @HAPS payload during the disaster
@Automatic tracking technology compatible with multiband-NTN antenna and moving NTN nodes
(HAPS and LEO)
@Regenerative relay payload with gNB and MEC function
®Next generation battery
@Next generation control technologies for encryption and encryption keys applicable to satellites
Terminal MMulti access terminal capable of simultaneous connection of NTN and ground networks
Platform @Cloud platform linking ground and space (Data center)
Connection @O0ptimized protocol and multiple access methods for integrated NTN networks Use cases
protocol
Intersatellite @Advanced routing and interconnection schemes between satellite constellations
link control

%Source : Information and communication technology strategy for Beyond 5G >Industry, academia and government collaboration on Beyond
5G R&D Theme > [Theme 6 INTN (HAPS-Space Network) Technology
<htips://www.soumu.go.jp/menu news/s-news/01tsushin03 02000352 htmi>

Details on each technology roadmap are shown in the following sections.



3.3.1

Satellite Broadband

The main characteristic of Satellite Broadband is installing the dedicated satellite

communication terminals on the ground and enable satellite communication directly from

that terminal, or through the terminal from communication terminals such as smartphone.

In recent years, significant progress has been made in the deployment of low Earth orbit

satellites (LEO) in addition to geostationary satellites (GEO), and commercial services

have begun in many countries.

Satellite

Service link frequency

Terminal

Throughput
Latency

Coverage

Characteristics

Radio
Regulations

Rela
ted

syst
ems

Introduction
to Japan

Standards

Use cases

VHTS-SDS

(Geostationary
satellite)

GEO

Ku-band, Ka-band

Dedicated device (VSAT
etc.)

60cm~1.2m diameter
parabolic antenna

~150Mbps (Downstream)

~600ms
(Altitude 35,000km)

Depends on the satellite
position. Covering polar
regions is difficult.

Can use existing ground
systems for geostationary
satellites. Reduce costs by
increasing capacity and
optimize coverage with
flexible beams.

Can be used with existing
FSS allocation frequencies
(Ku/Ka/Q/V Band etc.)
Can be used within the
allocated FSS frequency
system

DVB-S2X(ETSI) etc.

Rural areas, Broadband for
ships and aircraft, mobile
backhaul, backup lines for
disasters

OneWeb

LEO
Ku-band

Dedicated device
~1.2mdiameter parabolic
antenna

50x45cm Flat antenna

~195Mbps (Downstream)

~70ms
(Altitude 1,200km)

Global

Intersatellite optical link
(Not included in early
constellations)

Can be used with existing
FSS allocation frequencies
(Ku/Ka Band)

Gen-1 has been
institutionalized

European standards
+ECC Report 271
+ECC Decision (18)05
-ETSIEN 303980

LEO

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

Dedicated device
50x30cm Flat antenna
57x51cm Flat antenna

~350Mbps (Downstream)

20~40 ms
(Altitude 500km)

Global

Intersatellite optical link
(Not included in early
constellations)

Can be used with existing
FSS allocation frequencies
(Ku/Ka Band)

Gen-1 has been
institutionalized

European standards
-ECC Report 271
+ECC Decision (18)05
-ETSIEN 303 981

Amazon Kuiper

LEO
Ka-band

Dedicated device (Flat
antenna)

17.8cmx 17.8cm
38cm x 38cm

48cm x 76cm

~1Gbps (Downstream)

~50 ms?
(Altitude 600km)

Global

Can be used with existing
FSS allocation frequencies
(Ka Band)

System development is
required when introducing it
to Japan.

Telesat

Lightspeed

LEO
Ka-band

Parabolic antenna
Flat antenna

~7.5Gbps

~70ms?
(Altitude 1,015km,
1,325km)

Global

Regenerative relay system
Intersatellite optical link

Can be used with existing
FSS allocation frequencies
(Ka Band)

System development is
required when introducing it
to Japan.

The basic use case is similar to services provided by geostationary satellites (VHTS/SDS). Although it is considered
advantageous in terms of latency, throughput, cost, and ease of terminal installation, there will be many cases where it is
difficult to use it because of the stricter line-of-sight conditions than those of GEO satellites. With the case for ships &
aircraft, they will be actively used in the future as line-of-sight conditions are not an issue.
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VHTS (Very High Throughput Satellite)

A satellite that places multiple spot beams to reuse frequencies is called an HTS that has a capacity
several dozen times more than a conventional geostationary satellite. VHTS is the next generation
satellites with even greater capacity than HTS. In 2023, Konnect VHTS (500Gbps) by SES and
Jupiter 3 (>500Gbps) by Hughes was launched. These satellites use Ka band for their service links.

Satellite overview

High-power (20kW) supporting thousands beams.
Bandwidth can be flexibly reassigned from area with low demand to high demand after launch.

Technology

VSAT, ESIM (Can use existing terminal used for geostationary satellites.)

Terminal Throughput: > 100Mbps

Rural areas, Broadband for ships and aircraft, mobile backhaul, backup lines for disasters.

Use case Available more widely and at lower cost than before.

Radio

Rel GGV Can be used with existing FSS allocation frequencies (Ku/Ka/Q/V Band etc.)
e
s

ate .
d Introductio

syst N toJapan Can be used within the allocated FSS frequency system.

ems
SiE B El e DVB-S2X (ETSI) etc.

Others

SDS (Software Defined Satellite)

The beam design can be changed after the launch of satellite, unlike conventional
satellites. Beam placement, size, bandwidth and power can be changed dynamically.
SEVTGHNGLOERIENE SKY Perfect JSAT's Superbird-9, 1S-42, 1S-43, 1S-41, 1S-44 by Intelsat, GX7. 8. 9 of
Inmarsat etc. are planned. Service link uses Ku band and Ka band. GX7, 8, 9 can place
thousands of beams simultaneously.

Thousands of beams can be dynamically repositioned by latest digital processing and

Technology phased array antenna.

VSAT. ESV. ESIM (Can use existing terminal used for geostationary satellites).

Terminal Throughput: > 100Mbps

Rural areas, Broadband for ships and aircraft, mobile backhaul, backup lines for disasters.

LEDEEEE Available more widely and at lower cost than before.

Radio
i) Regulations

Can be used with existing FSS allocation frequencies (Ku/Ka/Q/V Band etc.)
ate

d Introductio

it | wimoepEn Can be used within the allocated FSS frequency system.

em
s SlENE[ B DVB-S2X(ETSI) etc.

Others
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OneWeb

Satellite overview

Optical
communica
tion
Tech
nolo

gy

Frequency

Ground
station

Use case

Radio
Regulations

Rela Introductio
ted n to Japan
syst
ems

Standards

Possibility of
international
collaboration

Starlink

Satellite overview

Technology

Terminal
Use case

Radio
Rel Regulations
ate Introductio
d n to Japan
syst

em
s Standards

Possibility of
international
collaboration

-Constellation consists of 588 satellites at the orbit altitude of 1,200km (Gen-1)
-Global coverage (including maritime coverage).

-Not implemented in Gen-1. Planning to implementation of inter-satellite optical link in
Gen-2.

-Service link : Ku band

-Feeder link : Ka band
%V/E band (Considering implementation in Gen-2)

-To be installed 40-50 stations worldwide

-BCP/Remote area/Broadband communications for land mobile
-Broadband communications for ships/aircraft

Can be used with existing FSS allocation frequencies (Ku/Ka band).

Gen-1 has been institutionalized.

European Standards
-ECC Report 271
-ECC Decision (18)05
+ETSI EN 303 980

-Solar panel technology
-Debris removal technology

Satellite constellation by SpaceX (Altitude approx. 550km)

More than 5,000 units have been launched. The FCC's permission allows the launch of
12,000 units.

Maximum download throughput 220Mbps.

Service link uses Ku band (Gen-2 and later is planning to use of Ka band and V band).
Gen-2 constellation plans to launch 30,000 units (approximately 330km to 610km
altitude).

Adopts the latest digital processing and phased array antenna.
Provides communication services even at locations far from the gateway by Inter Satellite
Laser link (ISL).

Dedicated Starlink terminal manufactured by SpaceX. Phased array antenna.

Rural areas, Broadband for ships and aircraft, mobile backhaul, backup lines for disasters.

Can be used with existing FSS allocation frequencies (Ku/Ka band)

Gen-1 has been institutionalized.

European standards
-ECC Report 271
-ECC Decision (18)05
-ETSI EN 303 981
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3.3.2 Satellite Mobile Direct

The main characteristic of Satellite Mobile Direct is direct satellite communication
using communication terminals such as smartphone without installing dedicated

terminals for communication with satellite. It is a major architecture discussed in 3GPP

and R&D is underway in many countries due to high usability for users.

[ [spaceMobile ______ lunk _____________|StarlinkDirectto Cell Apple & Globalstar
LEO

Satellite

LEO

LEO

LEO

Service link 3GPP frequency 3GPP frequency 3GPP frequency Use frequency of Globalstar
frequency (Mid-band, Low-band) (Low-band) (Mid-band) (L-band/S-band)
Use frequencies of partner MNO Use frequencies of partner MNO Use frequencies of partner MNO
Terminal Existing mobile phone (3GPP) Existing mobile phone (3GPP) Existing mobile phone (3GPP) iPhonel4, iPhone 15 series
Service Text, voice, broadband Text (voice and data in future) Text (voice and data in future) Emergency call, roadside service
(USA only)

Coverage Global. However, in the range Global. However, in the range Global. However, in the range 16 countries (as of Jan. 2024)
where partner MNO frequencies where partner MNO frequencies where partner MNO frequencies (possibly can be used within the
can be used. can be used. can be used. range of Globalstar coverage in

future).

Characteristics Large phased array antenna. 1m-1.5m phased array antenna. 2.7m x 2.3m phased array antenna. Use satellite communication function
Bent-pipe method. Mount eNodeB & EPC on satellite. ~ Mount eNodeB on satellite. of Globalstar.

Doppler and delay correction on Provides text messaging services Doppler correction.
the ground. even at locations far from the
gateway by Store & Forward
communication.
Radio + Additional MSS allocation is -Additional MSS allocation is - Additional MSS allocation is [No issues] Can be used with
Regulations  reguired for the frequency used required for the frequency used required for the frequency used existing MSS allocated frequency
-Article 4.4 applies due to -Article 4.4 applies due to -Article 4.4 applies due to (L/S band)
use of unallocated frequendes use of unallocated frequendes for  use of unallocated frequendes for

Relate for mobile satellite service mobile satellite service mobile satellite service

d Introductio  System development is required System development is required System development is required [Issue unknown] Institutionalized as

syste  ntoJapan  aftersolve the institutional issues  after solve the institutional issues after solve the institutional issues an MSS system.

ms (type of radio station, license, (type of radio station, license, (type of radio station, license, etc.)
etc.) due to the direct etc.) due to the direct due to the direct communication of
communication of mobile phone communication of mobile phone mobile phone and satellite.
and satellite. and satellite.

Standards 2G, 4G, 5G 2G, 4G, 5G 3GPP Rel-8 and later (LTE) Unknown

Use case Significant expansion of mobile Messaging service outside of Messaging service outside of Emergency call outside of mobile
network coverage. mobile coverage, emergency call. mobile coverage, emergency call. coverage.

Mobile network restoration in the Roadside service.
event of a large-scale disaster etc.

Satellite overview

Technology

Terminal

Use case

Radio
Regulation

1 GIE] s
ted
syst
ems

Standards

Others

Introductio
n to Japan

95 satellites constellation by AST SpaceMobile (Altitude approx. 730km).

Provides direct communication service to the existing mobile phones (Text, voice, broadband)
Uses frequency of MNO partner (3GPP frequency Low-band & Mid-band)

Launched test satellite, BlueWalker3 in Sep. 2022. Achieved voice call and downlink throughput of
14Mbps in a demonstration experiment in 2023.

Large phased array antenna.
Bent-pipe method (eNB is placed on the ground).
Doppler and delay correction.

Existing mobile phone (3GPP terminal)

Significant expansion of mobile network coverage.
Mobile network restoration in the event of a large-scale disaster etc.

- Additional MSS allocation is required for the frequency used
-Article 4.4 applies due to use of unallocated frequencies for mobile satellite service

System development is required after solve the institutional issues (type of radio station, license,
etc.) due to the direct communication of mobile phone and satellite.

2G, 4G, 56

Rakuten Symphony is developing eNodeB for SpaceMobile.
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Lynk

Satellite overview

Technology

Terminal

Use case

Rel Radio

ate Regulations

d
syst
em
s

Introductio
n to Japan

Standards
Others

Satellites constellation by Lynk (Altitude approx. 500km).

Provides direct communication service to the existing mobile phones (Text).

Uses frequency of MNO partner (3GPP frequency Low-band).

3 commercial satellites have been launched. Commercial service started in June 2023.

1m-1.5m phased array antenna.

Mount eNB & EPC on satellite.

Provides text messaging services even at locations far from the gateway by Store &
Forward communication.

Doppler and delay correction.

Existing mobile phone (3GPP terminal)

Communication in the dead zone.
Emergency communications during large-scale disasters etc.

+Additional MSS allocation is required for the frequency used
-Article 4.4 applies due to use of unallocated frequencies for mobile satellite service

System development is required after solve the institutional issues (type of radio station, license,
etc.) due to the direct communication of mobile phone and satellite.

2G, 4G, 5G

Starlink Direct to Cell

Satellite overview

Technology

Terminal
Use case

Rel Radio
ate Regulations

d Introductio
S;’St n to Japan

s Standards
Others

Starlink Satellites constellation for communication with mobile phones (Altitude approx. 550km).
Provides direct communication service to the existing mobile phones (Text. Voice and data
communication will be available in future).

Uses frequency of MNO partner (3GPP frequency Mid-band).

6 satellites were launched in January 2024 and succeeded in sending & receiving text. The service
is to start within 2024.

2.7m x 2.3m phased array antenna.

Mount eNodeB on satellite.

Connects existing Starlink constellation with Laser backhaul (No dedicated gateway is required).
Doppler and delay correction.

Existing mobile phone (3GPP terminal)

Communication in the dead zone.
Emergency communications during large-scale disasters etc.

+Additional MSS allocation is required for the frequency used
-Article 4.4 applies due to use of unallocated frequencies for mobile satellite service

System development is required after solve the institutional issues (type of radio station, license,
etc.) due to the direct communication of mobile phone and satellite.

4G

3.3.3 Satellite [oT

Satellite IoT has a network configuration that allows direct satellite communication

from IoT terminals, similar to Mobile Direct. The characteristics of IoT, such as small

data transmission and delay tolerant are highly compatible with satellite communication

and allowed relatively earlier start of R&D and commercialization compared to Mobile
Direct. For Cellular IoT (NB-IoT/eMTC), 3GPP has specified extensions that enable
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application to NTN since Release 17.

e S
GEO LEO GEO LEO LEO LEO

Satellite

Service link L-band (n255)

frequency S-band (n256)

Terminal 56 IoT terminal
(3GPP Rel17)

Service Communicate with
satellite directly from
5G IoT terminal

Coverage Global except polar
regions

Characteristics  Integrate with
terrestrial networks to
expand 5G IoT
coverage

Radio Can be used with
Regulati  existing MSS allocated

Rel NS frequency

ate  Introduc System developmentis

d tion to required as regulations

syst Japan are to be set for each

ems system in principle.
Standar  3GPP Rel 17 NTN
ds
Use case
OmniSpace

Satellite overview

Technology

Terminal

Use case

Regulations

Introductio
IRCIETE]

Standards

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

56 IoT terminal
(3GPP Rel17)

Communicate with
satellite directly from 5G
IoT terminal

Global.

LEO constellation service.

Integrate with terrestrial
networks to expand 5G
IoT coverage

Can be used with
existing MSS allocated
frequency (S band)
System development is
required as regulations
are to be set for each
system in principle.

3GPP Rel 17 NTN

S-band Licensed frequency

Lora terminal for LR-FHSS

Communicate with satellite
directly from Lora terminal

Europe only.

Service by EchoStar XXI
(geostationary satellite :

10.25°E)

Integrate with terrestrial
networks to expand LoRa
coverage

Can be used with existing
MSS allocated frequency
(S band)

System development is
required as regulations are
to be set for each system
in principle.

LR-FHSS

S-band Licensed
frequency

Lora terminal for LR-
FHSS
+ dedicated antenna

Communicate with
satellite directly from
Lora terminal

Global.

LEO constellation
service (Approx.
500km)

Integrate with
terrestrial networks to
expand LoRa coverage

Can be used with
existing MSS allocated
frequency (S band)
System development is
required as regulations
are to be set for each
system in principle.

LR-FHSS

S-band Licensed
frequency

5G IoT terminal

Communicate with
satellite directly from
5G IoT terminal

Global.
LEO constellation
service.

Integrate with
terrestrial networks to
expand 5G IoT
coverage

Can be used with
existing MSS allocated
frequency (S band)

System development is
required as regulations
are to be set for each
system in principle.

L band & S band?

5G IoT terminal
(3GPP Rel17)

Communicate with
satellite directly from
5G IoT terminal

Global.
LEO constellation
service.

Integrate with
terrestrial networks to
expand 5G IoT
coverage

System developmentis
required as regulations
are to be set for each
system in principle.

3GPP Rel 17 NTN

Satellite constellation by OmniSpace.
Provides direct communication service to 5G terminal.
Uses frequency 3GPP band n256 (S band)
Launched test satellites Spark-1, Spark-2 in April & May 2022. The satellites are for NB-IoT.

Details are not disclosed.

3GPP Rel.17 compatible terminal for band n256.

IoT use case in general (asset tracking etc.)

Radio

[No issues] Can be used with existing MSS allocated frequency (S band)

[Issues] System development is required as regulations are to be set for each system in
principle.

3GPP Rel-17 NTN(NB-IoT)

zofth

25



EchoStar Mobile

Uses EchoStar XXI (geostationary satellite : 10.25°E).
CELC NGRS Uses licensed S band frequency.
Direct communication service to LoRa terminal has started in Europe since July 2022.

Technology Can be used by integrating LoRa network on the ground.

Terminal LR-FHSS compatible Lora terminal

IoT use case in general (asset tracking etc.)
Lora IoT service coverage expansion

Use case

Radio

Regulations Can be used with existing MSS allocated frequency (S band)

Rel

ate
d
syst

Introductio

T TepAT System development is required as regulations are to be set for each system in principle.

ems
S EETG B | R-FHSS

0t

Lacuna Space

Cubesat satellite constellation by Lacuna Space (Approx. 500km).

Provides direct communication service to LoRa terminal.

CEICU NG RTEE S band frequency (2GHz band)

Launching commercial satellites (7 satellites have been launched. Plan to launch total 32
satellites).

Store & forward communication.

Technology Can be used by integrating LoRa network on the ground.

- LoRa module for LR-FHSS + dedicated antenna
Terminal

IoT use case in general (asset tracking etc.)

Use case y -
LoRa IoT service coverage expansion

Radio

Rel Regulations Can be used with existing MSS allocated frequency (S band)

ate
d Introductio

== | i e System development is required as regulations are to be set for each system in principle.

te
MS " Standards (LSRR

Announced collaboration with OminiSpace (in March 2021), service uses S band

Others frequencies of OminiSpace.

0Q TECHNOLOGY

Satellite constellation by OQ TECHNOLOGY (plan to launch 72 satellites).
Provides direct communication service to 5GIoT terminal.

S band frequency (2GHz band)

8 satellites have been launched. Commercial service started in June 2023.

Satellite overview

Details are not disclosed.
Technology Obtained US patent for “wake-up” technology that enables efficient power use only when
terminal is communicating with satellites.

Terminal 3GPP R17 IoT-NTN compatible

Use case IoT use case in general (asset tracking etc.)

Radio

Regulations Can be used with existing MSS allocated frequency (S band)

Rela

ted Introductio
syst n to Japan

System development is required as regulations are to be set for each system in principle.

ems

STe]lsE1de [l 3GPP Rel-17 NTN(NB-IoT)

Others
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Sateliot

Satellite constellation by Sateliot (plan to launch 250 satellites).
The 1<t satellite for the constellation was launched in April 2023.
Provides direct communication service to 5G NB-IoT terminal
Commercial service launch is planned in 2024.

Satellite overview

Technology Details are not disclosed.
Terminal 3GPP R17 IoT-NTN compatible.

Use case IoT use case in general (asset tracking etc.)

Radio
Regulation [

Rela S

ted Introductio
syst nto Japan
ems

System development is required as regulations are to be set for each system in principle.

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

Others

3.3.4 HAPS

HAPS is one of the forms of NTN, and an architectural form that flies unmanned air
vehicle (UAV) in stratosphere and enables direct communication with communication
terminals such as smartphones. HAPS can provide close to or equivalent to terrestrial
networks with low-latency service etc., thanks to the shorter distance from ground
compared to those of satellites (GEO, MEO and LEO). In addition, HAPS has
significantly shorter launch time compared to those of satellites, is expected to use in time

of large-scale disaster.
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Satellite HAPS

Service link frequency  3GPP frequency

Use frequencies of partner MNO

Terminal Existing mobile phone (3GPP) _LTE/5G
Service Text, voice, Broadband
Coverage 200km diameter area

Characteristics Footprint fixation technology

Radio 2GHz band has been specified as used frequency

Regulation  worldwide. Also 1.7GHz band & 2.6GHz (worldwide) ,

E 700-900MHz band (worldwide except certain Asian
areas) are specified as the result of WRC-23 Agenda
1.4 (Effective from Jan. 1, 2025, when the revised RR
comes into effect).

Related
systems

Introductio
n to Japan

System development is required as the different radio
station from existing mobile phone base stations

3GPP (HAPS BS Standard)

-Significant expansion of mobile network coverage.
-Mobile network restoration in the event of a large-
scale disaster etc.

+Migration support to next-generation communications
-Realization of low-latency communication

Standards

Use case

HAPS

+Uses unmanned aircraft (UAV) that flows in the stratosphere as communication base station to
provide communication service over wide area.

-Provides communication network (LTE, 5G) by emitting radio waves towards the ground from
the onboard radio equipment.

Overview

-Develops optical radio of FeederLink (Establishment/improvement of technology for fine/coarse
tracking).

-Develops radio management technology assuming ground station interference/prohibited area
(fixed footprint, radio wave propagation model/simulation).

+Establishes Inter-HAPS technology (Stratosphere mesh configuration construction/operation
rate improvement)

+Multiple cells/increased capacity

-High-density/lighter weight (Solid state battery)
-Improved battery life/Improved number of cycles (Next-generation resin foil)
-Improved safety in stratospheric environments

Payload

Battery

-Development of module for Stratospheric environmental application
-Lighter weight/higher efficiency

Solar panel

-Rural areas/remote island areas/3D coverage/disaster communication/IoT/sensing services

Use case

Radio
Regulations

Introduction

to Japan
Standards

Possibility of
international
collaboration

(camera etc.)

2GHz band has been specified as used frequency worldwide. Also 1.7GHz band & 2.6GHz
(worldwide) , 700-900MHz band (worldwide except certain Asian areas) are specified as the
result of WRC-23 Agenda 1.4 (Effective from Jan. 1, 2025, when the revised RR comes into
effect).

System development is required as the different radio station from existing mobile phone base
stations.

3GPP (HAPS BS Standard)

+Promotes coordination with other systems (ICAO,FAA,EASA,CASA) . International frequencies
(ITU. 3GPP)
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4.Use Cases

In FY 2022, we draw up use cases to generate interest in NTN which is the crucial
component of Beyond 5G. By showing the use cases that illustrate “The things that
could not be achieved with 5G will be made possible with NTN in Beyond 5G.” We aim
to find out users' needs and challenges, as well as create opportunities for collaboration
with companies that possess the key technology for them. We have described 17 use cases
from two perspectives: a technical perspective that looks at the overview of NTN as a

whole, and an industry perspective that expresses specific utilizations.

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 0O 0O O 0O O O o o

Complementary Service by NTN

In FY 2023 we studied these cases in view of “the most important cases to be realized
as beyond 5G” and extracted them for discussion in the chapter below. (the cases marked
with * at the end of their names).

Additionally, we studied the following 2 cases identified during this fiscal year's

activities.
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e Additional cases (Industry Perspective)
o Unmanned delivery (by Satellite) (*)
o BCP for Cellular Communication

4.1 19 Use Cases

The following sections provide the use cases that we discussed and identified for NTN.

4.1.1 NTN and TN Integration

This shows an overall NTN-TN
convergence image. Satellite BB,
UELRZECRATCETAN  Satellite l1oT, Satellite
Observations are integrated with
TN communication.

emote g';ea
roadhand

ALCITL TN E >100Mbps

KPI Latency <20ms

Coverage Rural areas, ocean, etc.

Dish terminal(fixed)
Mobile phone

Terminal type

% Maritime loT
¥

o

Matitime
Broadband

Frequency Ku Ka sub-6G ' :::i‘;ym;m loT
{ Satellite |
Expected Service L loT

Provided Timing Year 2025~30
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4.1.2 Broadband Communication Outside of TN

Coverage

Use case
overview

Throughp
ut

Latency

Coverage

Terminal type
Frequency

Expected Service
Provided Timing

4.1.3

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

satellite Satellite
BN
ﬁ-’“:.:!

satellite Alrcraft

« >100Mbps for moving platforms
« >10Mbps for cellphone
« >1Mbps for first responder

. <20ms

Satellite
. GW
T &
Cruise ‘(/
Train Core NW

Broadband on the move

- 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

Data and control center

Coverage

Use case overview

Throughput

Latency

Coverage

Terminal type

Frequency

Expected Service
Provided Timing

First Responder communication and disaster relief

IoT Communication Outside of TN

Expand loT service coverage,
collecting information in
conventionally TN unconnected,
such as buoys, containers and
animals in forests.
(convergence of TN and NTN loT
services)

Lower band-width, extremely wide-range coverage

Kbps level

No requirement

Ay
-

Rural areas, ocean, etc.

Portable

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

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

Year 2025~30

1. Unified Protocol and Multi-Connection Technology for IMT and satellite
2. Intelligent High Dynamic Routing and Inter-satellite Optical Interconnection Tec.

4. Unified terminal for IMT and satellite communication

|
%
|
3. Satellite-Ground Network O&M and Resource Management j
i
Highly expected international cooperation to overcome such challenges/issues 3
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4.1.4 High-Precision Positioning &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

¢ No requirement

Latency <20ms Ter ‘: strial * l!

E

Data and control center

Coverage Full coverage of earth

Convergent terminal for positioning

Terminal e S
typ and communication

Frequency No requirement

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

1. Unified Protocol and Multi-Connection Technology for IMT and satellite
Expected Service 2. Intelligent High Dynamic Routing and Inter-satellite Optical Interconnection Tec.
Provided Timing Year 2025~30 3. Satellite-Ground Network O&M and Resource Management

4. Unified terminal for IMT and satellite communication

Highly expected international cooperation to overcome such challenges/issues.

4.1.5 Sensing and Communication Service

Integration

Sensing and Communication Service Integration
Remote sensing and data satellite

transferring by the same

Use case overview satellite node. (convergence of
Earth observation and
Communication)

>100Mbps for data transfer
Throughput xx resolution for earth
observation

Latency <20ms

Accident
and fire
Coverage Full coverage of earth Data and control
center
. 3 Terrestrial
Terminal type Dish terminal
YP Mobile terminal
Frequency Ku Ka and Low band Technical Challenges and issues/difficulties to avercome 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.
Expected Service v 2025~30 3. Satellite-Ground Network O&M and Resource Management

Provided Timing ear 4. Unified terminal for IMT and satellite communication

Highly expected international cooperation to overcome such challenges/issues.
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4.1.6 QObservation of River Water Level & Snow

Accumulation

Tech to be used GEO or LEO + Image analysis

Remote monitoring of river water level and snow
accumulation around railways, combining with NTN
and single-board computer.

Use case

To realize the measurement of water level and snow

UC Overview depth through the analysis of images or videos
taken by the cameras installed near the river.
Existing solution Mone
Throughput Latency Coverage

Several Mbps - Remote area

1. Inability to carry out measurements due to lack
of personnel.

2. Personal injury accidents caused by working in
hazardous areas.

3. Inability of measuring personnel to reach the site
due to heavy snowfall.

Challenge

1. Acquisition of observation data regardless of
weather

2. Supplementing staff shorfages and reducing
operating load by using data analysis

Expected Benefit

Expected Service

T Tt Year 2023-2025

Although there is a tendency for snow accumulation fo decrease as
global warming progresses, various 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 scenario.
Mechanizing surveying cperations such as image analysis allow us to
avoid hazards as well as eliminating variafions in measurement result
caused by manual work. As a disaster-prone country, there are high
expectations for data preservation, and it is expected to use for
sharing information not only te Japan but also to other countries.

4.1.7 Herd Management

GEO or LEO + LPWA
Cow’s herd count management integrated with

Tech to be used

Use case

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

Existing solution MNone

Throughput Latency

Suburban
area

Several
Mbps

1. Reducing personnel operating cost at
public ranch

2. Reducing the workload of patrolling vast
ranch

Challenge

Reducing operating costs and time, and
mifigating labor shortages

Year 2023-2025
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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. Thera is alse 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.




4.1.8 Collaboration between Disaster Medical

Sites and Hospitals

Tech to be used

LEO

Use case

Means of communication among disaster
medical sites and hospitals

ULC Overview

Provides collaboration amaong disaster sites and

hospitals, and access to EMIS by installing
antennas on emergency medical vehicles

Existing solution

KFI

None

Coverage

ban area

Urban/subur

Challenge

Due to communication disruption at the disaster
site ;
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 among field

responders by communication equipment

Year 2023~-2025

In addition te providing medical treatment at the disaster site and a
means of communication with hospitals, it enables to access to EMIS
(Emergency Medical Informaticn System), which enables appropriate
treatment and transportation by checking the operating status of
nearby hospitals. It enables to provide optimal freatment by linking
with & platform that cenirally manages health information (medical
history, hospital visit history, efc.). This use case is expected to be as
an advanced initiafive for the promotion of NTN, which combines both
aspects of communication as a means of contact and as a means of
accessing data.

4.1.9 Provision of Power Supply and

Communication to Disaster Areas

Tech to be used

LEO + EV

Use case

Providing power supply and communication
through electric vehicles in the event ofa
disaster.

UC Overview

Provides power supply and communication
services in disaster areas by installing antenna
on electric vehicles.

5

Existing solution

KFl

None

Coverage

ban area

Urban/subur

Challenge

Ensuring power supply and communications in
evacuation shelters

Expected Benefit

With availability of communication;

1. Sharing information using safety
confirmation and collection of damage data
by local governments

2. Reduction of mental stress

3. Obtain surrounding information {damage,
distribution of supplies, etc.)

Expected Service
Provision Timing

Year 2023~-2025
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Telecommunications, now indispensable in daily life, is expected to be
used especially for information gathering and communication during
disasters. Many disaster victims become anxious when their daily
communications become unavailable during a disaster, and the
system is expected fo reduce their stress. This case can be used not
only during disasters, but also for special events, and is expected to
be used as an alternative to wired communications, which take fime to
prepare.




4.1.10

Mobility

Tech to be used

LEQ/HAFPS + Connected car

Use case

Standardization of eCall at Connected cars

UC Overview

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

Existing solution

KPI

MNone
Coverage

Urban/subur
ban area

Challenge

2. Ifthe passenger cannot call, it will lead to

. In case of the accident in dead zones, itis
unable to call for help

a delay in rescue

1. Expansion of the areas where rescue is

2. Communication-based |loT collaboration

possible using eCall even outside of
cellular coverage.

and updating of vehicle-mounted systems

Expected Service
Provision Timing

Year 2025-2030

4.1.11

Since April 1st, 2013, it is mandatory to equip new vehicles sold within
the European Union with eCall. While advancements in autenomous
driving technology focus on "safe driving," there iz also an expected
demand for the implementation of eCall services that prioritize post-
accident response. As there are still areas without cellular network
coverage, there is anficipation for satellite communications fo
compliment the coverage. Additicnally, by integrating with 1oT, there is
the petential for applicafions such as reassessing insurance premiums
based on accumulated driving infermation and detecting vehicle
maintenance timings.

Communication Methods in Mountainous

Areas

Tech to be used

HAPS

Use case

Means of communication in mountainous areas

UC Overview

Emergency communication methods for forestry
workers

Existing
solution

KPI

None

Suburban
fmountainous
area

Challenge

In mountainous areas, where communication is
not available, there is a risk of life-threatening
situations as contacting for rescue becomes
impossible in the event of workers getting
injured.

Expected Benefit

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 conditions

Expected Service
Provision Timing

Year 2025-2030

According to MAFF data, number of forestry workers in 2015 are
decreased to 45,000 (11,000 people are 63 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 promoting loT in view
of the declining workforce and aging of the industry. With the "Green
Employment" preject that staried in 2003, a certain number of
inexperienced workers are finding employment, and remote
moenitoring and work instructions are expected to be a great help.

35




4.1.12  Unmanned Delivery (by HAPS)

Tech to be used HAPS + Location data
Use case Delivery by small drone

By equipping small unmanned drones with
UC Overview location data, unmanned delivery to specific
locations is made possible.

Existing solution None
Coverage

KPI Urban/subur
ban area

Shortage of delivery staff due to increased

demand by popularity of food delivery and

flea market application

Challenge 2. Increased cost on the transportation
industry due to free shipping etc.

3. Increased operations due to redelivery

4. Development of laws for air mobility

Reduction of delivery burden for small-
sized packages

2 Digital transformation (DX) of the
transportation industry in data
management

Year 2025-2030

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 unigue locations have benefits including
operation/fuel reduction for fransporiaticn industry, and same day
delivery for users by shipping from nearby legistics 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 aenal delivery services.

4.1.13  Advanced Airport Control

Tech to be used HAPS + Sensing + Location data

High-density operations through advanced
control management

Use case

Combining connectivity and sensing to
achieve optimization of operation and routes.

Existing solution None

UC Overview

Several

- Urban/Subu
Tens of Mbps m;gl?:::l’;?s rban
millisecongs | Marime

. Prolonged waiting time for takeofflanding

Challenge

2. Data acquisition for flight path judgment

1. Shortened waiting time for takeofflanding
through the ufilization of location and
sensing data

2. Determining flight path based on more
detailed weather data than before than
before

3. Reduction of CO. emissions through
optimal flight path

Expected Service
Provision Timing Year 2030 and later

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
also forecasted fo reach 101% of pre-pandemic levels by 2025, Prolonged
waiting imes during takeofilanding not enly create a negative impression
for passengers but also require optimizaticn from the perspective of
smoacth flight management. Detailed weather data obtained from the
stratosphere enables better understanding and prediction of weather
condifions, providing valuable insights for determining and modifying flight
path. Additienally, flight path optimization is expected to contribute
fowards achieving a carbon-neutral world.
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4.1.14

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.
Satellite NB-10T enables monitoring at lower cost
over the wider areas.

Use case overview

Throughput kbps level
Latency =600ms
Coverage Mountainous area
Terminal type NB-loT
Frequency L-band, S-band

Expected Service

Year 2025~30

Disaster Detection in Mountainous Areas

Provision Timing

4.1.15  Public Safety LTE

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 communicafion 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 organizations, and study
operational issues and measures for social
implementation in FY 2020, with the aim of starling full-
scale operation in FY 2022

Use case overview

Throughput

Latency

Coverage Areas outside of temrestrial LTE coverage

Temminal type Wormal UE Compliant to 3GPP

Frequency 3GFPP Band

Expected Service Provision
Timing

Year 2025~30
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4.1.16

Use case overview

Throughput

Latency
Coverage
Terminal type
Fregquency

Expected Service Provisi
Timing

4.1.17

Sensing

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 3GPP Rel-19, a study
item on sensing using mobile networks and base
stations for terrestrial and indoor applications has
been started, and discussions on use cases and
network services are ongoing.In the future, mutual
integration of sensing data betwesn TN and NTN is
expected to improve the accuracy of analysis and
expand to various private services.

NFA

NFA

Nationwide (Ground + Sea)

NFA

Sl Year 2030 and later

LR T ) TR B

UE—= P9 T AR RGE — JAKA B — T W TR
Earth-graphy

vty on irtaguted Sarting ars Gamvmncanen

https:/fwww. 3gpp.org/ftpitsg_sa/TSG_SATSGS_9

6_Budapest 2022_06/Docs/SP-220661.zip

Complementary Service by NTN

Tech to be used

LEO, 5GNR

Use Case

-5 Service at TN outside coverage
-TN Backup to big NW failure/disaster
-Reinforcement of government MW

UC Overview

Global connectivity for transportation,
energy and health sector 5G use case

Existing Solution

KPI

Mone

Coverage

DL-10-15Mbps. Cutside of

@_ b
SGC

NTHN paylead
Feeder \\- Service
link U jink

HE

QNB  Gateway

L]

UE

UL: ~1Mbps TN Coverage

Challenge

1. Doppler effect
2. Latency/Delay

3. Inter-system connection

4. Install functionalities to smart phone

Expected Benefit

1. Large ecosystem of standard products

and components

Expected Service
Provision Timing

“ear 2023 or 2026

The 5G NTN business opportunity:

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

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

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

Eco-System:

Reuse of the mass market 5G smariphone ecosystem and CSP

subscriber base for satellite communication is what sets 5G NTN aside

from anything else an the market.
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4.1.18  Unmanned Delivery (by Satellite)

Tech to be used LEO

Use case Unmanned delivery

Automated delivery by smart mobility {self-

L T driving car and drone eic.)

Existing solution None
Coverage

KPI Suburban/
urban area

Establishment of flight operations
including autonomaous driving
Cooperation between cellular and
Challenge satellite communications

Installing the satellite terminal onto the
drone

Legal development

.

-

-

Efficient delivery

BT R Solution for labor shortage

Expected Service

Provision Timing Year 2025~-2030

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.

4.1.19 BCP for Cellular Communication

Tech to be used LEO+ Domestic vessel+ Base station
To provide communications for mobile phones from domestic
vessels at the fime of disaster

Cellular base stafions equipments are installed on board

ti Is to provide communications frem the
zssels by using satellite communications as a backhaul line.
In the event of a disaster, this contributes to rapid restoration
in areas where restoration is difficult. During normal times, VWi
Fiis provided for crew members.
Cable laying vessel "KIZUNA"
Throughput

Use case

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

. Prolonged communication recovery fime due fo damage to
he land route

3. Delay in safety confirmation due to communication
disruption

1. Swift communication restoration

. Early safety cenfirmafion

S an a3, Reduction of mental stress

4. Obtain surrounding information (damage, distributicn of
supplies, efc.)

Exns cledise e Year 20232025

Provision Timing

Normal

time
*

Vassal

UT : User terminal for satelite communication  NB : Cellular base station equipment

Cellular communication has become an essential infrastructure for daily life,
swift recovery is required in the event of communication disruption due te a
disaster. It is necessary to have BCP measures throughout Japan as it
essential not only for confirming safety in disaster-stricken areas, but also
as a medium for communicating and gathering information. The solution of
approaching from the sea using a “shipboard base station” that was
operated during the Neoto Peninsula earthquake in 2024 has proven to be
technically feasible. Increased numbers of such stations will enable to
respond quickly and flexibly. Price reducfion might be pessible if it could be
introduced to all existing {approx.7,000) vessels.

4.2  Extraction of Use Cases to identify the

challenges

We mapped the use cases mentioned above as shown in the table below. Additionally,

we extracted the use cases for identifying challenges towards social implementation from

39



the perspective of “"the most important cases to be realized as beyond 5G” .

. Sensing Conmmuni .
High- 2 Dizaster
MTH and i JCormmuni Precision and cation Unmanne o R Feren
™ Communi fion Position Commun ods d = Public e Callul
Case | cation | S3NON FOSONECoogen M | Safety |Sensing| or oY | Delvery oo
Indegratio| -\ o0 Outside | g & Sanioe LTE Senice Communi
n of TN [Mavigatio by NTH £ cation
af TN Coverspe  n Satallite)
Coverage n
s PO 5 g -
Image |47 | b T fos[Seh o o[
-~ L] - - - - - . L] . - - - - - - - - -
Mobile . . .
Direct - N " - - B - - - - B - - - -
loT . - - - . . ‘ - - . - L) - . - - - . -
HAPS - - - - - - - - . - ™ . - - - - - -
Sensing |
/Locatio] e - [ ] - - - - - . - L] ] - - L] - L] L]
n
Mobility] - - ] - - - . L] . - - - - - - - L] L]
NTN-TN
Integratii - [ ] - - - - - - - - - - L] L ] . L] -
on

The extracted use cases with reasons are as follows.
NTN and TN Integration
o The importance of TN/NTN integration (Cellular expansion) has been

recognized in 3GPP, and continued to be discussed in Release-18.
Considered to be essential items for discussing the Beyond 5G world.
There are significant technical challenges in TN and NTN integration
that use different frequencies, terminals, and communication methods
(e.x. Handover between TN and NTN, Design and methods for
integrating inter-company systems and network operations,
Standardization of terminals).

It covers a wide range of use cases including Broadband, IoT and

sensing.

Broadband communication outside of TN coverage (The reasons for extraction

are same as description in the “NTN and TN Integration” )

IoT communication outside of TN coverage (The reasons for extraction are

same as the description in the “NTN and TN Integration” )

High-Precision Positioning &Navigation (The reasons for extraction are same
as the description in the “NTN and TN Integration” )

Collaboration between Disaster Sites and Hospitals

o It is considered as one of the most demanding cases in terms of

requirements in the 17 use cases.

o The benefit of introducing this use case is thought to be clear and direct.
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o

Once the challenges in this case can be identified, it is expected to

become easier to consider other usage cases.

e Communication Methods for Mountainous Areas

o

By focusing on the main characteristic of NTN, “Expanding network
coverage that cannot be covered by terrestrial NW (TN)” , it is believed
that further exploration of use cases can be expected.

Emergency communication: Mountainous areas are attractive places for
outdoor lovers such as climbers and hikers, but there is a high possibility
of sudden emergencies occurring. Through Non-Terrestrial Networks,
communication with rescue teams and emergency services can be
secured. It is possible to send the location information of stranded
individuals and support expedited rescue operations.

Weather information: Weather may change rapidly in mountainous
areas. By utilizing Non-Terrestrial Networks, real-time weather
information and emergency alerts can be provided. This is beneficial for
the safety of climbers and residents.

Tourism information: Tourism is an important source of income for
mountain regions. Information on tourist spots, local events and
guidance for tourists can be provided via non-terrestrial networks. It is
expected to promote tourism and the development of the local economy.
Education: Access to high-quality education is crucial for children
living in mountainous areas. By utilizing Non-Terrestrial Networks,
Educational programs and online education can be provided to remote
areas. This is expected to alleviate the educational disparities.
Telemedicine: Access to medical facilities can be limited in
mountainous areas. By utilizing Non-Terrestrial Networks, remote
healthcare services can be provided to residents in remote regions.
Telemedicine consultations and remote diagnosis with physicians

become possible. As a result, it is expected to improve healthcare.

e Unmanned Delivery (by Satellite)

O

To achieve efficient unmanned delivery, it is effective to utilize aerial
routes with drones in addition to land routes.

To establish an efficient unmanned delivery system, it is necessary to
consider autonomous driving to and from drone take-off and landing
sites, as well as design land and aerial routes that are suitable for drone

flights. Additionally, it is crucial to establish operational procedures for
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flight management.

42



S.Initiatives to Solve the Issues

5.1 Target Industries Seeking Cooperation to

Resolve Issues

Based on the above-mentioned selection, we have mapped target industries and so forth
for which we seek cooperation to resolve issues into the following categories. The
following shows the list and category of the industries and organizations. Details on each

challenge and technology are shown in the following sections.

e Technology Perspective
o NTN and TN Integration

o Broadband communication outside of TN coverage

o IoT communication outside of TN coverage

o High-Precision Positioning & Navigation

e Industry Perspective

o Collaboration between Disaster Medical Sites and Hospitals

o Communication Methods in Mountainous Areas

o Unmanned Delivery (by Satellite)

# Category Remarks
Auto/Agricultural machinery/Drone
1 User
manufacturer etc.
2 SDO 3GPP, 5GAA etc.
3 Regulator ITU-R, MIC etc.
4 |NTN operator LEO/MEO/GEO/HAPS Operator
5 TN operator Domestic MNO/Global MVNO
6 Wireless communication Terrestrial GW, antenna, gNB, core NW
equipment vendor etc. (except optical communication)
7 | Terminal vendor Smartphone, satellite receiver etc.
3 Optical communication
equipment vendor
9 System integrator
10 |SD-WAN vendor
11 |Satellite manufacturing vendor Aircraft, control device, storage battery,
solar panel etc.
12 |HAPS manufacturing vendor Aircraft, control device, storage battery,
solar panel etc.

43




5.1.1

NTN and TN Integration

With NTN and TN Integration, target industries seeking cooperation to resolve issues

are listed below.

Target industries for cooperation to resolve issues
- [Optical
Radio d
leomm - Sotelliiiaps
i P unicat|Termi| " . __.|Syste| SD- imanu
No.| Challenges Details (Subdivision) Regul| NTN | TN [Fion | nal [M™e8 | wan feactur
User | SDO |"cor i do| ‘N integrjvend Batun ing
or or n‘:en't— v [SAYIR I Geor r "9 |vend
d ment vendo o0
vel: o ivendo| r
r
Confirmation of required |Standardization/industry group trends o
1 communication
requirements for target |User company trends [ ]
luse cases
[SD-WAN] Unification of specifications for communication
) il ) - . °
Mechanism of TN/NTN bearer sw.\tchmg and traffic bonding/blending between UT &
2 NW intearation network side.
9 [TN-NTN carrier network connection method] Unification of
. L ] L L ]
network interfaces/protocols
Development of terminal |- Unification of chipset/SIM/antenna etc. [
3 $%T£Taﬁlble with both - Developing antennas with shapes tailored to use cases [ ]
« Billing system integration for TN/NTN integration L] ® *
4 b | tof " PR - Design/development of visualization system for usage status, etc. ® o ®
evelopment of customer + Design/development of line management system ] [ ]
+ Design/development of communication optimization system ® L L]
* Definition of ideal interwork mechanism for each NW (TN/NTN) o e | o
Technical consideration | * Examining the optimal means of NW integration (possible idea)
5 L S —SD-
for institutionalization SID WAN . e o |0
—Inter-operator roaming
—Others
Consideration of the Consider & determine whether TN standards can be followed in line with
6 fpplication scope of existing [the system collaboration (interwork) planned to be implemented in ] L]
systems society (Authentication method, frequency, communication equipment)
7 Collaborative C ICoverage enhancement [ ] [ ] [ ] L] [ ]
ollaborative Loverage Dual coverage/multi connections o o [ ° ]
o Cell Management * ® [ ] * [ ]
8 Mobility Management Handover ° e o e °
. Dynamic Topology ® ® ®
9 Routing management Routing Protocols [ [ [ ]
101nter satellite High capacity & stable link ] [] °
communication On Board exchange Y ° ry
P~ Spectrum management ] [ ®
11[Bpectrum coordination Interference detection ] [ ) ]
Unified resource management [ ]
12(08M Unified user management o L]
13/Antennas Satell.ite antennas ]
[Terminal antennas 3
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5.1.2 Broadband Communication Outside of TN

coverage

With Broadband communication outside of TN coverage, target industries seeking

cooperation to resolve issues are listed below.

ustries for coop

seration to resolve issues

N Optica)
Radio d
1 Satelli
[imicat Termi(comm syste| sp- | :::3
No. Challenges Details (Subdivision) TN [Tion | nal “’i“',f:“ m |WAN ’:;’::iffactur
s equip [vendo - i n ing
ment| r [SOP|Gtor 9 0| vend
do ment [vendo| o
"e’l‘_ vendol r
r
+Can download speeds of >10Mbps be achieved with satellite-
T W
1 |Acceleration of Mobile Direct ir;lab;tshone communication? With upload, the speed may be less than
-There are also concerns of capacity due to the large cell range.
Synchronization * [ [ ] ]
2 |Air interface Random access L] o o | o | @ 3
MU-MIMO ] e (o (o | o 0
Beam hopping ] CHEREREK °
3 -
MAC protocols Resource allocation 0 ® (o | o | @ 0
Power consumption Ld L
4 |User terminal Antenna miniaturization . Ld
Device miniaturization *
. Onboard processor L *
5
Satellite payload Power supply ry

5.1.3 ToT Communication Outside of TN coverage

With IoT communication outside of TN coverage, target industries seeking cooperation

to resolve issues are listed below.

ustries for cooperation to resolve issues
g Optical
Radio .
lcomm . satelliaps
. . unicat|Termi| . __|Syste| SD- manu|
No., Challenges Details (Subdivision) ion “?;ff‘ m | WAN :::.:.‘ Facturf
'equip |vendo, A integrjvendo| 5 ing
ment| r |S9Plator ol vend
lvendol ment 'enco| ar
r vendo) r
r
. - NTN IoT technology has already been realized.
1 .DEﬂ""UO."\ of TN/NTN —If integration with TN is required, it is necessary to define the
integration integration based on the expected use case.
—Discuss “Target case: NTN-TN interworking”
Synchronization [ [
Random access [ ) L [ )
2 |Air interface Redcap o
(Extensions to make it easier to connect small, low-power [oT [ ) L ] [ )
devices with 5G)
IoT protocols * * * * L] L]
Fixed resource assignment (] @ | o (o o e
3 |MAC protacols
p Random resource assignment L] e (o (o o L]
. Power consumption [ [ [ e
4 |User terminal - — —
Device miniaturization L]
; Onboard processor L] [ J
5
Satellite payload Power supply )
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5.1.4 High-Precision Positioning & Navigation

With High-Precision Positioning & Navigation, target industries seeking cooperation

to resolve issues are listed below.

Target industries for cooperation to resolve issues
Radi Optical
e 1 Satellil
lcomm Joomm| o | e HAPS|
- - . unicat| Termi| | - yste - manu
No. Challenges Details (Subdivision) User | spo [Reaul NTN | TN Mon | nal “’i‘;‘;““ m |WAN ’;‘;’L“‘:{fac:ur
ator [0 P equip [vendo equip integrjvendo| ng ing
ment| r bl ator | £ | 19, |vend
ver:dc v?:zc r or
r
- Clarification of positioning accuracy for enabling self-driving
1 [High precision positioning|Mobility
- Development of High precision positioning technology [
, Definition of low latency ;}%(&djé@t\on of feasibility when placing processing power in .
(Latency : <20ms) (@Consideration of feasibility when using HAPS *
. - With satellite communication, there are situations where LOS (line of
3 |LOS impact sight) cannot be obtained. The autonomous driving scenario should take | ®
lthis into account.
Synchronization L] * L] * [ []
. Random access L[] * L] * * ]
4 |Air interface Positioning ° O O o L [
Sensing * Ld * * [J
Beam hopping L] LJ [ J LJ O ]
> |MAC protocols Resource allocation D e [ o D o | o
Power consumption [ . e |
6 |User terminal /Antenna miniaturization L] L4
Device miniaturization L
" (Onboard processor [ L
7 |Satellite payload Power supply ry ry

5.1.5 Collaboration between Disaster Medical

Sites and Hospitals

With Collaboration between Disaster Medical Sites and Hospitals, target industries

seeking cooperation to resolve issues are listed below.

Target industries for cooperation to resolve issues
Radio (Optica et
elli
. SR NTN | TN 3‘:1:::; Termi“r-nn: Syste| SD- = ‘r:::ﬁ
No.| Challenges Details (Subdivision) o spo |Reaul jon | nal MM T | wan [T ractun
ser ator PP M equip vendol 121 lintegrlvendo| 7 ""| ing
ment| r |S9WP|geor r % vend
e ment ivendo o
Ve': ivendo r
r
(DRequires operation considering characteristics of frequency
bands (Ku, Kaetc.) .
. I In some cases, consider the needs of redundancy with GEO in
Ensuring availability S/1 bands et
1 | (Rain attenuation /L bands etc. - - — —
(@UT (antenna) - Improving satellite communication capabilities
measures) . L L] [ ) )
(reception/transmission)
(3®Redundancy of ground GW station (area) based on ISL (Inter . °
Satellite Link)
Ensuring availability
(Alternatives for the
2 |disaster sites lacking line- - Consider collaboration with other NWs o |0
of-sight conditions
(LoS) )
3 Ensuring availability Collaboration with other NTN system >
(connectivity) Maritime (use outside Japanese territory) ® O
(DProviding guaranteed bandwidth services *
: " (@Improve satellite capacity
4 |Ensuring capacity —Increase satellites [ ] [
—Use high-frequency (v-band etc.)
Providing guaranteed bandwidth services *
5 |Ensuring reliability Retransmission control, high performance FEC, cooperation with ° o | o
other NTNs, increase antennas
6 |Lower latency o | e
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5.1.6 Communication Methods in Mountainous

Areas

With Communication Methods in Mountainous Areas, target industries seeking

cooperation to resolve issues are listed below.

Target industries for cooperation to resolve issues
a Optical
Radio| d
lcomm| - satelliyaps|
= Pl unicat|Termi| . Syste| SD- manu|
No., Challenges Details (Subdivision) veer | spo [Regul NI L TN ion | nal [ " | wan M2l cry
ser ator [PPSR M equip|vendo| o7 lintegrivendo|"7"| ing
ment| r |S9Plator | ¢ 9 |vend
ment ivendo|
vendo| vendo| e or
r
r
Ensuring availability (@Establishment of flight operations including autonomous . .
1 (Must be available driving
anytime to contact @Elemental technology development for long flight °
rescue personnel) (charging/storage battery etc.)
Ensuring availability (DRealizing InterHAPS communication . ° .
5 (difficulty of installing a
ground ;stat\on n (@Usage of satellite communications as backhaul [ ] L[] [ ]
mountainous area)
Measures against @ENsuring dedicated frequency ]
3 |interference with cellular N\W|@Beam forming o
radio waves ®Canceller technology etc. LK) 0

5.1.7 Unmanned Delivery (by Satellite)

With Unmanned Delivery (by Satellite), target industries seeking cooperation to

resolve issues are listed below.

Target industries for cooperation to resolve issues
B Optical
Radio )
lcomm o] Satellilyaps
i .. . unicat| Termi| "~ Syste| SD- manu
No. Challenges Details (Subdivision) M spo |Reeul NTN | TN [Tion | nal Y™ ™0™ | wan :;T::iffactur
ser ator lequip [vendo| lon integrijvendo) ing
or | or equip ng
ment r ator r d vend
do ment [vendo or
vet: vendo r
r
(DEstablishment of flight operations including autonomous ° ° °
1 |Ensuring availability driving
(@Cooperation between cellular and satellite communications o | ] 3
2 |User terminal @iInstalling the satellite terminal onto drones [ [
DLaws regarding unmanned drone flights ]
3 |Development of laws (@Legal system regarding land, sea and air use of satellite ol e
communications
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5.2 Technical Specification Required for Solving

Issu

CcS

The required technologies and proposed solution ideas for the challenges are shown

below.

5.2.1

NTN and TN Integration

icommunication
reguirements for
ftarget use cases

User company trends

Target user (Automotive OEM
etc.)

Standardization in line with user needs

e s L T
No. E] SFH (M) o e [t HBEFATRATLWSEON BIIE "E
‘| Challenge Details (Subdivision) coopiration to resolve Technica_l c_hallenges/Sqution ideal Remarks
r——— *If it is currently known
HBTE 1 — 27 —AlCE EREK - 8
iy (LRI EER - A& - XICENUIR E(L
E%@gf‘gﬁ%gﬁo)smndaréizaﬁun/mdusw group trends 1n§5§r€ﬁrﬁi (sopasiay | [PrEndardizatonin ine with user needs R CEE
A EHEOFEES FHoTLS
1 (Confirmation of ErnREEE Common o llcasee,

required FIAEEEN (BHEEOEMS) RIS —— X CBNUIAZ L, Disaster countermeasures become

Imore impartant

[SD-WAN75=]
-UTHBRITEEATSOUE, bStyIn
Bonding/Blending#i75_t TR OEE—(L
[SD-WAN]
- Unification of specifications for communication bearer
switching and traffic bonding/blending between UT &
network side

+SD-WANAR>A—
+SD-WAN vendor

[TN/NTNSEEORREFITNOERA

BRTEE, &5 — A%
—UTE-NWRIAE—~>5-T
o EH

ICurrently, each vendor has its own
limplementation — UT side and NW/
side must be from the same vendor

system

+TN operator
+Communication NW equipment
imanufacturer

[TN-NTN%%% @Fﬁ#&%ﬁﬁﬁ] \NTNE%E oA — O O—=>7ARASUIC Share
HBREA > 5712 /ORI OIGEAL EE = Definition of TN-NTN carrier network connection| RAN 77 25851
I/NTN KWy | — BT - Global MUNO method & unification o vendors'speciications |4 AP GEQ/ L EOME K]
DA A B SEENWHERR N — NTN./— RRE:EHE
2 Mechanismof |~ REANBBBEOTI—5- BN D e B et
[TN-NTN carrier network connection method] P (Considering collaboration between
[TN/NTNNW |/ j5ification of network interfaces/protocols *TN operator
integration Athontieag e p . Global MVNO HAPS and GEQ/LEO(NTN inter-node
7H'$ndeu'jléfa fon metho - Communication NW equipment [cooperation)
-Converter in case of inconsistency manufacturer
[HAPSHEHE DR ]
-HAPSEREIZEIC S5 — AL ABNTNY—ER iR
-HAPSAD ¢ — 9> Il @ EmTiztg sy | NINERE
HZ -TNSSEEE
[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,
etc.
EEPARIEEOFBEFUTAYY
—(CaIte, FTEEEA—H—T
(372, UTASA —DEZALHE
L am . WY W TN T E i — A\ =
IN/NTNGTSfg | 7SI 77 B et TR et o chipeetjatjantenna T vandor olds the
3 RORFE P ' etc. initiative in selecting each
't]:r‘r"fl'lfglfgsgt ‘;fnhle lcomponent. Involve the UT
lwith both TN/DNTN \vendor first, rather than the
lcomponent manufacturer.
125 ACEDERROT> 5 3% TR S— p
Developing antennas with shapes tailored to |’ &' '\/d ST =L
USe Cases ‘vendor |[Antenna miniaturization
‘NTNEEH
: e o -TNSSEEE o .
- TN/NTNIR S (BRI 3ARSAT LIRS .Sier N3 RIRATRE T ALIEE
Billing system integration for TN/NTN integration -NTN operator Assumed to be technically feasible
+TN operator
- Sier
FIBRRZ OIS AT ADHE/BI% "NTNSZE I S
Design/development of visualization system for usage <TNSEEH iﬁ{ﬁﬂ‘];{l%iﬁ.ijﬁﬁ(ﬂﬁf&tﬁm
e — starus, ete. “Sler ssumed to be technically feasible
4 |Devel tof e . = —
oo TeR T | Eig RS 2T AR R NNEEE e e
Design/development of line management system | Sler |Assumed to be technically feasible
‘NTNEEH
A -TNSSEEE
SEERELSATAORS/RRE SEENWHE - I R ARE T BT
Design/development of communication optimization -NTNoperator |Ascurned to be technically feasible
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kg | BIOLNSEN/ B
No RE SE (ML) Target industries for HRRRTRITVSEON BN EE
‘| Challenge Details (Subdivision) e Yy [Technical challenges/Solution idea Remarks
P e *If it is currently known
P—FTIFrEROCHIRELTRE
—— X OIS
NI B APEENE
»T!‘\lf%ﬁ o . - Mobility B&i&Ex
*EBRERBENW (TN/NTND 0155008 [ s RIS RIS -0 IDAHiBS | -EEZ51THIB2 HBIEEIR
TR IBENWHEERA—F1— 5 i Requires understanding of
*Definition of ideal interwork mechanism for each NW :%?;SS?;;? Eseeﬁrn:eme'ésf interwork mechanismin line with lcustomers needs to define
- Global MVNO larchitecture as a first step.
- Communication NW equipment eg. .
HEECE ToR manufacturer - Mobility autonomous driving
et -Communication lines that can
5 Hechnical be used outside of the EEZ
lconsideration for N _ EEE TR VIV e
institutionalization | * NWH5 9 2EREAFERDIRET CNTNEEE EIRTAINER -
(fgmﬁ% TNERE HAPSIZS BN DERIBIEE
—SD- ) -Global MVNO ' — R A —T GEO/LEO(C &3 ATEEIEFE|
S g e f}ijzﬁ, ACBILIA>5—0 104 t4Es (EOLEOELS
—ZOfth -NTN operator Defmition of i «mechanism in line [Need to achieve changeover times
“Examining the optimal means of NW integration (possiblel . TN operator efinition of interwork mechanismin line . et customer requirements.
idea) -Global MVNO with user needs lItis assumed that direct
—SD-WAN - ication to t inals usi
ZInter-operator roaming *Communication NW HAPS and farge-capacity fed-ine
—Others equipment manufacturer lcommunication using GEO/LEO will
lbe the main ones.
 [HAERLES AT LEE (2507 [k
BEP HIE DIERDSE [TNEEQIEERIEOR Kk iR HIREZ—ZBLIA > —T— 8
B (I, AR, BEHS) s he
6 (Consideration of the  |Consider & determine whether TN standards can be ,SADOS Definition of interwork mechanism in line
application scope of  followed in line with the system collaboration (interwork) -MIC with user needs
lexisting systems. planned to be implemented in society (Authentication
methad, frequency, communication equipment) _ -
] L BEBOEEREDT CATITIEA (Rp-232669) 3GPP RANL-
HILYSHRA At EAI—0—DDREE i Rel18I-CERENTLS
Coverage enhancement [Vendor& Operator Eﬂzi?ig’ﬁn‘;ﬁgﬁ]‘:g:fv‘j‘eg’;iz’l‘im:ggg:‘;:;Jpport Tn-discussion (RP-232669) 3GPP
7 u KDW?E% atellites ’ RAN1-Rel18
Conaporatve B ) EEryNI—7Ek ERYNI =007 17 )R ”
FAZNDIYD/RIF I N — &ANL—5— TN LY SHER 3GPPICBWTERAEN
Dual coverage/multi connections |Vendor& Operator [Extending dual connection coverages of satellite [Not discussed yet In 3GPP
jand terrestrial networks
- e . BBV I IR0 — ALRARO-Z>T%
. . SIS DRITS0s o s raa (252600
leuss o s
g [AABEBOEE roaming between different networks [CRBSNTLS
IMobility Management . — iscussed in 3GPP RAN2 (RP-
W R —g— o — &ARL—H— Y RA—){—EDU I DR EM R E 232669)
Handover lvendor& Operator Improve link stability while during handover
rocess
_ 7 s SR S BEERE
No. E Sl (ML) i tor HARTRATVSEON B s
Challenge Details (Subdivision) & %ration B e Technical challenges/Solution idea Remarks
P e *If it is currently known
Y bD =+ MROS—ZUPILAA ©TEUSFREEHTD | o _ .
N PN N e, g yussley — =. BB, BREcLoTHRD
e [94F3YO RO RoH— BARL—H BRLUS— X AZDEA (NTTHRESOREED) (Db
=T (>T0OE Dynamic Topology endor& Operator Introduce new mechanisms to obtain or update the network |7/ HEALT DD, 1 ENWLD
9 {‘? topolegy in real time BRELL
outing N o m= More difficult than terrestrial,
management L~ 70K S AR TCP/PBEQTAN WERE, BEITHRELDAD |l rume the satelites moves, the
Routing Protocols endor& Operator s;i:ﬁr:taféztum ssuch as 0 catch up moving topology changes by time
[EFr /S8 EELRIS SEiE [RA100Gbps (V>587D) DRSS
[EE2RBE High capacity & stable link Optical communication lUp to support 100Gbps (per-link) inter-satellites RSBSOS
i ST v rar=peay o4t/ teEE = &
10 fnier satellie  fergpppoonyzrn S e (FyTAE—F) PERLYF IR BOECICEIMERE |17 Grelites bandwidth allocation
On Board exchange Data processing (Chip speed) ITechnical challenge based on the evolution of optical switches!
land processors on boarded
= @ ‘ ERHEIDS BB AT N\OSECET IR R INODEEIEIATSL
Esloi=std EE e AR —H— VR )
S pectrum management Regulators and Operators hﬁdi?t.;éalsg:z;nmzrequenqAuucauan and Multiplexing for i?eggT)U_RE;UBGPP RP-
11 ?}'ﬁﬁajg ISpectrum isolation or Spectrum
o - h, ITU-R and 3GPP RP-
coordination Fysidsan ARL—H— BRI DX L ;;;6.23)( -
Interference detection Operators Intelligent Interference Detection and Evaluation mechanism HAPS Tt FNWERICE R
EHA Y ST EhRELERE
EIRYNI - IOV -AEFHEL I-T-DERE
)Y —AEEOF b AR —5— eimic g SRRE AR —5—(CEBIEM &ARSTHE
12 [EF AR Unified resource management Operators Coordinatesresources between differentnetworks to meet  [s20@E1_FH'EREENS
0&M _ juser. CDHHECEiuD.n requirements, —|Operatorsimproved O&M features
1—-J-ERofi—1t ARL—H— EAT. k. FOR—E are expected
Unified user management Operators lOne charging mode, one terminal, and unified settlement
) _ _ FIINITT— AP LACLBEEE — AT YT
EERIDT>TF FUTFA=N— REIDL TR ) ~
5 Satellite antennas |Antenna manufactures IDigital phase array to support flexible beam steering and (EIE7 T FOERRROB _Eh
7T resource allocation EFen3
13 fatennas LR BRNAT 7T 77/ B R YR 7 [Expected improved Radio
inARIOT > TF T AN~ ST HEADDER technology on Satellite Antennas
Terminal antennas |Antenna manufactures ILow cost electrical steering antenna/ compact size terminal
lantenna for cell phones
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5.2.2 Broadband Communication Outside of TN

Coverage

Wl SRR I BEARE
No. E ] SFll(H5E) Target industries for HBAFATRATVSEDN BN "=
°| Challenge Details (Subdivision) e ?aration o e Technical challenges/Solution idea Remarks
perat *If it is currently known
Issues
=1 [Throughput : >10Mbps
for cellphonel &DE/IAILHALY
. e DS PIERL TEEE. BIRELT
B2 - AN IAVEIST >10MbpsD E‘#@%’%f’nﬁ{bbﬁz‘%e
TOREARIRTESL, 5T EDRE( HAPSICEBE/ LA LFA LI DEE
L TFIMbpsE FEIRDT(FED . EE(ERIgE
T/ FALID | - CellgEn RSN BF /(ST . LEOIZE — ABIH S\ HBERN. Iv
1 [Bt B0 LEOBEHE PITHOREUE (EFEL, FUBEEN~FAD) [0S et e
|Acceleration of Mobile |* Can download speeds of »10Mbps be +LEO Operator Larger antenna (However, trade-off with convenience) Determined as Mnblleigi'r‘gct casebased
Direct achieved with satellite-smartphone on the requirement [Throughput -
communication? With upload, the speed may! >10Mbps for cellphone] .Requirements
bih'ﬂ“ than 1Mbps. need to be refined as a first step,
~There are also concerns of capacity due to Considering increasing the speed &
the large cell range. capacity of mobile direct using HAPS
LEO is expected to have a large number
of beams, and there are concerns about|
the feasibility of feeder links.
(HESTH RS 5 SRR =02 L)
FRI 512, LB TASTAILGNSSICE SR ERMIL
[SIEA A — AR —H— CORIEEENR Y BN EZEERS. 3GPP RAN1 38.213-4.2 ;
synchronization \Vendor& Operator To over come the Impact of Transmission Delay and 38.211-4.3.1
Doppler Effect in satellite communicaton, common TA
(Timing Advance) and GNSS positioning may mitigate the
L7 —-A>5—J1— issue. _
2 ) ) BRIERTITS TS — >R, 5oL T TEAFIROR -
[Air interface S2IBFITR = AR5~ =1t 3GPPICHBUL TR RN
Random access \Vendor& Operator New preamble sequence, Simplified random access INot discussed in 3GPP yet
procedure
) N ARIMLVENEDE) | R OEE2EDIS(CERIE L
YLF1-H-MIMO A= &AL —5— TN DEREE 3GPPICHBU T S=hE
MU-MIMO \Vendor8 Operator Improve the spectrum efficiency, the difficulty is how to |Not discussed in 3GPP yet
synchronize multiple satellites
i . ) NLYSOBEICAES BIH0C L V) —AZIDE |3 €l GEOBE @Y A7 h CERE
C— LawE> T A — AR —5— THANZZ L ntus
Beam hopping \Vendor& Operator Beam resource allocation mechanism to make sure match|Already used in GEQ satellite
3 MACTORIIL the coverage demands lcommunication systems

MAC protocols

Y —ZADE L

o= AN 5~

[BANL— T BB DB, T 7V —
REIH T, BEROTIH (AT 33023

ih Ry D — DL ER

Resource allocation \Vendor8 Operator Power, carrier resource allocation and bandwidth Similar to terrestrial networks
assignment to meet requirement of high throughputs
e RN ERE /BB
No RE SFHI(H5ME) T e s e HRFATRATVIGONBNE [
Challenge Details (Subdivision) e geration T e Technical challenges/Solution idea Remarks
P e R *If it is currently known

wmm FyTA—N— SEETORIL (EHEENTIAA, SCLOLELERN R DEIRPL LTI 3GPP
it Chip manufacturing & protocol  |Low power consumption devices, low transmitpower | VANLTERERSITUIS

ower consumption standard than 5G EIRP of user terminal discussed in 3GPP

757 FITA—4—(E3GPP RAN1
o R RO wemr ) =747, [Rell6 (TR38.821) CEAREN T
o Y-t TN 5=t — ;g /U FOT= DR BRRDE — LT P T 7 =

User terminal

|Antenna miniaturization

Antenna manufacturing

IBeam steering antenna in mobile phone for broadband

Antenna parameter of user terminal
discussed in 3GPP RAN1 Rel16
(TR38.821)

oA

Device miniaturization

iR~ —

Device manufacturing

Ry N R E TR — I INF /A ZAADIAL I
PRI b T BkEEE

Support direct connection to handset-UE or portable
devices

NEUBIET A AA——ET -2 —
ASFUACHMT

miniaturization may depend on device
manufacturers and usage scenarios.

EHER(D-K
Satellite payload

B Oty

Onboard processor

Fy AT~

Chip manufacturing

SN ARLO—RCEDBEA AL, JDFHY
—ERERMHTD

Digital payloads, reduce time delay and provide more
flexible service

3GPP RANLITEHBINTLS
Discussed in 3GPP RAN1

g
Power supply

R

Satellite manufacturing

FROEIR ME

Low-cost Equipment

S EEERAHR R 01
>

High-capadty power supply is one of
the technical limitations so far
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5

2.3

IoT Communication Outside of TN

Coverage

SEERcml e
5 = Bk DT
No. ﬁ ilﬂ(ﬂlﬁ{_l’.? . Target industries for
Challenge Details (Subdivision) cooperation to
resolve issues
-BRICNTN ToTHeifi3ERL TS
STNERENBELRSEE, BENDT
— AT —AEBFATRAOEERE IHDSNE
TNLN;N%ﬁé =T HRBEHIE : NTN-TN interworking |
1| DS DEEIN

IDefinition of TN/NTN
lintegration

NTN IoT technology has already been realized
—If integration with TN is required, it is
necessary to define the integration based on the
expected use case.

—Discuss “Target case: NTN-TN interworking”

iR LYke M/ REERE
HIREFATRATVSEONBNE
Technical challenges/Solution idea
*If it is currently known

=

Remarks

FIFREZ— Z([CBILIZ1— 27 —ADIEE

Understanding use cases that meet user needs

o O

=58

synchronization

> — &AL —H—

endor& Qperator

Bz, FHBLTASTRIEGNSSICLBABAMIIZTDR]
REEEEH T BRI EDEREE RS,
To overcome the Impact of Transmission Delay and Doppler
Effect in satellite communication, common TA (Timing
IAdvance) and GNSS positioning may mitigate the issue.

E%ﬁ%{zawé{iiﬁi&ﬁt Fy IS RO E TR
o

3GPP RAN1 38.213-4.2 ;
38.211-4.3.1

TIALTIER

Random access

> — &AL —H—

‘endor& Operator

FAERIUT IV =Y A TYALTIEAFIEDEZRG[3GPP RANLCTERENTLS

New preamble sequence, Simplified random access procedure|Discussed in 3GPP RANL

2 [z
lAir interface Redcap o~ ¢ N = 5 o,
S B gam e (NI &ARL—H— EHEERN RS VAN, REHE 3GPP RANLICTERERENTLD
%ﬂ%;ggi%%%gggﬁ SGTHE |endors.Operator ow power consumption. low modulation rank, low complexitDiscussed in 3GPP RAN1
N NB-I0T(F3GPP RAN1(C TR
) i NB-ToT, LoRa, Sigfox/2E3f RN ER 3 TORILOIR [xh T3, LoRakSigfoxlE 54|
ToT70ka)L S — &ARL—H— mAE-1 A Sjul Sul A
LoT protocols ‘endor& Operator Diversified three different protocols, such as NB-IoT, LoRa  |NB-IoT is discussed in 3GPP RAN1,
land Sigfox are exist, how should they be accommodated? lLoRa and Sigfox are private
protocols
B A R EE RERAE
L E FEM(MAIE) e HRECRA T30 BIE L
| Challenge Details (Subdivision) ti I Technical challenges/Solution idea Remarks
cooperation e *If it is currently known
Issues
N ) EEE R 50 1 B e AR OBEY -
Y —2OEIEZDE T =&AL~ - 2EEINYTEZEE (NB-IoT) 3GPP RAN1(CTHERINTWLS
Fixed resource assignment |Vendor& Operator |Allocating fixed time-frequency resources to users may IDiscussed in 3GPP RAN1
contribute to avoid collisions(NB-IoT)
3 [MACTORIIL RRH(BDE - BEENE)V-AZIEF AL AT
MAC protocols . S VAL TR 200 | S5 majkEtE(LoRa 55U|
Uy~ RDTHLEIDET N B AL~ SigFox) J5{A—FaraL
Random resource assignment Vendor8 Operator IAllocating different (time & frequency) domain resource Private protocols
mechanism may improve spectral and energy efficiency (LoRa
and SigFox)
\ = 1 —H—iRFROEIRPICOVTIE
HEE FuTh - SERTON L b s 5 (2, SGEOBIELSRIER 5GPP RAN1TEHENTLS
Power consumption o 'Dd'“a;“ acturing & protacol | o,y power consumption devices, low transmit power than 5G [EIRP of user terminal discussed in
4 A—Y-HER Frandar 3GPP RAN1
User terminal - e = 5 - 2 NBUBET A AA—D—ET-R
I i ?gium TINTSAZNDIAL -ty IS T
Device miniaturization IDevice manufacturing Suppﬂmit direct connection to UE or portable devices Iminiaturization may depend devige
imanufacturers and usage scenarios.
. 7 AN AAAD— R EDBILE B, JDFERET R .
Oty FuI AT~ ERETD 3GPP RAN1TERENTLS
Onboard processor Chip manufacturing Digital payloads, reduce time delay and provide more flexible [Discussed in 3GPP RAN1
5 e (R service

Satellite payload

iR
Power supply

BEAYY—

Satellite manufacturing

FEEOEIAME

Low-cost Equipment

B ERIRHA B R
n1>

High-capadity power supply is one
jof the technical limitations so far.
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5

2.4

High-Precision Positioning & Navigation

Satellite payload

Wil SR EE RERRE
No. E 2! SFHl(H21E) Target industries for KRR TRATVIEON BN "E
| Challenge Details (Subdivision) t?ooperation to Technical challenges/Solution idea Remarks
TF i 3
e e If it is currently known
-E8E -
- Mobility OB Sh@eraalselc g 3ty | P —D— HAPSTOSF £ —SHC kB>
Rr BB T RIATIERE DBAREL -FO—>x—h— FIFRE =~ (CAILIZ1— 27 —ADIEHE [=Ed
ﬁ*gf& Clarification of positioning accuracy for  |"AUto manufacturer lUnderstanding use cases that meet user needs. Sensing using opticalsensors etc. in HAPS is
1 H’Eh?::;[igiun enabling self-driving Mobility r'ﬁ;[::ffglct;“l?el:“a‘:h'”e'—y also promising.
|positioning +Drone manufacturer
(SEEUBMLRRoRER - [EEERC) - FIFE - — X (AL 1— 27— A DHEIE S CANI(RTIAH) DSOLIBTFHE
t:c\;;grmment of High precision positioning I:n;::;::;'ﬁ::mn equipment lUnderstanding use cases that meet user needs. 2% cm-positioning (RTK positioning) SOL exists
. DERAICBRE N FBORE0E,
ESEE 0] Z5#& 5T Consideration of feasibility |- BI2BISEES FIFRE - X(CBILE 12 — A0
(Latency : hen placing processing power in satellite|- Satellite operator lUnderstanding use cases that meet user needs. ..
<20ms) side HIESEL TEAD
2 |\ pEg ] ——X[CENLIEd— R — B nE
R fow  (PHAPSERIETESAOERASE e« s it [erementoncedtobe refnedas st step
If;%r,?;)(l_atency . Ellpcsunslderatmn of feasibility when using | | HAPS operator SIS, E2E O RIELCAMECOBRENSE
(TNEREIL)
- EEEBEAAHREULEE, LOS(RE |. E#EN—
UYPEULGLUSEN BT, 20T w5
=17 JEEL S 'y BhH A _ _ =_ N ==
smops  [EBEESIUAETOR) k- P —— XICHILT 1 25— AOIDIE LT~ ESDOLOSE BLBEZIEE
3 {0S impact Nith satellite communication, thereare |, oo or oo ; Target situation is where it is out of cellular
P situations where LOS (line of sight) D M acture Understanding use cases that meet user needs. | 2 a7 - i L0S
cannot be obtained. The autonemous Q"CFU ;Jra machinery
driving scenario should take this into mDa”“ acturer
account. -Drone manufacturer
BEIBSCBI BRI Py TSRO EE T
BRI 312, FBLT. CGNSSIcEHATB RNz
[EER R — QAR —— CORIFEZERR T BEAMICIENEBEEAD, 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
lissue
. - BTN~ 5 A 5907 FEAFIRDE —
lt7—-A28—TJ1 PYILTIER N> — & AR~ EZ 3GPP RAN1(C TEFRSNTLYD
4 |-z IRandom access endor& Operator INew preamble sequence, Simplified random access Discussed in 3GPP RAN1
{Air interface - rocedure
wi=pljivg >~ 8ANL E—ERICL DAL, GNSSHEHIEIL 3GPP RAN1(C THEFRENTLYD
Positioning endor& Operator single satellite positioning enhancementbased on GNSS  [Discussed in 3GPP RANL
BGPPT(?&%?@EH‘CUTJU\ ISACCﬁi \
s o . s B R R S DOigEE RBSICH— NI B AR T
>y <> — &AL —F— . W
[Sensing endor& Operator Z‘;zsi?;g support sensing and communicatien af the ﬁn’{t;%zsosed in 3GPP, similar to ISAC, need to
consider the same waveform to support two
functions
Wit RPN E RERRE
No. == il (H1E) Target industries for KRR TRATVIEON BN [
‘| Challenge Details (Subdivision) 3ooperation to Technical challenges/Solution idea Remarks
TF i i
Y s If it is currently known
=L— T SEEITEHOE iy —
s . S . Y7 [y e crommiRs A7 A TimanTL
£ Ly - B ARL Power, carrer rasource allocation and bandvidth
s MACTORIL Beam hopping endor& Operator - ssignmment to meet requirement of high throughputs Already used in GEO satellite communication
MAC protocols systems
Uy 20BN g SARL—g - o LRy ho— e FliR
Resource allocation endor8 Operator Similar to terrestrial networks
sumEh FyTH—H— REBETOMUNEEEE N TR SGLOBEL RS 15—l DEIRP(COLVTIE 3GPP
Iguweﬁunsum tion IChip manufacturing & protocol |Low power consumption devices, low transmit power than|RAN1 T /ENTLVD
P standard 5G EIRP of user terminal discussed in 3GPP RAN1
T (Sl — 4 —
RIS ROy wrmsr pU ) =D s, (P27 3/ TA—9—([33GPPRANT Rell6
I 7N 7T —f— ;E FIC ROTshDIE R BEROE —LAT /AT T (TR38.821) T
6 User terminal [Antenna miniaturization [Antenna manufacturing Beam steering antenna in mobile phone for broadband ﬁjnézrgvpa&:&afv&eetligu(f#;gé.tgezr;n;nal discussed
ST (T = NS = | N N
T . i FINFIAANDIAVINERE |20 1 10 20 25 Ut E
Device rTinlaturizatiun IDevice manufacturin i i i Depend on device manufacturer and usage
g Support direct connection to mobile phone or portable  [o- Pt
devices
o o S A O—FCEDBER AR, SR — .
EHTOvY FyIA—F— (P 3GPP RAN1TESBENTLS
7 [EE~q0—F Onboard processor (Chip manufacturing Digial peylosds, reduce time deay and provice more Discussed in 3GPP RANL
exible service

IR
Power supply

Satellitemanufacturing

Fi%m@”f

S REOEIAME

L ow-cost Equipment

SEB TSR R H012
High-capacity power supply is one of the
technical limitations so far
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5.2.5 Collaboration between Disaster Medical

Sites and Hospitals

s R R REERE
o : EH(M5HE) B e PR CHA CNSEONBNE Lt
Challenge Details (Subdivision) coo geration B et Technical challenges/Solution idea Remarks
perat *If it is currently known
Issues
13 RS R
DEIREFEL (Ku, Kass) ORIt (DRSS (Ku, Kas) OfFttzZEULsEms
EEULERNNE 07E -3
BECIS T, S/LEDCGEOLDTTE IBACIS T, S/LEOCEOLOTLEM A Izt 5
MERFrEIN e -LEOBEE '
Rain attenuation measures *LEO Operator (DRequires operation considering characteristics of
(DRequires operation considering frequency bands (Ku. Kaetc.} .
aharicger'mxd frequency bands (Ku, In some cases, consider the needs of redundancy [FHCUSBETI-2Y —28
aete. - p S EFT1-HY U D
! In some cases, consider the needs of with GEO in S/L bands etc. Do ECE T LY 74O
i EEUJ@'{%M redundancy with GEO in S/L bands etc.  EESRDDH ? DFERDH
) ity PATORE :
1 |Ensuring availability DUT 7Vt -EEOEEEN @UT (7>77) -BEOESEEN(ZE/25)0m .
(Rain attenuation T e [+ J—5U>4 (QF) @]
measures) (SfE/3%E) 0 E -LEOERE ) ' (=502 (QF
Rain attenuation measures |LEO Operator (@UT (antenna) - Improving satellite FREE) EHAPSTHAS
(QUT (antenna) * Improving satellite communication capabilities e
communication capabilities (reception/transmission)
(reception/transmission) There are already use cases
[EENEE=FIES N . e in the US ete. Discussion on
(3ISL(Inter Satellite Link) #i{2] (DISL(Inter Satellite Link)Z#iREUIZH_EGW/S |how much the usability can
LIz FGWR(IUP)DTTE - LEOREE IV7)DTTE be improved is necessary.
Rain attenuation measures - LEO Operator @Redundancy of ground GW station (area) based [Improving the availability of
(@Redundancy 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.
BIED
(RIBLORBVEEFRE | 5. SRR~ . -LEOE%EHE
cpafEER)  PELOBEREAISRET N TNa s AINWE S RS
2 EH(SAHHHQ ayallaplhq;j > émn:d\{g\f-cgfl;a?aﬂ; with other NWs |LEO Operator + Consider collaboration with other NWs
disasttzrrr;alttgselsac%r:g?me—uf— +TN/NTN integration discussion
sight conditions)
HBONTNS 25 heosEis LEOIMEQCED) UIAPS) BX B nweosminic SH@IEEIE MRS
Cooperate with other NTN systems [Minimize Latency increase due to collaboration
HAPSTHE (it EGW
Pl BIEDRR(BRIE) . O EREIRI 0. 15
3 [Ensure Availability ! . IR7E. —&b0 LEO H—F R (ZEAOSEESN TILFIAT o R s
(Connectivity) i (BAEES cofEm) LEOsBHE. (Misd=1UF) SR HAPS also has the restriction
Maritime (use outside Japanese territery)|LEQ operator, (MIC=government) Currently, some LEO services may not be available outside [of requiring a terrestrial GW
of the Japanese territory. station at its feet, which
poses challenges for
operation at sea, etc.
DRI —E A DRt QEeE=E= T8 (C (AR ATRE FBHCUSIRET1— A —Adp
(DProvide bandwidth guarantee services |-LEQ Operator [Technically feasible 0, ECETI—HEUT1 DR
. s — RHBD ? OFFRH WA
o [PEEOTTS ML LEROBD 2 DR
4 -7 : —HEEREIBPY = =y =4 A5 AR S A The Iread
Ensurecapacity | _Emis (V-bandie) #f [LEOFEE S s i Wit i
(@Improve satellite capadty -LEO Operator - ttenuation Discussion on how much
—Increase satellites ’ h bil b
— Use high-frequency (V-band etc.) the usability can be
improved is necessary.
SRS — EADIR( LEOEEE
Provide bandwidth guarantee services  |LEQ operator
T =t
S OISR E&%Ufﬂ];u HREFEC. thONTNED
5 |ensure Reliability BEHS, 77 OB (L NWEH SUIRSEALA —
Retransmission control, high performancelctandardization. NW and UE vendor
FEC, coordination with other NTNs, !
increase number of antennas
[Ty H—)1—1& NTNIETNEDEBENA S, &
6 (BB ITN/NTNSEES s a=CR7E-2=1)]
Reduce Latency TN/NTN operator Edge servers, etc. NTNs, where Latency is more

pronounced, need to be more aware than TNs:
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5.2.6 Communication Methods in Mountainous

Ar

cas

e R R BERPAE
No. 2 A (HME) Target industries for XRGATRATNDEON'BNE [
‘| Challenge Details (Subdivision) getir Technical challenges/Solution idea| Remarks
EScpetationiioisealve *If it is currently known
issues
o pp s A s s e o o - -HAPS AllianceZ b
@ B 7 ZHIOERARL S ORET . ]
S o HER s LR By DEEEESHTBI L 201
FIRIEORER | SEsiiblishment of flight cperations including autonomous | — HAPSA/SL—5— (DEstablishment of flight operations
(HENHEBIABESIT |driving *HAPS Alliance members including autonomous driving
5, EESFIRTES |(Must be availableanytime to contact rescue personnel) |- Aircraft manufacturers
1 LZ\EE) -___HAPS operators

Ensuring availability
(Must be available
lanytime to contact
rescue personnel)

QEMIRTZEIRT DD DER MR
(FEB/BERL)

(@Elemental technology development for long flight
(charging ./ storage battery etc.)

+HAPS AllianceZ k%
— iRl —
—&EA-h—

+HAPS Alliance members

- Aircraft manufacturers

- Several manufadturers

DEAIRITERIRT SO OERBGNRFE
(T8 HBLY)
(@Elemental technology development for long
flight
(charging./ storage battery etc.)

TRRE, ZHI, WS 0REERH
Challenges include effects of
latitude, season, nighttime,
etc.

DInterHAPSIB{EMRIR
LLIRSERE R DM SRS BARLL RIEENR

-HAPS AllianceZiz
—HAPSAARL—4—
—BIEREERA -

+HAPS Alliance members

(DInterHAPSIBIEDEIR

HAPSEIXBIEZ &R (B2
BHEDIHEEE)

Optical communication between

y (DRealizing InterHAPS communication : ! . !
CIRITORELR (Possible difficulty of installing a ground stationin - HAPS operators [URealizing InterHAPS communication [HAPS needs to be considered
(IIRSABE B [mountainous area) . Communication (Comparison with satelite BH 5 also
ﬁ%“ﬁbﬁ;ﬁbmﬂ equipment manufacturer
o (BT by -HAPS AllianceZ I B _
(Possible difficulty of | ~ a0 e —HAPSAAL—4— HAP?‘LEM—C‘ ETE"LMJ‘J:GW
installinga ground | QI EIBIS D) WIR—)LAIA e —H— e BB IR 3 FEE
station n IIPSETE Q5L it B BILL EIREEE BEEEEEE QEZBEO/ TN L CiRateh
mountainousarea) |@Usage of satellite communications as backhaul -HAPS Alliance members (@Usage of satellite communications as Currently considersas a method for
(Possible difficulty of installing a ground station in - HAPS operators backhaul easing the constraints that require a
mountainous area) - Communication equipment terrestrial GW station atthe base of
manufacturer HAPS.
- Satellite operator
y . BEAMCEE—LTFSERon
DBBEERORER B DBBEEMOHER BEICEUTTNBRERE S5
(DEnsuring dedicated frequency Government (DEnsuring dedicated frequency SEEHE
GF = H -JBfEHERRA—N— 50 = H 2GHzOTDD/(>F (Band 34)
QE—LTA—Z>T IR . DE—LTA—ZI ,
(@Beam forming Communication equipment | 9Beam forming #HAPSE FEEH A ERY
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5.2.7 Unmanned Delivery (by Satellite)
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dedicated frequency

satellites.

Similar issues are expected for
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5.3 Target Companies and Organizations Seeking

Cooperation to Resolve Issues

Based on the above-mentioned selection of industry for which we seek cooperation,

we have identified following target companies and organizations. The following shows

the list and category of the target industries and organizations. Although we have not yet

carried out concrete activities such as interviews with them, there was a common

understanding that it is desirable to actively request participation in this working group.

tailored to use cases
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6.Interviews with Industries

In FY 2023, we interviewed industries of potential NTN users. Following are the
identified challenges based on these interviews and discussions.

o There are areas where it is difficult to provide terrestrial network by various
network services (autonomous driving, forestry, shipping, DX, etc.) current and
in future due to several factors. Covering these areas with NTN is expected to
improve the continuity of seamless communication network services.

o At the same time, even in emergency situations on the ground, such as large-
scale NW failure, congestion, etc. due to disasters, providing the minimum level
of services through NTN as a backup for the terrestrial NW is expected to support
on recovery and reconstruction.

o 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.

We explain the detailed examples of using HAPS and satellites and future challenges
as well as future initiatives based on the direction of “All Japan” in the following
sections.

6.1 HAPS Use Cases and Future Challenges

Through interviews, we have found several use cases for HAPS. This section
introduces concrete use cases in forestry and disaster situations.

Forestry often involves dangerous parts: Dozens of fatal accidents occur every year.
One reason for this is the difficulties for workers to seek help when they are injured; Calls
for help cannot be heard because each worker is in a separate location and the work
requires the use of chainsaws. Normally, in such a situation, you can consider calling for
help by mobile phone, etc., but in the mountains, existing communications such as LTE
do not cover the area, and many cases are unnoticed.

Although development of automatic tree-felling machines aiming for forestry DX is
under way, human work within the reach of local communications will remain. Therefore,
further forestry DX is expected through high-speed communication and expansion of
service areas.

The industry expects significance of the seamless communication between workers and

HAPS brought by radio waves to mountainous areas from satellite and HAPS that enable
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smartphone-direct communications. We received favorable comments that it has great
social significance of preventing fatal accidents thanks to communications in case of
emergency.

However, forestry industries consist of many SMEs with the exception of some highly
profitable companies. This refers high possibility that cost part will be a challenge and
require such competitiveness compared to the existing services. Also, it clearly reveals
that we need tailored service for end users in light of communication attenuation based
on the angle of incidence to the actual forestry site due to frequencies we use. For this
challenge, we reaffirm the importance of preliminary verifications in light of various use
cases as well as cost reduction by sharing one HAPS communication with other industry
fields.

We also interviewed on possibilities of HAPS use cases in the event of disasters such
as earthquakes. There were cases where ground stations collapse due to natural disasters,
as we experienced in 2024 Noto peninsula earthquake. In that case, even if the ground
station had a redundant configuration, the usability such as communication speed would
be greatly reduced, and furthermore, there is even a possibility that communication will
be completely interrupted.

HAPS has high expectations both in the private and public sectors. Because HAPS is
relatively disaster-resistant infrastructure that will use route of satellite backhaul and
intact ground stations and it is possible to communicate directly to the customer's
smartphone without preparing external devices.

To meet these expectations, the public and private sectors in Japan need to discuss the
ground design to clarify the way of communication in initial response to disasters and
during the reconstruction period. We recognized the need to address issues from a macro
perspective. We will consider TN and NTN communications redundancy methods, and
prioritized communications related to life-threatening operations beforehand as well as
how Japan as a whole should develop NTN communications, which is lagging behind on

a global scale, and how should rules be set for emergencies.

6.2 Satellite Communication Use Case and Future

Challenges

In addition to the above-mentioned HAPS use cases, this section presents solutions for

maritime and construction industries thorough satellite communications.
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In maritime industry, providing large area communication is important as they require
meticulous communication with ground staff and there is a need to improve the wellbeing
of crew members.

In construction industries, providing large capacity communication from satellite is
important as they require secure uplink bandwidth for remote control and autonomous

driving.

6.3 Direction toward “All Japan™ NTN

Our Working Group have discussed ideal “All Japan” NTN in view of Beyond
5G/6G based on these considerations. We have a common understanding that we need to
continue identifying further challenges and initiatives to find potential services in this
working group for this purpose.

e Relying on devices dedicated to specific LEO constellations is high risk.

e There are concerns about relying 100% on overseas satellite operators. It would be
desirable for Japan to have its own network.

e [t is useful to be able to use services from different LEO constellations on the same
terminal.

e Itisideal to be able to use services from GEO, LEO, HAPS, and terrestrial networks
on the same terminal in future.

e Achieving these requires standardizations of both terminals and network providers (it
is unclear whether providers such as Starlink will support this).

e For terminals, standardization might progress in 3 categories: small IoT devices (low
power devices), mobile terminals (smartphones) and large terminals (compatible with
high-speed communication).

e Japan may need to prepare the network construction in view of above-mentioned
points.

e Geographical characteristics of Japan (70% of the country is mountainous/hilly area,
a maritime nation with the 6th largest EEZ in the world, and a country prone to natural
disasters) may have opportunities for various NTN use cases. It would be desirable to

proceed with the development of services tailored to specific use cases.
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Toward Ideal All Japan NTN in 10 years

Current Situation

Although there are some exception, conventional NTNs are
basically independent systems from terrestrial NWs, and each
has evolved and developed independently.

Toward Beyond 5G/6, IMT -2030

1) There are areas where it is difficult to provide TN by various
NW services (Autonomous driving, forestry, shipping, DX etc.)
current and in future due to several factors. Covering these
areas with NTN is expected to improve the continuity of
seamless communication network services.

= Deepening and developing Japanese -style hospitality
services across TN and NTN

2) Even in emergency situations on the ground, such as large-
scale NW failure, conPestion, etc. due to disasters, providing
the minimum level of services through NTN as a backup for the
terrestrial NW is expected to support on recovery and
reconstruction.

= Establish All Japan NTN that provide cooperation across
the ground/satellites during emergencies based on
experience and knowledge.

3) In order to ensure reliability even under disadvantageous
conditions compared to ground areas élatency, 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.

=>Ensure Made in Japan service quality by introducing
domestically produced satellites & communication

equipment while cooperating with the private sector &
overseas satellite services on the premise of cooperation
between multiple operators and satellite systems.

Current Situation

VoiceCall
(incl. Emergency)

Terrestrial NW ‘>® 4——  Legacy Satellite

SmartPhone loT ‘ Dedicated terminal

Small Data,

Message, Alerting Broad Band

for satellites

'NTN Toward Beyond5G/6G

Small Data,
Message, Alerting

VoiceCall

Broad Band
(incl. Emergency) road Ban

Dedicated terminal
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7.Summary and Challenges in Future

The Scalability Working Group has discussed on international cooperation, in other
words, how Japanese companies cooperate on Non-Terrestrial Network (NTN)
internationally as research and development on Beyond 5G is accelerating around the
world. Our mission is to identify scalability. To this end, our members have discussed and
succeeded in creating NTN field landscape maps as a foundation to consider where our
strengths are and how we should move forward. In addition, the WG carried out unique
initiatives in which we showcased new NTN use cases and interviewed potential users to
identify challenges to promote NTN use and the development of this area.

Interviews with potential users were fruitful. From maritime industries, we received a
proposal from a venture business. They proposed that we need to create a growing 21%'-
century industry from maritime and create explosively need for NTN in the ocean and
increased value to create Japanese-style NTN market. Because in developed countries
like Japan, there are very few areas where NTN needs clearly exists and this cannot be a
field where economic rationality can be obtained as a market. From forestry industries,
we found that there are high radio wave transmission losses in forests, and this causes
lack of communication means between workers, and have the highest occupational
mortality rate. NTN services realized by such as HAPS and satellites can help to alleviate
occupational mortality rate and unexpected accidents. We would like to contribute to the
evolution of new technologies for these new services.

We think NTN is an area that will become increasingly important in future and the
Scalability WG where companies find collaboration and reach consensus, would like to
continue identifying social challenges from companies recognized as NTN user,
discussing solutions for that and providing these solutions for the users. If any technical
or institutional issues are discovered through these activities, we would like to propose
improvement measures for future standardization etc. We are looking forward to the
continuous active participation not only current leading members but also new members

in the development of NTN from Japan.

Following is the activity record of FY 2023 (Chairperson: Dr. Toyoshima WG leader).
In addition, e-mail discussions were held as appropriate for preparation of meetings and

summarizing interview results.

August 30, 2023: Kickoff meeting (online)
September 19, 2023: 1% meeting (online)
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October 31, 2023: 2" meeting (online)

November 21, 2023: 3™ meeting (online)

December 19, 2023: 4" meeting (online)

January 23, 2024: Interviews with industries (face-to-face interview)
January 30, 2024: 5™ meeting (online)

February 20, 2024: 6" meeting (online)

Last but not least, we would like to express our deepest gratitude to all the participant
companies for their enthusiastic discussion and dedication during the monthly discussions
in FY 2023.
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