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NTN and TN Integration

®

Use case overview

Throughput

Latency

Coverage

Terminal type

Frequency

Expected Service
Provided Timing

This shows an overall NTN-TN
convergence image. Satellite BB,
Satellite loT, Satellite
Observations are integrated with
TN communication.
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Use case
overview

Connectivity to conventionally
unconnected objects with Satellite-
broadband.

(convergence of TN and NTN-BB)

Throughp
ut

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

Latency

¢ <20ms

Coverage

* Rural areas, ocean, etc.

Terminal type

* Dish terminal on platforms
* Handset type mobile phone

Frequency

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

Expected Service
Provided Timing

Year 2025~30
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Use case overview

Throughput

Latency

Coverage

Terminal type

Frequency

Expected Service
Provided Timing

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)

Kbps level

No requirement

Rural areas, ocean, etc.

Portable

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

Year 2025~30

B

i

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

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

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

4. Unified terminal for IMT and satellite communication

Highly expected international cooperation to overcome such challenges/issues.



High-Precision Positioning &Navigation Y»GM

®

Use case overview

Throughput

Latency

Coverage

Terminal type

Frequency

Expected Service
Provided Timing

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

No requirement

<20ms

Full coverage of earth

Convergent terminal for positioning
and communication

No requirement

Year 2025~30

High accuracy required scenario with Low
Latency in Satellite communication.
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Technical Challenges and issues/difficulties to overcome this scenario includes;

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

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

4. Unified terminal for IMT and satellite communication

Highly expected international cooperation to overcome such challenges/issues.
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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 - = o - - N satellite GW
\ = >

Throughput xx resolution for earth
observation

[
[
[
[

Latency <20ms | Accident
| and fire

Coverage Full coverage of earth | Data and control
| center
_ Terrestrial
Terminal tvbe Dish terminal | T | ] Y
yp Mobile terminal -0——C

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

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

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

4. Unified terminal for IMT and satellite communication

Highly expected international cooperation to overcome such challenges/issues.

Frequency Ku Ka and Low band

Expected Service
Provided Timing

Year 2025~30
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Tech to be used

Use case

UC Overview

Existing solution

KPI

Challenge

Expected Benefit

Expected Service
Provision Timing

GEO or LEO + Image analysis

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

To realize the measurement of water level and snow
depth through the analysis of images or videos
taken by the cameras installed near the river.

None
Throughput Latency Coverage

Several Mbps - Remote area

1. Inability to cafry out measufements 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.

1. Acquisition of observation data regardless of
weather

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

Year 2023-2025

Although there is a tendency for snow accumulation to 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 operations such as image analysis allow us to
avoid hazards as well as eliminating variations in measurement result
caused by manual work. As a disaster-prone country, there are high
expectations for data preservation, and it is expected to use for
sharing information not only to Japan but also to other countries.




Herd Management

Tech to be used

Use case

UC Overview

Existing solution

Challenge

Expected Benefit

Expected Service
Provision Timing

GEO or LEO + LPWA

Cow's herd count management integrated with
LPWA

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

vast ranch.
None
Throughput Latency Coverage
Several ) Suburban
Mbps area

1. Reducing personnel operating cost at
public ranch

2. Reducing the workload of patrolling vast

ranch

Reducing operating costs and time, and
mitigating labor shortages

Year 2023-2025

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




Collaboration between Disaster Medical Sites and Hospitals ))(GM

Tech to be used

Use case

UC Overview

Existing solution

KPI

Challenge

Expected Benefit

Expected Service
Provision Timing

LEO

Means of communication among disaster
medical sites and hospitals

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

None
Throughput Latency Coverage
Tens of i Urban/subur
Mbps ban area

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




Provision of Power Supply and Communication to Disaster Areas ))(GM

Tech to be used

Use case

UC Overview

Existing solution

KPI

Challenge

Expected Benefit

Expected Service
Provision Timing

LEO + EV

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

Provides power supply and communication

services in disaster areas by installing antennas

on electric vehicles.

None
Throughput Latency Coverage
Tens of i Urban/subur
Mbps ban area

Ensuring power supply and communications in
evacuation shelters

With availability of communication;

1.

w N

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

Reduction of mental stress

Obtain surrounding information (damage,
distribution of supplies, etc.)

Source : https://www.softbank.jp/corp/news/press/sbkk/2022/20220214_01/

Year 2023~2025

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 to 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 time to
prepare.




Mobility

Tech to be used LEO/HAPS + Connected car

Use case Standardization of eCall at Connected cars

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

Existing solution None
Throughput Latency Coverage
KPI Tens of ] Urban/subur
Mbps ban area

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

S 2. If the passenger cannot call, it will lead to
a delay in rescue
y Since April 1st, 2018, it is mandatory to equip new vehicles sold within
1. Expansion of the areas where rescue is the European Union with eCall. While advancements in autonomous
possible using eCall even outside of driving technology focus on "safe driving," there is also an expected
Expected Benefit cellular coverage. demand for the implementation of eCall services that prioritize post-

accident response. As there are still areas without cellular network
coverage, there is anticipation for satellite communications to
compliment the coverage. Additionally, by integrating with 10T, there is
the potential for applications such as reassessing insurance premiums

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

Expected Service
Provision Timing based on accumulated driving information and detecting vehicle

maintenance timings.

Year 2025-2030
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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

Throughput Latency Coverage

Suburban
Tens of )
/mountainous
Mbps
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 65 years and over) compared
to those in 1990 by 55,000 (decreased 3,000 people of 65 years and
over). It is expected to be used as a means of emergency
communication to protect current workers and promoting loT in view
of the declining workforce and aging of the industry. With the "Green
Employment" project that started in 2003, a certain number of
inexperienced workers are finding employment, and remote
monitoring and work instructions are expected to be a great help.




Unmanned Delivery (by HAPS)

Tech to be used

Use case

UC Overview

Existing solution

KPI

Challenge

Expected Benefit

Expected Service
Provision Timing

HAPS + Location data

»GM

Delivery by small drone

By equipping small unmanned drones with

location data, unmanned delivery to specific

locations is made possible.

None
Throughput Latency Coverage
Several i Urban/subur
Mbps ban area

Shortage of d'elivery staff due to increased

demand by popularity of food delivery and
flea market application

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

TRl

Reduction of delivery burden for small-
sized packages

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

Year 2025-2030

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




Advanced Airport Control

»GM

Tech to be used

HAPS + Sensing + Location data

High-density operations through advanced
control management

Use case

Combining connectivity and sensing to

HC Overview achieve optimization of operation and routes.

Existing solution None

Throughput Latency Coverage

Several

milliseconds Urban/Subu
Tens of Mbps rban
to tens of o
o Maritime
milliseconds

Prolonged wéiting time for tékeoff/landing

B Data acquisition for flight path judgment

N =

1. Shortened waiting time for takeoff/landing
through the utilization 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 Benefit

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 is
also forecasted to reach 101% of pre-pandemic levels by 2025. Prolonged
waiting times during takeoff/landing not only create a negative impression
for passengers but also require optimization from the perspective of
smooth flight management. Detailed weather data obtained from the
stratosphere enables better understanding and prediction of weather
conditions, providing valuable insights for determining and modifying flight
path. Additionally, flight path optimization is expected to contribute
towards achieving a carbon-neutral world.




Disaster Detection in Mountainous Areas

®

Use case overview

Throughput
Latency
Coverage

Terminal type

Frequency

Expected Service
Provision Timing

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

* Monitoring of landslide morphologies

* Monitoring of natural dam water level

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

»GM
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https://www.takuwa.co.jp/case/case3.html
https://www.river.go.jp/portal/?region=80&contents=multi
https://www.river.go.jp/portal/?region=80&contents=multi

Public Safety LTE »WGM

To Provide seamless Public Safety LTE service for areas
outside cellular coverage or in the event of base station PS—LTE

failure due to disaster by using satellite lines. © BOWIEEE (LTE)RIREE AL, §EEN T B CRBS0E 2 LR,
------- - —REDAT— T EIEEEL TERTEE.

Public Safety LTE: - RHBEHEOXRFBLET LT

A shared-use mobile communication network that — HEEG - LOMFREREMOARTHRRERORR

enables high-speed data communication as well as voice — ERAROHANZTALEIAMEL BRI

Use case overview 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 starting full-
scale operation in FY 2022.

Throughput

Lat https://www.soumu.qgo.jp/johotsusintokei/w
atency hitepaper/ja/r04/html/nd243420.html

Coverage Areas outside of terrestrial LTE coverage

Terminal type Normal UE Compliant to 3GPP

Frequency 3GPP Band

Expected Service Provision
Timing

Year 2025~30



https://www.soumu.go.jp/johotsusintokei/whitepaper/ja/r04/html/nd243420.html
https://www.soumu.go.jp/johotsusintokei/whitepaper/ja/r04/html/nd243420.html

Sensing »GM

The use of sensing data provided by earth 20" [
. . . . . . . . = Lre

observation satellite is increasing in specialized 'II'E ey .

areas such as weather observation and military. -F'" "";?\

On the other hand, research and development of =

sensing technology for private-sector applications AR M s

is also progressing, and in 3GPP Rel-19, a study - o

Use case overview item on sensing using mobile networks and base _—— —
stations for terrestrial and indoor applications has . ".!jk']
been started, and discussions on use cases and ol S | W |
network services are ongoing.In the future, mutual [T -

integration of sensing data between TN and NTN is IXADIFRBRABOR (%) TRA SIS

expected to improve the accuracy of analysis and JE— h oSS e AR - J o5 o e B
expand to various private services. =

Earth-graphy
Throughput NIA New Features
Latency N/A [S;Suj;u::.::::im.d Sensing and Communication

Coverage Nationwide (Ground + Sea)

Terminal type N/A

Frequency

Expected Service Provision
Timing

Year 2030 and later https://www.3gpp.org/ftp/tsqg sa/TSG SA/TSGS 9
6 Budapest 2022 06/Docs/SP-220661.zip



https://earth.jaxa.jp/ja/eo-knowledge/remote-sensing/index.html
https://earth.jaxa.jp/ja/eo-knowledge/remote-sensing/index.html
https://www.3gpp.org/ftp/tsg_sa/TSG_SA/TSGS_96_Budapest_2022_06/Docs/SP-220661.zip
https://www.3gpp.org/ftp/tsg_sa/TSG_SA/TSGS_96_Budapest_2022_06/Docs/SP-220661.zip

Complementary Service by NTN

®

Tech to be used

LEO, 5GNR

»GM

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

Use Case

Global connectivity for transportation,

UC Overview energy and health sector 5G use case

Existing Solution None

Throughput

Latency Coverage

KPI DL:10-15Mbps 25-42ms Outside of

NTN payload
Feeder \ Service
link Uu ik
- ’
NG — -
- [ ]
5GC gNB  Gateway UE

UL: ~1Mbps (max. RTD) TN Coverage
1. Doppler effect
Challenge 2. Latency/Delay .
3. Inter-system connection
4. Install functionalities to smart phone
1. Large ecosystem of standard products

Expected Benefit
and components

Expected Service
Provision Timing

Year 2025 or 2026

The 5G NTN business opportunity:

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

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

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

Eco-System:

Reuse of the mass market 5G smartphone ecosystem and CSP

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

from anything else on the market.




Unmanned Delivery (by Satellite) )XGM

Tech to be used LEO

®

Use case Unmanned delivery

Automated delivery by smart mobility (self-

UC Overview driving car and drone etc.)

Existing solution None
Throughput Latency Coverage
KPI rban
<1Mbps i Suburban/
urban area

» Establishment of flight operations
including autonomous driving
» Cooperation between cellular and

Challenge satellite communications
+ Installing the satellite terminal onto the In 2030, Japan will face a labor shortage due to a rapidly
drone shrinking population. Particularly mountainous areas and
* Legal development 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.

» Efficient delivery
» Solution for labor shortage

Expected Benefit

Expected Service
Provision Timing

Year 2025~2030




BCP for Cellular Communication

Tech to be used

Use case

UC Overview

Existing solution

KPI

Challenge

Expected Benefit

LEO+Domestic vessel+Base station

To provide communications for mobile phones from domestic
vessels at the time of disaster

Cellular base stations equipments are installed on board
domestic vessels to provide cellular communications from the
vessels 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, Wi-
Fi is provided for crew members.

Cable laying vessel “KIZUNA”

Throughput Latency Coverage

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

2. Prolonged communication recovery time due to damage to
the land route

3. Delay in safety confirmation due to communication
disruption

1. Swift communication restoration

2. Early safety confirmation

3. Reduction of mental stress

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

Expected Service

Provision Timing

Year 2023~2025

Normal
time

K Domestic
Vessel
N
K D\c:mestic ) Land
essel

UT : User terminal for satellite 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 to a
disaster. It is necessary to have BCP measures throughout Japan as it is
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 Noto Peninsula earthquake in 2024 has proven to be
technically feasible. Increased numbers of such stations will enable to
respond quickly and flexibly. Price reduction might be possible if it could be
introduced to all existing (approx.7,000) vessels.
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NTN-TN inte rworking (Overall Vision of 6G NTN and TN convergence/integration)\,(GM
C,

Fla
@

Target industries for cooperation to resolve issues
Radioco Optical
q Arf mmunic cC n| Satellite| HAPS
No. Challenges Details (Subdivision) e | o NTN N ation [Terminal| ication i|51¥5timt SD-WA ifac/manufa
s r operator|operator ipme| vendor |equipme i? atl vendor turing |cturing
nt nt vendor |vendor
vendor vendor
IConfirmation of required Standardization/industry group trends [ ]
1 |communication requirements for
0 unicatio qu SRl VO company trends °
target use cases
[SD-WAN] Unification of specifications for communication bearer switching and °
5 Mechanism of TN/NTN NW traffic bonding/blending between UT & network side.
integration [TN-NTN carrier network connection method] Unification of network ° ° °
interfaces/protocols
3 Development of terminal - Unification of chipset/SIM/antenna etc. [ )
lcompatible with both TN/NTN -Developing antennas with shapes tailored to use cases [
- Billing system integration for TN/NTN integration ([ J [ ] [ ]
4 |pevelopment of customer PF -Design/development of visual'ization system for usage status, etc. [ ] [ J [J
- Design/development of line management system [ ] [ ] [
« Design/development of communication optimization system [ ] [ J (]
* Definition of ideal interwork mechanism for each NW (TN/NTN) ® ) [
Technical consideration for * Examining the optimal means of NW integration (possible idea)
> linstitutionalization ~SD-WAN 4 o | o | o
—Inter-operator roaming
—Others
. . _— IConsider & determine whether TN standards can be followed in line with the system collaboration
6 g;)gi;gggatlsnsgn::e application scope (interwork) planned to be implemented in society (Authentication method, frequency, [ [
9 sy lcommunication equipment)
. ICoverage enhancement [ ] [ ] [ ] [ ] [ ]
Il " "
7 [Collaborative Coverage Dual coverage/multi connections [ ] [ ] [ ] [ ] [ ]
. Cell Management [ ] [ ] [ ] [ ] [
8 [Mobility Management Handover ° ° ° ° °
. Dynamic Topology [ ® [
9 Routing management Routing Protocols [ ] [ ] [
. N High capacity & stable link [ [ [ )
10 [Inter satellite communication On Board exchange ® ° °
- Spectrum management [ ] [ ] [ ]
11 [Spectrum coordination [nterference detection [ [ [ ]
Unified resource management [ [ ]
12 O8M Unified user management [J ]
Satellite antennas
13 JAntennas : e
[Terminal antennas [ ]




NTN-Broad band (Broadband Wireless Access for the Unconnected Scenario)
C,

»GM

Target industries for cooperation to resolve issues

Radio BEHES .
comm : 2azll HAPS
A .[comm te
) L. NTN | TN [unicatiTermi| o - Syste| SD- | = gmanu
No. Challenges Details (Subdivision) user | spo |ReIU | seratoperatl 1N | Nal [T 7| m [WAN DS Cifactur
ator por por equip [vendo L integr|vendo = ing
ment r quip ator r 9 vend
ment vendo
vendo e m or
r
r
+Can download speeds of >10Mbps be achieved with satellite-
o S .
1 |Acceleration of Mobile Direct inl\jla:)tsphone communication? With upload, the speed may be less than N °
-There are also concerns of capacity due to the large cell range.
Synchronization [ J [ ] [ ] [ ) [
2 |Air interface Random access ) ) ° ° ° o
MU-MIMO (] [ ] [ ] [ ] [ ] [
Beam hopping [ ] (] (] ® [ ) °
3 -
MAC protocols Resource allocation () [ ® ® ® ®
Power consumption [ J [ J
4 |User terminal Antenna miniaturization L d
Device miniaturization [
) Onboard processor [ (]
5
Satellite payload Power supply ° °

% Determined as Mobile Direct case based on the requirement [Throughput :

>10Mbps for cellphone] .Requirements need to be refined as a first step.



®

NTN-IoT (Wide-Ranging IoT Services Extended to Unconnected Scenario) \[(GM FH
@

Target industries for cooperation to resolve issues

Radio BEHES )
comm : 2azll HAPS
A .[comm te
) L. NTN | TN [unicatiTermi| o - Syste| SD- | = gmanu
No. Challenges Details (Subdivision) user | spo |ReIU | seratoperatl 1N | Nal [T 7| m [WAN DS Cifactur
ator por por equip [vendo L integr|vendo = ing
ment r quip ator r 9 vend
ment vendo
vendo e m or
r
r
* NTN IoT technology has already been realized.
1 [Pefinition of TN/NTN —If integration with TN is required, it is necessary to define the o | o
integration integration based on the expected use case.
—Discuss “Target case: NTN-TN interworking”
Synchronization [ J [ ] [ ] [ [ ) [ )
Random access [ (] [ [ [ [
2 |Air interface Redcap o
(Extensions to make it easier to connect small, low-power IoT [ [ [ ) [ ) ® [ )
devices with 5G)
IoT protocols (] [ ] [ ] [ ] [ [
Fixed resource assignment (d e (o (o o L
3 [MAC protocols g
Random resource assignment (] [ ] [ ] [ ] [ [
. Power consumption (] (] [ ] (]
4 |User terminal - — p_ -
Device miniaturization [ ]
. Onboard processor [ J [
5
Satellite payload Power supply °




NTN-SenSing /POSitioning (High-Precision Positioning and Navigation Scenario)\,(GM
C,

Target industries for cooperation to resolve issues
. Optica
GG I satelli
comm HAPS
A -jcomm te
) L. NTN | TN [unicatiTermi| o - Syste| SD- | = gmanu
No. Challenges Details (Subdivision) user | spo |ReIU | seratoperatl 1N | Nal [T 7| m [WAN DS Cifactur
ator por por equip [vendo L integr|vendo = ing
ment r quip ator r 9 vend
e ment vendo o
o vendo r
r
- Clarification of positioning accuracy for enabling self-driving ®
1 |High precision positioning|Mobility
- Development of High precision positioning technology [
nsideration of feasibility when placing pr in wer in
Definition of low latency @Co's dg ation of feasibility when placing processing powe
2 (Latency : <20ms) satellite side
) (@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 | ®
this into account.
Synchronization [ J [ ] [ ] [ J [ ) [ )
4 |air interface Random access (] [ ] [ ] [ J [ [}
Positioning J [ J [ J [ o ®
Sensing ® @ [ J [ [ J
Beam hopping [ J (] (] [ J [ [ J
> [MAC protocols Resource allocation ® [ ® ® e | o
Power consumption ° ° [ ) ®
6 [User terminal Antenna miniaturization ® ®
Device miniaturization d
. Onboard processor [ d L
7
Satellite payload Power supply ° °




Collaboration between Disaster Sites and Hospitals M {GM
®

Target industries for cooperation to resolve issues

. Optica
Radio .
comm .c0|:1m Satteelll HAPS
) L. NTN | TN [unicatiTermi| o - Syste| SD- | = gmanu
No. Challenges Details (Subdivision) T spo |Regul " 4 ion | nal [T m |WAN (-5 rilfactur
ey ator [CPEratopera equip [vendo fon integr|vendo ac:‘url ing
or °" | ment r ?ﬁwp ator r 9 |vend
e ent vendo o
- vendo r
r
(DRequires operation considering characteristics of frequency
bands (Ku. Ka etc.) °
. I In some cases, consider the needs of redundancy with GEO in
Ensuring availability
) ) S/L bands etc.
1 | (Rain attenuation - - — ——
@UT (antenna) - Improving satellite communication capabilities
measures) . I o ) [ )
(reception/transmission)
(®Redundancy of ground GW station (area) based on ISL (Inter
. . ([ J [ J
Satellite Link)
Ensuring availability
(Alternatives for the
2 |disaster sites lacking line-| - Consider collaboration with other NWs [ ) [ )
of-sight conditions
(LoS))
3 Ensuring availability Collaboration with other NTN system ®
(connectivity) Maritime (use outside Japanese territory) [ [
(DProviding guaranteed bandwidth services o
: ; @Improve satellite capacity
4 [Ensuring capacity —Increase satellites () o
—Use high-frequency (V-band etc.)
Providing guaranteed bandwidth services o
5 |Ensuring reliability Retransmission control, high performance FEC, cooperation with
. [ ] [ J [ J
other NTNSs, increase antennas
6 [Lower latency [ ®




Communications in Mountain Areas YIGM

Target industries for cooperation to resolve issues
. Optica
GBI I satelli
comm o te HAPS
) L. NTN | TN [unicatiTermi| o - Syste| SD- | = gmanu
Challenges Details (Subdivision) user | spo |ReIU | seratoperatl 1N | Nal [T 7| m [WAN DS Cifactur
ator por por equip [vendo L integr|vendo = ing
ment r quip ator r 9 vend
e ment vendo o
- vendo r
r
Ensuring availability (DEstablishment of flight operations including autonomous ° °
(Must be available driving
anytime to contact (@Elemental technology development for long flight °
rescue personnel) (charging/storage battery etc.)
Ensuring availability (@DRealizing InterHAPS communication ° ° °
(difficulty of installing a
ground ;tat|on In (@Usage of satellite communications as backhaul [ [ ) o
mountainous area)
Measures against ®Ensuring dedicated frequency ®
interference with cellular NW|@Beam forming ®
radio waves 3 Canceller technology etc. o (o (o




Unmanned Delivery (Satellite Communication)

®

Y GM

Target industries for cooperation to resolve issues

. Optica
GG I satelli
comm o te HAPS
: . NTN | TN [Unicat unicat SD- |manufMany
Challenges Details (Subdivision) Regul ion A WAN - factur]
SDO . loperatoperat equip ion e acturi ing
or or equip ng
:;ggg ment " |vendo v:e):d
- vendo r
r
(DEstablishment of flight operations including autonomous °
Ensuring availability driving
(@Cooperation between cellular and satellite communications [ [
User terminal @Installing the satellite terminal onto drones o
(DLaws regarding unmanned drone flights [
Development of laws @Legal system regarding land, sea and air use of satellite ® °
communications




74\

Initiatives to Solve the Issues

»GM

)



NTN'TN inte FwWo I‘ki ng (Overall Vision of 6G NTN and TN convergence/integration) (1/3)
@

YGM

EREAERICAIT T AR PRI R/ FREERRRER
No. R Ml (FESME) BHIKFCLBDHTE X¥RFRTRATV3E0NHNIE [ £
. Challenge Details (Subdivision) Target industries for cooperation to Technical challenges/Solution idea Remarks
resolve issues *If it is currently known
5 ESSAIIZN — 5
N i . | Z—XIZ iR N
11— R RBIBUE [ D | (sGAA%) Akt ol P ]
1 |[BIEEHOHR e KEAROBEEN LHHTND
|Confirmation of required communication | TAEFIRSES | - - - jamy [Common to all cases.
requirements for target use cases uﬂﬁﬁf%ﬁdiﬂrﬁ] A ( ?i”[ifo?"ﬁ?)t Il)dﬂdﬁ_ . ‘X[:EDUF_*:N—%'{ o [Disaster countermessures become more important
[SD-WANZR] B IRTE(G, BAUIIREEE
-UTLBRITBIEARTSOE, MSEyIin <SD-WANA> S — —SUTHI- NWEINE—R>4H - THInER
Bonding/B|endingii?—}ﬁj:'@(]){i#ig)ﬁﬁ—{t - SD-WAN vendor Currently, each vendor has its own implementation —> UT side and NW side must be from the same vendor.
{eircaton o for bearer swiching and taffic between UT & network sid
[TN—NTN%%% HAmEGS i\ﬁ] NTNE&E TN/NTNEEEOHEBIER S NOEREEA>S -
'%lﬂzlzﬁ;f/DI—Z/jﬂ RLoFtEl TNSE&EE 2@%}?5;& ot orreston 8 et ofventont 0—-=>J7 50 Share RAN RSB0
TN/NTN NWHESOHHES :;aﬁiiter -Global MVNO peications H&Pfﬁngé;%?g)ﬁ*%iﬁﬁﬁ
2 |Mechanism of TN/NTN o 2 4m N BENWHEREX—H— N
NW integration AN BEBA0T - - -NTN operators g LTSS S TS s and GEon (T e cooprson)
- Unification of network interfaces/protocols TN operator
Acthentication method Global MYNO
|-Handover - Communication NW equipment manufacturer
Converter in case of
[HAPSEBZMEE ST
-HAPSEBIRICE DS~ AL ZBNTNY —EX$R4t "NTNS%E
-HAPSAD T4 9> VB R TIR M 35 % TN
[HAPS & satelite cooperation method] S
- Seamless NTN service provision using HAPS & satellites
- Method of providing feeder link line to HAPS via satellite, et
ZEPERREDEEHEFUTAS Y —(CHBIzsd, FIFEBRA—D—TFRE,
. i UTASA-DBSABNENEEZSD
«Fy \y 7 s oA W W 7 — AR .
s U;nijfijcagtjict\ésc}flvlc/r:i;sjt;z}?l?/lﬁ/u;ntiatnna etc 7u9l®/97 3;;;&1%:2?;&;;?5?3;&1r:tinna etc UT vendor holds the initiative in selecting each component.
3 TN/NTNE X SRR OFFE : ) Involve the UT vendor first, rather than the component
?:\//:Iiﬁmsnt of terminal compatible with both manufacturer.
c 12T —ACEDRIRAROTY > T FRFE SUTAYAS— 72T ONEYE
Developing antennas with shapes tailored to use cases -UT vendor [Antenna miniaturization
-NTNEEE
e O T2 S S = ] G -TNSEEE e S AE
-TN/NTNIRAICBRI BRI ZAT LA Si AT (CIERIR BT RE T B AR
Biling system integration for TN/NTN integration -Sier [Assumed to be techmically feasile
e
-Sier
- e NTNEEZ — - ~
-FIRRREZEORIRIES 2T LADFRET/ FIF TNSERE AT (CIE IR BT RE T BEARTE
esign/development of visualzation system for usage status, etc Assumed to be techmically feasile
4 |FAEPFORIFE -Sler
bevelopment of customer P e -NTNSBEE P " .
-[OHREIES 2T AT /BFR TNEEEE BAMTE(CFRIRAIAE Tdrd e 1]
Design/development of line management system .Sler IAssumed to be technically feasible
‘NTNSEE
TNSEE

BERE(ES AT LDET/FFE

Design/development of communication optimization system

BENWHEEEA—D—

NTN operator

TN operator
Be

NW equipment

BATEN(CERIRATBE THHEIRE
[Assumed to be technically feasible




NTN 'TN interWOI‘ki ng (Overall Vision of 6G NTN and TN convergence/integration) (2/3)

(.

\

YGMF »

R

e Challenge

Sl (#24E)
Details (Subdivision)

PREAARRICEIT T
BhEFkER5RE

Target industries for cooperation to

resolve issues

BAiTE R YRR & RS/ SRREARRE
XRFRTRATVWR SO HNIE
Technical challenges/Solution idea
*If it is currently known

"&E
Remarks

AL IC M) TOR
5 |B9ARET

[ Technical consideration for
institutionalization

* IPABERDZENW (TN/NTN) O1>459-T9-7
DHEHTER

*Definition of ideal interwork mechanism for each NW

‘NTNSZEE
-TNEZEE

-Global MVNO
-BENWHEBR X —T1—
*NTN operator

+TN operator

+Global MVNO
+Communication NW equipment manufacturer

FIREZ—X(CBILIEA > 5 —-0—- ) DAHEHER

Definition of interwork mechanism in line with user needs

T —FTIFrERORIEREUTRREZ
—ADIEENNE

e.g.
- MobilityD B#RiE#R
-EEZAATHEZ 2BSEHR

Requires understanding of

customers needs to define

architecture as a first step.

e.g.

-Mobility autonomous driving

-Communication lines that can be

used outside of the EEZ

* NWH ST 2@ FRORET
(BZEN3R)
—SD-WAN
—-SBEEMO-)
i

*Examining the optimal means of NW integration (possible idea)
—SD-WAN
— Inter-operator roaming
—Others

‘NTNSEEE

‘TNEEE

-Global MVNO
-BIENWHERRA—H—

*NTN operator

*TN operator

+Global MVNO

+Communication NW equipment
manufacturer

FIFEZ—-X(CBILRA > -0 D HERE
Definition of interwork mechanism in line with
user needs

R EM I IUIDEZFRZER
TINER
HAPSIC L BIRARNADIEREBISE
GEO/LEO(CL 2 AT EEEREREN
A ERRTE

Need to achieve changeover times that meet
icustomer requirements. It is assumed that direct
lcommunication to terminals using HAPS and large-

Icapacity fixed-line communication using GEO/LEO
will be the main ones.

BA 17 E DB EEE
o ok

Consideration of the
application scope of existing
systems

HREEUVLWSIZTLAEE (1259-0-7) [C

IHUTz. TNEEDIAEE D DOIRET - FIRT
(FREEA . EIRES. BiEHER)

Consider & determine whether TN standards can be followed in

line with the system collaboration (interwork) planned to be

implemented in society (Authentication method, frequency,

communication equipment)

- RAZAEHLRS

+SDOs
+MIC

FIFAEZ—-X(CBILRA > -0 D HER
Definition of interwork mechanism in line with
user needs

7 hRLyTiEHE

Collaborative Coverage

VUNSZ N

Coverage enhancement

NI — AR —45—

Vendor& Operator

iR BRI OEEBEDY —EATUTHEAREA>
B—D—JDHEEE

Enhancing coverages & interworking to support direct connection
between cellphones and satellites

(RP-232669) 3GPP RAN1-
Rel18(CTEamENTLS

In-discussion (RP-232669) 3GPP RAN1-Rel18

TV /R FHES

Dual coverage/multi connections

N — QAR —H—

Vendor& Operator

B2y M- E Ry ND—I0FT 17 IR DD
INZP% /WS

Extending dual connection coverages of satellite and terrestrial
networks

3GPPICHCasmARENE

Not discussed yet In 3GPP

47 1|, MESTH

NS A, —S—

B3Ry NI—IREOS — AL ZARO-Z> )= HR—

L==Z /S A M 4SS A mae/L

o~~~ N R R I 7 rm o~~~ o N [ o e =i



NTN-TN interworking (Overall Vision of 6G NTN and TN convergence/integration) (3/ 3) \I(GM

No.

RRE
Challenge

S (HSE)
Details (Subdivision)

REEARIRICMT T
hikiagkLR3E
Target industries for
cooperation to resolve
issues

Brilril Pk & I / GREEARRER
XBHRRTRATVW3 60N HNIE
Technical challenges/Solution idea
*If it is currently known

wE
Remarks

=T D&

54F3v7- MROS—

Dynamic Topology

N — AR —4—
Vendor& Operator

Ry hD—4- MROS—%2UTIL94 ATEUSEEIEEH I35
VWXHZZTLAZEOEAN (NTTAREEORETED)

Introduce new mechanisms to obtain or update the network

BIEFREL. B ICLOThROS A
ZALT B, H ENWEDEEELL

9 ;%uting topology in real;ime More difficult than terrestrial, because the
=~ A Ny ol TCP/IPREDTONINZEREL. BENT2EERESZD  [satellites moves, the topology changes by
management ) ?—'f//jju hb N5 — AR —F Improved protocols such as TCP/IP to catch up moving satellite[time
Routing Protocols Vendor& Operator target
1 SErvINST— REELIZISIEEE EA100Gbps (U>7%1h) OFEIEREECTIE
2RSS High capacity & stable link Optical communication Up to support 100Gbps (per-link) inter-satellites EERLEEADS Y
10 [inter satellite P, . . . 0 e %X,(\ya'n/g‘\—\39&}241%0)5&{“—%3<}§ﬁ.‘j§%|;§ (BEIESE] L_E- IaEl S )
communication fEEkAR D3R 7 —JUIE ‘(T‘lext— K) Technical challenge baz:eld_on the e;olution of opticiFa—Iswitches Inter-satellites bandwidth allocation
On Board exchange Data processing (Chip speed) land processors on boarded,
- RS AL — 5 ERBEDS BB AT LOSELCETHRE  [RRINOAHELBARI NS LA

11

BROFE

Spectrum

Spectrum management

Regulators and Operators

Regulations on Frequency Allocation and Multiplexing for
Multiple Systems

(ITU-RBLU3GPP RP-232669)

Spectrum isolation or Spectrum sharing
(ITU-R and 3GPP RP-232669)

coordination TS RAl ARL—4— EBNETFHARENE Ml D =X [ - = S
Interference detection Operators Intelligent Interference Detection and Evaluation mechanism HAPST\(\IW.J:TV!CIEUH&;&%/ tH
IBENAERERRE
N R1254y NI —JRIOUY -2 EFREL. 1-T-DBHREMF
)Y -XEEDH—1t ARL—4— AT R S ARL =5 —(C&%E QRTHEEEDD]
12 &R RRST Unified resource management  [Operators Coordinates resources between different networks to meet FhEREFENS
O&M _ user connection requirements. Operators improved O&M features are
1-H-BBOH—L ARL—5— TR, k. REOHE—L expected
Unified user management Operators One charging mode, one terminal, and unified settlement
B ~ ~ FIINIT-ZRT A& BRBRBE~LAT IS T E)—
EEMDT> 7T POTFA=N— RENDH TERRE . _ . .
Satellite antennas Antenna manufactures Digital phase array to support flexible beam steering and BIE 7> 7 ORI Miom _Eh AR
13V >7F resource allocation n3
Antennas R ERNAT U777 [ EE R/ N LA 7

IR ADT > T T

Terminal antennas

VT FA=h—

IAntenna manufactires

ST HEADBEE

1 nw ~rAck alactrical ctearinAa antenna/ coamnact cize farminal

Expected improved Radio technology on
Satellite Antennas




NTN-Broadband (Broadband Wireless Access for the Unconnected Scenario) (1/2)

(.

YGM

SRREARRICEIT T Rl R HEa & R/ SRREARREE
No SRR S (HI5ME) BhkEk LR B 5E XRFETRATVS SO HNIE BE
. Challenge Details (Subdivision) Target industries for Technical challenges/Solution idea Remarks
cooperation to resolve issues *If it is currently known
24 [Throughput : >10Mbps for
JEE — A= RNIABET cellphone] &OE/AILIALTDBHIEHIBTL
>10Mbps® FOREEEHTESN, TEC#ko AIEREL TRAFORBBI LN R,
— T DB (LTI 1Mbpsa T HAPSICLSE/ LI NDERAT R AR
B 51L0h0R [Dan CEs. °s5 ﬁéomt“—mm‘%utmﬁan T4—5U2 DR
1 b CellEFNAZVNCLCEDFY/ T, | pomges 7ITFOREUYE (12U, FUBEE N —RAD) LS et
Acceleration of Mobile 1ICEREB0 +LEO Operator Larger antenna (However, trade-off with convenience) e

Direct

+Can download speeds of >10Mbps be
achieved with satellite-smartphone
communication? With upload, the speed
may be less than 1Mbps.

-There are also concerns of capacity due
to the large cell range.

Determined as Mobile Direct case based on the
requirement [Throughput : >10Mbps for

cellphonel] .Requirements need to be refined as a first
step.

Considering increasing the speed & 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.

5 [I7—A>5-71-2

Air interface

B

synchronization

N — ARL—H—
Vendor& Operator

FEBECHIHEIBELE N SS-2ROFE %2R
IBIcd. THBERTASHAIEGNSSIC K BAIERIMIFI DR
REZEZIR T DRAMCINIEDEE R D,

To over come the Impact of Transmission Delay and Doppler
Effect in satellite communication, common TA (Timing
IAdvance) and GNSS positioning may mitigate the issue.

3GPP RAN1 38.213-4.2 ; 38.211-4.3.1

SUHILTIER

Random access

N — QARL—H—
Vendor& Operator

ERIERIVT >IN~ R, T LTI AFIROEZR
t

New preamble sequence, Simplified random access procedure

3GPPCHWTERARENE
Not discussed in 3GPP yet

NI FI1-5-MIMO
MU-MIMO

N — QARL—H—
Vendor& Operator

ZRINVNEOME L BEOEEZ2EOLS(CAAEES
IS

Improve the spectrum efficiency, the difficulty is how to
synchronize multiple satellites

3GPPCHWTERARENE
Not discussed in 3GPP yet

3 MACZORIL
MAC protocols

E—LyE> s
Beam hopping

N — QARL—H—
Vendor& Operator

HWNLYS OBBE(GES I BIHOE—L YY—-REIDHTA
HZX

Beam resource allocation mechanism to make sure match the
coverage demands

I TICGEOREBIESATATERAINTLS

Already used in GEO satellite communication systems

)Y —ZDE

Resource allocation

N — QARL—H—
Vendor& Operator

SR =Ty OBH LB ITZHDES . FrUT7UY—-R

AT, FIHIEOEIE TICRII25RE
Power, carrier resource allocation and bandwidth assignment
to meet requirement of high throughputs

th_E Ry hND— IR

Similar to terrestrial networks




NTN-Broadband (Broadband Wireless Access for the Unconnected Scenario) (2/2)

(.

YGM

User terminal

Antenna miniaturization

Antenna manufacturing

W srrsianecd HEHTH R PR B/ SRRRARIASE
No R FH(HSE) Taraet industries for XBRFRCTRATVI DN HNIE "E
‘| Challenge Details (Subdivision) - %ration I Technical challenges/Solution idea Remarks
perat *If it is currently known
iIssues
W FyTA—h— QIEBETONL (EHEBNT/ AR, SCEDBENEIEES o AREREIRPI STl 3GPP
};oweionsum ; Chip manufacturing & protocol |Low power consumption devices, low transmit power Comifd ._C ) .
ption standard than 5G EIRP of user terminal discussed in 3GPP
RAN1
77 FIN5A—=5—(&3GPP RAN1
. = RS ROEHDIEEEE DL — /s 257147, |[Rell6 (TR38.821) TiEsman TL

Beam steering antenna in mobile phone for broadband

Antenna parameter of user terminal
discussed in 3GPP RAN1 Rell6

(TR38.821)
] ] J\> Ry MR FR@R—ITIVFRAZINDIIL I INEYGET A AA—h—ET1— R —
iR/ N iR A —H— fE A YIR— NI BHEE 23 FACEAKIE

Device miniaturization

Device manufacturing

Support direct connection to handset-UE or portable
devices

miniaturization may depend on device
manufacturers and usage scenarios.

Satellite payload

BE S Otyy

Onboard processor

FyIA—H—

Chip manufacturing

TSANTAR/O- RICEDBIZEIRL . LDFEERY
—EX%IRMHTS

Digital payloads, reduce time delay and provide more
flexible service

3GPP RAN1TE&EmENTLD
Discussed in 3GPP RAN1

Power supply

BENSY—

Satellite manufacturing

F2EOERIZAME

Low-cost Equipment

EAa=ERARIBIERMTHETI01
D

High-capacity power supply is one of
the technical limitations so far.




NTN-IOT (Wide-Ranging IoT Services Extended to Unconnected Scenario)

(1/2)

\

YGMF >

_ : Wi S0 SR S/ IREAE R
No SR i (M524E) Target industries for XBRRRCTRATVSE0N HNIE e
‘| Challenge Details (Subdivision) cooperation to Technical challenges/Solution idea Remarks
ey ——— *If it is currently known
-BEENTN IoTHAMEEIRLTLS
STNERENNELRDIHZS. BESIND1
o —RT - A BEAREOERDIITHLNE
TN/T NETN"M:- =[I5RBEHIZ : NTN-TN interworking ] FIAE =AU - 25— A0IEiE
1 DIEF OFF7-1aN Understanding use cases that meet user needs.

Definition of TN/NTN
integration

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”

I7—-A>5—J1—
A

Air interface

B3

synchronization

N — &ARL—H—
Vendor& Operator

REBECHIIBDERBILEL Rv TSR 08 &% =R
I3, FHBRTASHRIEGNSSIC &L BAIERMIEI DR
AR BRI I DIAI(CIRNISEREE XD,

To overcome the Impact of Transmission Delay and Doppler
Effect in satellite communication, common TA (Timing
,Advance) and GNSS positioning may mitigate the issue.

3GPP RAN1 38.213-4.2 ;
38.211-4.3.1

SSALTIER

Random access

NAH— AR —H—
Vendor& Operator

BRI SIS =TV R ST CAFIRO/ZRIE

New preamble sequence, Simplified random access procedure

3GPP RAN1(CTiE#REINTLS
Discussed in 3GPP RAN1

Redcap
(NBEITEEHEE D DloTHER %, S5GTIE
#1293 T B DILsREEE

NH— AR —H—
Vendor& Operator

(EHEE . RS> VZEHR. REME

Low power consumption, low modulation rank, low complexity|

3GPP RAN1(CTiE#REINTLS
Discussed in 3GPP RAN1

IoTORIL

IoT protocols

N — AR —H—
Vendor& Operator

NB-IoT, LoRa, SigfoxR¢E3FEFANRE RSO RIILDUN
BSAF—L

Diversified three different protocols, such as NB-IoT, LoRa
and Sigfox are exist, how should they be accommodated?

NB-IoTIZ3GPP RAN1(C T
SN TW3. LoRatSigfoxld 54

~—h~JORIL
NB-IoT is discussed in 3GPP RAN1,
LoRa and Sigfox are private

protocols




(.

NTN-IOT (Wide-Ranging IoT Services Extended to Unconnected Scenario) (2/2) \[(GM
»;

R

2 Challenge

i (M524E)
Details (Subdivision)

FRERFRICET T
AL LRS%E
Target industries for
cooperation to resolve
issues

TR0 R PR & R 2 / SRREARRIR R
XRFRTRATVI 6D HNIE
Technical challenges/Solution idea
*If it is currently known

i
Remarks

3 [MACTORIL
MAC protocols

Y —ROBEERDZHT

Fixed resource assignment

N> — QAR —H—
Vendor& Operator

(B(SEZE BT BIcdIC I BICRRE L BRI DEE
V2% EINHETZ3FE (NB-IoT)

Allocating fixed time-frequency resources to users may
contribute to avoid collisions(NB-IoT)

3GPP RAN1(C TSN TS
Discussed in 3GPP RAN1

VY—-20OTHLEIDHT

Random resource assignment

N — QAR —H—
Vendor& Operator

FER2(EFDE - B E)VY-REEFEG. ARTB
IR TR F-IEOE L EFS0REE%E(LoRa BLU
SigFox)

Allocating different (time & frequency) domain resource
mechanism may improve spectral and energy efficiency (LoRa
and SigFox)

FS5AR—RNFORTIL

Private protocols

User terminal

THEEN

Power consumption

FyIA—h— &AZEETO NI
Chip manufacturing & protocol
standard

ESHEBNT /A X, 5GEDEARVXEES

Low power consumption devices, low transmit power than 5G

1—H—IHFRDEIRPICDOWVTIE
3GPP RAN1TEmSNTLS
EIRP of user terminal discussed in
3GPP RAN1

AR/ N L

Device miniaturization

iR X —H—

Device manufacturing

IR ET@IR—ITIT KA ZNDHA L) Mg DIR— h
DILHE

Support direct connection to UE or portable devices

INRUBIITINAAX=h =1 -
—ASFUACHUTE
miniaturization may depend device
manufacturers and usage scenarios.

Satellite payload

EE SOyt

Onboard processor

FuTA—N—

Chip manufacturing

TIANRARAO— RICEDIBEZHIKL . KOFEERBY—EX
(R TR

Digital payloads, reduce time delay and provide more flexible
service

3GPP RAN1TEmSNTLD
Discussed in 3GPP RAN1

Power supply

BN~
Satellite manufacturing

SBOEIAME

Low-cost Equipment

EEEE RGBT RAMHIHY
D12

High-capacity power supply is one

of the technical limitations so far.




NTN'SenSing / POSitioning (High-Precision Positioning and Navigation Scenario) (1/2)

(.

YGM

1 | s

High precision positioning

self-driving Mobility

Clarification of positioning accuracy for enabling

+Auto manufacturer
-Agricultural machinery manufacturer
-Drone manufacturer

SRREARRICET Feia BRI / FRRARRIRE
No SRR Sl (M1 53ME) BAOEKEELRDHE XRFRTRATVWREDONHNIE {7E
. Challenge Details (Subdivision) Target industries for Technical challenges/Solution idea Remarks
cooperation to resolve issues *If it is currently known
B -BEEX-N— .
-Mobility DEENERRZ OIHEICT DAL |- mitdex—h— B S HAPE'C@%?’G)‘:*—%(:J:%’G)&)’)
SR LE R o < ——Alc ful Ry - B
MEIEU{E(D EIEMM*EE@E}%E&{E : l\D_/X_jJ_ Understanding use cases that meet user needs. * E;E;Eusing optical sensors etc. in HAPS is also

[promising.

- SRR BRI ORFE

technology

Development of High precision positioning

B{EHEA—H—

-Communication equipment manufacturer

FIFAE Z—X(CBILIZ1—-R T —ADIESR

Understanding use cases that meet user needs.

X cmiBIZ(RTKRIML) OSOLIFFTE

> cm-positioning (RTK positioning) SOL exists

HEEE
(Latency :
2 |<20ms)
DES
Definition of low latency
(Latency : <20ms)

placing processing power in satellite side

OBEAINIERENZEIHREDR

IR B]Z54& 57 Consideration of feasibility when

-BEBESESE

-Satellite operator

FIAE - X(CEILE1—-RT —ADIEE

Understanding use cases that meet user needs.

HIERELTEAFD

@HAPSZRIR I BIEEORAAIEIR

=3 Consideration of feasibility when using HAPS

*HAPSARL —45—
+HAPS operator

FIFAEZ—X(CBILIE - RT —ADIEHR
HAPST(3. RANDIEIE(CDVWTKERERREIBVERHITN, E2ET
DARIEFE{L(CEMECOERENMHE (TNERFIU)

BRI EmE

Requirements need to be refined as a first step

5 |RiELEAE

LOS impact

-HEBEZAIREVIIIR, LOS(RiE
U)DERNR VS E N SN, BTREEE
A B ENEERS FUALRO TS

With satellite communication, there are situations

where LOS (line of sight) cannot be obtained. The
lautonomous driving scenario should take this into

-BEEA-I-
- A0
-RO->%—H—
+Auto manufacturer

-Agricultural machinery manufacturer
+Drone manufacturer

FIFAEZ - X(CBILIZ1—-RT —ADIER
Understanding use cases that meet user needs.

L 5B OLOSEN R WG HZI8E
Target situation is where it is out of cellular service and
cannot obtain LOS.

4 [I7—A>H-71-2

Air interface

account.
L/ﬁﬁ

synchronization

N> — RARL—H—

[Vendor& Operator

FRIBECHIIRELE TS5 ROFEETRRT D126,
BB TASHRIEGNSSICLBAIEAIIFCDREIREZERIR T 24Xt
ROIGBEEZD.

To over come the Impact of Transmission Delay and Doppler Effect in satellite
communication, common TA (Timing Advance) and GNSS positioning may mitigate the

3GPP RAN1 38.213-4.2; 38.211-
4.3.1

e R S N TN ey EX e

New preamble sequence, Simplified random access procedure

3GPP RAN1ICTESRENTWLS

Discussed in 3GPP RAN1

EH—EE(CL BRI, GNSSBIMZDMELL

single satellite positioning enhancement based on GNSS

3GPP RAN1ICTESRENTWLS

Discussed in 3GPP RAN1

SHANTIER N>H— &ARL—H—
Random access [Vendor& Operator
(vae=p:1ivi N>~ &ARL—H—
Positioning [Vendor& Operator
[2Z INH— AR —H5—
Sensing [Vendor& Operator

> EBERERCTOR

Waveform support sensing and communication at the same time

3GPPT(FZamSIITLRL), ISACEEER,
2D DHREZ EIRFICHR— NS IR 2R
S EHD

INot discussed in 3GPP, similar to ISAC, need to
consider the same waveform to support two functions




NTN'SenSing /POSitioning (High-Precision Positioning and Navigation Scenario) (2/ 2)
(.

YGM

EERERICAE S
e S (L 2 (kAR B3R et it s
No. (ML) Target industries for e AL A "
Challenge Details (Subdivision) cooberation to Technical challenges/Solution idea Remarks
= soplv o — *If it is currently known
SA-TYNOBGEBIEIEHOES . FrUTUY— - e s o —
| ALt bt o, =mo 9 TICGEOREBESATLATERAEINTV
E_Ame))g“ /\\\/9‘_ &ARL—F— Z:;:Je? ::Ca\rr'ifriitigzij fllo—cc;?iﬁga-ﬁﬁffjwidth gl
Beam hopping Vendor& Operator . ) - Already used in GEO satellite communication
5 MACjEl =] assignment to meet requirement of high throughputs systenz/s

MAC protocols

Y~ 208

Resource allocation

N — QAR —H—
Vendor& Operator

th_ERyhD—DE Rk

Similar to terrestrial networks

1—H—iHEK

User terminal

HEEN

Power consumption

FyvTA—H—IRETONII
Chip manufacturing & protocol
standard

ESHBEE T /MR, 5GEDHIRLEEES
Low power consumption devices, low transmit power than
5G

1—H—IfmRDEIRPICDWT(E 3GPP
RAN1THERSIITLD
EIRP of user terminal discussed in 3GPP RAN1

o walltictd
IAntenna miniaturization

PITFA=N—

Antenna manufacturing

J0- R/t RORDOIEHBIEOC — LAT U I T
5+

Beam steering antenna in mobile phone for broadband

7>7FI5A—=5—(E3GPP RAN1 Rell6
(TR38.821)T&EARINTULS
Antenna parameter of user terminal discussed
in 3GPP RAN1 Rel16 (TR38.821)

iR/ N

Device miniaturization

iR X —h—

Device manufacturing

R EEEIZIR—FTNT A INDG (L) NEfe
HR—h

Support direct connection to mobile phone or portable
devices

TINAZAA=H=ET-RT—ASFIAICED
Depend on device manufacturer and usage
scenarios

BERIO-R
Satellite payload

BE Oty

Onboard processor

FyIA—N—

Chip manufacturing

T ANTARAO— RICEIDELEZBIRL . JDRERIZT —
EXZRMHTD

Digital payloads, reduce time delay and provide more
flexible service

3GPP RAN1 TSN TLS
Discussed in 3GPP RAN1

Power supply

RS-

Satellite manufacturing

sABOIEIAME

Low-cost Equipment

AR EBIERMENO1D
High-capacity power supply is one of the

technical limitations so far.
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SREEARR(CET T Retlra R HeiR & I / SRRARRIREE
No SRER Sl (ME5HE) BhkEELRSHRE XRBFRTRATVWS3 50N HNIE #E
: Challenge Details (Subdivision) Target industries for cooperation| Technical challenges/Solution idea Remarks
to resolve issues *If it is currently known

IS TRREE S OFEEEFIS (Ku. Ka%¥) Oz ERUIGER 73“'2\?

OEESEE (Ku, Ka%) ORIEEEEUCERNLE BALLOTE, S/LBOGEOLOTURITEISIE 3D AL
Rﬁ%ﬁeﬁia—gggmzﬂ%omEotmﬁﬁ,ﬁ;&}%tﬁéh\ng kggi%% @(Elejt\qu}lgse&;.n;eratlon considering characteristics of frequency bands

" (DRequires operation considering characteristics of frequency bands (Ku. Ka etc.) In some cases, consider the needs of redundancy with GEO in S/L . .
?ﬂiﬁrﬁggﬁ”) In some cases, consider the needs of redundancy with GEO in S/L bands etc. bands etc. BECUSRETI—-AT—2HN, ECE
o+ PRI AR et .= e v i = jre = T1-HEUT DmE_LERDDN ?
1 |Ensuring availability| FrOAEIR LEOEEE QUT (7>77) -HEDMBESRES (RE/EE)0E £ @%%Emb‘%\éo :

(Rain attenuation

QUT (7>77) -FEDBEREN (RIE/EE)Dm Lk

Rain attenuation measures

-LEO Operator

@UT (antenna) - Improving satellite communication capabilities
(reception/transmission)

measures) E;%a~§g;;¥mmg satellite communication capabilities (reception/transmission) J4—=5)>9 (Q) Ou]tEmE _E
iR : : : SvE g = [FHAPSTHAREIRERRE
e i HRELEY = (TUT\DTT @ISL(Inter Satellite Link)ZzgitReLitt EGWRB(TV7)DOTE
EISL(Inter Satellite Link)ZATHRLLIHE LGWIR(TU7)DTT tf?%ﬁg ®Redundancy of ground GW station (area) based on ISL (Inter
Rain attenuation measures pererer Satellite Link ITD’?secrues;:)enac‘rrvei’irnursneugiste)wseltst:lilll:\? Ce;. be
®Redundancy of ground GW station (area) based on ISL (Inter Satellite Link) |Improved is hnecess‘arl\’/.l ¢ feader inks (Q band)
BT ORR e oaor sub for HAPS s wall oL
(BELORVSER | e venns |LEOBEE s ]
2 12 (CBIFRREFE) RIBULORVKEEIRIGCHII BB FER - tINWEDEER ST +TN/NTN%KA§§‘§A -fINWEDIEIEARET
Ensuring availability * Consider collaboration with other NWs .LEO Operator L= ek « Consider collaboration with other NWs
. t(eAsltlean—CTjI:lvelﬁ1 g?; fthSIe gltsaster +TN/NTN integration discussion
conmtnons)g o
MBONTNS 25 L Diife LEO/MEO/GEO/ (HAPS) B{ERE o\ e ittt 4 S EAESHIA BRI B
[Cooperate with other NTN systems Minimize Latency increase due to collaboration
3 ] FEOFER (1B 1) HAPSTHE (il EGWRH s
Ensure Availability I N . REFINGD, B EETOERIC
ameci) 5. (EASEONTORA) LEOB#E, (WH&=ER) 15, —80 LEO LA AN TRRIATERL IR0, 8 L O
Maritime (use outside Japanese territory) LEO operator, (MIC=government) ICurrently, some LEO services may not be available outside of the Japanese territory. =
HAPS also has the restriction of requiring a
terrestrial GW station at its feet, which poses
_ challenges for operation at sea, etc.
OFBIHRIFY —E DR -LEOSEZE RIS SRR BT BE BIICUSRETI-RT —ZAHD, ECF
(DProvide bancwidth suaranee services -LEO Operator Technically feasible TI1-H9EVF/DmE_EEKRHDIN ?
4 [rricromr  |PEEATOETOL Rl
; —HEEHEIEYT 3 et L s e There are already use cases in the
2improve stelite capaciy P : the usability can be improved is
—Use high-frequency (V-band etc.) necessary.
ISR —E DI LEOEXE
=wE) Provide bandwidth guarantee services LEO operator
5 [ERIORER BRI, BIEAEFEC, ONTNEOER, 755 MO

Ensure Reliability

Retransmission control, high performance FEC, coordination with other NTNs, increase number
of antennas

IRAEA L, NWBIUIHARN> S~

Standardization, NW and UE vendor

(EsEn(d

TN/NTNSBEE

Ty H—/\-RE NTNETNIDEENKE V2t LOFRIINE
rF—1'al
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SREEAFRICET T e R PR i 2 / SREAARRE
No iR Sl (1E) [Pal A S XBRBFR[TRATVWSI 6D HNIE e
. Challenge Details (Subdivision) Target industries for cooperation to| Technical challenges/Solution idea Remarks
resolve issues *If it is currently known
N Ao b St | s __ |*HAPS Alliance& it
e SHISRIAL S DL | st OB SR KL —S 3> 0T
o] B DOIEIR éEs_tatﬁHmeEt of flig;t oseratio;ws including autonomous - HAPSjNI/—’;— @ESta_thhment of ﬂlght _Operatlons
(H‘(ﬁlﬁﬂﬁ%ﬁ(l@iﬁt&)\ ((jl\l;:xlsntgbe available anytime to contact rescue personnel) 'HAPiiﬁg;:RC;;igiiﬁers InCIUdlng autonomous derlng
= =5 > DA HAPS operators
1 Zg*wﬁt%z = -HAPS AllianceZhIEE
Encrng avaabity  (OEIARATE IR BIbOBIILBIF L QEMRITERRTIHOBRIMBITE (8. S5, HESOFB6RE
Y (FRE/BERE) —BEA-H— (FTB/EBEBRE)

contact rescue personnel)

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

*HAPS Alliance members
- Aircraft manufacturers
- Several manufacturers

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

Challenges include effects of
latitude, season, nighttime, etc.

DInterHAPSEEDEIR
LLIRERE B LM FREE BN EUVRIREES

*HAPS Alliance&hnit%
—HAPSARL —4—
—BEHEIA—h—

DInterHAPSEEDEIR

(DRealizing InterHAPS communication

HAPSELGEEZEIRS (BEBHEDL
BOnE)

Optical communication between HAPS needs to be
considered (comparison with satellite BH is also
necessary)

QEEBEED/\WIR—ILFIFE
@Usage of satellite communications as
backhaul

HAPS(CEWT, EBrolctt FGWRHWE
REF RIS AL TIRE T

Currently considers as a method for easing the
constraints that require a terrestrial GW station at the
base of HAPS.

OERRERBOMER
@®Ensuring dedicated frequency

EAN(CFE - ATFSZROED. BEIC
IGUTTNEERE 2 313 2 EAN W E

@E—-LTA-Z2Y
@Beam forming

2GHzOTDDN> R (Band 34) ZHAPS

(DRealizing InterHAPS icati :
ﬂﬁﬁ'lg@ﬁgﬁ (Po::iglengiff?csi—ty of incslilaTlllliTll;naIC;rtljounnd station in -HAPS Alliance members
(m%ﬂ&l}t@%tﬂﬁi mountainous area) - HAPS operators
SEVENEHUV\B]REME - Communication equipment manufacturer
2 g -HAPS AllianceZhnit%
E i ilabili P — o — | ) —/J—
(rlliignagleagi?fligullt;%f installing| DB EBE D/ \wIR—ILFI %’?ﬁiégg\; j;;
@ ground station in ILRERE B Ei EBEREN LIRS | B e
mountainous area) @Usagl:el of satellite communi?ations as backhaul . ﬁ]iiﬁ%?ﬁ%
(Possible difficulty of installing a ground station in -HAPS Alliance members
mountainous area) HAPS operators
- Communication equipment manufacturer
-Satellite operator
OB B OMER - IURF
(DEnsuring dedicated frequency Government
@E-L74—= - BEMERA—N—
@Beam forming -Communication equipment manufacturer
TILS-NWEREDF
3 PSR

Measures against interference
with cellular NW radio waves

OF v 5—HiliE

(®Canceller technology etc.

B{EHEEA—N—
*MNO

-Communication equipment manufacturer

OF vt 5—HilrE

-MNO

(®Canceller technology etc.

B AERBOB I EMEL TR F
SHRIZ(COVCEREIRORENEEEIND

Basically, it is necessary to narrow down the interference
with beams and separate the frequency from TN as

necessary.
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@ O

Wi HERI RN L R/ SRR
No SR SFHl (H5ME) Target industries for XRRFRCTRATVSE0N HNIE {E
‘| Challenge Details (Subdivision) 9 tion t I Technical challenges/Solution idea Remarks
coopera_lon 0 resoive *If it is currently known
Issues
B\ BLXZAEECAT IR DICFFER I TR, RO
—CELBEBOERNER . FO-CFEEM[RETO
B ENEERY, RO->MATRIRE T ZEEU T, fE
‘ N N - - FRU EZEORIERETZITIS AT LB T B2,
A FEDRELR BB SOIEMARL -3 OMEYL ol s Syl
1 |Ensuring Establishment of flight operations including autonomous kO—>ARL—5 Eﬂné_fid)ﬁ/_\l/—/3/’&6&4?5%\%7)‘%50
availability driving Drone operator For efficient delivery, not only utilizing land route, but
also air routes using drones is useful.
Establishment of system that designs routes on land and
in the air, and flight management operation is required
in consideration of airspace where drone flight is
permitted.
o BT ABEE TRELEIRRE O
TS EECHRBEDEE n RO—> BSOS D@2 RiBUAERN L)
aAtoRER  (TUXNT-SPBEROTYT0- R BIIOVI IR |ko->AKL—4. MNO IBERE, TS BHRCBIZEHES — LL RIS
2 [Ensuring TREDFFAIR) Drone operator, MNO  |&E2{+HEAH DL
availability Cooperation between cellular and satellite communications Ensuring low latency & stable line speed in the sky.
(Constant use for uploading telemetry data and video Establishment of mechanism for seamless collaboration
images, executing control commands, etc.) between cellular and satellite lines when drone lacks
satellite LOS, or when taking off and landing.
RO—>HEDARAO— R, TORSEE, /A X%EMEL
oy b e e LEOERE, WiRA—N— |7y 54enmrkniasy. ek Bt
3 1A RO FO—>NOIEH LEO operators, terminal e e

User terminal

Installing the satellite terminal onto drones

manufacturers

Antenna installation considering the payload of the drone
aircraft, propeller placement and noise and terminal
miniaturization

EE
Development of
laws

RO—->DEARITICEE T 2752 E
Laws regarding unmanned drone flights

RO->ARL -4, B L32EA
Drone operator, MLIT

1ARD - (LS ENEAOEM SR, EEIE
A7 hOFIEAL

Operation management of multiple aircraft by one
operator, institutionalization of operation management
system.

HEAR

Development of

BEBEORES EZFBICOVTOEFIE R

Legal system regarding land, sea and air use of satellite

~ArmMmmiinicatinnce

MNO. #8#5&
MNO., MIC




RToSvIVEE% (1/1) Potential candidates (1/1)

»CM

(@ -
REERRICET
Use case | No R SFH BHRAEERD%E RF>SvIEEE e
* Challenge Details (Subdivision) Target industries for Candidates Remarks
cooperation to resolve issues
HETE 12T —ACBIBRE | o
S AT ABISER e e mEurmm T,
’E‘E?‘*‘DT’EW . Standardization/industry group trends | (5GAAT) 3GPP. 5GAA
1 Confirmation of required industry group (5GAA etc.)
o ey
communication = B HE E%Jﬂ%%ﬁ%ﬂ HONDA. HFE
requirements for target User company trends (B&8EOEMS) HONDA. NISSAN
use cases pany Target user (Automotive OEM etc.) '
[SD-WANAR] JALLIIT . T7—T4FRYN,
UTUHBRITEEARTSOUE. MEvon Versa Networks. /{O7)Lk
Bonding/Blending%{75 L TOHRDEE—1L|- SD-WANAR> S — RYRD—HIR, SZASZATFALR
EJSnlljﬁ_é/e\a/ﬁoNg of specifications for communication *SD-WAN vendor VMware, FertiNet, Versa
bearer switching and traffic bonding/blending Networks, P_alo Alto
between UT & network side Networks, Cisco Systems
NTNETN
e TN/NTN NWIEOIHHEd | [TN-NTNS %2 mRsss =] NTNS%E
Integration of| 2 |Mechanism of TN/NTN ARSI T— 2/ TORNIL OB TNS&E
NTN & TN NW integration —2EEA R .Global MVNO
—Handover -BIENWHEEX—h— X
—REEHHZIBZEOI/IN-5— -NTN operator AH/C—ISAT. SpaceX
[TN-NTN carrier network connection method] |- TN operator SKY Perfect JSAT, SpaceX
-Unification of network interfaces/protocols |- Global MVNO
-Authentication method -Communication NW equipment
-Handover manufacturer
-Converter in case of inconsistency
TN/NTNmst iR npgs  [Unification of chipset/SIM/antenna etc. |-UT vendor Intellian. SHARP
3 |pevelopment of terminal cA-AT=RCEDRTERARDT > 57 F BIF UTAYS— Qualcomm, Kymeta.
compatible with both TN/NTN Deve|0p|ng antennas with shapes N Intellian, SHARP
-UT vendor

tailored to use cases
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