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2022 2023 2024 2025 2026 2027 2028 2029 2030
O O O O O O O O O >
5G Evolution -> 5G Advanced ->
WRC-23 WRC-27
& &

3GPP

.5G

® ASMN.1 frozeh

A RAN1 of next release starts 3GPP 6G|workshop 3IGPP 6G first

version

Convergence Service (TN-NTN)

Define satellite features for Define enhanced satellite features Design optimised taking into account characteristics of
5G system and RAN. for 5G system and RAN. both terrestrial and satellite components against a set of
O Define 2" enhanced satellite common goals. -

: : features for 5G system and RAN. Mega-Constellations, TN-NTN Convergence (Converge
(elisllhis Seniee Gerd) (Satellite Service Gen2) services)

Note: this is an initial possible thoughts based on a plan from NTN proponents in RWS-210074.
ITU-R schedule referred from WP5D#39 Temp/526. The indicated schedule does not show any official info nor view of Scalability-WG contributors.



https://www.3gpp.org/ftp/TSG_RAN/TSG_RAN/TSGR_AHs/2021_06_RAN_Rel18_WS/Docs/RWS-210074.zip
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- 3GPPTI(dRelease 15&DNTN: Non-Terrestrial NWDRETH'FIIASN. Release 17 CHRAMIDEERNREE SN,
Release 18Lf#%. SIEHSNTNOYGECEIITEERMEA TV,
- 2B, Release 17T(d. iIFBBEINTNV —FFTIFv(CLD LLFI-RT—RZ2HR—MUTLWD
- 5G NRZAR—=REUTE. I\ Ry NmERDI—RT—X
- NB-loT/eMTCZN—=XEUTE. 10TimARDI—AT—R

@ @ Types of NTN platforms(TR 38.821)

AMF/UPF MME/S-GW - i
(@ S Ot 300 — 1500 km 100 — 1000 km
LEO) satellite .
NMedium-Earth Orbit Circular around the earth
MEOQ) satellite

Geostationary Earth notional station keeping _
Orbit (GEO) satellite 52 189 1 position fixed in terms of 200 — 3500 km

|

|

' UAS platform elevation/azimuth with

| including HAPS e e respect to a given earth point 9 - 200 Ly
: High Elliptical Orbit

: HEO) satellite
|

|

|

|

[

|

|

J\ﬁNTN Gateway
|
|
|

400 — 50000 km Elliptical around the earth 200 — 3500 km

feedelrlink
| g [(S8R]
£ )  NTN & Satellite in Rel-17 & 18
T [ ©__ + RWS-210074
service link U e « TR 38.821: Solutions for NR to support non-terrestrial networks (NTN), Release 16
‘ /: « TR 21.917:Summary of Rel-17 Work Items, Release 17

XXX

NB-loT/eMTC NTN


https://www.3gpp.org/news-events/partners-news/2254-ntn_rel17
https://www.3gpp.org/ftp/TSG_RAN/TSG_RAN/TSGR_AHs/2021_06_RAN_Rel18_WS/Docs/RWS-210074.zip
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@ Landscape Map : Detailed Technology Info -3GPP-
NTN System 3GPP Rel-15

29

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

- Deployment Scenarios and Related System Parameters (Satellites and HAPS)

NTN related

SO EI IR T - SG service requirements for 5G via satellite

- Satellite propagation model definition & Issues for 5G support NTN

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

ISYAN - KPIs for a 5G system with satellite access: TS 22.261

Use case for satellite EN=3NN
access loT NTN

Possibility of
international Yes, at 3GPP
collaboration



https://www.3gpp.org/ftp/Specs/archive/38_series/38.811/38811-f40.zip

@ Landscape Map : Detailed Technology Info -3GPP-
NTN System 3GPP Rel-16

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

- Study satellite features for 5G system and RAN*
- Satellite architecture and key issues
NTN related - Management and orchestration aspects
standardization activities
*HAPS could be considered as a special case of non-terrestrial access with lower
delay/Doppler value and variation rate

- 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

- Study on architecture aspects for using satellite access in 5G : WID in SP-181253 ;
TR 23.737

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

EENE R A IEIGE NR NTN
access l[oT NTN

Possibility of
|nternat|or_1al Yes, at 3GPP
collaboration



https://www.3gpp.org/ftp/Specs/archive/38_series/38.821/38821-g10.zip

@ Landscape Map : Detailed Technology Info -3GPP-
NTN System 3GPP Rel-17

31

Approach for 5G

NTN related
standardization activities

SA

Use case for satellite
access

Possibility of
International
collaboration

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

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-1oT/eMTC for NTN)

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

NR NTN
loT NTN

Yes, at 3GPP




-
Ny

Approach for 5G

NTN related
standardization
activities

SA

Use case for
satellite access

Possibility of
international
collaboration

Landscape Map : Detailed Technology Info -3GPP-
NTN System 3GPP Rel-18

32

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

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

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

- |oT (Internet of Things) NTN (non-terrestrial network) enhancements: WID in RP-223519
- NB-1oT/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
loT NTN

Yes, at 3GPP




@ Landscape Map : Detailed Technology Info -3GPP-

NTN System 3GPP Rel-19 (preliminary forecast as the standardization is not start yet)

Approach for 5G

NTN related
standardization activities

RAN

SA

Use case for satellite
access

Possibility of
International
collaboration

33

= Definition of 2"d 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

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

NR NTN
loT NTN

Yes, at 3GPP




@ Landscape Map : Detailed Technology Info -3GPP-

NTN System 3GPP Rel-20 (preliminary forecast as the standardization is not start yet)

34

=Contribution to initial 6G work. . 6G Use cases & preliminary requirements (service,

Approach for 5G radio, access) and early enabling.

NTN related - 6G Use cases & preliminary requirements (service, radio, access) and early enabling
standardization activities features

RAN Unified 6G design, taking into account the characteristics of both TN and NTN

SA

Use case for satellite
access

Possibility of
international Yes. at 3GPP
collaboration




@ Landscape Map: Technical Details

Convergence Service (TN-NTN)

Satellite Overview

Optical
Communicati
ons

TECH
NOLO
GY

mobile direct

Use Case /
Required Conditions

Possibility of
International
Cooperation

35

Constellation consisting of >1000 number of satellite objects.

Global Coverage

100Gbps for one link (4 links per satellite)

YES

Air interface protocols for deep integrated NTN-TN Convergence.
TN-NTN&NTN-NTN multi-connection capabilities.

Multi-Sat Coordinated transmission capabilities.

Advanced spectrum sharing and anti-interference mechanisms.

Provision of Broadband Communications for Ships / Aircraft / etc.,
Connect the unconnected conventional users.
Wide range loT objects.

YES
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fin Overall Vision of 6G NTN and TN convergence/integration | 37

Use case overview

Throughput

Latency

Coverage

Terminal type

Frequency

Expected Service
Provided Timing

This shows an overall NTN-TN

convergence image. Satellite BB,

Satellite 10T, Satellite
Observations are integrated with
TN communication.

L 4
Remote area
roadband
L 4
L 4

>100Mbps

<20ms

Rural areas, ocean, etc.

Dish terminal(fixed)
Mobile phone

Ku Ka sub-6G

Year 2025~30
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Use case
overview

Latency

Coverage

Terminal type

Frequency

Expected Service
Provided Timing

.,,f,c.:m&. . .
fm,z Broadband Wireless Access for the Unconnected Scenario 38

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

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

« <20ms

- Rural areas, ocean, etc.

- Dish terminal on platforms
- Handset type mobile phone

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

Year 2025~30

Satellite Satellite
% 24

%‘..n_-l

Satellite Aircraft

Satellite
GW

Train Core NW

Satellite
GW

%l

Data and control center

First Responder communication and disaster relief



fmﬁ“ Wide-Ranging IoT Services Extended to Unconnected Scenario 39

.

g

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

Al [elg]elVimmM Kbps level

T

Latency No requirement

Coverage Rural areas, ocean, etc. IS ' |g -i -‘ ==

Terminal type Portable

________________________________________________________________________________________________

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

Expected Service
Provided Timing

Year 2025~30




.

g

Use case overview

Throughpu
t

Latency

Coverage

Terminal type

Frequency

Expected Service
Provided Timing

fmﬁ High-Precision Positioning and Navigation Scenario 40

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.

Satellite
GW

4
-y

Data and control center

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.
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Use case overview

Throughput

Latency

Coverage

Terminal type

Frequency

Expected Service
Provided Timing

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

>100Mbps for data transfer
xX resolution for earth
observation

<20ms

Full coverage of earth

Dish terminal
Mobile terminal

Ku Ka and Low band

Year 2025~30

Real-Time Earth Observation and Protection Scenario

Sensing and Communication Service Integration
Satellite

Satellite GW

41

Accident
and fire

Data and control
center

Terrestrial

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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Use case overview
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Tech to be used

A—=RAT—RA
Use Case

d1—RT—AE
UC Overview

BFEYU1—-33>
Existing Solution

KPI

Challenge

HE
AUy -ZHR
Expected Benefit

SRR a] HE R

LEO, 5GNR

-5G Service at TN outside coverage

-TN Backup to big NW failure/disaster

-Reinforcement of government NW

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

None

Throughput Latency Coverage

Outside of TN
Coverage

DL:10-15Mbps
UL: ~1Mbps

25-42ms (max.
RTD)

NTN payload
Feeder \ Service
link Uu link
Y 4
NG
5GC gNB  Gateway UE

1.Doppler effect

2.Latency/Delay

3.Inter-system connection

4 .Install functionalities to smart
phone

1. Large ecosystem of standard
products and components

20256 F (320264

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

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

from anything else on the market.

additional coverage at lower costs (roaming partner solution to existing

subscriber base for satellite communication is what sets 5G NTN aside
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« We will have Q&A session with WorkingGroup Member. If you
wish to ask a question, please let us know from Q&A window of
oom.
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As Japan tries to gain global initiative in the area of scalability, what do you think are the areas
where Japan currently needs to strengthen its efforts the most (or where it is lacking)? Or, if you
know of any areas where other countries are currently doing the most work, please let us know.

Starlink MELADEE&MFICBEY - HRR7THIZE TiRMHZ2I6D THD. BIfF@EENEE D5\ TOEE
MAZERRU TS BB ERIEICED—RGHESTE, T2 /\-REEFEINI D aIREENDDERIN, BFIFROWGH
YIN—TEEOERNS R T, BEL ISV TOBEFIFAE VORI S T AdEsOR @ - Y —-EAN— A HE& D@
1.:%2)%%37‘ TP —ICRERRICZERSITER TLIN XETERIEANCLDZT-TFT1DIZHDA> TS

Starlink has begun offering telecommunication services to individual consumers for about 7,000
yen per month, appealing to the use of telecommunications in areas where existing
telecommunications are difficult to reach.

The lower rates may encourage general consumers, such as campers, to sign up for this service,
but from the perspective of the expert, do you think that products and services in this area will
bring significant changes in the way general consumers use telecommunications?
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(w. [EHI1] HAPS Alliance (1/2)
20204E4H

sYAL{R, MIAZNIS50ZEA D

BE, M2, 79/05—%KKRDY—7F+1 2DHh>2)I\Z—h'iA

Aerostar
AeroVironment, Inc.

Airbus Defense and Space
GmbH

Airservices Australia
Amprius Technologies, Inc.

armasuisse Science &
Technology

B2Space

Bharti Airtel Limited
Capgemini

Carleton University

Deutsche Telekom AG
Dhruva Space Private Limited
Digital Council Africa
Ericsson AB

ESEN, University of Manouba,

Tunisia

Filtronic
Gilat Satellite Networks

GMV Aerospace and
Defence S.A.U.

Hacettepe University
HAPSMobile Inc.

Intelsat US LLC

KDDI Corporation

KAUST

Kea Aerospace

Kratos

Kraus Hamdani Aerospace, Inc.
Liverpool Hope University
Luxon Consulting Group, LLC
MicroLink Devices

Mynaric AG

National Institute of Information
and Communications Technology

NEAR SPACE CORPORATION
Nokia of America Corporation

Northern Territory Government of
Australia

NTT DOCOMO, INC
Prismatic Limited
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HAPS Alliance
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The stratosphere represents a rare greenfield for innovation in our otherwise
teeming world. Strategically positioned at around 20kmn above Earth, the
stratosphere is a global sweet spot for connectivity, allowing for broad coverage with
low latency. HAPS Alliance members are pioneering a new generation of
stratospheric flight and communications with cutting-edge, autonomous flight
vehicles that are capable of operating for months at a time. And the footage of these
efforts is out of this world. Check out some of the recent flights from HAPS Alliance
members, including SoftBank's HAPSMobile, Kea Aerospace, Aerostar (Aerostar
International, Inc.), UAVOS INC. and Sceye.

#HAPS #stratosphere #aviation #connectivity #aerospace #innovation

Our misgion is to unlock the potential of Earth's

stratOsphere as th( [> t great frontier for
advancements to enhance connectivity around the globe.
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VIAVI

VIAVI Solutions

How do you Test 5G Non- o
Terrestrial Networks?



5G NTN Architecture

Two main NTN architectures defined in 3GPP

£
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Regenerative case: where the gNB is deployed
on the satellite. Also applicable to O-RAN
Architecture.

Supported Scenarios:
B (Geo), D1 (Steerable Beam Leo) and D2 (Fixed Beam Leo)

’
N

Service link

Feeder link

Transparent case: where satellite acts like a
Repeater/relay with the gNB on the ground.

Supported Scenarios:
A (Geo), C1 (Steerable Beam Leo) and C2 (Fixed Beam Leo)
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Station in Orbit
(Relay, gNB, O-RU/O-DU ))
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. Mobility .
: Fast moving beams and cells, frequent beam/
1_ Mobﬂﬂy e - cell switch .grourid station switch
. ) - . ~ Different beams . P . . " .
- - serve different UE : . s




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

Station in Orbit

Test nEEd & application (Relay, gNB, O-RU/0-DU))

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

* System must deal with synchronization, propagation
delay and large doppler.

« Applies to both Regenerative & transparent S

architectures. Senice Link Real-world
' Test in the field

* Cannot afford unreliable deployment into space

* Must handle large number of devices and coverage

areas with mobility and stability OneAdvisor 800 .
S 5G OTA Service Link OneAdvisor 800 !fi iy, |
* Every byte/megabyte counts for monetization 5GOTAFeedeerk5
Ground Station OneAdvisor 800
* Field testing for feeder link and service link where TN (GNE. Gateway NG, O-CL) RFoORAN

and NTN co-exist

Several stakeholders (mobile operators,
satellite operators, mobile network equipment

5G + Relay

(transparent case)

vendors, system integrators, test equipment
vendors, researchers, etc.) should be involved e N
in system validation to facilitate NTN. Test in the lab
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