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3.3 Wgshad [E O BETRE) (EU-6G-NTN 72 =7 )

AT IESGEE OBETRE & LT, BINICHIT D 6G-NTN DiFEiZ Web-HP OPNE
(https://6g-ntn.eu/)H> b E OIEB) 2 BEET X PHEZIT > 72, 6G-NTN [ZEMNHES D 6G W5t
FHARTH 5 6G-SNS(Smart Network & Services)?» & 4 251 F, BRINO NTN {5 8) % &
HIARRANHED TV DESMIFZEEE) L 2. AR & Lo, LNICEBNEZRT,

. WGMF Task(1)b: Reviewing 6G-NTN works
This task tries to identify 6G-NTN work status specifically focuses on;

(1)Use-cases (Case study)

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

.{f} 65NTN  ABOUT+~ WHAT'SNEW? . RESOURCES+~ CONTACTS

W
= X

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

6G Non-Terrestrial
Networks

for the full integration
of NTN component into 6G
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https://6g-ntn.eu/

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

USE CASE #2:
Autonomous power line
inspection using drones

USE CASE #3
Urban air mobility

USE CASE #7:

YGMF

Addressed Markets

s
Drones Defense

3 B B
Media &

entertainment Telecom Public safety

\ p. P
p ¢ <«

Aeronautic Automotive Maritime

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

*

USE CASE #4

Adaptation to public
protection and disaster
relief or temporary events

USE CASE #5

Consumer handheld
connectivity and positioning
in remote areas

USE CASE #6

Continuous bi-directional
data streams in high
mobility

Direct communication over satellites.

&
Railway

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

THALES

6G NTN Use-Cases

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

I
4G NTN Use-Cases

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

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

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

J

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

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

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

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

NINUE 7 Lmesommmmacoan

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

with Satellite

- Regenerative Satellite; czpabmnei/

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

@,
3%

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

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

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

Trends: Standardization, Implementation and Research (takeaways)

6EGNTN

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

(L

| IRIS? (approach under construction):

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

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

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

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

YGMF NTN system Overview image in 6G-NTN

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

=z )

6EGNTN

Network functions (incl.
Edge resources)

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

network infrastructure
|

+ UE functions for on

Multi constraints radio feeder
access network

Multi mission
radio protocol

feeder

unified with terrestrial
network component

/ 6G
Cogpea core

Observation: an image of design principles is provided.
Could be referred as our study of Grand-Design.
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Technical Information & Challenges

Report on 3D multi layered NTN architecture (3rd

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

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

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

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

Roadmap
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Produced Materials

— EUCNC & 6G Summit 2

Enablers for E2E
integration in 6G-NTN

G

Jomponer

6G-NTN project overview

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

=TTy

S sonmi

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

e

wure

Architecture & use cases

brochure

DOWNLOAD

Enablers for E2E integration in 6G-NTN

YGMF.

tps://www.6g-ntn.eu/wp-content/uploads/sites/94/2024/06/Eu

USE CASES

About 6G-NTN -
Introductory Flyer

WNLOAD rights reserved

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

Enablers for E2E integration

I Reliable Positioning

Positioning objectives

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

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

g 4

State of the art for positioning

NR-positioning involves two key processes: measurement and

UE-based, and
ion. In terms of

in 6G-NTN

we have observed the following:

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

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

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

Dynamic Orchestration and
Autonomous Monitoring

ML for VNF orchestration

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

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

I Cyber Security

Context and technical problem

Security of cloud computing infrastructures

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

+ Security risks induced by virtualization

« Security’ i
model)

+ Security configurations complex and difficult to implement

» Little visibility on what is implemented

Cantaer mages

Network-based, offering flexibility i
Sng

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

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

waste of energy associated with overprovisioning while
i d of to

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

under provisioning.

A

25

Scsaning Network tecurty
Mitgaion

Technical solution

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

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

Poster — EUCNC & 6G Summit 202

QNC_GG_NTN_WPS_poster-1.pilf



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

—e

THALES

6G NTN Use-Cases

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

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

EUCNC 2024

e o, 65 oF Aok s A

Dorin Panaitopol
THALES SIX FRANCE

THALES

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

oonn Pcmulvopol
THALES SIX GTS FRANCE

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

SWGMF Observation Summary of 6G-NTN Activities

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

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

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

N
TS mEm e

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

Public Deliverables I Produced Materials
O— N

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

This shows an overall NTN-TN

convergence image. Satellite BB,
Use case overview Satellite loT, Satellite Observations,
and HAPS are integrated with TN 2 -m===
communication.

LG >100Mbps

Latency <20ms

Coverage Rural areas, ocean, etc.

Dish terminal(fixed)

Maritime loT
Mobile phone aritime lo

Terminal type

Maritime
Broadband

* Heavy ~

Frequency Ku Ka S sub-6G equipment loT

Expected Service
Provided Timing

Year 2025~30

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

Sa:lv:'it-
+ >100Mbps for moving platforms ;
Thrz:::ghp + >10Mbps for cellphone
- >1Mbps for first responder
Core NW

Latency <20ms

Coverage Rural areas, ocean, etc.

+ Dish terminal on platforms

Terminal type + Handset type mobile phone

+ Ku Ka for dish terminals

Erequency + Sub-6GHz for mobile phones

Data and control center

Expected Service
Provided Timing

Year 2025~30

First Responder communication and disaster relief
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5.1.3 TN 47 TP 10T 1813

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

(convergence of TN and NTN loT '

services) | N,
BN
i N,

QLG LTINS Kbps level i N
!
i N,
Latency No requirement i N .

Coverage Rural areas, ocean, etc.

Terminal type Portable

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

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

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

Provided Timing 4. Unified terminal for IMT and satellite communication

Highly expected international cooperation to overcome such challenges/issues.

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

5.1.4 EfEEONLENGHR T —ar

High accuracy required scenario with Low Latency

Integration of positioning and in Satellite communication.

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

Use case overview

Throughpu

t No requirement

KPI

Data and control center

Latency <20ms

Coverage Full coverage of earth

Convergent terminal for positioning

Terminal e .
typ and communication

Frequency No requirement

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

Expected Service
Provided Timing

Year 2025-30 3. Satellite-Ground Network O&M and Resource Management

4. Unified terminal for IMT and satellite communication
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5.1.5 BrY—-@mE—ERAOHKE

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

Use case overview

>100Mbps for data transfer
xx resolution for earth
observation

Throughput

Latency <20ms

Coverage Full coverage of earth

Dish terminal

Terminal type Mobile terminal

Sensing and Communication Service Integration

Satellite

|
Data and control
center

Frequency Ku Ka and Low band

Expected Service
Provided Timing

Year 2025~30

5.1.6 I DIKAT « FEH T

! Technical Challenges and issues/difficulties to overcome this scenario includes; :
i 1. Unified Protocol and Multi-Connection Technology for IMT and satellite !
P2 Intelligent High Dynamic Routing and Inter-satellite Optical Interconnection Tec. |
} 3. Satellite-Ground Network O&M and Resource Management i
i 4. Unified terminal for IMT and satellite communication i
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1-R5—R
=

Btz
Yi1—33>

Throughp

Latency Coverage

1. WA BARRB(CEZBIEAD]
2. fElRa 1RO AR E O]
3. WTHE VB AIEH (CRIEAR D]

1. RRCEASNBVEITEBROEUS
2. ABREEM T-IRIROFIAICES
@ ST

2023~2025%

B

e
AUy -ZhER

SSHR O] HEbEHA

SBENEHFEENV AR ERNBANZ— AT, FSORESR
RICENFEARBAKENRLEL TS TOISRIRR T(CHFZE
NHHETOMEE G ERRE D, RBOT-ACEZBEEZSNS.
BV ERE R AR L I 2B (CIDBIRELEN TEZX(C. BURARIFICES
ZAIRICESTACEZARIONS DEB LD, T—IDFBEULN BIA
FNB. KEAELLTT -5 L. BARGEELDBHNDFAS(CIR
VU CUKBICO BN S F5.
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5.1.7 4FOFEEE R

& AR GEO or LEO + LPWA
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=
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ut Latency
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5.1.9 gEHICBITAER BETEit

& AR LEO + EV

1-A75-2R KEEHCBTEBE CBROBEEEMAE

1-R5-R BRABECT TS EEBUELITEE
Lot NARIAFNZBROBEORMEEERTS

B&
Yui1—>3>

Throughput Latency Coverage
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1. ZERHERABICLSBHRRELRARKICL
BEWEIRRT —HDUNEE

2. DRI Z LA DEE R

3. BAER EERR-MERHS) IS

SEHTI LS 2023~2025%F

BE
AUy h-2hER

51.10 U7+«

H 52 : https://www.softbank jp/corp/news/press/sbkk/2022/20220214_01/

SPEBCRNERVBER, KERHIFCIBHRINGELTZ1- >3
JCBVWTHAN RiAEN 2. BEE(CHIADIseBEN K ERCH
BARERZBTARICRIEAELEZL, DB ZAOBEIRICEHR
FHEEBN .

Fle, AT -2 LEHBICEBFST, —HHRAZzENLLAA -
BENOBRAEEZ Z5N . ERICHBEZ 2 I 2HRCOBEIRECED
PFRELTEHANRIATNSENMEEENS.

ER LEO/HAPS + Connected car

1-RT—A Connected car(cdl}ZeCallDiZEX1L
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Throughput Latency Coverage
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1. EFBEY - LN B O TV TEeCalld
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BE FANTERBY B EET — WK
Ay -8R 2. BIEEN-R(CUIIoT:@ i P E#iE# > 2
FLADEF
LRI S 2025~20304

2018F48 18N SEMESN THRFTEN St (CeCallD=mh'E
BsNz. BEIEERihESE REIZE2ET T4 NAEY
TISEEN'RANE—75 T BRFELE(CTA— A% E TzeCally—
E2DHAESE, FENRIAFND. FHBaEY 2B TV7EF
EEEFAES S BEBETONN-(CHIFHEFELNS.

Flz, IoTLEE I 3B CEITIBIROBIaNS, BEERBREODT—F
EHECIHRRRIOREL. Bl T ZEHAOIRACEIC AN
FENB.
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5.1.11 L& CoHEKE T B

=R HAPS
1-R7—A LLIRSEB TOESEFER
S W FEOR SRR TER
Bt X
Yy1-33> Bu
Throughput Latency Coverage
#+Mbps - ZBoE/ LR

IIFR AR O, HBEDRIBUS
BB OEEN K TR OBIREMD

1. IR TEBUIEA D AdikEh

2. EEERT. EEMICE EOEFEE

3. BAROEFTRRZIRSNSEETEEETS
EBHEL

2025~20304F

BE
AUy -ZhR

E SRS

BMKEROT —H(C&DE, FR27FER S THERBEOHF4.5
BA G565 ENL.IHAN) TH), FR2FEDOLLETS.55 A
i (65mA £130.3 ANR) &oTW%. BIEDEREEBIRNS
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5.1.12 4 A\ Fd s (HAPS F) )

SE R HAPS + fIiElEik

1-R5—-R INBYEE A BB ECIE
1-R7-RA INBUEE N AT B BEIREIFICR B TL(CLD,
= —ROSFINOE ABliE
U

Yui—>3>

Coverage

EpTER/%D
Ht

Throughput Latency

KPI

1. J-F7U) - JURT7TUNEBE2RES
PTOEREAESARZ

2. BEROERUEEFCHII5EEFEOIR
b=k

3. BEGE(CLSEEZEOHFENS

4. I7EEUT(ERICMBToEER

1. /RIERE ORSX EIBiH
2. T-HEBICEI 2 EEEDODXL

BE
AUy b-ZHR

SEH T AERS A
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EZAEY —E2SREI0T VIV RO EILABIRFOT, BERER
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5.1.13 EiilloE AL
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i 22
Yui—33>

U

Throughput Latency Coverage

s, | BTED
B0 5,;1

1. BpE - BEOFSEEORIREME
2. BTRBOYEIER (5-5) BE

1. friEERe > > Bk R AUEER
AFLREOIEHE

2. SOFERRFRT —HOERCSEME
BEORTE

3. RBRFBIEMICS5CO, B EHII

2030 f#

BE
AUy h-2hER

SRIRIEERSA

5.1.14 [l 31 D 5= kR

IATA (EEMZEEXRS) (CL5E202206 AR THFROMZEE
EBEFEEEZRE. %RPKERIFRIBLL76.2%EE20, )(CT3v)
BIO7EIBA% TRz, F/t, 2025F(CEI0FBI%#8%5101%(H
ZEFRIENTVS. BERAEBOSEEBREIEEZ R TIIRAA—
'S5 Z3ITRH AL—AREMEROERSNS @B bh K51 2.
Fiz. EBRNSEUSRIRERRRT —JC&o T, SDFHRERIEE:
FRIHEIEL D, EIFRREORTE - BB (BRI RIER2. I
2T, BERBROBRBLICEDN—R Y Z1—- ML HBIET HBABRKT
ENEREFEN .

BEHICETHEERICRITS.
- WYY OER

« RRF LOKEER

- TERBERAD(T(VY—EIY—)

Use case overview

IWKEREOFRERAL, THREICREICE

BIcHiEMmEAN, BRTRILERETEEIR
MiEEFBRORANEHTIFENE L, HE
NB-loTIC&2#Hh/\LyP{EIz&Y ., KYIEFERIC
BLTEREZEIRNCITADLIITHS,

s 95
1995
\, AR (535t

https://www.takﬂwa.co.ip/case/case3.html

Throughput kbps level = - 5

R 0 [ e e .

Latency <600ms = 1 <Y ‘

| |

= | o= =)

Coverage L Hbig — _m. o it @ [ mioes mane
et o i g
Terminal type NB-loT T

= = = [ -}
Frequency L-band, S-band = S
Expected Service 2025~30 LEL! m

Provided Timing

https://www.river.qgo.jp/portal/?region=80&c
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Use case overview

Throughput
Latency
Coverage
Terminal type
Frequency

Expected Service Provided
Timing

51.16 B>

Use case overview

Throughput

Latency

Coverage

Terminal type

Frequency

Expected Service Provided
Timing
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5.1.17 M5 —E=R

& FE B

Tech to be used

LEO, 5GNR

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

d1—-RA5—A
Use Case

A-AT—AHME Global connectivity for transportation,

UC Overview energy and health sector 5G use case

BizYUi—33a>
Existing Solution

None

Throughput Latency Coverage

Outside of TN
Coverage

25-42ms  (max.
RTD)

DL:10-15Mbps
UL: ~1Mbps

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

1.Doppler effect
2.Latency/Delay

3.Inter-system connection

4 Install functionalities to smart
phone

B
Challenge

EE
AUwh-ZhE
Expected Benefit

2B AR 20256FF(320265F

1. Large ecosystem of standard
products and components

5.1.18 fE AFELE (B EFIA)

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.

SRR LEO

1-A75-R ety 0z INTHES

A1-RT—-R BENEERE P PO R EDAY— MEEYT( DR
e 32l 1= iTeS

EX:
: B
Y1-33Y Bl

Throughput Latency Coverage

ZBot/EBrED
BEEGRE SHIEMANRL —> 3 O
S BELERBEDEE
FEHERORO—ADIEE

FEME
3 « FECEXORIEL
AUy h-ZhR o BEHREORE
= e 20255 ~20304F
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5.1.21 KEXR (HAPS I H)

KEXME (HAPSFIA) W GMF
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On Board exchange
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Data processing (Chip speed)

Technical challenge based on the evolution of optical switches
and processors on boarded.

Inter-satellites bandwidth allocation
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ISpectrum management
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Regulators and Operators
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Antenna manufactures
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TP A H—J1— fssuc.
22 FR AT INE TR T LTI AFIEDE
Air interface SILPIER A — AR —5— E(d 3GPPICHE\ TR =N
Random access Vendorg& Qperator New preamble sequence, Simplified random access Mot discussed in 3GPP yet
procedure
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MU-MIMO Vendorg Cperator Improve the spectrum efficiency, the difficulty is how to [Not discussed in 3GPP yet
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Resource allocation Vendor& Operator Power, carrier resource allocation and bandwidth ISimilar to terrestrial networks
assignment to meet requirement of high throughputs
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Antenna parameter of user terminal
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Device miniaturization
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Device manufacturing
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'Support direct connection to handset-UE or portable
devices

INEMBIIF A ZA-H—ET -2~
A FUAICOARTT

miniaturization may depends device
manufacturers and usage scenarios.
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Satellite

payload

EH 0Ty

Onboard processor
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Chip manufacturing

FINTAAS O— RCEDBIET HIRL . SDZBY
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Digital payloads, reduce time delay and provide more
flexible service

3GPP RAN1THE®EN TS
Discussed in 3GPP RAN1

Power supply

BEsT—

‘Sate\llte manufacturing

FEROEIZAME

Low cost Equipment

EEEERMBEIFEHH01
2
High capacity power supply is one of the

technical limitations so far.
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iAdvance) and GNSS positioning may mitigate the issue.
SILPICR A — B ARL—H— BRIV T TN~ oA, S LT ICAFIEOREZRIL [3GPP RANLICTEEREN TS
T7— AT~ Random access IVendor& Operator New preamble sequence, Simplified random access procedure |Discussed in 3GPP RAN1
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icontribute to avoid collisions(NB-IoT)
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)Allocating different (time & frequency) domain resource
mechanism may improve spectral and energy efficiency (LoRa

and SigFox)
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Power consumption
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standard
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Low power consumption devices, low transmit power than 5G
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EIRP of user terminal discussed in

Satellite payload
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Power supply
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Iﬁﬁizfv/if

Low cost Equipment
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Hiah capacity power supply is one of|
the technical limitations so far.
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'To over come 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
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MAC protocols

assignment to meet requirement of high throughputs
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Resource allocation I\Vendorg& Operator Similar to terrestrial networks
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Power consumption

Chip manufacturing & protocol
standard

Low power consumption devices, low transmit power than
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Low cost Equipment
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High capacity power supply is one of the
technical limitations so far.
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HAPS: High-altitude platform system, SOC: Satellite operation center, NOC: Network operation center, GST: Ground station,
GW: Gateway, RAN: Radio access network, UE: User equipment, FSO: Free-space optical, RF: Radio frequency

TN & NIN#AEDv T U A

[FEEIZ, NTN &7 AN, FHICHLHERBLO HAPS, i Eof2iEH L% —(S0C) , Fvhy—2
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/ Integrated network control system 2

I Application requirements and user intent \
Il analysis I

I Y |

I E2E resource allocation, , E2E network status I
management, optimization analysis

|| ——

Integrated control
data service

” Integrated control, orchestration 'y [
I Monitoring [
\ Control data Il
\\\ A 4 . //
S Integrated network control interfaces ___}//
¥ 3
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WEHIT %, $l2, 77V —var BB O —YF A T UMD H DA FIHL .,
—BE AL LT ZY =AM SLA) TR T B Ry N — 7 —E A E OHEHITD, 77V —a
YEMB IR = AT MR, R AR — (T b TREESN e —
L OV —E 2R MEE O AR A MR |, HIEH > AT DSBS ] B/ ST A— 2| TAE AL C . AZHEL
SN —ERERT T — My T TELINITT D,

E2E VY —2EY - B # - i LA RE I, BB LT RSO RO Ry NI — 27 fREE, 726
)Y —AFTAG TN IS E | G2 fil#R &2, 7 —FFy T —7 T, (R~ CPU,
GPU, A BV DOFEEIFERCARN —V &N, NTN Tl 7 —Z V27— R Z7HO RF
WSO, RIESAECNT 74 VBB UTZ FSO U 7 ~DYJ0EEZ 7B RsRdbND, Zhba
EBIEL T, B LT 7 RO T 7 Va2 O CE Y)Y Y — R Y R A R E - B F
i 4%, fEHliH B LA —r A —2a BEREIL, B Ry N — 787 A MIRL Tk
NIV — AR ST A= ea<w U REARKL, iy b —7filfiA 2 —T = — 2% L CiE
(RN

5.3.3 INCA O —R/r—AF A
1. TN-NTN #EBREICBITHOELFEE DX N — 7 —E 2% X 25 INCA

AL ENT= R BT — I R AL AFTARTA L U THEREIC L0 DO F L T Tx 5, K HE
Flx, HHD INCA A AZ L A2 CE Y THNZ) Y — A F L B n Y —E 2 (fx
IZ. URLLC, eMBB, mloT) [f}iFICEED AT A ABAERK TED, 2OV VA EKITIRT,

Control FN/IF
Instances —*

Operator 1

Operator 2
| Operator N

T~
-

LDV

Ground Station Selection

Land
Sea B5G Cellular Core

]

NTN RAN coverage (remote, rural)

FN: Function; IF: Interface

NW: Network; DN: Data network
RAN: Radio access network

%Control FN/IF Instances NOC: Network operation center

SOC: Satellite operation center

TN BEOYNTN RAA /BT A MIBWTEE DO FEE DRI DATAA TRy NT — T —
B A% BT 5720 D INCA O#&E|
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2. # MR OB IE A R ELT A2 D TN-NTN & — AL AN R A — 3 —

B D RAN 2NEARDAHITEIICIB T, INCA (18 E R 0B & AR5, 22—
POIEENCT —Z T 7 407 MEWEEE | INCA (T — ViR OB 4 Hh_E L) NTN 4%
BRI REZ D2 ENTE | ZHUC I ERBIIAR) — 7 —REIFEA 7 ITB{T Tx5, INCA I
TN BELOYNTN DOV —AF|H RN Z T RFEREL, ATV = M R — R —% 52T
HIET, =B RAWE AR Z L R E ) E A R T D,

3. Hci7Ze NTN B A MER A 4295 INCA

2B E RSO 2 HAPS (M E LI R ) /e L SESFRMEEHO NTN 74
VROFHANEEZ HH T, INCA 15T A RDY Y — RAIRPSCMEREZ B HRL . &R hT— 274
— B RIZK U Tl NTN B2 A NI T4 52179,

53.4 LT REAH—T 22— R

TN BELO NTN &7 AN O AEH ML FZELT 57201203, Wy N — 2787 A NI
WAL B —T 20— AZFIETDMENH D, ZNHDALH—T 2 —AZED | Fia Ky N — 7l
VAT MIE BT A NPOERT — R INE TEXHEELIT, filfla~  RRONNTA—FEIR[ETE
Do

TN-NTN HABREE ClE, BEOFEENINODOIEHEA L —T = — A% U TR - il 1<
TA=LEILGL, T HIENAIRETH D, LI, il 7L —r BT =47 — 2P
FHALH—T 2 —AIZDOWCitHT%:

o HfHTL —TCIL, BERT —&, HilfH T A—%_ o~ ROEZEFIA L H—T =—A
T 5,
o T—HXTL—2TIL, TN BIUNTIN flO2—WFT —H T T 47 DIEZAE% A[HEICT 5,

| STAJFZE B FE VA NG 0 (5 W 20EEHE (NICT) TR SN FEERT A7 2% 212, DN, CN,
FBEOYNIN [T A Z—7 2 — A%l U TR 72 B A - il T A— 4% LU FIZ7R§, RAN A
v #—7 x— X (Interface RAN) (ZBH T 53T A—=2 % KfEZFETIEIHHORVA | O-RAN
Alliance 72E SR FHIRICEAHARIZIED ZEZRITRET D, ZNHD/RNTA—HT, LA FIZRT LD
12, JSON JE R/ EHEHE T 4 — < N CRELATRE TH D, TN IBEL O NTN FHEH RO XL 5%
IZ&D NTA—ZYRNDFERREFEAE LD KD BILD,

5.3.4.1 TN BEINTN BT A MNBEERT — X2 NETHEHA L Z—T 2 — R

L =V BEA 2 —T = — AL, B TN BLUNTN £ A MO BERLT — 25 I
THEDIHEHEND, TNHDOA S —T =AU T D 4 DOATIVEETED,
e Monitoring interface DN (list of parameters)

e Monitoring interface CN (list of parameters)
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e Monitoring interface NTN (list of parameters)

e Monitoring interface RAN (list of parameters)

[ Monitoring interface DN parameters list]
T —=H XN =T DEREREA L AL ZINBIESNDET=Z) L T STA=Z DRI T DL
BOTHD,
{‘timestamp’: 1707187366889805056,
'src': 'osm', #source controller of monitoring data
'nsname'’: 'haweb',  #network service name
'instancename’': 'haweb-2',
'cpu_utilization": 0.24,
'memory_utilization’: 0.88,
‘tx_bw_utilization’: 0.4,
‘rx_bw_utilization’: 0.5
H
T RTOMRBA L AL ANDINESNIZE=L N 7T — B h O T T =FY L T INTGA—=ZDENILL T D
LBV THD,
{‘timestamp’: 1707187366889805056,
'src': 'osm',
'nsname': 'haweb',
'instancename': 'all’,
'cpu_utilization": 0.24,
'memory_utilization': 435.88,
‘tx_bw_utilization’: 0.4,
‘rx_bw _utilization’: 0.8,

'num_of instances': 1

[ Monitoring interface CN parameters list]
AT oy N —IRERED B RERE A+ AS L APDIESNDE AV T ST A=ZDBNILL T D LR THD,

{‘timestamp’: 1707187366889805056,

‘instancename': 'upfl’, #name of core network function
'interface': 'eth0’,

'cpu_allocation': 1,

'cpu_utilization': 0.3,

'memory_allocation": 8330 MB,

'memory_utilization": 0.41,

‘tx_bw_allocation": 1000 Mpbs,

‘tx_bw_utilization": 0.1,
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‘rx_bw_allocation: 1000 Mbps,
‘rx_bw_utilization": 0.1

b

[ Monitoring interface NTN parameters list)

NTN DFGA=ZYANL, BTV AT LT A—=L P —ERBERANT AL VAT DE=LN T ISTA—=H
VoI NT A—=2D 4 TR TED, ZNHD/RTA—ZIFE 1 ITRSITND, —H#D NN E=#U
TISTGA=ZL, B NI — I HIHS AT DBIITS DRI AT A—2 /a2~ ROEIZHE DN TRES
DI ST A—2 LBEFL TS,

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

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

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

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

* Number of available GSTs and their coordinates

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

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

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

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

#F NTN XTA—H

5.3.42 HlfEI AL Z—T7 2— A (TN BIONTN B A hA~DOFlffla~ R /XF X

—2x(E)
WE Ty T = AT L5 4 FHHO R R —2787 A H (DN, CN, NTN, RAN) (]
WA~ R NTA=Z ARG T DI, 4 FEOHIH A =T == AN EZ5ND,
e Control interface DN (list of parameters)
e Control interface CN (list of parameters)
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e Control interface NTN (list of parameters)

e Control interface RAN (list of parameters)

HIE AL H—T 2—ZATlX, LT D 2 FIEEDO T A—=Z o il
1) FESNZ QoS BAIZHSE, Ry NI —IHh—E RELERTDHIOD F Yy NT—27) ) — R
E Y CTH/NTA—=ZE
2) TURY—TURORYRT—7 QoS HRAET DO Ry T —I V) — A& ¥ 572D
DINTA—=H Tk
DN. CN. BIX O NTN (2K DAL Z—T = — 2T A—Z DA UL FIZRT 5, RAN (2
BEI 242 & — 7 = — AT DN T, ARG EH TITERO#EDR20, RAN DO/RXTA—=Z|ZD0
TIX. O-RAN Alliance 72X DE B R MRIC L > TR ESNIALERICHEIL T2 Z L2 FHEL T
R

[ Control interface DN parameters list]
DN DUV — &Y L TERITAEH S D HIH AT A= ZDFNILL T D LB THD,

{‘timestamp’: 1707187366889805056,

'nsname': 'haweb',

‘number of servers’: 1,

‘cpu_allocation’: 2,

'memory_allocation’: 5 GB,

‘tx_bw_allocation’: 1000 Mbps,

‘rx_bw _allocation’: 1000 Mbps

}

Fy T =7 = ADY Y — AFHEEFRIZ IV THIE A 2 — 7 = — 2% 18 U TRE S5 )

N STZA=ZDOHFNILL T DEBVTHL,
{‘timestamp’: 1707187366889805056,

'nsname': 'haweb',

‘instancename’: 'haweb-2',

‘cpu_allocation’: +1,

'memory_allocation’: +2 GB,

‘tx_bw_allocation’: +100 Mbps,

‘rx_bw_allocation’: +100 Mbps

}

[Control interface CN parameters list]

CN BEpEa s R — R DY —2E0 Y Ta~ N IS ST A—=2 DO FIELL T
YD,
{‘timestamp’: 1707187366889805056,
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'nsname': 'haweb',

‘number_of network functions’: 7,

For each network function:
‘cpu_allocation’: 2,
'memory_allocation’: 5 GB,
‘tx_bw_allocation’: 1000 Mbps,
‘rx_bw_allocation’: 1000 Mbps

}

CN BEREZ L AR — R hDYY — X AT SO HIHE T A—=Z DHNILL T D LB THL,
{‘timestamp’: 1707187366889805056,
'nsname': 'haweb’,
For each network function instance:

‘cpu_allocation’: +1,

'memory_allocation’: +2 GB,

‘tx_bw_allocation’: +100 Mbps,

‘rx_bw_allocation’: +100 Mbps

}

[ Control interface NTN parameters list]
NTN OV —AE[) 4 T HSNDHE ST A=ZOFNILL T D LBV THD,
{‘timestamp’: 1707187366889805056,
'nsname': 'haweb',
‘number of network functions’: 2,
Network service information:
‘service_type/QoS Identifier’: 1,
‘maximum_number of UE’: 100,
‘ul_bw_allocation’: 2000 Mbps,
‘dl_bw_allocation’: 2000 Mbps

‘ntn_segment_latency limit’: 100 ms

NTN DUV —ZFEI A SN D HE T A—=ZDBNTLL FITRT D,
{‘timestamp’: 1707187366889805056,
'nsname": 'haweb’,
For each network service:
‘ul_bw_allocation’: +100 Mbps,
‘dl_bw_allocation’: +10 Mbps

}
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