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Overall Vision of 6G NTN and TN convergence/integration Y /GMF :
® S

This shows an overall NTN-TN m@lm[ - > //
convergence image. Satellite BB, 4 g
Use case overview Satellite loT, Satellite Observations : aBeBI e

are integrated with TN ]
communication.

g. o ..IJ

Aircraft
., broadband

Lo il >100Mbps

Latency <20ms
|
Coverage Rural areas, ocean, etc. ‘
. . . I a e iy “‘
: Dish terminal(fixed) ;Eitl - . w7 1 o y
. 2 . s % Maritime loT
Terminal type Mobile phone ?.f' . ) » Mat,t,me X
gy e - Branlband
] Jw
74 A: k ‘ \ : U
{ )
Frequency Ku Ka sub-6G : \ | g X " Heavy
\ \ 4 m equipment loT
oo

Expected Service
Provided Timing

Year 2025~30 )
TEath )

__observation




Broadband Wireless Access for the Unconnected Scenario Y GMF 2
® S

Catellite Satellite
Connectivity to conventionally % i_"_ @ &

unconnected objects with Satellite-

broadband. e d
(convergence of TN and NTN-BB) L

Use case overview

Satellite Alrcraft
Satellite
. 6w
« >100Mbps for moving platforms
ThrOL;ghpu « >10Mbpsforcellphone [\ANSEEEE SN
« >TMbps for first responder = /’“
Train Core NW

Latency « <20ms

Coverage + Rural areas, ocean, etc.

« Dishterminal on platforms

Terminal type . Handset type mobile phone

« Ku Ka fordish terminals

Pl e - Sub-6GHz for mobile phones

Expected Service
Provided Timing

Data and control center

Year 2025~30

First Responder communication and disaster relief



Wide-Ranging IoT Services Extended to Unconnected Scenario ))(GMFT
® O)

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
animalsin forests.
(convergence of TN and NTN loT
services)

Throughput Kbps level

Latency No requirement

P p———

Coverage Rural areas, ocean, etc. g 'I HJI | ,E—-‘:

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




High-Precision Positioning and Navigation Scenario Y {GMF +
® O
High accuracy required scenario with Low Latency
in Satellite communication.

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

Use case overview

Ll geXsT{gellj NoO requirement

\ Satellite

GW
b 3
Terrgstrial )
Latency <20ms e e I!
Coverage Full coverage of earth e -
. Convergent terminal for positioning
Terminaltype and communication CEE=ER - 0 W Data and control center

Frequency No requirement

' 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.

Expected Service
Provided Timing Year 2025~30 . 3. Satellite-Ground Network O&M and Resource Management

4. Unified terminal for IMT and satellite communication
i Highly expected international cooperation to overcome such challenges/issues.




Real-Time Earth Observation and Protection Scenario Y GMF 5

® O
Sensing and Communication Service Integration

Remote sensing and data Satellite

transferring by the same satellite 3
node. (convergence of Earth

observation and Communication)

Use case overview

>100Mbps for data transfer

. Satellite GW
Throughput xx resolution for earth s I-
observation % - :

Latency <20ms Accident \

and fire
Coverage Full coverage of earth Data and control
center
Terrestrial

Dish terminal
Mobile terminal

Terminal type

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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Expected Service Provided 2025~30
Timing https://www.river.go.jp/portal/?region=80&c

ontents=multi
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Complementary Service by NTN

C

i Al
Tech to be used

LEO, 5GNR

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

d1-A5—A
Use Case

dA—RT—AE

UC Overview

BEYU1-33>
Existing Solution

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

None

Throughput Latency

25-42ms
(max. RTD)

Coverage

KPI

Outside of TN
Coverage

DL:10-15Mbps
UL: ~1Mbps

Y GMF

@

NTN payload
Feeder \ Service
link Uu link
Y4
NG
5GC gNB  Gateway UE

1.Doppler effect

2.Latency/Delay

3.Inter-system connection

4.Install functionalities to smart
phone

Challenge

BE
AUy -ZHR
Expected Benefit

S

1. Large ecosystem of standard
products and components

20256 F2(320264F

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.
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SRERAERICAIT T
ARk RBHE
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XBRBRTRATW3EON SN

"%

2 Challenge Details (Subdivision) Target industries for cooperation to Technical challenges/Solution idea Remarks
resolve issues *If it is currently known
- FSREAR - s
_ . N B . I —_— fat i N
12— ABIBLE [ Il (5GAAZ) i il SBpICIE
1 [BEZHORR preprs %G%%;% HKEMROBEEN EHHTLS
Confirmation of required communication | g5 | -3 = {3 Common toallcases.
requirements for target use cases U% Jﬁﬁm%%%dﬁﬂﬁ (B EhEE0EM=S) ijfﬁﬁ_ - Z (W.SE bﬂd : (b Disaster count b portant
Target user (Automotive OEM etc.)
[SD-WANZR] _ IE(E, BARVY - IREEE
"UTEHBRITEBIENTSOLIE, hSEy)o -SD-WANR> S — SUTEI-NWEINE—A> - THauEH
Bond|ng/B|end|ng?&?TjJ:‘C‘a)ﬁjia)ﬁﬁ—{t ~SD-WAN vendor Currently, each vendor has its own implementation — UT side and NW side must be from the same vendor.
L[an%cvavggn] of specifications for communication bearer switching and traffic bonding/blending between UT & network side
[TN-NTNS#E fREHA ] NTNES TN/NTNB S EORRBE A OB &S -
. Fﬁlﬂzﬁ;?:f >H71-2/70RIVOFEEL TNSZE DR —E |- ARBSUIC Share RANARSBD
TN/NTN NW,‘fﬁéO)ﬁ:,’fHa} : irjgé‘:(—,;—\[/ter .Global MVNO I;)peeﬂcr:f\‘tglgmu:sTN—NTN carrier network connection method & unification of vendors' H&?ﬁfEEé%?ﬁﬁgﬁﬁﬁéq
2 |Mechanism of TN/NTN N VT EBENWHEEIA—N— SN~ DIENEDS
NW integ ration [TN]TEEERO?CC?K\?&%;}\ 9 *NTN Operators Eonsid‘e?mg dccﬁgbor:t@:\ bettvCegn HAPS and GEO/LEO(NTN inter-node cooperation)
-Unification of network interfaces/protocols -TN operator
-Authentication method -Global MVNO
-Handover -Communication NW equipment manufacturer
-Converter in case of inconsistenc
[HAPStEZDEH#ES ]
-HAPSUAIR(CEB S — AL ZBNTNY —E 2324t "NTNESE
-HAPSADI—A> I EH i EAR R TR T 3% TNSZH
[HAPS & satellite cooperation method] T Osepfa'; :"
-Seamless NTN service provision using HAPS & satellites
-Method of providing feeder link line to HAPS via satellite, etc.
ZEPEMBEDEBIEGUTASA —(CHB I8, FIEEPRA—H—TIFRL,
e . >4 — AHHENEEZ
' 9:‘.yf.jt‘¥ b/ SIfM/h). STFEDHR—E UTARVH— %\y?‘_‘t'\y l.\/ SH?/ z.’ TFEOHR—AE Bllx\/gzdo?foglggazr?eﬁ;igiﬁ? in selecting each component.
s -UT vendor
3 TN/NTNR iR OBESE Unification of chipset/SIM/antenna etc. Unification of chipset/SIM/antenna etc. Involve the UT vendor first, rather than the component
$§7§IT0’5ment of terminal compatible with both ma nufa Ctu rer.
cA-RT—RICEDRIRARO 7> T F BT UTAY S — PFFOINEAE
Developing antennas with shapes tailored to use cases -UT vendor Antenna miniaturization
‘NTNE%E
N~ SEA Y T ) YA ‘TNEZEE yrtelel bt =g B
TN/NTNSRE(CBRI BRI RAT LIRS Si ETEY(CIISRIRATRE T D AR
Billing system integration for TN/NTN integration oler [Assumed to be technically feasible
553“035211‘?'
. L ‘NTNSEZ%E e " -
FIFMARZORHRCS A7 LORE/BIF TNE= ST (IR A T BLARTE
Design/development of visualization system for usage status, etc. Assumed to be technically feasible
4 |FERPFOBIR :Sler

Development of customer PF

-[OHREERS T LDERET/FIF

Design/development of line management system

‘NTNEEE
TNSBES
-Sler

RAfHC(FSRIRAIRE Tdra L ABTE

Assumed to be technically feasible

BERBELS AT LD /BFE

Design/development of communication optimization system

‘NTNERE
‘TNEZEE
A-J‘EENWH%%EX—?J—

-TN operator
- Communication NW_equipment manufacturer

FAtiHY(C(SSRIRPT e T B EA8TE
Assumed to be technically feasible
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No.

Challenge

FFHI(HME)
Details (Subdivision)

REARRICEITT
EhkmELRI%RE
Target industries for cooperation to
resolve issues

BrilTa0 R PRk & 2 / FRREEARIR R
XHRBF[ICTRATVR DN HNIE
Technical challenges/Solution idea
*If it is currently known

{iw%E
Remarks

HIEALICRF TRkt

* HABERZENW (TN/NTN) O1>59-0-I0
{THEAHTER

*Definition of ideal interwork mechanism for each NW

‘NTNEEE
-TNSEEE

-Global MVNO
BIENWHEEE X —H—
*NTN operator

+TN operator

-Global MVNO
-Communication NW equipment manufacturer

FIREZ-X(CBILIZA>—-D-JDHHEHER

Definition of interwork mechanism in line with user needs

P=FTFI)FrEEORIEREL TR X
DIBENHE

e.g.

-Mobility D B 1E:&E#x

-EEZAATHAEZ B1BAEEHR
Requires understanding of customers
needs to define architecture as a first
step.
e.g.

-Mobility autonomous driving

HYARES T
> T;Jcﬁca-ljconsideranon for -Communication lines that can be
institutionalization used outside of the EEZ
* NWHTE I 5B FERDIRES ‘NTNSEZH BB IINEAGEZRIRT
(BASNBE) "TNSEZE INER
—SD-WAN *Global MVNO FIFRE = —ICEILREA e HAPSICLBimRADBEEESE
. 2 M ——XIC A A-J-IDILHEPHERE PEIEIEC
—FXEEO0-Y IEENWAER X —7— Definition of interwork mechanism in line with GEO/LEOICL DA E S EEFBIENX
—Z0fth *NTN operator user needs A LAETE
*Examining the optimal means of NW integration (possible idea) *TN Operator Need to achieve changeover times that meet customer
—SD-WAN ) -Global MVNO requirements. It is assumed that direct communication
—Inter-operator roaming . 8 i to terminals using HAPS and large-capacity fixed-line
—Others -Communication NW equipment manufacturer communication using GEO/LEO will be the main ones.
e HAEKREULWSATLAEEE ((25-0-7) IS0 .
BEfF I OBICHEED |1, TNEAEDPEE RIS ORET - HIMF B AR FIFRE Z— X(CBIUIA Y9 - D - O A TER
6 @Eif _ o (R . BIEER. BEHEES) -HRBA Definition of interwork mechanism in line with
Consideration of the application  |consider & determine whether TN standards can be followed in line with |"SPOS user needs
scope of existing systems the system collaboration (interwork) planned to be implemented in -MIC
|society (Authentication method, frequency, communication equipment)
} iR FEBOBERBEDY - EATYHLREA > S~ ; -
DLy -8 ANL -5 s {RP.232669) 3GPP RANL-Rell8
Coverage enhancement Vendor& Operator Enhancing coverages & interworking to support direct connection between InL—disucﬁZ?gn (RP-232669) 3GPP RAN1-Rel18
7 7]/\[/“/:/@}% cellphones and satellites
- — o . - . BIR Ry NI —HE_F 2y RO =057 1 7IAEEDHIN e ein
DA S R o 8 R EERYN 00 ERY NI~ I0F P MEROD |3 opics ook i
Dual coverage/multi connections Vendor& Operator I/‘J/_j[}'ﬂj( . . . Not discussed yet In 3GPP
Extending dual connection coverages of satellite and terrestrial networks
Lo 8 ARL—b REZRYNI— IO — AL ARO-ZIEHR- N
- i & N>Y— 8 ARL—5— B4>9—-0—F > O3t - CTHR
8 ﬂﬁ'ﬁ**zéﬂ E%@'E:}E Cell Management Vendor8& Operator Interworking enhancement to support seamless roaming between different 3GPP RAN2 (RP 232669)( Casin
Mobility Management networks én—cmé
)\ RA—)— N — QAR —H— )\ RA—N—BEDU>HDOZTEMRE E Discussed in 3GPP RANZ (RP-232669)

Handover

Vendor& Operator

Improve link stability while during handover process
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SREARRICET T Feilre Pk & I / BREEARREE
No PR Hl (¥ 531E) mEkEkL B D5EE XRKR[ATRATVW3EDNHNIE e
‘I Challenge Details (Subdivision) Target industries for Technical challenges/Solution idea Remarks
cooperation to resolve issues *If it is currently known
o | *yND—7- MROS—2UZIL 51 L CEUSE AR I 587 | o
e [J1F)- MROS— A>H— QARL—5— LWH=ZLZEOHEA (NTTEREORED) EEIEEL. BRICEOTVROS K
18 Dynamic Topology Vendor& Operator Introduce new mechanisms to obtain or update the network ZA 9Bz, I ENWEDEBEELLY
2 Routing topology in real time = — — More difficult than terrestrial, because the
management V=743 F0R N — & AR —G— ;I'CP/ IPREQTORNINESHREL. BENIMELLSAD Zan:illltes moves, the topology changes by
Routing Protocols Vendor& Operator mproved protocols such as TCP/IP to catch up moving satellite
target
5 BEFvINST1— JEEULIDIPEEE B A100Gbps (U>IH1zh) OEIERLBECTIE
BIE2RhEE High capacity & stable link Optical communication Up to support 100Gbps (per-link) inter-satellites pre. =z = b | A 1/
: NY: < o : N - YW ——— BIEEBEAOFIEEIZ
10 Jnter satellite FEE 2R DRZHA F—RIE (FvITZE—R) 7‘[:X’f"y9:/’7’(‘DMEE%EG):@{U;EDGSEW]?%@ _ Inter-satellites bandwidth allocation
communication . ; Technical challenge based on the evolution of optical switches
On Board exchange Data processing (Chip speed) and processors on boarded.
o s N o BB H TEEES AT LADZEAL(CRIT AR ART VDD BEEI(EARI NS LAHB
EROEE AL BEARL —5— [ERENE G | B9 | |
TR ;?)‘éctrun%management Regulators and Operators Regulations on Frequency Allocation and Multiplexing for Multiple | (ITU-RHBKLU'3GPP RP-232669)
11 ;EJ/ . alAl 1= Systems Spectrum isolation or Spectrum sharing
pectrum . i . _ - ITU-R and 3GPP RP-232669
coordination TFHARA AR —H— BN SRIEFHMAD =X §_| APS%?(JHE FNWERD })ﬂtgz*y;g:j:t g
Interference detection Operators Intelligent Interference Detection and Evaluation mechanism e =ma FCSRETS
JBHENKERERE
i R1BRyNI—IROUY—AEBEL. 1-5 - OEREM
DY -2 EEDH—Ib ARL—45— 2 imIc 9 SReE AR —H—(C L BER & FR<FHEBEDT]
12 1E A &FR<F Unified resource management Operators Coordinates resources between different networks to meet user | FHERIEFEN B
O&M ——— connection reiquirements. Operators improved O&M features are
1-Y-EE0H—1t ARL—4— FEEA . IR, REOF—IL expected
Unified user management Operators One charging mode, one terminal, and unified settlement
. FINITT—ARTPUACEBTRERBE - LT 7T EDY —
BmEMD7>TF POTFA=N— AE|DHTERE _ _ .
Satellite antennas Antenna manufactures Digital phase array to support flexible beam steering and B2 7> 7T OEMRF O _EHHARSE
13 7> 55 resource allocation : n3
Antennas ZMREBR AT U7 7T /1EHEIER/\ELUHERY |Expected improved Radio technology on
imARBID7> 7T+ VT FA=H— STFHEAOBKEE Satellite Antennas
Terminal antennas Antenna manufactures Low cost electrical steering antenna/ compact size terminal

antenna for cell phones
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SRRARRICHET e 2Pk e REE / EREAREIREE
No SRRA FEHIGME) BHkIETEBRSEE XBRFRCTRATVS3EONHNIE e
* Challenge Details (Subdivision) Target industries for Technical challenges/Solution idea Remarks
cooperation to resolve issues *If it is currently known
£+ [Throughput : >10Mbps for
FEER — A= NIAABIET cellphone]l LOENAILAIALIbOFEFIEFIRIL
>10Mbps® FORELEE TEZN TEC#. AIERCL CERAFOIEBIENE.
— 75T _EDRE(CRUT(EIMbps# HAPSICEBE/AILIAL I NDSERA T £/ %
/AL H4L g | T ERD TR ﬁ%{;t“ LR NABTEX. T4—5U>H0
1 [EE | CeENASNCLLSST/ | L Eomse TYFFOREUL (L. RUEEE M~ KAD) rerrriiey aube e
é(i:rceeclteratlon of Mobile -CanLdO\,;'r\]i(';;d cpeeds of >10Mbps be -LEO Operator Larger antenna (However, trade-off with convenience) Dete.rmined 25 Mobile Direc.t case based on the
achieved with satellite-smartphone requirement [Throughput : >10Mbps for )
communication? With upload, the speed cellphone] .Requirements need to be refined as a first
may be less than 1Mbps. step. . . .
-There are also concerns of capacity due C.on5|der.|ng increasing the speed & capacity of mobile
to the large cell range. direct using HAPS.
LEO is expected to have a large number of beams, and
there are concerns about the feasibility of feeder links.
RIEBECHBIIZERELEE R T T - RO E %
. L ] BRI 31z, HBATASHAEGNSSICL BB AT
RA N> —BANRL—F— ORIEE BT B RDE2EEZ S, 3GPP RAN1 38.213-4.2 ; 38.211-4.3.1
synchronization Vendor8& Operator To over come the Impact of Transmission Delay and Doppler
Effect in satellite communication, common TA (Timing
7 P Advance) and GNSS positioning may mitigate the issue.
- - - _ . . . N 7A NI = . =~,15/.77 E "E""\ N N -
2 v interface S LTI NI —&ARL—H— ﬁ;ﬂ' RIVFZINS =522 SZILTTCAFIROER 3GPPICHEVTEmAENE
Random access Vendor& Operator ) . Not discussed in 3GPP yet
New preamble sequence, Simplified random access procedure
\ ] 24 MUVEHEOR] L EEROEE4E 0SS CREAEE -
NI F1-5-MIMO N — AR —H— BHHEeE 3GPPICHEWTiEamA KN
MU-MIMO Vendor& Operator Improve the spectrum efficiency, the difficulty is how to Not discussed in 3GPP yet
synchronize multiple satellites
] o \ WLYSDEBECEETBIHDOE—L JY—ZEIDHT -
E—-LRwE>Y) N — QAR —45— AN=Z L JTICGEOBEBESATATERAINTLD
Beam hopping Vendor& Operator Beam resource allocation mechanism to make sure match the Already used in GEO satellite communication systems
3 MACZORIL coverage demands
MAC protocols . . BTV NOBHZ LT ILHDEN . Fr)7IY-X
)Y —2DEN N — AR —F— =W T BiIE0E| Y TICRHT 3:RE Hh Ry ND—DEEk
Resource allocation Vendor& Operator Power, carrier resource allocation and bandwidth assignment to|Similar to terrestrial networks
meet requirement of high throughputs
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® : ®)
Wil HEAO B R R/ SRR R
No SRRA SFH (M) Taraet industries for XBFR[ATRIATVWS3E0HNIE BE
‘I Challenge Details (Subdivision) C00 geration to resolve Technical challenges/Solution idea Remarks
P issues *If it is currently known
. WP R 4EES S e == 1 V- 1—Y—im>RDOEIRPICDOWVTIX 3GPP
,ﬁ%’?@jj ;ijjon:(anljgactl%ﬁ?%j;?tlo\c:(l)l)b 1E§Jvﬁ%?j(:j()?\;t\r;fﬁ(;n5dce;\fc2? Eﬁvf/, ?frf?m?j?)wer than RANl_@E%Eﬁén—CL\é
Power consumption star?dard g&Pp 5G P P ! P EIRP of user terminal discussed in 3GPP
RAN1
TD?T}WEX—G—HBG_PI_D RAN1
4 -k 5 T Ay 2‘5— RV ROHDIEERBEEDE — AZT TSI 7> 26'16 (TR38.821) TaEamEN TL)
=

User terminal

Antenna miniaturization

Antenna manufacturing

Beam steering antenna in mobile phone for broadband

Antenna parameter of user terminal
discussed in 3GPP RAN1 Rell6
(TR38.821)

IR/ NEA B

Device miniaturization

IimARA—N—

Device manufacturing

J\> Ry MR ETZER=TTINT A AN (LT ME
e YIR— NI BtkREE

Support direct connection to handset-UE or portable
devices

INBUB(ET A AR=H—ET - —
R FUACBUTF

miniaturization may depend on device
manufacturers and usage scenarios.

BERMO-R
Satellite payload

EHIOyy

Onboard processor

FyIA=N—

Chip manufacturing

TIANAARLO— RCEIDEEZHIHL . KDFERTR
H—-EXziRMH TS

Digital payloads, reduce time delay and provide more
flexible service

3GPP RAN1TCEmSNTLD
Discussed in 3GPP RAN1

Power supply

BERS—
Satellite manufacturing

s RDERIAME

Low-cost Equipment

EaEBRMEEBHFRAHIFI01

High-capacity power supply is one of the

technical limitations so far.
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e e HE00 2 MR B/ SRR R
No SRRA SFHl (ML) Taraet industries for XMIFRTRIATLSEDH BN BE
‘I Challenge Details (Subdivision) g Technical challenges/Solution idea Remarks

cooperation to
resolve issues

*If it is currently known

TN/NTN#SE
DERER

Definition of TN/NTN
integration

-BEENTN IoTHAMEEIRL TS
STNERENVEERDIZE. BEINS
A—-RT—2AZBEZIREDERIINSNE
=[35&KREHI& : NTN-TN interworking|
DiFam/N\

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”

FIREZ-X(CBILE—RT — DR

Understanding use cases that meet user needs.

I7—A23-J1—
A
Air interface

[EHA

synchronization

NRH— AR —4—
Vendor& Operator

REBEICHIIERELL Ry T - NROFEEZ=ARY
2. HBRTAFTAIEGNSSIC & DAIERIMIIEIDRIRE
2B I DEAMICRDIEDEE 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

S LTIER

Random access

NRH— /AR —4—
Vendor& Operator

SRR IVTINS—T2 R T WP IEAFIEOE R

New preamble sequence, Simplified random access procedure

3GPP RAN1(CTa&imaNTLS
Discussed in 3GPP RAN1

Redcap
(NBITREEE D DIoTHZsZ. 5GTHE
AP DIz DILsRIERE

N — AR —H—
Vendor& Operator

EHES. RS3>VZH. REME

Low power consumption, low modulation rank, low complexity

3GPP RAN1ICTERmINTLS
Discussed in 3GPP RAN1

IoTZORINL

IoT protocols

N — AR —H—
Vendor& Operator

NB-IoT, LoRa, Sigfox/2E3FEFENERR3TORIILDUN
BAT—LA

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

NB-IoTIZ3GPP RAN1(CTi&im
ENTW3. LoRatSigfox(dT 54

AN—~JORI
NB-IoT is discussed in 3GPP RAN1,
LoRa and Sigfox are private protocols
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Wil IR R S/ AR
No ] il (M524E) Taraet industries for XRFR[RTRATVWS 6D HNIE w5
‘I Challenge Details (Subdivision) getir Technical challenges/Solution idea Remarks
cooperation to resolve ey -
issues *If it is currently known
] BIEEZE AT BRHC 1B ARROEEY -
DY —-ZADEIEEINHT NI — AR —H— V—25E|NYTEFE (NB-IoT) 3GPP RAN1IC &SN TWLS
Fixed resource assignment Vendor& Operator A||ocat]ng fixed time-frequency resources to users may Discussed in 3GPP RAN1
contribute to avoid collisions(NB-IoT)
3 MACTORIL FERBZ(BFDE - BRI EN)Y-AENHFEE. AR B

MAC protocols

DY —=2D3HLENDHT

Random resource assignment

NIAH—=&ARL—H—
Vendor& Operator

IR ET R F 2R OME EFS5 00 EEM(LoRa LU
SigFox)

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

Pk tasdwinl u)]”

Private protocols

1-Y—-igmx

User terminal

HEEN

Power consumption

FyIX—H— AZETORI
Chip manufacturing & protocol
standard

{EHEENT /(AR 5GLOHEVEEED

Low power consumption devices, low transmit power than 5G

I —iHEROEIRPICOWVTIE
3GPP RAN1 TSN TS

EIRP of user terminal discussed in
3GPP RAN1

UmAR/ N B

Device miniaturization

IimARX—H—

Device manufacturing

IR EIFIR—FTINTINAZNDHA L) MEe DR— g
SHEEE

Support direct connection to UE or portable devices

INBUE(FT A ARA=H—ED-R
=2 FIVAICHIRF
miniaturization may depend device
manufacturers and usage scenarios.

RERMO-R
Satellite payload

EHIOTyY

Onboard processor

FYTA=N—

Chip manufacturing

T IANHARAO— RICEDBEZHIRL . SOFEBY—EX
TRt D

Digital payloads, reduce time delay and provide more flexible
service

3GPP RAN1TCi&imsNTL\D
Discussed in 3GPP RAN1

Power supply

BEAH -
Satellite manufacturing

s RORIRAME

Low-cost Equipment

=8 =RRAEEEFRATHIH
D12

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

SRERRICET T FlTa) R P & PR / SREEARIREE
No B 5] Sl (ML) DKL R EEE YRR TRATVWS3EDON SN w5
’ Challenge Details (Subdivision) Target industries for Technical challenges/Solution idea Remarks
cooperation to resolve issues *If it is currently known
3 — _|-BEEX-h- N )
-Mobility DB ENESRZ BIRE(CT DL |- sttt —H— ) HAPSTOXF > Y —F(CLHt> 2>
T—— B AMIAEE DBRFE(L cRO=>xX—H— FAEZ-X(CBILIE1—RT —ADIEE 58
'fl_L_l—"\J'flLo) Clarification of positioning accuracy for enabling |.auto manufacturer Understanding use cases that meet user needs. Sensing using optical sensors etc. in HAPS is also
1 | SHRElt self-driving Mobility -Agricultural machinery manufacturer promising.
High precision positioning . -Drone manufacturer
(EREMEAMISIMORNSE  — |issmesy—n— FIFBE = — XICENUTE 12— ADIEIE sz (RTIGAUT) DSOLISTFFE
technolrz)gy anp P 9 -Communication equipment manufacturer Understanding use cases that meet user needs. % cm-positioning (RTK positioning) SOL exists
SESE OEEAICANIRENZEIBEDORE | o v = B
(I . T]Z5kRET Consideration of feasibililtf/l when ﬁlgﬁ'fa%ﬁ% _*IJ}EH%___Z(LEDUEJ‘_Zﬁ_Z@;E?E s
(Latency . ='xo i ) o -Satellite operator Understanding use cases that meet user needs. 3L 14
2 <20ms) placing processing power in satellite side E'JE%{LE—CE 0]
| ——ZC =]— — Ao b‘\%\g
@IHE% @HAPS%*U%@%%@@;iﬁﬂéﬁﬁ ° HAPS7"/§|/—’>7— _*J}Eﬁ%_ Al EDbT L Zb— XG)}E?E Re?uirements need to be refined as a first step

HAPSTI(3. RANDERE(C DV T RS RERREIIRVERIIN, E2ET
OARESEEICIMECOBRAENMHE (TNEFU)

Definition of low latency =3t Consideration of feasibility when using HAPS |- HAPS operator

(Latency : <20ms)
BEBEEAIREULE, LOS(RE |. magpay_h—
L)PERNBMBEN B, TERE |, g;%#?;%x—n—

3 |RELRE AICEENEERS FIALBOTVSN | rO—>—f— FIRE ——X(CBILIE - R —ADIEHE IS B DO LOSEMNR S EZ A8 TE
LOS impact With satellite communication, there are Ao Understanding use cases that meet user needs. e taie Lre t1s out of cellular service

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

-Agricultural machinery manufacturer
-Drone manufacturer

BIEIBECHITDBELE Ry TSI NROFZEZTART B2,
HBRTASTRIEGNSSICL BB DRTEZERIR S S H2fi(C

SH) 4 — L —4— 7 - 3GPP RAN1 38.213-4.2; 38.211-
Za K> —BARL—Y BDIBBEEZ S, 431 '
Synchronization endor perator To over come the Impact of Transmission Delay and Doppler Effect in satellite e
communication, common TA (Timing Advance) and GNSS positioning may mitigate
the issue.
IIALTIER R — AR —H— SRIVTINS -T2 FOFLTIEAFIEORERRIE 3GPP RAN1(CTESREINTLS
4 T7—-A>—J1—2X [Random access Vendor& Operator New preamble sequence, Simplified random access procedure Discussed in 3GPP RAN1
Air interface (VAR N — QAR =~ B —RE(CL DRI, GNSSHEUIDRIE 3GPP RAN1(CTE RSN TS
Positioning Vendor& Operator single satellite positioning enhancement based on GNSS Discussed in 3GPP RAN1
3GPPT(IEEmINTLVRL), ISACE[EIER.
. . N st 2DDHEBEZ EIRF(CHR— NI 2Rz RET
>3 NI — AR —H— > LiBEZEEIRHIIT ORI FRNEHD
Sensing Vendor& Operator Waveform support sensing and communication at the same time Not discussed in 3GPP. similar to ISAC. need to

consider the same waveform to support two
functions
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Wi HEO B IR R/ AR R
No SRR FHl (¥21E) Taraet industries for XRAKR[RTRATVWS3E0LHNIE [
‘I Challenge Details (Subdivision) g - | Technical challenges/Solution idea Remarks
cooperation to resolve *If it is currently known
issues
= —Ta =~ == 171N ) —
e “ B LI 3 L0 IV s rccromminiEs A L T#ANTY
E-LikvE>) N =& AR —H— = s TUTEY S IR T ORRIES 3
MACTORIIL Beam hopping Vendor& Operator Z(S):;/er:,mc:g[usg rnizzg?rrze Si”rzcﬁgr?:jfnﬂ bﬁ?ﬁ:;tjtn uts Already used in GEO satellite communication
5 g . g anp systems

MAC protocols

DY —-ZA0EH

Resource allocation

NRIH— /AR —4—
Vendor& Operator

th £y D —JEER

Similar to terrestrial networks

1—Y—i#xR

User terminal

HEEN

Power consumption

FyIA—H— ARETORIN
Chip manufacturing & protocol
standard

ESHEENT/\M R, 5GEDHEVXEEN
Low power consumption devices, low transmit power than
5G

1—H—-imROEIRPICDWVLTIE 3GPP
RAN1 TSN TUS
EIRP of user terminal discussed in 3GPP RAN1

77 HNEE
Antenna miniaturization

POTFA=N—

Antenna manufacturing

J0- R\ ROLDOIEBEFEOL - LAXT TV T
TF

Beam steering antenna in mobile phone for broadband

7>7FI\5A=45—-($3GPP RAN1 Rel16
(TR38.821)THEAINTUS

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

U AR/ NEAE

Device miniaturization

IR A —H—

Device manufacturing

g B R IN—FTNT INA ANDH1 L) NMEFZ Y
M—h

Support direct connection to mobile phone or portable
devices

TINAZA=H—¢A-RT =S H)ACED
Depend on device manufacturer and usage
scenarios

BERMO-R
Satellite payload

EHIOyy

Onboard processor

FyIA=N—

Chip manufacturing

T IANHARAO— RICEIDBEZHIRL . SOFERY —
EX%1RMHT D

Digital payloads, reduce time delay and provide more
flexible service

3GPP RAN1TEmSNTLD
Discussed in 3GPP RAN1

Power supply

BB A —

Satellite manufacturing

sEDEIAME

Low-cost Equipment

EaEmRHHEERFRAHIFIN1D

High-capacity power supply is one of the

technical limitations so far.
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o))

SREERFR[CET T AT Pk IR / SRREAFIR T
No FRiE (L) Ak LR3EE XRABKFRATRATVWS3 60N HNIT "E
. Challenge Details (Subdivision) Target industries for cooperation Technical challenges/Solution idea Remarks
to resolve issues *If it is currently known
PRSI S OFE#EEE (Ku, KaZ) 0tz ZBUILERIMME
Rz " , N BACLOTE. S/LEDGEOLDTTEMAIFEZNIE

%&gymu (Ku‘tfaﬁ) OD%'I_&"&?%EEUEEFH?\L\Kxg -LEOEEE @R:Iquires operation considering characteristics of frequency bands

Riﬁa?eLtig_ge(iarg/LFﬁ'@G EOLtOTTERM=IFEINRE -LEO Operator (Ku. Ka etc.)
ﬂﬁﬁ‘lﬂi@ﬁ&ﬁ %Rsiﬁtierizggsrsgi:gdc;rntsrin;er:ienegdzh()afr?é:;iiztia?csfﬁteﬁL(J;eErg:\i/nbgTEE(anu;etha' etc.) In some cases, consider the needs of redundancy with GEO in S/L E%(:US@&“CJ_Zb-_X%DO t“:gf
(FETIREAIER) — bands etc. TI-HLUT(Om LERDHIN ? O

1 |Ensuring availability [FERREXTHR QUT (7>5F) -BROBIEEEN (RE/RE)DBE L EEAC=.

(Rain attenuation

QUT (7>77) -RBEDBEEREN(RIE/EE)DEL

-LEOSE%HE

-LEO Operator

@UT (antenna) - Improving satellite communication capabilities

J4—=4)>0 (QF) ORIfAMm E

([FHAPSTHAEERE

There are already use cases in the US etc. Discussion
lon how much the usability can be improved is
necessary.

measu res) \Baathq'a(tatspeunar:ia(;n- Trﬁgilo"\:ie:g satellite communication capabilities (reception/transmission) (rece ption/transmiSSion)
PR EXTER _ ®ISL(Inter Satellite Link)ZRi{gL LIzt EGWB(IV7)OTTE
Q®ISL(Inter Satellite Link)zai#EL Ut EGWRB(TVU7)DTTR L'Efgf%% @Redundancy of ground GW station (area) based on ISL (Inter
g&z;&;e;::éiogf?reoajﬁgeéw station (area) based on ISL (Inter Satellite Link) Satelllte Llnk

AR OMESR LEOmp s

(%ﬁb@@b\mgiﬁ E‘% NRY == B [— 4 3 L N =, ° . s =
o= 42 f BLORWKEIRIG(CHITNBEFE - NWEDEEIRES N FENWEDEIEAR ST
2 iﬁ(ub“‘é'f’t%?Eﬁ) « Consider collaboration with other NWs 7 +TN/NTN%}L’SD&DM + Consider collaboration with other NWs

Ensuring availability
(Alternatives for the disaster sites
lacking line-of-sight conditions)

-LEO Operator
+TN/NTN integration discussion

Improving the availability of feeder links (Q band) is a
major issue for HAPS as well.

MONTNZRT LeDEHE

Cooperate with other NTN systems

LEO/MEO/GEO/ (HAPS) H##&

LEO/MEQ/GEO/ (HAPS) Operator

MNWEDEE(C L DEEENNZ &/ \BRICHDZ D

Minimize Latency increase due to collaboration

HAPSTHE Tl FGWEN W E
BHIRINGD. B EETOEMICR
ZEHD

HAPS also has the restriction of requiring a terrestrial

GW station at its feet, which poses challenges for
operation at sea, etc.

BHCUSRETI-ZT -, ECF
TI1-YEUF1Om_LZRHIHN ? D

3 ﬂﬁﬁ‘l‘i@flﬁﬁ(iﬁﬁ'l’_{)
Ensure Av_aig ility . ‘
(Connectiviey B (BARMEESNTOER) LEOSEEE, (MH&a=1UT) IRTE. —8BD LEO H—ERIGBEARDMEES TIEFAB TSR
Maritime (use outside Japanese territory) LEO operator, (MIC=government) Currently, some LEO services may not be available outside of the Japanese territory.
OEIFRIFY —E ZDiR -LEOEEE BATE(C(FRIR AIAE
@Provide bandwidth guarantee services -LEO Operator TeChnica”y feasible
)03 T ORELR QBEDFr/(S 7ML
4 —BEEHEEDT

Ensure capacity

@Improve satellite capacity
—Increase satellites
—Use high-frequency (V-band etc.)

— =EREL (V-bandRE) %fES

-LEOE%##E
-LEO Operator

REIREEESL B EFRBROFEZ RIS

Using higher frequencies is further affected by rain attenuation.

AN,

There are already use cases in the
US etc. Discussion on how much
the usability can be improved is
necessary.

(ERRIEDFELR

Ensure Reliability

IR Y —E DR

Provide bandwidth guarantee services

LEOS#E

LEO operator

antennas

FXFIEH, SEEEFEC, MMONTNEDEHS, 7> 7 FEDIENN

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

IREEAL, NWELUIHERAS S -

Standardization, NW and UE vendor

(ERESd

Reduce Latency

TN/NTNSEEE

[ TN/NTN operator

Ty H—/)\—RE NTNFTNEDELENAE V. I0FET2HEED

Edge servers, etc. NTNs, where Latency is more pronounced, need to be more aware than TNs.
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REARRICEITTE Reiilat R PR & %/ EREATRE
No SRR FHI(HAME) AR ELRSEE XRFR[RCTRIATVS3 60BN e
. Challenge Details (Subdivision) Target industries for cooperation to Technical challenges/Solution idea Remarks
resolve issues *If it is currently known
-HAPS Alliance&hnit%
OBEREIRE SOILEMANL —>3> DT — R —h— DOEBEGRE SHIOERARL — 3> O
FAENEFK LS, BISFIRTEINER —HAPSARL —4— DEstablishment of flight operations
AR (i 5 avati anvame s S et e[S Allancs meber including autonomous driving
(BBDEAEIAE ST, S e
1 [BEFRATEIZWER) -HAPS Alliance&hnit%

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

QRIIRITZEIRI B DERFLMIFFE
(FBE/BEBRL)
(@Elemental technology development for long flight
(charging./storage battery etc.)

— BEARX—h—

— ZiEA-N—
+HAPS Alliance members
- Aircraft manufacturers
- _Several manufacturers

QERHIRITZEIRI DI DB RIXMIFHAFE
(FEE/BEBRL)
(@Elemental technology development for long flight
(charging./storage battery etc.)

TRE. =1, REFOFXELRE
Challenges include effects of latitude,
season, nighttime, etc.

B AREORELR
(LLFSEREIRZEHE ES

®InterHAPSIB{ED=EIR
LLIEIERE R B LM _E SRR EN S L V\ATRE R

(DRealizing InterHAPS communication

(Possible difficulty of installing a ground station in mountainous area) |_

-HAPS Alliance&hl{t#
—HAPSARL —4—
— B {StEeX——
*HAPS Alliance members
HAPS operators
- Communication equipment manufacturer

®InterHAPSIB{EDEIR

(DRealizing InterHAPS communication

HAPSEIYCIBEZEMRET (MEBHEDLEE
HE)

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

2 BN L STREIEE) “HAPS Allance Sl
(Possible difficulty of installing a o — o —_ ~RL—~— _ o .
grou)nd station in Znountainoug QFEEBED)\vIR—ILFIA — EEHEEE A — f— DEEEED/ L FIF HAPSICHEWT. EBrclcitl EGWENMKELRE
area =422 b =SSR \VEBE P ok 1815 Y JIN— o ) A 4 3 B
&szzsgéatﬁgcoﬂ;n%uﬁaé:g iﬁc&ﬁaulﬂﬁb HEE ) ﬁl%ﬁ'fa%ﬁ% ®Usage of satellite communications as backhaul iggrﬁ%igiéis/afggglﬁ eje;:i':g the constraints that
(Possible difficulty of installing a ground station in mountainous area) :HAPSAégaonpc:rg;g;‘;bers require a terrestrial GW station at the base of HAPS.
Communication equipment manufacturer
-Satellite operator
OEHARIELOMER - AT OEHARIRZOMHER EAN(C(EE-ATTFHZROID. BE(TED
®DEnsuring dedicated frequency Government ®Ensuring dedicated frequency TTINEBEEE D T3 EE NE
Q@E-LTA-2>7 -E{Etkas X —N— @E-LTA-2>7 \
@Beam forming -Communication equipment manufacturer @Beam forming 2GHzOTDD/{>R (Band 34) ZHAPSE
ESN=EY = =5
I T-NWEREDTF FRELREE DB DR EL TR
3 Bk

Measures against interference
with cellular NW radio waves

OF v 5—HitiE
(®Canceller technology etc.

B{StEERX—N—
*MNO

-Communication equipment manufacturer
-MNO

@F v 5—HiitiE
(®Canceller technology etc.

MEECOVTEREROFENMEEIND

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

The 2GHz TDD band (Band 34) is currently being considered as
a promising candidate for the HAPS dedicated frequency.

Similar issues are expected for satellites.
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Wi HEO R IR B/ SRR R
No SR Fl (¥21E) Taraet industries for XWIFRTRIATLSIEDHBNIE B
‘I Challenge Details (Subdivision) getir Technical challenges/Solution idea Remarks
cooperation to resolve . -
- *If it is currently known
iIssues
B BDXZ DRI AT IEDICIIPERRIZII TR R
O—-ICLBDZEOERNER. RO->FREMRFT
DB ENEER>. RO—->RITAIRERZEFZE B L T,
DI BIEOR | E@EEE S B — >3 O KO—SARL—% B R U R ORER ATV AT WEMBERT BT
1 |Ensuring Establishment of flight operations including autonomous D £ EOEMBIEOARL -3 R MEI T ANENDD,
availability driving rone 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.
- BT, BEIE TR E UL BHRRE DRER
L5 —EBIELEREEOE S RO—> BEFERS I LDEIE RBUNEN L)
B F I DFEIR (FLANT—FPEEFOTYIO- K, BHIIYRE |RO->AXL—~4, MNO IBERE, T S—EHREEELEES — AL A TEE
2 |Ensuring ITREDERFIA) Drone operator, MNO BB HEH DML
availability Cooperation between cellular and satellite communications Ensuring low latency & stable line speed in the sky.
(Constant use for uploading telemetry data and video images Establishment of mechanism for seamless collaboration
executing control commands, etc.) between cellular and satellite lines when drone lacks
satellite LOS, or when taking off and landing.
RO—->HADRAO—-R, TORSEE. /1 XZZEL
_ “‘J-IJ-I /- iLI.Ll S AR = LEO%%%\ ﬁ#ﬁﬂix_b_ 7:.7\ — §ﬂa% N 0) §IE ﬁ”—' 0)/ \;:FI_]
3 1 'U-JffﬁEE 13]%1@3'{0) |\|:| //\(D?l:lﬁ LEO operators, terminal c) /Tj_nﬂl_jj_lﬁ *ﬁn N ﬁ'l_];E J :I:'ft

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

rtay o
Development of
laws

RO—->OEARITICEI I 5752 m
Laws regarding unmanned drone flights

RO—>ARL—4, EL3EE
Drone operator, MLIT

1ARL =9 —(CL DB EHEADEM SR, B EIE
27 LOFIEAL

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

Pirtay o
Development of
laws

REEE0ERB EZX ROV TOEHIE 2
Legal system regarding land, sea and air use of satellite
communications

MNO. #F5&
MNO, MIC
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SREEARRCET T
Use case | No SRR EE2 BAKREERSEE RFoovVEE B
: Challenge Details (Subdivision) Target industries for Candidates Remarks
cooperation to resolve issues
BEI-2T —BIDLE |,
BISZAFO5EE Standardization/industry group trends (SGAASS) 3GPP. SGAA
1 Confirmation of required y group industry group (5GAA etc.)
o prepeey
communication FIF B R E B RERIASRS HONDA. Bl
requirements for target |/ =7 == 2 0o (BEHEOEME) HONDA. NISSAN
use cases pany Target user (Automotive OEM etc.) '
[SD-WANAT] . - =,
UTEBEITEEATSOE, Mty JALLULY. TP —T4FI
Bonding/Blending#473_t TOHHEDH— “ Versa Networks. \[I7ILb
it -SD-WANA>A — TYRNI=DR XA AT LR
[SD-WAN] -SD-WAN vendor VMware, FertiNet, Versa
-Unification of specifications for communication bearer Networks, Palo Alto
switching and traffic bonding/blending between UT & Networks, Cisco Systems
NTNETN network side !
wa TN/NTN NWEE0HES | [TN-NTNBEE HErEFA ] NTNE=
Integration of| 2 |[Mechanism of TN/NTN | -#8B4>5J1=2/ ORI OFEBE TNS2zE
NTN & TN NW integration - iluﬁﬁf Eie .Global MVNO
—Handover = = o
A < -BENWHESX—H—
~ AEEDHIHEOIZN-F— -NTN operator AHJ)\—ISAT. SpaceX
[TN-NTN carrier network connection -TN operator SKY Perfect JSAT, SpaceX
method] | -Global MVNO
-Unification of network interfaces/protocols .Communication NW equipment
-Authentication method manufacturer
-Handover
-Converter in case of inconsistency
TN/NTNm s Sigknpgs  |Unification of chipset/SIM/antenna etc. |-UT vendor Intellian. SHARP
3 |pevelopment of terminal -2 —=RCEDRTHARDT7 > 7 FHEFE TR — Qualcomm, Kymeta.
compatible with both TN/NTN Develop|ng antennas with Shapes UT Vgndor Intellian, SHARP

tailored to use cases
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