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o VWILFE—LME (E>20)ILE—L—100E—/L~1000E —AfR)
o [LEIEAL (Ku—Ka®)

GEO - HTS
Inmarsat-5 (GX) Viasat-3
80-100 beam class 1000 beam class
Capacity: tens of Capacity: 1Tbps
W Gbps
https://www.viasat.com/about/what-we—do/satellite—fleet/viasat—3/
HTS®4 x - https://www.thalesaleniaspace.com/en/what-we—do/connect
Airbus OneSat
Boeing-702X
httoe./ /v vincat com/about/ TAS Space Inspire
“w ps://www.viasat.com/about/w
ﬁ*oi>d}bt_b hat-we-do/satellite—fleet/global— 5000 Beam Classhtt ) boei Visaitari/ i eei et
EE xpress/ flexible ./ /www.boeing.com/conten lam/boein oeingdotcom

ace/boeing_satellites/pdf/Bkgd_SatFam_702X.pdf

HTS: High Throughput Satellite

Astrains, Ovzon,
Gapsat others
Low price, flexible

N

https://www.ovzon.com/ https://www.gap-sat.com/ 9
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o FRLERIE (CHEANKEERBENER

o BEY-—EXZMRITDICEIZHOHETCH-—EATV 7ZE(ICHETH/\—3DI0E
3GPPIZHITE 5 5E 5

(GEO) E Altitude* Propagation Delay* Actual low-Earth orbit satellite constellation (March 8, 2023)

35,786km 272 ms —

25,000km 198 ms

7,000km

1,500km 26 ms
300km

TAItUde ; Service requirements for the 5G system, 3GPP TS 22.261

V20.2.0, March 2025, According to the definition of altitude above the
earth's surface

*Propagation delay: Service requirements for the 5G system, 3GPP Create by Orbitrack using information from NORAD Orbit Information TLE
TS 22.261 V20.2.0, March 2025, According to the definition of UE to (Two-line elements)
ground propagation delay at elevation angle 10° 10
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FRM : IRIS2(Infrastructure for Resilience,

Interconnectivity and Security by Satellite)
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(B)Eutelsat/OneWeb B PAVAY)
(%)Amazon/Project Kuiper G < NTTHIL-TF
(KIAST SpaceMobile CEEENA)L
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« FE. AmazonRENEICHETIEL TS,

. B, BATEREOREOHRBEE B, * PHIE LR ; 20204

\\—// « Y—EXFIBBE%R : 2030
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« LEOL O BHIBK(CIA <REBIEN DERBENHFTED

. BiEiEm s C =/ NDOMBCEIT C3GPPILHITDINTNOEEEHIER (HIBSF)
 WRC-23 Tl&. HIBSHEIFIC 694-960 MHz. 1710-1885 MHz. 2500-2690 MHz 7' “&nlz#5! (identification)”
=Nz, TEELINS 3RS ET. BFY—EXEOFTHERRENNE,

. IW(QBH%HAPS‘U EXFE

NTT DoCoMo/Space Compass : 2026F(CHATHAPSH —EXBIEEBIEL TLV\D. AirbusFETAALTODIEIARZephyrFl A,
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2025568 I(CSCEYE(CHE L. BARERICHITDHAPSOY — E X B (C1RDIMEIER EVS 9 B 22HIFHFE.
F/z. 20265 (CLEOBIE S HAPSRID10 GbpsHA IR EE DRI DEIEERZ 1T D FE(NICTDA KL iz EA)

Zephyr AIRBUS «  STRATOBUS Thales (France)
Fixed-wing HAPS holds the world record of 4,000 Airship-shaped HAPS, 100m long, 33

hours in stratospheric air m diameter, payload 250 kg, 5kW
https://www.aaltohaps.com/ power supply

https://www.thalesgroup.com/en

Stratospheric Platforms Limited ~ (UK)

Platform powered by hydrogen is currently under ¢ SCEYE Inc. (USA)
development with a flight time of more than one Airship-shaped HAPS, 152 length, 40m
week, a wingspan of 60 m, and a payload of 140 kg diameter
https://www.stratosphericplatforms.com/ https://www.sceye.com/
. Others

jungllder SOﬁBaEk (Japan) ‘78 g ApusDuo (Mira Aerospace)
Fixed-wing HAPS with a wingspan o m and a .+ Stratomast (SPL, 2025~ o
maximum payload of 75kg . Odysseus (/§urora Flight ) *HAPSZ B BB IS (IMT) D&
https://www.softbank.jp/corp/philosophy/technol Sciences/Boeing) 5 ELTHL S High Altitude
ogy/special/ntn-solution/haps/ «  PHASA-35 (BAE Systems) Platform Stations as IMT Base

Stations (HIBS) 12
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RKE SDA (Space Development Agency) DEh
(1]
o KE#E (DoD) FETFIC2019F:%17,
o ERANE(E - BSROUTIIA MEEBREL. NEEEEHC LI DEEIFERY NI - PWSA (Proliferated Warfighter
Space Architecture) %##BEE, X
o FERAEE-EYAIIERQE), EEFLCL 25T,
o Fi& #EEE (L1V) BICEE/SXTLZEE (6. Transport Layer : {KEEEE/KateRFE(E)
[Tranche (EXfEEA) 770-F]
+ Tranche0: 2023-2024 #%&4iliE5E (Transport Layer 2083T5 EIF%)
« Tranchel: 2024-2025 #IREM (Transport Layer 126#F7E(2025/09, 211415 EIF&))
« Tranche2: 2026-2027 IiRER (ZNEHIRE)
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o WgEE /-4 (L1/L2) : FEE (OCT / OISL) .
o ExHT{IAR SDA OCT Standard v3.2.0 (2024) .
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+ BRM ESA HydRON : B LYy NI —IFKIEFE (TESAT-Airbus®) .
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EXM DENE

European Space Agency (ESA) HydRON

(1]

. REIREENBERMTER. BERYGEEY>Y (ISL) PEE-i LX) /%250 Z8E (multi-orbit)

FEBIERY NI - ZHBZEL. ISLIF100GbpsiBOEAN—TyhzBIEY .

o NI BEIRRK. BEML YU I EHRT 23>, EHEEERYNI -,

« SDAIRZEY, ESTOL(X)ICEDCLBEARRNDERE - KilzHIEd
% ESTOL : ESAN'FEELTWSTIEY MRZE KR, CCSDSOIGEBIERAMIE - #5258 -G, SDAIRELD
BiREEEE.

(ZF<a1-)L]

e Element #1 : LEOEBIEIC1 0#RIEDEGE > J 8% T E

« Element #2 : 2025/2(cf##E, 2028FFT5_EIFFIE,
20304E(CHNT TEEEER

« Element #3 : I-YZEiIFFE

[ BAFEAATHI]
BEEENTILADNSUSH
+ Kepler Communications, TESAT. Airbus. Thales Alenia3& https://connectivity.esa.int/developing-future-
ESA ZZYIN-ZD{EENSE optical-highcapacity-satellite
17
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(ERAIERE4000km. B AE(SRE25Gbps)
https://spacenews.com/starllnk—m|n|—\asers—to—\mk—muon—space—satell\tes—for—neig—gﬁz\c—ttlwvr?ts;
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Sub-Working Group (SWG): APT/AWG/WG-SAM/SWG-SAT
TN/NTN ZERY NDJO—2J(CETBAPTLR—
APT REPORT ON MULTI CONNECTIVITY FOR MULTILAYERED NETWORK ACCESS USING
TERRESTRIAL AND NON-TERRESTRIAL SYSTEMS  (APT/AWG/REP-142, 202449H)
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APT REPORT ON MULTI CONNECTIVITY FOR MULTILAYERED NETWORK ACCESS USING
TERRESTRIAL AND NON-TERRESTRIAL SYSTEMS (APT/AWG/REP-142, 2024498)
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1> JAAXT5:StellarStation
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https://www.infostellar.net/jp/service/StellarStation

https://www.aalyria.com/spacetime
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o Z=E(EME: 3GPP, ITU-T
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/4 FSOlink
I,@'I@- Terrestrial " /

mobile coverage

Multi-connectio

UE Fiber link Backbone or

BERYNT=T 1 T=ARYND=T(4>
H—RyM)BLUIFIR

# FRRYRNI=J(TN) : BIESLUE £
REHFYRNT -T2 XTI
JEdh_ERRYRD—I(NTN) : F12
(GEO/MEOQ/LEO)BLUHAPSDT 5w b~
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TNENTNIE, B—DEE R A4 (T
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DARL—43) IZKYERTETH D,

Core networks Data network/

GEO: Geostationary earth orbit; cloud

MEO: Medium earth orbit;
LEO: Low earth orbit;
HAPS: High altitude platform station

GST: Ground station; GSL: Ground-to—satellite link;
ISL: Inter—satellite link; FSO: Free space optical

33
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BRICEFZEHERY —EXABELUZDETE
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o HALIKNFItER "au Starlink
KDDI (au) LEOf§£ | Starlink "SpaceX” Direct”(20256RENY |\/\°'fj) 2025/4 BRAILEH
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o FILINTIER (BEFHFE)

SoftBank HAPS | Sceye . JOyIR—ILEt BN 20265 ALBEE
NTT / NTT Space Compass,/ |+ AALINPIER (BEFMRFE) -
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Rakuten AST SpaceMobile )

Mobile LEOf81£ | “space-based o HALIRTOTER (BAEHHR) 2026FEAEBER
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nme?  TN/NTNIZEE{LB)E] 3GPP

* 3GPP began study NTN from Rel-15, to integrate satellite access for regular smartphones

« NR NTN adapting 5G NR
standards to support NTN

e 1oT NTN adapting NB-loT
and LTE-M to support NTN

Figure source: APT/AWG-35 NTN Workshop, 2025

Sl (Study Item): Technical report (TR) draft to investigate a new topic, concept, or technology. It focuses on feasibility, requirements, and potential impact.
WI (Work Item): Technical specification (TS) draft to develop actual specifications based on established requirements.
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* Fixed, mobile and satellite convergence (FMSC) ITU-T Recommendations

(A =7 AL —Z &R AERE)
[Rec.No. [ Title | Yearofapproval

IR EPLIES FMSC — Requirements 2022

FMSC - Framework 2023
FMSC - Mobility management 2023
FMSC - Connection management 2023
FMSC - Service continuity for 2023

WIS <P EES FMSC — Requirements of integrated user—centric service units 2023
WSRO FMSC — Capability exposure 2023

W EPIAS FMSC — Integrated network control architecture framework € developed based on NICT 2024
contribution (described in later slides)

ITU-T FMSC - recently developed Recommendations related to architecture framework and

N PN ERYPLIT requirements on many topics such as 2024-2025

Session management, traffic scheduling, service scheduling, HAPS support, policy

control, service function chaining, network sharing, multi-access edge computing,

etc. 37

ne?  ITU-T BhES Y.3201 DN
e Overview of ITU Y.3201 FMSC — Framework

Scope: “FMSC is the capability that provides services and applications to
e Framework

e Enabling technologies )
« Network function enhancements technologies.”
e Procedures

end users regardless of the fixed, mobile or satellite access

Enabling technologies:

e Mobility management

* Session management

» Connection management

e Service continuity

e Traffic scheduling

» Capability exposure

* Network slicing

e Multi-access edge computing

* Network self-organizing

* Al/machine learning

» Distributed ledger technologies
e Quantum information technology

Framework of fixed, mobile and satellite convergence (ITU-TY.3201)

38
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ne?  ITU-T #1855 Y.3207D4%87T (1/3)
e |TU-TY.3207 FMSC — Integrated Network Control Architecture (INCA)

( f===================§ )
Scope: Control plane I Integrated network control I
pe: I system (architecture) I
¢ Framework %========r===========#
» Procedures for network i ! ] - f ] 1 .

Data network
control

. . i : !
service design and i [ RAN ; NTN [ core network |
orchestration i | conurol E control i control !

« Procedures for network Individual network segment control systems
performance monitoring and

S —————————

| of satellites : . ‘
resource control pataplane 9% 8, BRYNI— £ AN,
_ .- [sateliteHAPS ' IREOBUHS AT AICEST
= Option 2 Ption 1 . | J>h0-)L SL—ohsEEEN S,
RN | Cellular RAN I UNTN : :
UED |/ Local B5G | 1| terminal GST ! :

“~ ; NTN-
: TN GW

network

|.. . h Data
! ' Mobile core |—

RAN Radio] [RAN Central ' network

Unit Unit '

Individual network segments

39
o VAP AN

we? ITU-T 185 Y.3207 DFBN (2/3)
( ) // Integrated network control architecture (INCA) \\\
OFunctional components: ( Application requirements analysis | \{
Application requirements analysis \ v ‘

E2E resource allocation & optimization E2E resource allocation ) l E2E network

) management & optimization status analysis i

E2E network status analysis .

v

Integrated control data service

. Integrated control &
Integrated control & orchestration orchestration
lControI parameters

Integrated control
data service

€<><><><>

Olntegrated network control interfaces

< Receiving control data from and sending
control commands to individual network

Integrated network control interfaces ] ///

Control parameters Monitoring data

\_ segment control systems £ ¥
] v 1 v . ™
'
L Access network Core network Data network i
Individual netyvork segments control NTN control control control i
Each has its own control system = i
\ Individual network segment control systems )

N,

ITU-T Y.3207 E2E: End-to-end

Functional architecture of integrated network control system

40
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nve?  BADEIE : TN/NTN$EEST7—F579Fv (INCA)

Integrated network control system architecture (INCA) Divere serV|ces Application
1. To orchestrate TN/NTN resources for network service creation service
) Ultra Ultra Ultra requirements
2. To monitor performance and control TN/NTN resource eMBB mMTC URLLC
AR/VR/IL IoT-Robots Auto-drive
Implementation based on ITU-T Recommendation Y.3207
___________________________ -

i A\

I

ol N N I U |
Closed-loop ™ = = = = = = === Integrated control |
Integrated network control functions data services |

|

|

YV

* Ref.: NICT Beyond 5G/6G White paper

Integrated network control interfaces L /
-~ I | AN A AT T
Control
v ¥
VI
\\ J Network control external interfaces
Individual \l’ 'T\
Data-plane network s D . Control data
onnectivity control Control functions service
system J Q)

| Network control internal interfaces

5G, B5G = 4 Data
cellular =)= network
=" E 7

Photonic network

* Beyond 5G/6G 787 A kX—/\— 1.0kfx Individual network segment or domain
https://beyond5g.nict.gojp/download/index.html (Varied data rate, latency, coverage)
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15

Consists of four blocks:
1) INCA functions and interfaces

2) NICT 5G Mobile testbed environment 1) INCA functioqs and integrated

3) NTN segment (simulator & emulator) (5) INCA control net\?/'\?g;\cfontr?l |nte_rfa<7es o
operation o unctions Implemente

4) Data network (DN) S_egm_ent o visualization tools in Python P

5) INCA control operation visualization tools ’

Interfaces — Restful API
Data format - JSON

INCA control messages

(1) INCA
5G Core controller === functions
| 5G RAN segment 5G Core segment N
N\,
ling pl N,
UE FRERY = = Conngt]:'ilt?’g - N4 NG \\
Applications b OSM/OpenStack based data
Mobile ») t k
Router networ
N3 ; Ea— ] Data network (DN) segment « MPEG-DASH video streaming
(2) NICT 5G Mobile Testbed Environment ; ) connectivity N app
Y
\ )/
Legend — ) o ) _ N B Tl A -I NTN controller
CU: Central unit; DU: Distributed unit; RU: Radio unit L S —— '(Z)_N?N-s_e ment
5GNF: 5G Network functions; UPF: User plane function E"fj'lg"m - Son g& - S
RAN: Radio access network; UE: User equipment A\ (i ooy & E w7 imuator « NTN Simulator/Emulator
OSM: Open-Source MANO; DN: Data network
VIM: Virtualized infrastructure manager \ (deve[oped by NI(,:T)
N3, N4, N6: Interface names  Functions shown in the next
* 5G Core network developed from slide
free5GC software
» Two sets of UPFs are used to inset NTN
in between
* 5G local radio access network available
in NICT Kogenei Headquarters
43
= ~ f—
we?  INCAEERS AT LEIEE (2/3)
! o i
i INCA functions |
Interfaces
T
1
Control Monitoring data ) ) o
parameters ! Control operation visualization tools
NTN Simulator/ v
Emulator Interface INCA functions NTN path visualization
Control data |- NTN controller
store | Control commands Control messaqe
LN N v i g
AN \‘ | ow
>, N NTN Simulator UEs
Monitoring datas, h Controllers
N \,
collection \\ : Control commands "I
\, W \
NTN Emulator b ] E
(Data plane path with bandwidth, latency, o e—| ;@\f‘ & | g
loss rate reconfiguration) /(: — X 72 - —— e 1w
1
Components of NTN segment 5GC (Edge) & NTN 56C DN
RAN (Central)
End-to-end network topology and control message flow visualization
44

ITU 2025 11 20 428 ITU-R




ne?  INCASRERS 2T LBLEE (3/3)

Through the experimental system, we can validate the INCA capabilities of

1) Network service creation:

- Setup communication paths with different sets of bandwidth, latency and jitter requirements through TN and NTN

2)  Network monitoring and control:

- Monitor of performance and resource utilization of TN and NTN
- Control (adjust) resources dynamically of both TN and NTN to meet QoS requirements when the traffic volume

fluctuates

A sample result of validation of network monitoring and control

100

80

60

40

20

NTN bandwidth utiliztion (%)

0 30 60 90 120 150 180

Time elapsed (s)
NTN bandwidth utilization surges to nearly 100% when
congestion was created by injecting background noise
traffic after 60s. The INCA control detects congestion and

decides to increase NTN bandwidth, thus utilization
decreases from 120s.

5G core function UPF’ s bandwidth and CPU utilization increase from 60
seconds due to the background noise traffic. As the utilization is still
very nominal, the INCA controller decides to do nothing.
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HIBS: HAPS as IMT Base Stations
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Part 2: TN/NTN#HS
o ZE(E)E:3GPP, ITU-T
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AIAFTRDO—EB (G, EZARAFEEAT I RILF— - EERIHEARFEME (NEDO) @
Z5EE (OPNP22012) TEMLTL\D.

NICT

E s AN BB EHIRERE
RyND—OtHAFR

T1LVY LAY NI—IRARE 5—
FHBEVATLAARE

| NICT 71 %L 3 |

e § A

ITU 2025 11 20 428 ITU-R






