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GSO 36,000km

MEO 8,000 20,000km

LEO 400 2,000km

HAPS 20 50km
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• 3GPP began study NTN from Rel-15, to integrate satellite access for regular smartphones

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

• NR NTN adapting 5G NR
standards to support NTN

• IoT NTN adapting NB-IoT
and LTE-M to support NTN

SI (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
( )

Session management, traffic scheduling, service scheduling, HAPS support, policy
control, service function chaining, network sharing, multi-access edge computing,
etc.

• Overview of ITU Y.3201 FMSC – Framework

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

Scope:
• Framework
• Enabling technologies
• Network function enhancements
• Procedures

“FMSC is the capability that provides services and applications to 
end users regardless of the fixed, mobile or satellite access 
technologies.” 

Enabling technologies:
• Mobility management
• Session management
• Connection management
• Service continuity
• Traffic scheduling
• Capability exposure
• Network slicing
• Multi-access edge computing
• Network self-organizing
• AI/machine learning
• Distributed ledger technologies
• Quantum information technology
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• ITU-T Y.3207  FMSC – Integrated Network Control Architecture (INCA)

NTN 
terminal

Satellite/HAPS

GST

NTN-
TN GW

Data 
network

RAN Central 
Unit

UE

RAN Radio 
Unit

Cellular RAN 
/ Local B5G

Mobile core 
network

UE
Option 1

Option 2

Core network 
control 

RAN 
control 

NTN
control 

Data network 
control 

Control plane Integrated network control 
system (architecture)

Individual network segment control systems

SatellitesSatellit

Individual network segments

Data plane

Scope:
• Framework 
• Procedures for network 

service design and 
orchestration 

• Procedures for network 
performance monitoring and 
resource control 

Functional architecture of integrated network control system

E2E: End-to-end

Integrated control 
data service

E2E network 
status analysis

Application requirements analysis

E2E resource allocation 
management & optimization  

Integrated control &
orchestration

Integrated network control interfaces

Control parameters

Integrated network control architecture (INCA)

Data network 
control 

Core network 
control

NTN control Access network 
control 

Monitoring data

Monitoring data
Control parameters

Individual network segment control systems

Functional components:
Application requirements analysis
E2E resource allocation & optimization
E2E network status analysis
Integrated control data service
Integrated control & orchestration

Integrated network control interfaces
Receiving control data from and sending 
control commands to individual network 
segment control systems

Individual network segments
Each has its own control system
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TN/NTN 
TN/NTN 

(Varied data rate, latency, coverage)

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

Integrated network control system architecture (INCA) 
1. To orchestrate TN/NTN resources for network service creation
2. To monitor performance and control TN/NTN resource 

Implementation based on ITU-T Recommendation Y.3207

Individual network segment or domain

Integrated network control interfaces

Network control external interfaces

Control data 
service

Monitoring dataControl

Integrated network control system architecture (INCA)

Integrated network control functions 

AI

Application 
service 
requirements

Data-plane 
connectivity

5G, B5G 
cellular

Integrated control 
data services

HAPS, 
Drones

GEO

MEO,
LEO

Photonic network

Data 
network

Closed-loop

Network control internal interfaces

Individual 
network 
control 
system 

Control functions 
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Consists of four blocks:
1) INCA functions and interfaces
2) NICT 5G Mobile testbed environment
3) NTN segment (simulator & emulator)
4) Data network (DN) segment
5) INCA control operation visualization tools

1) INCA functions and integrated 
network control interfaces
• INCA functions implemented 

in Python,
• Interfaces – Restful API
• Data format - JSON

• OSM/OpenStack based data 
network

• MPEG-DASH video streaming 
app 

• NTN Simulator/Emulator 
(developed by NICT) 

• Functions shown in the next 
slide• 5G Core network developed from 

free5GC software
• Two sets of UPFs are used to inset NTN 

in between
• 5G local radio access network available 

in NICT Kogenei Headquarters

INCA control messages

N3

N6
N4CUDUUE

RU

5GNFs

UPF
UPF

UPF
UPF

5G Core controller

DN controller

NTN controller

UPF UPF
Data network (DN) segment

5G Core segment

(4) NTN segment 
(Simulator & Emulator

UE

UE 
Applications

5G RAN segment

(5) INCA control 
operation 
visualization tools

Legend –
CU: Central unit; DU: Distributed unit; RU: Radio unit 
5GNF: 5G Network functions; UPF: User plane function
RAN: Radio access network; UE: User equipment
OSM: Open-Source MANO; DN: Data network
VIM: Virtualized infrastructure manager
N3, N4, N6: Interface names

5G User plane 
connectivity

5G Signaling plane 
connectivity

INCA (1/3)

INCA (2/3)

INCA functions

NTN Simulator

Interfaces

NTN controller

Interface

Control data 
store

NTN Simulator/ 
Emulator

Monitoring dataControl 
parameters

NTN Emulator
(Data plane path with bandwidth, latency, 

loss rate reconfiguration)

Control commands

Control commands

Monitoring data 
collection

Components of NTN segment 5GC (Edge) & 
RAN

NTN 5GC 
(Central)

DN

UEs

INCA functions

Controllers

5

Control message 
flow

End-to-end network topology and control message flow visualization 

NTN path visualization
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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 

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.  

INCA (3/3)
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