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TN: Terrestrial network
NTN: Non-terrestrial network
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1. Network service creation interface (&)

QoSEHZENMLTRESNIZNFA—REZEEL. INBEXUNTINA VIS EIZRURT—OH—ER%E
AT B=HIZERASND

2. Resource control interface (Z##D)
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3. Performance and resource monitoring interface (Z&#%£®2)

TNELUNTNDEIREN L FIAIRR O REICEE I AHI T —2ZUNET H=-DICFERASIND



N(I§7?

Part-2: NICTBS5GE/NNM LT R Ry FKETHOINCAD TEEH



INCAA o3 —DJ 1 —ADEE (2/2) N@;

o A2A—TJx—XRI[ RESTful APl TEEINTLVS,
o HIET—2. FHE/SA—21LISON DIZERX TEIEN S,

# Example of network service creation parameters

’f 9/)-‘_7 I—ZODWJ {"network service name/ID": "testl",
"network service informations": [
{
"service type name": "video-medium",
Network service creation interfaces "service type/5QI": "1",
"total traffic rate (UL)": "40",
http://<IP address>:8888/network-configuration "total traffic rate (DF)?‘ "40",
"NTN segment latency limit": "0.1%},
b
Network resource control interfaces # Example of resource control parameters
{'upfname': 'upfl',
http://<IP address>:8888/resource-control 'action_type': 'decrease',
'resource': 'number_of_cpus',

'quantity': -1},

;

Resource monitoring interfaces .
# Example of ntn data collection
http://INCF_HOST:1990/plot/[dn|ntn|5gc] {"network_service_name_ID":"testl","ntn_routes":[{"a

ctual_throughput":1152.0 "ass1gned_bandw1dth" "40000
.0”,"direction":0,"1atency":63.27950102769918,"node_
id_1":"NRUE-1-1","node_1id_2":"DN-1-

1","ntn_hops":6,"required_traffic_rate":40.0,"route_
latency":0.06327950102769918,"route_throughput":40.0

9 e

}

Example of ntn monitoring data collection
interface:
http:// 192.168.149.17:1990/plot/ntn
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INCA service configuration GUI

» Start INCA services
* Stop INCA services
* Show INCA component status

Admin
Home
INCA Services
-
senc INCA Services
INCA Data
Start INCA without Centrol Components
INCA Control
Start INCA Services
Stop INCA Services

Shiow INCA State

Clear
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B5G Testbed Mobile Environment Koganei — UEs located near indoor gNB (RU)
(experiment on 2025.10.14)

Indoor gNB (RU) in RF
shield tent

Two mobile routers (MRs) used as
UEs are connected to the RU via 5G
radio signal
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Two demo scenarios - overview

Demo scenario 1:

INCA capability of monitoring and controlling multiple paths of TN and NTN
« The path delay and available bandwidth dynamically change as network traffic load fluctuates.
« Bandwidth control executed to maintain application QoS high

Demo scenario 2:
NICA capability of switching from TN to NTN domain (and vice versa) for optimal path delay (latency)
* (Assuming the availability of three domains of LEO, TN, LEO+GEO) with latency shown in below figure)
* TN -> LEO: Path switching from TN to NTN occurs when lower delay NTN (LEO) path is available
« LEO -> GEO: NTN delay increases when GEO is used in the NTN path (due to LEO link loss)
* GEO -> TN: Path switching from NTN to TN occurs when lower delay TN path is available

Network latency

LEO TN LEO+GEO
80 ms 120 ms >250ms

N@;
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Demo scenario #1 N(IETJ

Monitoring and controlling multiple paths of TN and NTN in B5G testbed mobile environment

RAN segment 5GC segment INCA-GUI

Data network segment
AN
1 /J\i#:TB 5GC controller === INCA =
NaF NAFF |

DN controller

OpenStack
VIM

Ry b
Mobile
Router

Background
\ traffic @

B5G Mobile gNB /b

[V %5 scar

A\ W Y
\\ nn Ve -|  NTN controller
NICT B5G Mobile Testbed Environment “Path~ - s NTIN
emulator NTN segment imulator

Simplified layout of involved network functions
Demo overview:

1) Sending control commands from NICT to creating three paths across testbed RAN and 5GC and NTN (assuming between
Tokyo and an island in Pacific)

2) Attaching two UEs (through a mobile router) to each path; running MPEG-DASH video applications on UEs

3) Showing NTN node/path visualization (time-progressing in STK visualization window), INCA monitoring graphs (resource

allocation, utilization, latency) of 5GC UPF and NTN paths to validate the existence of paths

Showing application video and QoS graphs (data rates, end-to-end latency and jitter) on UE monitor

Adding background traffic between two UPFs set of path 1 to create congestion in the NTN path

)
)
6) Showing degradation of video quality, reduced application data rate and increased latency on QoS monitor
) Showing INCA monitoring graphs of increased NTN bandwidth utilization and latency

)

Showing INCA sending bandwidth *increase* command, increased NTN bandwidth, returning of video quality
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Demo scenario #2 N@T)

Switching between TN and NTN depending on path delay (latency)

Initial state: TN path of latency (~120 ms) is used for communication.

2) The path switches to NTN (LEO) of smaller latency (~ 80 ms) when LEO link is available.
Decrease in round-trip time shown on UE’s QoS graphs. [
3) The path switches to NTN (LEO+GEOQO) of higher latency (> 250 ms) when a LEO link loss :
occurs. Increase in round-trip time shown on UE’s QoS graphs. |
/
4) Degradation of application QoS (high-definition video turning into low-definition) in GEO path  ,
5) The path switches back to TN (because of its smaller latency in comparison with GEO path) ,// \
6) Returning of QoS to high-definition after switching the path from GEO to TN/LEO ‘s TTT T g
/v NTN path thru’ LEO
V4
4
@®®
RAN segment 5GC segment INCA-GUI
— Data network segment
[ \i#:TB 5GC controller --4 INCA &=~ —
DN controller /NEF NAGH I
D Sgeom” MR
Client Mobile T OpenStack
@ @ Router N3 VIM

B5G Mobile gNB

| /& SCHE |

\\ /NN /] A
A\l /\ T
NTNPath /[ e {__NTN controller
NICT B5G Mobile Testbed Environment emulator || __---="" NTN
NTN segment Simulator

® OV utetor

Simplified layout of involved network functions 14




Demo scenario #2plus

NTN path reconfiguration when an NTN link loss occurs

\ Y,
Video app

Client

NEHT

NTN path reconfiguration from LEO only to LEO+GEO

(when a LEO link loss occurs)

RAN segment 5GC segment INCA-GUI

&
e %,
7 \
[ |
| |
| |
| |
| |
LEO only path 1 1
LEO+GEO path | |
\ ingapore TOk\f /I
—\ 7 - _OES: Opticalground;ation

Data network segment
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TR b
~y b
Mobile
Router

B5G Mobile gNB

A
_I NEFHTB | 5GC controller

& FE NAGT |

DN controller

OpenStack
VIM

| &3 SCHt |

\ N NTN controller
NICT B5G Mobile Testbed Environment emulator || __---="" _NTN
NTN segment Simulator
TN Path
emulator

Simplified layout of involved network functions

19



N(I§7?

Summary and future work

« Design of TN-NTN integrated network control architecture (orchestrator)
— Enabling network service creation, monitoring, and control for offering quality of
services in TN-NTN convergence
*  Work-in-progress experimental system development on NICT's Beyond 5G
mobile testbed network environment

*  Future work
— Open to share INCA experimental system and interfaces with SPIF members,
extending collaboration
— Standardization of detail functions and interfaces
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