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Project Overview (1/2) sg%tordust

{’Q‘} Project name: 5G-STARDUST (www.5g-stardust.eu)

Satellite and Terrestrial Access for Distributed, Ubiquitous and Smart
Telecommunications

- Co-funded by EU: Smart Networks and Services Joint Undertaking (SNS
JU) - underthe European Union’s Horizon Europe research and innovation
programme

- Stream: A-01-02 Ubiquitous Radio Access

@ Objective:

To design, develop and demonstrate a deeper integration of TN and NTN:
Deliver a fully integrated 5G-NTN autonomous system with novel self-adapting
end-to-end connectivity models for enabling ubiquitous radio access
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Timeline Gy,

5G, o ¥stardust
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¥stardust
2020 2021 2022 2023 2024 2025 2026 2027
5G > < 5G Advanced > < 6G
Release 17 ] Release 18 ! _ Release19_ 1 _ _Release20 __ |_Relegse2]l :
Satellite backhaul Assuming 18 months releases

Transport networks withstatic bandwidth
and latency

Satellite connectivity to smart phones

(5G NR): sub-6GHz,
transparentpayload

Satellite connectivity to loT devices

(4G NB-10T/eMTC): sub-6GHz, transparent
payload

Satellite connectivity to “VSAT”

———————————— [ ©C: Defire features™
for the support of |

| 6G: Service requirements ’
—— _forNTN _ _ _ 1 _ _ NTNconm -+
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Multi-Connectivity SoTA "iardust

Standardized
solution

Technical objective

comp orovements i SINK
Multi-TRP

X Rapid system adaptation
Ll in case of link failures

Higher data reliability;

DC
MR-DC higher throughput

Higher throughput

Higher throughput

Mobility robustness

Deployment affordability

Higher throughput;
deployment affordability

Higher throughput;
higher data reliability

Dual connectivity/multi-connectivity in TS 37.340 at bearer level with one gNB used as master the other as
secondary solution

C. Pupiales, D. Laselva, Q. De Coninck, A. Jain and I. Demirkol, "Multi-Connectivity in Mobile Netw orks: Challenges and Benefits," IEEE Communications Magazine, November 2021
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Use Case and Architectures “Vstardust

» Neutral-host cell (Maritime, Railway,
Airway)

* Residential broadband

» Vehicle to network

- PPDR

» Global private networks

* Transparent

* Regenerative

* Functional Split

* Integrated & Wireless Access Backhaul
(IAB & WAB)

GEO
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Task on Multi-Connectivty %

“Vstardust
- Architectural Updates
- Adaptation on the control plane
- Transport Protocols

- Al/ML for Multi-Connectivty
- RL-Based Hot Swapping

* Predictive Scheduling: system load and satellite handover
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ATSSS Reference Architecture 56,
TS 23.501 “stardust

N1/N2| N1/N2 N4
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Multi-Connectivity (MC) Scenarios %, 4o«

Direct connection Indirect connection

M MTN-gMNB

P
((

‘A TH-gHB Gateway I4B-Node

Cone Nietweork] 5
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Architecture: IAB

-+ Initial idea relay communication,
(especially indoor)

- |AB-Donor as payload
investigated

+ Inthe meantime replaced by
Wireless Access Backhaul (WAB)

¢ MT + full gNB

«  Allowing Mobile Edge Computing
(MEC) on-board and to support
Vehicle Mounted Relay (VMR)
services

TR 38.799 user link cannot be
NTN, i.e. WAP and NTN only
backhauling

5G-STARDUST.EU
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1AB-node TAB-node
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MC-Bearers Direct Connectivity 5‘%%tordust
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MC-Bearers Indirect Connectivity U,

“Istardust

@ Ll @ il
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- - 5G,,
Architecture Options Wtardust

- Direct Connection

with MC-layer at UE
with MC-layer at UE, MC-termination at UPF in space

- Indirect Connection

with MC-layer at UE

with MC-layer at UE, MC-termination at UPF in space
with MC-layer at IAB-Node

with MC-layer at Forwarding UPF function
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Protocol Stack Direct MC at UE M tardust

5GNRTN or NTN 5G Transport Data Network
UE gNB UPF PSA

Multi-Path High
Multi-Path Low
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Protocol Stack Indirect MC at IAB R raust

5G NR TN or NTN 5G Transport Data Network
UE IAB-Node IAB-Node IAB-Donor UPF PSA
DU MT DU

IP IP
Lommm e =BAP L2
e 5 RLC L1
Cmmmmmm HL2
e =

Multi-Path High
Multi-Path Low

5G-STARDUST.EU © 2023-2025 5G-STARDUST 14




5Gy,

Mininet Testbed “VZtardust

IAB node Server

Past Data Traffic

traffic prediction

Apps

sender.py

UE1 ue.py

Scheduler
scheduler.py

MPTCP MPTCP

receiver.py

Apps

sender.py

UE2 ue.py

Apps

sender.py

Path
receiver.py Manager

Data .
Apps Fil iab.py server_n_mp.py
sender.py "€

UE3 ue.py
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Hot Swapping "%

¥stardust

Application
Layer

Agent Policy M(s,a):
- Choosing a new
MPTCP configuration
- Or keep existing one
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Predictive Scheduler: Load G,

“V¥stardust

NTN
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TN
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Prediction: Handover

Ground network info
(e.g., cell_ID)

5G-STARDUST.EU

Prediction
engine

/ Ephemeris data

Future
HO
events

>

Policy
engine

Gy,

Vstardust
MPTCP stack
Scheduler
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1er| actuator
e
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. . 5G
Findings and Next Steps Wtardust

- Turning connectionless link into a connection-oriented

- Terminating MC at UPF in space for NTN/NTN connections
would offload the feeder

- Only option affected by regenerative payloads

- Encrypting can break UPF chaining, order in the stack must be
observed

- ATSSS needs to be adapted for parallel 3GPP connections:
exteneding UE identity

- Conituing Al Integration and Optimisation
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