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General architecture of 6G Enabler in SUNRISE-6G

SUNRISE 6G Pillar 2: 6G Library for experimenters

Offer a 6G Library of breakthrough components, 
devices and frameworks covering the complete device-
to-cloud value chain, which is externally accessible for
experimentation.

Multi-RAT dual connectivity enabler: Integration of 
NTNs and terrestrial networks is required to provide 
service continuity and scalability in Beyond 5G systems. 
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Multi-Rat Dual Connectivity Enabler Architecture-
Hybrid Setup
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Multi-Rat Dual Connectivity Enabler Hybrid Setup 
components

TN part: Is implemented using the Amarisoft Callbox, an all-in-one solution that integrates
both NR and 5G Core functionalities.

NTN part: OpenSAND emulator. Satellite Terminal (ST), Satellite (SAT), and Gateway (GW),
dedicated Virtual Machines (VMs) within an OpenNebula-managed cloud environment.

MPTCP: MPTCP block (client-server), MPTCP-enabled kernel.
5G UE: 5G communication HAT on top of a Raspberry Pi 4, 5G module SIM8200EA-M2.



Multi-Rat Dual Connectivity Enabler portal experiment



Additional Experiments Hybrid Setup 

Hybrid System Setup

• The 5G system is used to evaluate uplink throughput in the hybrid TN-NTN architecture by varying 
network configurations. 

• The traffic split between 5G terrestrial and satellite links is dynamically adjusted across three modes: 
5G priority, satellite priority, and equal use.

• Both LEO and GEO satellite types are configured to capture differences in link dynamics.

• Multiple TCP window sizes are tested to analyze their effects on throughput and delay.



Additional Experiments Hybrid Setup 

Hybrid Setup

• The LEO 256 KB scenario with 5G priority achieves the
highest median throughput, indicating that leveraging low-
latency orbits and prioritizing terrestrial links maximizes
network performance.

• Throughput tends to decrease when moving from a smaller
(256 KB) to a larger (6 MB) TCP window, especially in LEO,
(oversized windows can introduce inefficiency or congestion
in these hybrid settings).

• Throughput variability is highest in LEO-5G priority scenarios,
indicating possible instability despite high peak rates.



Multi-Rat Dual Connectivity Enabler components

Experimental setup for the E2E 5G/6G TN-NTN testing infrastructure in
SIEMENS testbed.

TN part:

• Open5GS Rel 17 3GPP-compliant 5G Core implementation

• 5G NR and UE is implemented with UERANSIM

NTN part: The Containerized Orbital Satellite Network Orchestrator
(COSNO) Emulator an in-house orchestration and emulation framework
for NTN networks and devices



Emulated Setup Experiments

Fully Emulated Setup

Baseline and MPTCP approach experiments

• Baseline experiments are run with legacy TCP, sending traffic 
over just one path (either 5G or satellite), to highlight the 
potential gains with multipath.

• Mixing low- and high-latency paths in dual connectivity with 
MPTCP causes packet reordering, which disrupts the TCP/IP 
stack and reduces overall throughput stability.



Leveraging the Enabler

Updates and enhancements

 Shifting to MPQUIC protocol

 Testing and comparison of main schedulers

 Apply AI logic in the protocol’s scheduler

Use Cases Testing

The basic functionality of the NTN emulator is demonstrated by showcasing

• i) a dual connectivity, 5G RAN and satellite access, where different sessions per access can run in
parallel.

• ii) an inter-PLMN handover scenario between a PLMN with terrestrial 3GPP access and another one
with satellite 3GPP access​ (the PLMN of NCSRD, the PLMN of OTE, and their interconnection with a
dark fiber)
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