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NeverEnding story

33rd European Signal Processing Conference (EUSIPCO 2025)
2025 European Workshop on Multi-Orbit Multi-Band 6G Satellites (MOMBSAT 2025)

Isola delle Femmine – Palermo – September 12th 2025

• We (the satellite community) may need the 
psychologist and or psychiatrist because this 
is a recurring theme. Since the very 
beginning of the satcom era we are looking 
for the role of satellites in the 
telecommunication networks (that now-in 
the near future will be 6G).

• Other communities don’t need the psychologist as well because without so 
many discussions (and funding)  the role of other technologies has always been 
very clear. Let’s think to WiFi, Bluetooth, NFC, etc. We have Italian Space 
Agency, European Space Agency, CNES, DLR, NASA, etc. They don’t have Italian 
WiFi agency, etc. but the role is very clear.

• Searching “Role of satellite” on IEEEXplore (inside abstracts): 1045 items



Reality & Imagination
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• Now, reality came before imagination. After the commercial, just 
commercial, failure of Iridium and Globalstar systems (conceived and 
developed in ’90), that nonetheless are anyway kicking and alive, some 
years ago we “suddenly” realized to be awaked in the megaconstellation 
era: OneWeb, Starlink were already launching satellites and starting 
service.

• Then, in some years also Kuiper, LEOSAT, Rivada, Mangata, Spacesail, 
LightSpeed, etc.

• Total number of satellites at the end of the day (in strict sense because 
the Sun risks to be shadowed): 100000.

• Now we are risking that the offer will be much huger than the demand.



Why use satellite?
Costs independent on distance (within one satellite coverage)

Collecting and broadcasting characteristics

Particularly suitable and cost effective for multicasting

Irreplaceable in areas with scarce or no infrastructures

Irreplaceable in case of disaster

Suitable for large coverage areas and long-range mobility

Relatively short deployment time

Flexible architecture

Bypass very crowded terrestrial networks

With the same infrastructure both fixed and mobile services

• Disruptive to feed 
CDN nodes

• Efficient to 
distribute security 
keys

to being the element 
that can meaningfully 
contribute to achieve 

the “zero latency” 
and to efficiently face 

the multi-domain 
issue

From being a 
problem due to 

delay
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NTN Integration Modes 
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NTN integrated business models
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3GPP roadmap for Satellite
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Time plan for standard release 
Approved Timeline in March 2023
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3GPP NTN standardization 

33rd European Signal Processing Conference (EUSIPCO 2025)
2025 European Workshop on Multi-Orbit Multi-Band 6G Satellites (MOMBSAT 2025)

Isola delle Femmine – Palermo – September 12th 2025

Rel15 Rel16 Rel17 Rel18

TR-38.811

TR-38.821

TR-22.822

TR-23.737

TR-28.808

TS-38.101-5

TS-38.108

TS-38.181

TS-38.521-5

TR-23.700-27

TR-23.700-28

TR-28.844

TR-28.841

TR-33.700-28

TS-36.102

TS-36.108

TR-38.882

Report Specification

Main References for 5GNTN 

SYSTEM ARCHITECTURE

NR-Uu ADAPTATIONS

SATELLITE ACCESS

MANAGEMENT ASPECTS

SATELLITE ACCESS NODE

TRANSMISSION AND RECEPTION

NTN IoT

NTN SERVICE REQUIREMENTS

NTN ORCHESTRATION



OK, satellite is in the standard

and also, on several scientific papers and project reports
Excellent, but…………
…………to realize really integrated architectures is not mandatory.
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Reality indicates that “satellite operators are only slowly adopting basic 5G 

deployments” (even optimistic statement) and that

terrestrial operators are reluctant to include satellite in 

their architectures because (fundamentally) they don’t 

think that their business will increase (neither marginally)

Telecommunications and Satellite always two parallel 

worlds 



6G or NOT 6G, that is the question

• Megaconstellations are NOT 5G and will NOT be 6G
• Service provisioning and integration with terrestrial networks are 

implemented on the basis of proprietary standards
• Direct to cell for very limited set of services and data rate
• The European initiative IRIS² should be the very first satellite 

system with 5G Air Interface but as far as we know nothing was so 
far established for the Core Network

• In any case the risk is that the offer will be much greater than 
demand
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Starting concept 5G & 6G: real challenge

Not everyone may know that
The satellites can contribute to 

win it!

Apogee

Perigee



Internet & 6G

Infrastructure

Applications

Information

Signals
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What next

• To reach the goal of REAL integration we need to address some 
challenges …………..
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A step back… review of functional 6G reqs!
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Functional requirements Link to megacontellations

Ubiquitous connectivity 
Key support by design! Typical entry point for the satellite involvement. Already in the 5G of course but 
extended with a strict synergy with other requirements. Extend single GEO to megaconstellations.

Extreme connectivity (high 
bitrate)

Available and planned megaconstallations support broadband connectivity (wrt past LEO systems). In 

addition, in 6G multi-connectivity approach megaconstallation can represent a persistent supplementary 
capacity to enable. Pave the way to 3D constellations (see EU  Nexasphere project)

Mobile support Satellite global coverage helps! 

Pervasive AI/ML
Megaconstellations enhance data-driven architectures increasing input data, coverage and compute 
nodes. 

Compute-as-a-service
With on-board processing, megaconstellations offer thousands of orbiting compute nodes to involve on 
dynamic, scalable services. 

Reliability, Resilience and 
Service continuity

Megaconstellations: one more string to the operator’s bow

Positioning/Sensing This a traditional satellite job. 

Many others: Indoor Coverage, Efficient sleep states, Intent-based interfaces, Ultra-low cost, energy neutral, Predictable low-latency E2E 

communications, Security and Privacy, data synchronization, Immersive mapping as a service, affordability, improved human-machine 
interaction, interoperability



LEO Megaconstellations
Satellite networks transforming global internet connectivity rapidly



What Are LEO Megaconstellations?

• Definition and Altitude Range
⚬ LEO megaconstellations are large satellite networks orbiting between 160 km to 

2,000 km above Earth. With large it is intended from some hundreds to tens of 
thousands.

• Primary Applications
⚬ These satellite systems support mainly broadband internet, IoT and global mobile 

communications.
• Advantages of LEO Orbits

⚬ LEO satellites offer lower latency and faster data transmission benefiting real-time 
applications wrt GEO Very-High Throughput satellites.

• Global Connectivity Impact
⚬ LEO megaconstellations extend services access and to remote and underserved 

regions worldwide. Combination of orbits including polar orbits and direct inter-
satellite-links can offer connectivity in the oceans and in the polar regions.
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Starlink by SpaceX

• Global Satellite Network
⚬ Starlink operates a large constellation of over 8,000 satellites in very-low earth orbit (550km) to 

provide worldwide internet coverage.
• Advanced Connectivity Technology

⚬ Most of the satellites are transparent and can only offer services on-land where ground gateways 
are in visibility to the satellite. The User-terminal uses phased array antennas to avoid moving 
parts while tracking satellite movement efficiently, offering download datarates exceeding 300 
Mbit/s. Furthermore, latest generation Starlink satellites include laser inter-satellite links to 
enhance speed reduce latency and offer coverage overseas.

• Focus on Rural Access
⚬ Starlink aims to deliver high-speed internet to rural and remote areas traditionally underserved by 

other providers.
• Challenges and Innovation

⚬ Starlink continues innovating to expand services with the introduction of mobile user terminals, 
with even smaller antennas and offering LTE connectivity to unmodified Smartphones in an 
ongoing trial.
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OneWeb: Bridging the Digital Divide

• Global Satellite Network
⚬ OneWeb has launched over 600 LEO satellites to provide global internet access, 

especially to underserved areas.
• Targeted Client Focus

⚬ OneWeb serves enterprise, aviation, maritime, and government sectors, focusing 
on critical connectivity needs.

• Strategic Partnerships
⚬ The company partners with governments, telecom providers, and NGOs to expand 

internet reach and impact.
• Financial Recovery and Growth

⚬ After bankruptcy in 2020, OneWeb revitalized through investments and 
collaborations to ensure scalability and reliability.
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6G architecture integrating 
Megaconstellations

Satellite networks transforming global internet connectivity rapidly



6G a step towards a data-driven architecture 
• New functional requirements lead to a new architectural framework based on pervasive AI/ML and automation principles 
• Data-driven architecture is a system design approach where decisions and actions are based on data analysis. 

⚬ It involves collecting data from various sources, processing it to gain insights, and feeding this processed data to the ML models to 
continuously improve the models
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Can a single system satisfy all the goals?

Legacy 
Bands

3 
GHz

30 
GHz

700 
MHz

New 
Bands

18 27

mmWave
RFIC

Wide
Coverage 
Antenna

mmWave 

System/RFIC/Ant.
Massive connectivity Network Slicing

AIML and automation Advanced systems New protocols

Plenty of service enablers

Source: Soret, 

Beatriz et al., 

Fundamental 

Tradeoffs among 

Reliability, 

Latency and 

Throughput in 

Cellular 

Networks, IEEE 

Globecom 2014 

5G heritage 

6G Novelties 



Open issues

HOW can megaconstellations be 

integrated in the 5G ecosystem?

WHERE can megaconstellations 

be placed?

WHICH are the issues and 

challenges for megaconstellations 

integration?

WHO/WHAT can benefit from 

megaconstellations?

Integration Models

Scenarios

Architectures

Use case

Protocols Stack

Adaptations

Applications and Services



Megaconstellation network 
modularization

Technical channel #1



6G network modularization
• Network modularization gives the opportunity to revisit the 5G NF composition and 

granularity and optimize it according to the specific requirements of the services
⚬ by increasing the granularity of a module, despite the performance drop and high complexity, the 

flexibility can be enhanced, and the system can be dynamically scaled much easier. On the other 
hand, by lowering the granularity,

• the network modularity enabler targets decomposing the 6G system (6GS) network 
functions (NFs) into new modules to optimize 6GS for certain KPIs. 
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5G NF: e.g. PCF, AMF, SMF, etc.
6G modules: based on different 

granularities and composition 



SURPRISE project 

• https://romars.tech/en/project/surprise/
• The main objective of the project is to design, develop, and test fully virtualized 

ground software components that can be deployed, configured and scaled 
dynamically over shared infrastructures exploiting edge or cloud resources. 
Orchestration and network automation mechanisms can combine, manage 
and control such components, exploiting their open programmability, to build 
and deliver end-to-end services supported by both flexible high throughput 
satellites and terrestrial networks among multiple end-users and service 
providers.

• The resulting virtualized platform is deemed fundamental to ease the creation 
procedure and management of Satellite Virtual Network Operators (SVNOs), 
through simplified north bound interfaces to allow a complete while simple 
management of the terrestrial and satellite physical resources available.
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General framework
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Virtualization of a satellite instance 
• A new approach was identified for the design and development of Satellite VNF

⚬ There is no more distinction between primary and secondary VNF
￭ Satellite: core functions in the Sat domain
￭ Additional: network services and applications

⚬ Each VNF implements functions performed by a system component
￭ Modem, Encapsulator, NIC

⚬ A chain of VNF represents the satellite entity
￭ GW, SAT, ST

⚬ VNFs in the chain interact each other using IP/UDP packets as transport An example of a VNF chain
• An example of a VNF chain
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for the virtualization of satellite gateways: the 

SURPRISE project, 2024 International Symposium 

on Networks, Computers and Communications 

(ISNCC), 2024, October 22-25, Washington DC, 

USA, pp. 1-6, doi: 

10.1109/ISNCC62547.2024.10758997, Scopus 2-

s2.0-85212237721. 



5G-EMERGE project 

• https://romars.tech/en/project/5g-emerge/ 
• The project envisages an open multi-tenant ecosystem that 

seamlessly integrates Near Edges well connected to Satellite 
Teleport with distributed Far Edges through a virtualized satellite 
connection to 5G-base stations. This solution is a hybrid, native IP, 
infrastructure based on open standards to deploy edges in both 5G 
and non 5G-network head-ends, home networks and networks in 
vehicles.
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Breakdown of 5G eco-system in System 
Element



5G-EMERGE Common and Use-case specific 
reqs

Requirements/Specifications & Technology Scan

HARDWARE

SMART GATEWAY AT 

NETWORK NODES

• Common elements

• 5G BASE STATION

• METROPOLITAN 

NETWORK NODE

SMART GATEWAY ON A 

VEHICLE

• Common elements

• CAR

• MOVING 5G BASE 

STATION

• MARITIME NETWORK 

NODE

SMART HOME GATEWAY

• Common elements

• HOME

⚬ Individual Home

⚬ Nomadic Gateway

• COLLECTIVE BUILDING

⚬ Residential

⚬ Non-residential

COMMON ELEMENTS

• Content provisioning

• Cloud uplink 

preparation

• SATCOM

• Micro-Edge

• Service provisioning

SOFTWARE

• Content provisioning

• Micro-Edge

• Service provisioning



Megaconstellation new access 
and flexible topologies

Technical channel #2



New TN-NTN access 
• The enablers for new access and flexible topologies include aspects 

of network of networks and multi-connectivity. 
• https://romars.tech/project/nexasphere/
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Multi-path solutions

• https://romars.tech/en/project/inn3sco/
• The main INN3SCO objective is to develop, validate and 

demonstrate the integration of non-3GPP satellite networks with 
5G Core Networks (CN). 

• Dedicated methods for the combined use of the multi-access link 
(both 3GPP and non-3GPP), called Access Traffic Steering, Switching 
and Splitting (ATSSS).
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through N3IWF in 5G Networks, 2024 IEEE International Mediterranean 

Conference on Communications and Networking (MeditCom), 8–11 July 

2024, Madrid, Spain, pp. 19-24, doi: 

10.1109/MeditCom61057.2024.10621141, Scopus 2-s2.0-85202349465. 
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Multi-path solutions
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RAN disagreggation

• https://romars.tech/en/project/nb-iot4space/ 
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Enhanced Network Attach procedure



Conclusion points 
• Number of recommendations

⚬ Dedicated frequency bands (Endorse satellite coverage, while avoiding interference 
problems)
￭ Definition of optimized TDD patterns for the management of radio resources in case of NTN

⚬ FDD scheme (maximize re-use of satellite technology)
￭ Definition of new frequency bands using FDD for NTN

⚬ Relax QoS requirements (same path of NTN NR)
⚬ Multi-path solutions including satellite as a non-3gpp link (a ready-to-go solution)

• Identify use-cases where cost and complexity can be kept reduced
⚬ Migrate on virtualized technology
⚬ Identify advantages on not use full-fledged gNB on-board. 

￭ Simplify on-board appliances (DU-CU splitting)
￭ Control logic on the ground for easy upgrade, slicing and interoperability with MNO
￭ When CN is on the ground, continuous coverage is required (ISL, optimized routing). 

⚬ Re-use legacy satellite technology (out-band)
￭ Multi-connectivity architectures and solutions
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