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From SatCom to NTN

What's so fancy about NTN?

Satellite Communications Non-Terrestrial Networks



From Satellite Communications to Non-
Terrestrial Networks

The Role of Non-Terrestrial Systems in the 6G 
ecosystem
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From SatCom to NTN

SatCom: the use of artificial 
satellites to provide 

communication links between 
various points on Earth

NTN: the use of space-/air-borne 
platforms organized in a 

connected infrastructure to 
provide wireless services on Earth

Although the NTN name refers to a wider and more general 
concept of communication systems, it is now commonly 

associated to 3GPP systems because it has been initially used 
in the context of the 3GPP NR standardization. 
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From SatCom to NTN (nothing happens overnight)
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TN

2G
• voice, SMS, limited data
• centralised network

3G
• Video calls
• centralised network

4G
• MBB, streaming, VoLTE
• decentralised network

NTN
• Backhauling service
• Interworking at IP

Integration
5G and 5G-A

Interworking
before 5G

5G/5G-A
• eMBB, URLLC, mMTC
• decentralised network
• network virtualization

3GPP NTN from Rel. 17
• seamless TN/NTN combination

• 5G support across various RATs

Native NTN
6G and beyond

Rel. 20+
native NTN component in 
the global infrastructure

6G
• 3D multi-layered networks
• joint TN/NTN optimisation
• a true network of networks

Non-Terrestrial Networks: a path to unification

Interworking: legacy SatCom systems were typically based on industry-driven 
technical specifications leading to proprietary architectures and protocol stacks →
difficult a posteriori interactions with terrestrial systems

‘21 ‘22 ‘23 '24 '25 '26 '27 '28

Rel-17 Rel-18 Rel-19 Rel-20 Rel-21

‘20
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NTN Rel. 17: 3GPP-defined solutions

SAN connected to the 5GC for eMBB-s and HRC-s to 3GPP-
compliant UEs

SAN compatible with E-UTRA connected to the 4G EPC for 
mMTC-s to LTE-based UEs

NTN component used as a transport network providing 
connectivity between the 3GPP CN and its users

Satellite Access Node: on-ground non-NTN infrastructure 
gNB functions + gateway + feeder link + NTN payload
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NTN Rel. 17: overview

• NTN-based GEO/LEO with implicit HAPS/ATG compatibility

• Main characteristics

– transparent payload architecture

– Earth-fixed, Quasi-Earth-fixed, Earth-moving

– FR1: S-band and L-band

– handheld terminals with GNSS capabilities

• BW: 30 MHz (DL) / 360 kHz (UL)

• SCS: 15 kHz, 30 kHz

– SIB19 introduced for NTN

• ephemeris, common TA, PDSCH/PUSCH offset,
additional synchronisation and cell information

Band UL (UE-to-SAN) DL (SAN-to-UE) Duplexing

n256 1980-2010 MHz 2170-2200 MHz FDD

n255 1626.5-1660.5 MHz 1525-1559 MHz FDD

n1 1920-1980 MHz 2110-2170 MHz FDD HAPS
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NTN Rel. 18: overview

• First specification dedicated to 5G-Advanced (+ submission of the NTN RIT to ITU-R WP4B reported in TR 37.911)

• NR radio protocols

– FR2 and mobile/nomadic VSAT

– network verification of the GNSS 
coordinates determined by the UE

– optimise NTN-NTN and TN-NTN mobility 
procedures in idle/connected modes

– UL coverage enhancements

– 30 MHz channel in FR1

• Services and architectures

– discontinuous coverage scenarios: MM, paging, power saving, determination of periods without visibility [TR 23.700-28]

– backhauling: challenges and solutions [TR 23.700-27]

– security and privacy issues for mobility management and power saving in discontinuous coverage [TR 33.700-28]

– charging aspects for satellite/backhaul access [TR 28.844]

Band UL (UE-to-SAN) DL (SAN-to-UE) Duplexing

n256 1980-2010 MHz 2170-2200 MHz FDD

n255 1626.5-1660.5 MHz 1525-1559 MHz FDD

n254 1610-1626.5 MHz 2483.5-2500 MHz FDD

n512 27.5-30 GHz 17.3-20.2 GHz FDD

n511 28.35-30 GHz 17.3-20.2 GHz FDD

n510 27.5-28.35 GHz 17.3-20.2 GHz FDD

CEPT ECC Decision(05)01 and
ECC Decision (13)01

USA subject to FCC 47 CFR part 25

Earth Station operations in the USA
subject to FCC 47 CFR part 25.
No ESIM currently.
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NTN Rel. 19: overview

• NR radio protocols

– DL coverage enhancements (e.g., additional payload parameters for GSO/NGSO constellations in FR1/FR2)

– UL capacity enhancements in FR1

– broadcasting services via NTN: signalling information of the intended service area

– RedCap UEs for NR-NTN in FR1

– regenerative payloads (initial focus on full gNBs on-board)

– Ku-band, S-band (n252/n252), extended L-band (n251/250)

– HPUEs for FR1-NTN: 26, 29, 31 dBm

• Services and architectures

– study of additional use cases (additional components, requirements, security) for 5G over NTN

• regenerative payloads

• Store & Forward operations

• UE-Satellite-UE communications

– management aspects: new use cases, NTN-NTN/TN-NTN mobility and service continuity, E2E management in NTN

– application layer solutions for satellite access and the usage of NTN for mission critical scenarios

• Other potential topics might be added

• Approved: December 2023
• Target completion: December 2025
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NTN Rel. 19: architecture evolution

Regenerative payload Inter-Satellite Links

Wireless Access Backhaul

UE-Sat-UE
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eMBB-s

Global service continuity
Connectivity to un-/under-served areas

Transportation

HRC-s

Critical industrial applications
Governmental services

Emergency management

mMTC-s

Data collection/remote sensors
High density deployment

Application in automotive, utilities,
transportation, etc.

5G

5G/5G-Advanced services via NTN

• NTN can bring an added value in terms of service continuity, ubiquity, and scalability

eMBB-s+

HRC-s+mMTC-s+

5G-A

• Enhanced performance for 5G services via NTN
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5G/5G-Advanced services via NTN: dual connectivity examples

Airway scenario

• TN/NTN switching during boarding operations

• In-flight entertainment via NTN

Similar scenarios can be implemented for railway and 
maritime transportation

Residential broadband

• QoS-driven selection of GEO/LEO

• IAB connectivity via NTN

• TN-to-NTN offloading for energy saving

Source: EC SNS-JU Project 5G-STARDUST, Deliverable D2.1, "Scenarios, use cases, and services," August 2023. Available: https://www.5g-stardust.eu/deliverables/
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5G/5G-Advanced services via NTN: service distribution examples

Connected vehicle

• V2N solutions for SW 
updates, HD map 
transmission, NG eCalls

PPDR

• Aftermath of a disaster

• Public Safety operations in 
un-/under-served areas

• Connectivity to

– first responders

– population in distress

5G-STARDUST | D2.1: Scenarios, use cases and services (v 3.0.1) | Public 
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8 USE CASE 2.3 GLOBAL PRIVATE NETWORKS 

8.1 DESCRIPTION 

With the allocation of private frequencies to 5G, many industries are now testing local 5G 
networks in their specific environments, aiming to develop small size connectivity islands 
addressing their specific communication requirements. The requirements include network 
isolation and own security and administration as well as low latency and increased reliability 
and flexibility. 

However, the large companies include multiple locations, not being limited to a single factory 
or hospital, instead having locations all around the world. These locations need to be 
connected in a reliable and secure manner. Until now, such connectivity was achieved through 
the development of enterprise networks which use terrestrial network backhauls to be able to 
coordinate the different local administrative domains. No solution for 5G was yet considered, 
as currently, the private 5G campus networks still concentrate on the initial development of 
single campuses. 

In this framework, it is widely recognized that, for having efficient processes, the different 
connectivity islands will have to be integrated in a company-wide, spanning worldwide network. 
The requirements for the integration include especially isolation and privacy of the 
communication. Here satellite networks are having a major advantage as a single satellite 
operator can offer such a backhaul solution as well as a coordinated 5G network, not being 
necessary to send the data traffic over multiple untrusted Internet autonomous systems. 
Instead, a comprehensive “VPN”-like service adding to this a coordinated control can be 
offered with guaranteed resource reservations and inter-connectivity islands mobility.  

 

 

Figure 8: Global networks - A highly distributed network of connectivity islands 

These capabilities are optimized by the deployment of Inter-satellite Links (ISLs) which enable 
a space-only data path between the different locations.  Although not immediately obvious, the 
ISLs due to their communication characteristics, even though passing data through longer 
distances, should be able to provide comparable and even lower end-to-end delay compared 
to the terrestrial optical backhauls for the intercontinental type of communication (e.g., it is 
expected that a connection between Berlin and Sydney to have half the delay the same 
connection has over terrestrial backhauls).  

Global private networks

• Integrate company-wide 
connectivity islands

• Guarantee secure and 
reliable communications

Source: EC SNS-JU Project 5G-STARDUST, Deliverable D2.1, "Scenarios, use cases, and services," August 2023. Available: https://www.5g-stardust.eu/deliverables/
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NTN roadmap

• Solutions for indirect connectivity: IAB →WAB

• Functional split solutions most likely to flow into Rel. 20-21

• Multi-Connectivity de-prioritised and not yet developed

2021 2022 2023 2024 2025 2026 2027

Rel-17 Rel-18 Rel-19 Rel-20 Rel-21

2020201920182017

Rel-15 Rel-16

Study Phase 5G normative 5G-A normative 6G

Definition of the enablers
GSO/NGSO
Earth fixed/moving beams

Transparent

Smartphones (23 dBm)

S-/L-band FDD

Mesh connectivity

Fixed VSAT (NGSO, GSO)
Mobile VSAT (GSO)
RedCap UE
HPUE (smartphone, vehicle-mount.)

Ka-band, etx. S/L-band FDD, Ku-band

Regenerative

NTN use cases and requirements
Key issues and solutions

Channel model and impairm.

-

-

System architecture

RAN aspects

Targeted terminals

Spectrum

Multilayered constellation
Autonomous constellations
Opt. inter-/intra-node links

Split design
Smart routing/RRM in space



NTN tomorrowThe Role of Non-Terrestrial Systems in the 6G 
ecosystem
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6G: from integration to a native NTN component

NTN will be pivotal to provide a ubiquitous, continuous, flexible, and resilient infrastructure

Source: https://www.itu.int/en/ITU-R/study-groups/rsg5/rwp5d/imt-2030/Pages/default.aspx

ITU-R IMT-2030
• August 2024: New Study on 6G Use 

Cases and Service Requirements 
(FS_6G-REQ)

• Identified use case families
• Integrated Sensing and 

Communications
• Ubiquitous Connectivity
• Immersive Communications
• Massive Communications
• + others?
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6G: from integration to a native NTN component

3D Multi-dimensional, Multi-layer, Multi-band 6G architecture

Source: A. Guidotti et al., "Role and Evolution of Non-Terrestrial Networks Toward 6G Systems," in IEEE Access, vol. 12, pp. 55945-55963, 2024, doi: 10.1109/ACCESS.2024.3389459
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6G NTN research areas

NTN based positioning (<10cm)

Positioning

Spectrum Usage and Access: new spectrum and sharing

Multipoint transmission from the sky, cell-free MU-MIMO, distributed and swarm-based beamforming, 
Coordinated and uncoordinated sharing, inter and intra layer, Q/V and above

Network and system orchestration, Self-organizing architecture, RRM, Network traffic and channel 
forecasting, PHL design and management, Intra system semantic Communications

AI/ML

Unified waveforms, non-orthogonal techniques to increase the connection density, novel RA 
procedures to allow multiple transmissions per beam, beyond Shannon communication.

Radio interface and waveforms

Active antennas for link budget and flexible coverage, regenerative flexible payload, high-parallel 
and energy efficient HW (open-HW/Open-SW), Optical devices

Antennas and components

Multilayered constellation from GEO to drones, Innovative and autonomous constellations, optical 
inter and intra node-links design, traffic-driven coverage, mesh infrastructure

Architecture and system design

Softwarisation, virtualisation, & orchestration of network resources, dynamic functional split for 
resource  efficiency, advanced IP, routing in the sky, resource management,  integrated edge 

communication and computing

Networking, edge computing and communications

6G NTN
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6G NTN Architecture

It will encompass heterogeneous nodes (also at the same altitude):

• nodes with higher computational capabilities 
(larger platforms)

• nodes with lower computational capabilities 
(smaller platforms)

• Example of non-uniform constellation

– 600 km altitude

– Near-polar inclination (~87°)

– 45° min user elevation angle

– at least 1 satellite always visible

– at least 10 s of overlap between 2 satellites

– 366 FeederSats (large platform)

• 14 planes and 24 sats/plane

– 1269 ServiceSats (smaller platform)

• 27 planes and 47 sats/plane

FeederSat

ServiceSat

FeederSat

ServiceSat

FeederSat: 
• larger platform, no user link, only GW connection and OISL to 

ServiceSat and other Feedersat
ServiceSat: 
• smaller platform (RU only), no feeder link, only user link and OISL 

to a FeederSat

Source: SNS JU Project 6G-NTN, D3.5 “Arcihitectural Solutions," March 2024. Available: https://www.6g-ntn.eu/public-deliverables/
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Waveform: evolution or revolution?

• Potential new/adapted waveforms addressing NTN features, e.g., CP-OFDM, DFT-s-OFDM, WOLA-OFDM, OTFS

Source: SNS JU Project 6G-NTN, D4.1 “Report on unified and data driven air-interface for 6G-NTN," June 2024. Available: https://www.6g-ntn.eu/public-deliverables/

• DFT-s-OFDM shows better performance when HPA is implemented because of its reduced PAPR

• PN strongly impacts the performance of all waveforms

• Higher robustness of OTFS to PN and multipath, but increased complexity

• Assumption: no receiver optimization… yet

C band, NTN-TDL-A Q/V band, PN Q/V band, IBO = 2 and 5 dB PAPR
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ITU-R WRC-27: Ku, Q/V, W

NGSO

GSO

Aeronautical and maritime ESIM in Q/V band 47.2-
50.2 GHz and 50.4-51.4 GHz - both GSO and NGSO

Q/V-band

Allow FSS Earth Stations in the band 13.75-14 
GHz with smaller antennas

>4.5 m

New pfd/epfd limits in 71-76 GHz and 81-86 
GHz to protect fixed and mobile services

NGSO

GSO

Additional NGSO feeder links 51.4-52.4 GHz

Source: F. Zeppenfeldt, "Non-Terrestrial Networks and regulation," Special Session "Bringing 6G from vision to reality in Europe – the key role of regulation in research," EuCNC 2024.
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6G services via NTN

Maritime coverage for S&R intervention

• Combined TN/NTN connectivity to coordinate 
maritime S&R operations

• Coast Guard intervention with

– TN coverage and UAV

– only NTN coverage

– multi-link support for reliable roaming (figure)

– seamless handover to different feeder links for NTN

6G-NTN | D2.1: Use Cases Definition (v1.0)  
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10. The SAR team needs to have seamless communication with the Coast Guard 

Headquarters at shore. The people at the headquarters use UEs with subscriptions on 

the terrestrial operator B. The UEs are also equipped with NTN access capabilities, 

even when the feeder link is unavailable. The terrestrial operator B has established 

roaming agreements with NTN network operators such an NTN operator A.  

11. Therefore, the SAR team on site and the Coast Guard Headquarters at shore have 

direct NTN communication without a feeder link. They may be served by the same 

NTN, or they may be served by different NTN that are connected via Inter-Satellite 

Links (ISL). Examples of the included communication services are: 

a. Voice services, including 3GPP MCPTT, within the SAR Teams, between SAR 

teams and headquarters and between the Ship crew and the SAR teams or 

headquarters. 

b. Video surveillance, including 3GPP MC video: high-definition video 

transmission with low communication latency (LEO satellites). 

c. Continuous data, including 3GPP MC data, upload for data analytics at the 

Coast Guard Headquarters: high uplink data volume. 

d. Support information from the Coast Guard Headquarters to the SAR team on 

site: high downlink data volume. 

e. Sensor data, including 3GPP MC data, collection by drones and communication 

of position data, etc.: medium/low data rate, no restriction on NTN 

communication latency. 

f. The C2 (Command and Control) of the drones. 

 

Scenario 3: Coast Guard Intervention with Multi-link Support for Reliable Roaming  

This scenario is the combination of Scenario 1 and Scenario 2, in which the UE terminals at 
sea can roam into the High Seas or into other countries so that we should assume that the 
operational area may reach into other countries or into the High Seas. During the operation, 
the services operated by the Coast Guard should transition reliably between coastal TN 
connectivity to NTN connectivity. The transition needs to be without interruption and without 
any service degradation, even if the UE terminals go far out at sea or move into the vicinity of 
other countries coastal areas. This is illustrated in Figure 7:. 

 

FIGURE 7: COAST GUARD OPERATION WITH MULTI-LINK SUPPORT FOR RELIABLE ROAMING IN DIFFERENT 
COUNTRY AND REGULATORY ENVIRONMENTS 

6G-NTN | D2.1: Use Cases Definition (v1.0)  
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(BVLoS), i.e. it is controlled from a remote control center instead of an on-site pilot, and 
transmits the captured images and videos to a cloud for (near) real-time analysis and decision 
making. For this use case, illustrated in Figure 9:, two scenarios are considered: one for routine 
inspection and one for manual inspection, in case an anomaly is detected. 

 

 

FIGURE 9: AUTONOMOUS POWER LINE INSPECTION USING DRONES 

 

Scenario 1: Routine inspection 

1. The UAV is stored in a vertiport and receives information and flight authorization 
for a new mission. 

2. It takes offs and autonomously goes by power lines where it enters in routine 
inspection mode. 

3. In this mode, the UAV follows a predefined trajectory and captures pictures and 
videos, which are processed partially by embedded Artificial Intelligence (AI) and 
partially by servers located at edge and / or central cloud. The right balance 
depends on the available bandwidth, experienced latency, service criticality, and 
drone battery status. 

Autonomous power line inspection using drones

• connectivity for a fully autonomous remote UAV 
operation to monitor the safety, reliability, and 
integrity of wires, electrical substations, and other 
power generation assets

Source: SNS JU Project 6G-NTN, D2.1 “Use case report," March 2023. Available: https://www.6g-ntn.eu/public-deliverables/

Performance enhancement of existing services or new ones!
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6G services via NTN

Urban Air Mobility

• support connectivity in urban environments for 
automated goods delivery (business, health, citizen, 
emergency) and human transportation

– on-demand creation of aerial corridors (figure)

– anti-collision and autonomous deconfliction

– emergency situation management

Performance enhancement of existing services or new ones!

Adaptation to PPDR or temporary events

• provide connectivity in PPDR scenarios or for 
temporary planned events

– support first responders communications

– support greater public communications

Source: SNS JU Project 6G-NTN, D2.1 “Use case report," March 2023. Available: https://www.6g-ntn.eu/public-deliverables/

6G-NTN | D2.1: Use Cases Definition (v1.0)  
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Ü U-Space: It is a set of new services to support safe, efficient and secure access to 
airspace for large numbers of drones. It is based on a Service-Oriented architecture, 
where open, interoperable and standard based interfaces are offered to the various 
stakeholders of the drone ecosystem. 

Ü USSP: U-Space Service Provider 

Ü Drone operator: EASA has defined the drone operator as any person or organization, 
“who owns or rents one or more registered drones”. The pilot is the one who “is actually 
flies the drone, without necessarily owning or renting the drone”. 

6.1 DESCRIPTION OF THE PROPOSED SCENARIO 

Providing connectivity services for the so-called C2-Link (C2 for Command and Control) is 
critical for drone operations in general, and for BVLoS missions in particular. A 6G-NTN 
architecture shall thus provide specific services to be recognized as C2CSP (C2 Link 
communication service provider) and be used for UAV communications. Some ongoing studies 
seek to leverage 3GPP cellular network mechanisms to support UAV operations and propose 
a C2CSP model, but so far, NTN are not yet covered. The three scenarios proposed in the 
following cover part of such C2CSP services, they are respectively illustrated in Figure 10:, 
Figure 11: and Figure 12:. 

Scenario 1: On-demand creation of aerial corridors for last-mile delivery (pre-flight service) 

 

FIGURE 10: ON-DEMAND CREATION OF AERIAL CORRIDORS FOR LAST-MILE DELIVERY 

 

6G-NTN | D2.1: Use Cases Definition (v1.0)  
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FIGURE 14: FRB AND FRC TEAMS PROGRESSIVELY ARRIVE ON THE SCENE OF THE EVENT AND REQUIRE 
COMPLEMENTARY NETWORK RESOURCE (STEP 4) 

 

 

FIGURE 15: IN THE SUBSEQUENT PHASES OF THE EVENT RESPONSE, THE 6G NTN SEGMENT NEEDS TO 
COEXIST WITH THE RESTORED TERRESTRIAL INFRASTRUCTURE (STEP 5) 

 

Scenario 2: Support the greater public communications 

1. An unplanned event (e.g., a natural or a man-made disaster) occurs at time T0, and it 

is assumed that in the wake of this event, the terrestrial infrastructure on the designated 

area is temporarily damaged. 

2. Immediately at T0, and until the TN is restored, the users from the greater public are 

able to notify their situation with their regular smartphones, which are able to 

transparently use the NTN connectivity. 
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6G services via NTN

Consumer handheld connectivity and positioning in 
remote areas

• provide positioning services in remote areas, and 
improve the QoE and support seamless transition 
from/to TNs, also in light indoor conditions

Continuous bidirectional data stream in high mobility

• offer alternative, reliable connectivity for the 
automotive sector in case of TN coverage loss

– NTN only usage

– NTN-TN switching usage

– NTN-NTN switching in cross-border usage

Source: SNS JU Project 6G-NTN, D2.1 “Use case report," March 2023. Available: https://www.6g-ntn.eu/public-deliverables/

6G-NTN | D2.1: Use Cases Definition (v1.0)  
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This user has prepared a long hike during his holidays in a remote mountain chain and aims 
to keep his friends updated of his trek. To this end, he intends to use his favorite GNSS-based 
trekking app, which can notify his group of friends of his progression, by various means 
including sharing real-time positioning information and pictures and setting up a dedicated 
vocal chat for the duration of the event. In addition, this user wants to share real-time video of 
his progression. He considered several possibilities, including the possibility of using a drone 
in follow-me mode or using his smartphone to capture small video footages at times. But he 
opted for a continuous video feed from a WPAN (e.g., Bluetooth) front camera fastened on a 
helmet, to be fully free to hike on a possibly challenging terrain.  

 

FIGURE 16: SEAMLESS SERVICE CONTINUITY FOR CONSUMER DIRECT-TO-HANDHELD 

 

Scenario: Seamless service continuity for consumer direct-to-handheld 

1. The day of his departure, this user has travelled to the starting point of his trek, as 
illustrated by Figure 16:, step 1. This location is still under his MNO’s 6G TN coverage, 
and among other preparations, this user powers on his front camera, sets up the WLAN 
connection with his smartphone, and starts all needed apps to share with his group of 
friends some data, including position, messages, pictures, voice, and video. 

2. The user starts his trek and soon leaves his MNO’s 6G coverage. Since this MNO offers 

an integrated TN / NTN connectivity following the 6G-NTN architecture, the user’s 

smartphone can seamlessly transition from a 6G TN to a 6G NTN connectivity and the 

user is able to keep all his applicative data flows open, without any noticeable 

interruption of the 6G service. 

3. To deal with the lower capacity offered by the 6G NTN connectivity, some flows (e.g., 

the 4K video flow) may be dynamically downgraded at applicative level, but the 6G 

NTN link shall offer sufficient capacity to continue streaming video flow with e.g., a 

Standard Definition (SD) or High Definition (HD) quality. 

4. During his trek, Figure 16: shows that the user crosses a challenging terrain, e.g., 

enters sites with obstacles such as small canyons or forest canopy. In these semi-

outdoor or light-indoor conditions, 5G networks (and earlier generations) would be 

unable to cope with either the temporary loss of direct line-of-sight conditions or the 

reduced number of GNSS satellites in sight to derive the user position. In contrast, the 

6G NTN is still able to serve the user in these conditions, at the expense of a decreased 

6G-NTN | D2.1: Use Cases Definition (v1.0)  
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FIGURE 17: CONTINUOUS DATA STREAM IN HIGH MOBILITY  

 

Scenario 1: NTN only usage 

1. The passengers of the host vehicle want entertainment in form of high-definition 
content while travelling for longer periods. The vehicle is equipped at least with an NTN 
capable communication unit and momentarily in an NTN (only) coverage area. The HV 
owner has a service agreement with the communication provider. 

2. A communication link via satellite 6G-NTN is established via the communication link 
provider to the high definition service provider. In case of multiple passengers several 
independent unicast links via satellite may be provided to different service providers. 

3. Each passenger individually choses which HD content or bi-directional data services 
he or she is interested in and the service providers make the content available to the 
individual passengers. I.e. multiple independent data flows with different duration and QoS 
criteria may need to be provided. 

4. During the entire travelling period the host vehicle is continuously connected to the 
same 6G NTN network. Due to the moving satellites and HV subsequent lossless intra 6G 
NTN-network handovers need to be performed. 

 

Scenario 2: NTN - TN switching usage 

1. In a modified version compared to scenario 1 the HV is equipped with an NTN and TN 
capable communication unit. The communication is setup via 6 NTN, TN is at least 
monitored in parallel and services are provided via NTN accordingly as depicted in scenario 
1. During the travel period (prior step 4 of scenario 1) the HV entering an area where also 
TN coverage is available.  

Performance enhancement of existing services or new ones!
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6G services via NTN

Direct mesh communications over NTN

• support direct connectivity among users without 
requiring a feeder link

– Public Safety

– Maritime

– IoT

– Defense

– Automotive

Source: SNS JU Project 6G-NTN, D2.1 “Use case report," March 2023. Available: https://www.6g-ntn.eu/public-deliverables/

6G-NTN | D2.1: Use Cases Definition (v1.0)  
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Ü In another example, when two outdoor UEs are deployed on the ground, the radio channel 
of sidelink communication will be dominated by the non-line-of-sight (NLOS) propagation 
model, if the communication distance is large, e.g. as considered in this use case. Thus, 
it would cause a large signal propagation loss, which is difficult to be handled by sidelink 
communication.  In comparison, the communication between an outdoor UE and a 
satellite mainly experiences a line-of-sight (LOS) propagation model. Therefore, together 
with the large gain that can be achieve by the satellite antenna, the proposed direct 
communication over satellite is supposed to be able to provide a better radio condition 
and a better efficiency than the sidelink communication. 

It should be noted, the use case is described by using a public safety scenario as an example, 
but it should not restrict the use case from being extended to other scenarios/verticals, and 
some of the relevant scenarios are described in the following. 

Scenario 1: Public Safety 

1. Person A and Person B are family members. Officer C and Officer D are public safety 
officers executing rescue tasks. Due to some reasons, e.g. after an earthquake or the 
UEs are located in a remote area, a feeder link is not available for the satellite(s) serving 
Person A, Person B, Officer C, and Officer D. 

2. Person A detects an event, e.g. an emergency event. 

3. To request for an emergency help, Person A detects a public safety Officer C is 
reachable via the satellite communication without a feeder link. 

4. Person A communicates with the public safety officer C via the direct NTN 
communication without a feeder link, where the communication is set up and taken 
place between the person and the public officer via satellite(s), without requiring a 
feeder link connectivity. 

5. To facilitate the rescue task, public safety Officer C detects another public safety Officer 
D is reachable via the satellite communication without a feeder link. For example, public 
safety Officer D is more closed to Person A comparing to public safety Officer C and, 
thus, public safety officer D can arrive at Person A’s location faster than public safety 
Officer D. 

 

FIGURE 18: SATELLITE COMMUNICATION UNDER THE SAME SATELLITE WITHOUT AN AVAILABLE FEEDER 
LINK 
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FIGURE 19: SATELLITE COMMUNICATION UNDER DIFFERENT SATELLITE WITHOUT AN AVAILABLE FEEDER 

LINK 

6. Public safety Officer C communicates with the public safety Officer D via the satellite 
communication without a feeder link, where the communication is set up and taken 
place between the two public officers via satellite(s), without requiring a feeder link 
connectivity. The communication can be used by the two officers to coordinate the 
rescue task. 

7. While waiting for the rescue team to approach him/her, Person A would like to call a 
family member B. 

8. Person A detects the family member Person B is reachable via the satellite 
communication without a feeder link. 

9. Person A communicates with the family member Person B via the satellite 
communication without a feeder link, where the communication is set up and taken 
place between the two persons via satellite(s), without requiring a feeder link 
connectivity. 

10. Person A, Person B, Officer C, and Officer D can communicate with each other via 
NTN when a feeder link is unavailable. The communication can be used to rescue and 
comfort Person A. 

Note that Person A, Person B, Officer C, and Officer D may be served by the same satellite, 
e.g. as shown in Figure 18: or they may be served by different satellites that are connected via 
ISL, e.g. as shown in Figure 19:. A satellite serving the UE(s) may be a NGSO or a GSO 
satellite. In case of NGSO constellation, a UE may move to the coverage of a new satellite. In 
case there is an ongoing communication with a peer UE, the new satellite may either serve the 
peer UE or have an ISL connection with the satellite serving the peer UE. 

Scenario 2: Maritime 

When two or more ships are sailing in the middle of a sea and relatively closed to each other, 
they may benefit from communicating with each other, e.g. for fleet management and rescuing 
in case a ship is sinking. Thanks to the large coverage of satellite system, the communication 
between two or more ships may take place over 6G NTN. However, it may become difficult 
and cost-inefficient to achieve and ensure 100% feeder link availability for satellites over a 

Ground networkPerson A Person BOfficer D Officer C

Inter satellite link

Performance enhancement of existing services or new ones!
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6G NTN standardisation: an educated guess

• Potential objectives

– connectivity in areas not covered by TN

– improving the coverage performance of direct connectivity, possibly in light indoor conditions

– reducing the energy consumption through smart TN-NTN routing

– higher accuracy positioning services beyond TN coverage

– deterministic and lower delays through interconnected nodes at very low altitudes

new waveforms with flexible channel bandwidth and 
low PAPR
• extend the link margin (e.g., light indoor)

• support ISAC

• support NOMA in high density scenarios

AI
AI-driven RRM supporting NTN-TN 
spectrum sharing solutions

support TN/NTN and 
NTN/NTN Multi-Connectivity

definition of new/enhanced radio procedures
to support new architectures and technologies

definition of advanced routing protocols in multi-
dimensional networks, with variable inter-node conditions

support of functional split architectures
across the feeder link and on INLs



ConclusionsThe Role of Non-Terrestrial Systems in the 6G 
ecosystem
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Conclusions

• The integration of an NTN component into 5G is a reality since Rel. 17: the first milestone of a long path started 
more than 20 years ago → a new beginning

• The strict interaction of research, industries, and standardisation/regulatory bodies is a key to success

• NTN will be a native component in 6G infrastructures

– mega-constellations represent a sustainability (financial/environmental) challenge for 6G → new paradigms being explored

– (r)evolutionary technologies are needed to achieve a fully unified 6G air interface

What's so fancy about NTN?

Support for new/enhanced
applications and services

Cost reduction through economy
of scale for the satellite industries

by accessing global standards

Truly achieve global service
continuity, ubiquity, and resiliency
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On-going NTN projects

Design and validate NTN’s key technical, regulatory, and standardisation enablers for the integration of TN 
and NTN components into 6G, focusing on multidimensional network infrastructure, multi-constraint RANs, 
and multi-user terminals

Deliver a fully integrated 5G-NTN autonomous system with novel self-adapting end-to-end connectivity 
models for enabling ubiquitous radio access

Design a 3D multi-layered communication architecture for integrated T/NT networks, by designing advanced 
transmission technologies and conceiving innovative methodologies for the orchestration of communication 
and computational resources

https://www.6g-ntn.eu

https://www.linkedin.com/company/6g-ntn/ @6Gntn

info@6g-ntn.eu

https://www.5g-stardust.eu/

https://www.linkedin.com/company/5g-stardust/ @5G_Stardust

info@5g-stardust.eu

https://www.fondazione-restart.it/projects/s11-ita-ntn/

https://www.linkedin.com/company/fondazione-restart/ @Fond_RESTART

fondazione-restart@pec.it

https://www.6g-ntn.eu/
https://www.linkedin.com/company/6g-ntn/
mailto:info@6g-ntn.eu
https://www.5g-stardust.eu/
https://www.linkedin.com/company/5g-stardust/
mailto:info@5g-stardust.eu
https://www.fondazione-restart.it/projects/s11-ita-ntn/
https://www.linkedin.com/company/fondazione-restart/
mailto:fondazione-restart@pec.it
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