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Bavaria – the SPACE to be
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bavAIRia - the Cluster AeroSpace 

bavAIRia e.V.

• was commissioned by the Bavarian State 

Government with the management of the 

Cluster Aerospace

• is engaged in aviation, space & space 

applications

• has more than 300 members ~80% of them are 

SMEs

• is home to the Copernicus Office Bavaria and a 

Copernicus Relay

• is home to the German ESA Business 

Applications Ambassador

Bavaria is member of S3P and Nereus
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Current Topics, Trends & Challenges

DOWNSTREAM  & UPSTREAM SPACE

Satellite Communication

Copernicus & Earth Observation

IRIS2 & Secure Connectivity

Galileo & Navigation

Launcher 

Small Satellites & Constellations

New Space

Space & Defence

SMEs  → Start-ups

SME involvement in proposals of the ‘big players ‘

Access to space

Space & Climate

Space budgets (ESA, EC, national)

Commercialization 

Strategies for space and space applications in Germany

Technology Transfer

Anchor customers in new markets

Public institutions as customers

& Technology Pull

Clean Space

Cooperation space & non-space 

sectors
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Conferences
2023:

• Munich Satellite Navigation Summit:

Bavarian & Munich Flashlights 2023

• New Space Summit 2023

• Non-TerrestrialNetworks (NTN) &

Satellites - Satelliten-Fahrzeugkommunikation

2024:

• Munich Satellite Navigation Summit 2024

• Bodensee Aerospace Meeting:

Accelerate & Innovate

• Tag der deutschen Luft- und

Raumfahrtregionen

Promotion of the Bavarian Expertise

Trade Fairs
2023:

• Space Tech Expo 2023

2024:

• ILA Space 2024

• Space Tech Expo 2024
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ESA Business Applications

Identifying application domains/
Instigating new proposals

PromotingProviding support & 
coaching

• Space4Automotive Workshop (05.07.2023)
• Space4SmartCities Workshop (Q3/2023)
• Space4GreenConstruction Innovation Event 
• Space4ConnectedAgriculture (31.05.2023)

• Ongoing consulting & coaching service
• APQ-in-a-day (29.6.2023)
• How to do business with ESA

(Herbst 2023)

• Twitter

• LinkedIN
• ESA BA Newsletter
• ESA BA Homepage

Understanding Connecting Realising
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Save-the-date!

www.german-ba-ambassador.de

https://business.esa.int





Future Railway Mobile Communication
Dr. Sandro Scalise

DLR



A Use-Case for NTN?

FUTURE RAILWAY MOBILE 
COMMUNICATION SYSTEM

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023



NTN Projects at DLR Institute of Communications and 
Navigation

(a short detour…)
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Railway Communications

Train-to-Train Train-to-Ground

Train-to-Sat

Train Front-to-End Wagon-to-Wagon

Intra-Train

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023



Railway Applications

▪ Critical: applications that are essential for train 
movements and safety or a legal obligation, 
▪ Emergency communications

▪ Voice/group calls

▪ ATO

▪ ATC, etc.

▪ Performance: applications that help to improve 
the performance of the railway operation
▪ Voice/group call (train staff, passenger, depots)

▪ Telemetry

▪ Train departure

▪ Real time video, etc.

▪ Business: applications that support the railway 
business operation in general
▪ Passengers communication, etc.

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023

Environments

▪ Railway line

▪ Highspeed/main line

▪ Urban/suburban

▪ Regional  

▪ Station

▪ Shunting yard

▪ Maintenance base / 

deposit



Use Cases for SatCom in Railways

▪ IoT connectivity

▪ Video connectivity

▪ Virtual balises

▪ Passenger communications

▪ Fallback solution if terrestrial infrastructure is 
damaged

▪ Backup in case of ‘not spots' or during hand-
over procedures

▪ Primary / only connection means in very remote 
locations… 

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023
Photocredit: Rio Tinto



FRMCS (Future Railway Mobile Communication System)

▪ Successor of GSM-R from 2030…

▪ Key enabler for rail transport digitalization

▪ Decoupling of strata 

▪ Transport Stratum 

▪ provides data connectivity using multiple radio 
access technologies

▪ corresponding services (e.g., mobility, QoS, policy 

control, authentication)

▪ Service Stratum

▪ services of the transport stratum to applications in a 

transparent way

▪ 3GPP-MCx

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023



FRMCS Functional Architecture (ETSI TR 103 459)

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023



NTN in FRMCS

▪ “The following types of access for FRMCS may be used as part of the access 
domain:

▪ Terrestrial/non-terrestrial wireless 3GPP access includes 5G NR RAT, as well as 5G NR 
Satellite

▪ Terrestrial/non-terrestrial wireless non-3GPP access includes non-3GPP RAT, e.g., IEEE 
802.11, as well as  non-3GPP satellite access compatible with 5G Core. Non-3GPP access 
shall be integrable as trusted via Trusted Non-3GPP Gateway Function (TNGF) or untrusted 
via non-3GPP Inter Working Functions (N3IWF)

▪ Wireline non-3GPP access which shall interface the core domain using Wireline Access 
Gateway Function (W-AGF);”

ETSI TS 103 765-1 (Transport Stratum, Draft)

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023



DLR KN-SAN ASSETS

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023



SatCom SDR Prototype (X2Rail Projects)

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023

Trackside Applications
Trackside Applications

Trackside Applications

Trackside Adaptable Communication System

Session Control and Service Layer

Authentication Bearer Selection Routing

Handover QoS Control Multi-Path

Transport Layer

Onboard Adaptable Communication System

Bearer A Bearer B Bearer C

Bearer A Bearer B Bearer C

Trackside Applications
Trackside Applications

Applications

Track-Side 

ACS
On-Board 

ACS

Gateway TerminalForward 

Link

Return Link (SDR-Frontend)

Rx Tx

▪ Adaptive train-to-ground 

communications system (ACS) 

▪ Multi-bearer (LTE, 5G, 

Satellite, Wi-Fi, etc.)

▪ SatCom SDR Prototype 

developped by DLR and tested 

in the Lab



Satellite Channel Emulator for FRMCS (ESA Project 
TRACK)

Configurations Considered:

▪ Satellite Constellations: GEO, MEO, LEO

▪ Air Interface: 5G-NR, DVB-S2X/RCS2

▪ Carrier Frequency: L-Ka Band

▪ Narrowband-Wideband

▪ Highspeed train: up to 500 km/h

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023
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Attenuation relative to an 0.4 m wide obstacle in Ku-band



THANK YOU FOR THE ATTENTION!

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023



Reference Documents

▪ FRMCS FRS - Functional requirements

▪ FRMCS SRS - System requirements

▪ FRMCS FFFIS - Technical requirements OBapp

▪ FRMCS FIS - End to End requirements

▪ TOBA FRS - Functional requirements on-board 
FRMCS

UIC/ERA

▪ TS 22.289 – Mobile Communication Systems for 
Railways

▪ TR 23.790 - Study on application architecture for 
the Future Railway Mobile Communication System 
(FRMCS)

▪ TS 23.280 - Common functional architecture to 
support mission critical services

3GPP

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023

▪ ETSI TS 103 764 - FRMCS System Architecture

▪ ETSI TS 103 765-1 - Transport Stratum

▪ ETSI TS 103 765-2 - Service Stratum

▪ ETSI TS 103 765-3 - FRMCS On-Board

▪ ETSI TS 103 765-4 - Train Trackside functions and 
interfaces

▪ TS 103 765-5 - FRMCS UE capabilities

ETSI





Satellite connectivity for Automotive
Dr. Uwe Pützschler, Nokia

Olaf Eckart, BMW







4G/5G: Connectivity for Automotive
100% coverage is not guaranteed

Examples of coverage increasing measures:

1. Support of national roaming for vehicles

2. Road coverage obligations with 5G licenses

3. European and national support programs

TN Network 

Operator

TN Network 

Operator

Tunnel / Park 

house * ….

* Selected tunnels, parking 

areas, … are covered by TN

Non-coverage areas

Roaming /  

others

4G/5G

3GPP

© 2023 Nokia Public

Adopted from 5GAA





Motivation: NTN for Automotive

TN Network 

Operator

TN Network 

Operator

Non-coverage  

areas

Tunnel / Park 

house * ….

* Selected tunnels, parking 

areas, … are covered by TN

NTN Network

Operator

NTN Network  
Operator

Roaming /  

others

4G/5G

3GPP

© 2023 Nokia Public

Adopted from 5GAA

Ubiquitous coverage

3GPP



NTN Evolution - 3GPP Releases
From NTN stand-alone towards integrated TN-NTNs

Pre-Rel17

Low earth orbit (LEO) 

satellite constellations 

with proprietary 

connectivity solutions 

(e.g. SpaceX Starlink, 

AST SpaceMobile, 
Lynk, Kuiper,…)

Rel17

First 3GPP NTN 

release to enable 

communication from 

space (stand-alone 

NTN, no mobility, no 

NTN to TN handover)

Rel18

Lightweight TN-NTN 

interworking (no 

seamless mobility) 

and further 

enhancements

Rel19

© 2023 Nokia Public

Scope to be decided 

in Dec23

Possible features: 

regenerative 
architecture (gNB as 

payload), full TN-NTN 

integration










