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bavAlRIa - the Cluster AeroSpace

bavAIRia e.V.

A Cluster“

bavAlIRiIia Aerospace

bavAlIRIa 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

May 24, 2023 7
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bavAlIRiIia Aerospace

Current Topics, Trends & Challenges

Copernicus & Earth Observation New SpaCe
DOWNSTREAM & UPSTREAM SPACE

Satelite Communication  Gallleo & Navigation

IRIS2 & Secure Connectivity
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bavAlRia Aerospace

bavAlRia's Activities

dialogues on different topics ~ ° Smile (startups meet industry - live event) (Q3/Q4 2023)
- Representation of interests of our members;

ﬂ » » Working Group on Copemicus Arbeitskreise
g,- Initiate & foster, . User forum .Digitalisierung im Tourismus (DIT)"

Support  ° Delegation trips and visits = 12.05.2023 Prag EUSPA
i . N _ » Initiation Business Trips 2 23.-27.10.2023 Sweden,
internationalization, & networking, . Oraanize international Cooperation Fora (next Q3/04 2023)

=1 Provide =+ Support Forum, on current and upcoming topics
| o (O o information & support services + ESA Business Applications Programme

« ESA Business Applications Programme
é‘ Initiate Projects =+ Copemicus Relay der EC
L + |nstigate innovative projects

bavAlRia e V. May 24, 2023 3



A Cluster“

bavAlIRiIia Aerospace
Promotion of the Bavarian Expertise
= 2
e i
N .
Trade Eairs Conferences
2023: 2023:
v * Munich Satellite Navigation Summit:
SEeIc Bavarian & Munich Flashlights 2023

Space Tech Expo 2024

* New Space Summit 2023

* Non-Terrestrial Networks (NTN) &
Satellites - Satelliten-Fahrzeugkommunikation

2024
« Munich Satellite Navigation Summit 2024

« Bodensee Aerospace Meeting:
Accelerate & Innovate

« Tag der deutschen Luft- und
Raumfahrtregionen

bavAIRia e.V. May 24,2023 10
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bavAlRIia Aerospace

Technological expertise of Bavarian Space Actors

Education & Training
Space Start-Ups
Space Technologies

Earth Observation
Satellite Navigation & Galileo

Telecommunication
Small Satellites

E-
-
E
E:

Space Robotics and Exploration Technology

bavAlRia e V. May 24, 2023 7



A Cluster‘

bavAIlIRiIia Aerospace

Eesa
ESA Business Applications e

ambassador

Germany

Connecting S Realising =

RN VAN N

Y @ & 4 0

Understanding

o0

\
Identifyingapplication domains/ Providing support & Promoting
Instigating new proposals coaching
S _ ~__ _
v v v v

. SpacedAutomotive Workshop (05.07.2023) . Ongoing consulting & coaching service . Twitter
. Space4SmartCities Workshop (Q3/2023) . APQ-in-a-day(29.6.2023) . LinkedIN
© Space4GreenConstruction Innovation Event O How to do business with ESA . ESABA Newsletter
. Space4ConnectedAgriculture (31.05.2023) (Herbst 2023) . ESABAHomepage

bavAIRia e.V. May 24,2023 12
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bavAlRia Aerospace

Save-the-date!

BUSINESS

e S a APPLICATIONS Germany
AMBASSADOR

European Space
Connectivity
Solutions for the Car @?ga
of the Future st

Germany

https://business.esa.in

July 5, 2023 www.german-ba-ambassador.de

¥ in

Image credit: ParabolStudio

bavAIRia e.V. May 24,2023 13
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FUTURE RAILWAY MOBILE
COMMUNICATION SYSTEM

A Use-Case for NTN?

i DLR



NTN Projects at DLR Institute of Communications and #
Navigation DLR

5G) corpean |
Vstardust
BGSNS

LEO

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




NTN Projects at DLR Institute of Communications and 4#7
Navigation DLR

(a short detour...)

European I
Commission

~ Network functions (incl. Edge

—~ GS@O<WN°“> o ~ resources)
6 (b N T N \*/J Link (INL) D‘@ | BESNS

INL

v N 7 / + UE functions for on board
O@O * INL \ %Q - ,
D‘OQ afs e : sensors
& N N

/ ‘ wHAPS \ \ . feeder
feeder ‘ | = / Service | .

6G
Central Core

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




NTN Projects at DLR Institute of Communications and

Navigation

(a short detour...)

@ 6G-TakeOff

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

= GHili€al: 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

i DLR

Environments

* Railway line
» Highspeed/main line
= Urban/suburban

= Regional
= Station
= Shunting yard

= Maintenance base /
deposit



Use Cases for SatCom in Railways A#
DLR

* |oT connectivity

* Video connectivity

* Virtual balises

» Passenger communications

= Fallback solution if terrestrial infrastructure is
damaged

= Backup in case of ‘not spots' or during hand- B G T e
over procedures AT v e e

= Primary / only connection means in very remote
locations...

Photocredit: Rio Tinto

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




FRMCS (Future Railway Mobile Communication System) 4#7
DLR

= Successor of GSM-R from 2030... Calioiy ARt St

= Key enabler for rail transport digitalization

--------------------------------------------------------------------

P S T

* Decoupling of strata
= Transport Stratum

» provides data connectivity using multiple radio
access technologies

Service Stratum

——— - ] - A -

FRMCS System

= corresponding services (e.g., mobility, QoS, policy
control, authentication)

= Service Stratum

= services of the transport stratum to applicationsin a
transparent Way - = Control plane — User plane

FRMCS

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.05.2023 Future Railway Mobile Communication System

Transport Stratum




FRMCS Functional Architecture (ETSI TR 103 459)

DLR

GSM-R = = : - Railway Operational Dispatcher Location
IN Services Ralmy Services hEs Addressing Voice Services Ny v Providers
- o Recordin
FRMCS Supporting Group Supol: Senvicas Functional Configuration Security Location Manageme?‘nt
i i Communication PP Aliases Management Services Services
& Enabling Services
2 i - Data Video Presence Key Priority Recording | Other
= Vs s Services Services Services Management Services Services FRMCS
GSM-R g Networks
NSS é o Session Control & Management ] g
- = PLMN
S (ms,Legacy..)
e Transport Adaptation (FFS) %
E . pon..
e Core B
3GPPRANs non-3GPP RANs
GSM-RBSS (LTE, 56 \R, .) (WFi, SatCom, .)
‘ . Fixed Network IP based
AirInterface Air Interface
GSM-R UE UE UE UE UE

FRMCS Client FRMCS Client FRMCS Client  FRMCS Client ~ FRMCS Client FRMCS Client ~ FRMCS Client FRMCS Client FRMCS Client FRMCS Client FRMCS Client

> .g Trackside Applications Network Applications
_g © Cab Radio ETCS ATO Devices/Sensors Cameras Handsets Smart Wayside Dispatcher ETCS/ATO M2M /loT ™S
‘© =2 Voice Services AR, M2M, loT CCTv GPH/OPH/OPS Objects Station Trackside Server
m Q ! ! | 5
2’ FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User FRMCS User

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




NTN in FRMCS A#y
DLR

* “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

DLR KN-SAN ASSETS

¢ ' /

Dr. Sandro Scalise and Benjamin Barth, DLR KN-SAN, 24.0542023
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SatCom SDR Prototype (X2Ralil Projects)

= 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

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

Trackside Applications

Trackside Adaptable Communication System

Session Control and Service Layer

| Authentication | | Bearer Selection || Routing |
| Handover | | QoS Control | | Multi-Path |
| Transport Lay |
BearerA ||  BearerB ||  BearerC
® o
» R =
Bearer A ||  BearerB ||  BearerC

Onboard Adaptable Communication System

Applications

N\ S\




Satellite Channel Emulator for FRMCS (ESA Project A#y
TRACK) DLR

A

[dB]
=

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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Reference Documents

UIC/ERA

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

3GPP

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

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

i DLR

ETSITS 103 764 - FRMCS System Architecture
ETSI TS 103 765-1 - Transport Stratum

ETSI TS 103 765-2 - Service Stratum

ETSITS 103 765-3 - FRMCS On-Board

ETSITS 103 765-4 - Train Trackside functions and
interfaces

TS 103 765-5 - FRMCS UE capabilities

ETSI
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Dr. Uwe Putzschler, 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

Non-coverage areas

Tunnel / Park

house ™ ....
7’
K 7’
TN Network
@' @l @' Operator
* Selected tunnels, parking TN Network Roamlﬂg/
areas, ... are covered by TN O pe rator others Adopted from 5GAA

NO<IA

© 2023 Nokia Public






Motivation: NTN for Automotive
Ubiquitous coverage

NTN Network
Operator

/2\

* Selected tunnels, parking
areas, ... are covered by TN

— — = Operator

f
| |
I I
| ’ R z I
/ 4 I
| / /
/
| /// e i
I
| 4 o @ l
| // // P A@
Non-coverage I ’ R4 1) 4G/5G I
7 7 7 3GPP
areas I Z AR @ |
Tunnel / Park I N 7 A I
house * ... I ’ ///' < 1 @ |
// //,/ // |
| /, 47 , NTCI)\I Network
I p; ¥ ¥ perator I
I TN Network A/ I
I l
I I
| I

TN Network Roaming /
Operator others Adopted from 5GAA y

© 2023 Nokia | Public I\O(IA




NTN Evolution - 3GPP Releases

From NTN stand-alone towardsintegrated TN-NTNs

Pre-Rel17

Rel18

Low earth orbit (LEO)
satellite constellations
with proprietary
connectivity solutions
(e.g. SpaceX Starlink,
AST SpaceMobile,
Lynk, Kuiper,...)

First 3GPP NTN
release to enable
communication from
space (stand-alone
NTN, no mobility, no
NTN to TN handover)

Lightweight TN-NTN
interworking (no
seamless mobility)
and further
enhancements

© 2023 Nokia Public

Scope to be decided
in DecZ3

Possible features:
regenerative
architecture (gNB as
payload), full TN-NTN

integration

NOKIA










WHY THE AUTOMOTIVE INDUSTRY NEEDS TO ACT NOW ON NTN? e

Future Vehicle Connectivity ) e ' A A okt

(2)  SG Advanced & 6G

S
\\% NTN » Today's scope

Motivation

@ Existing Market gaps - Terrestrial Networks still have coverage gaps

Business opportunities - Digital in Vehicle services are disrupting traditional business models

Satellite technology - New LEO mega constellations at comparable low costs

3GPP Standardization - Next releases of 5G and 6G will integrate NTN




OVERVIEW OF SATELLITE TECHNOLOGIES.

Orbital altitudes & coverage areas

Geostationary (GEO) Medium Earth Orbit (MEQO) Low Earth Orbit (LEO)

Latency > 500 msec > 150 msec < 30 msec

Altitude > 35.000 km 4.000km - 35.000km 200km - 2.000km

o By design, NTN offers a limited bandwidth per spot beam
(e.g. 1 Gbps)

P The number of supported devices is in direct correlation
with the available bandwidth

Spot Beam
4

Connected Vehicle

" Non-served Vehicle
- Single Beam Coverage




