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5G: ANEW RADIO
.... AND 4G/LTE ") AS INTEGRAL PART

() LTE: LONG TERM EVOLUTION
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NEW AND LEGACY BANDS CAN BE USED FOR 5G
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AUTOMOTIVE PICTURE TODAY
CELLULAR CONNECTIVITY AS A MATTER FACT

CUSTOMER to Infotainment OEM and 3rd party -Backend(s)

Communications (variety of services, e.g. fleet mgmt., k\ OEM-Backend

@ remote services, secure autocloud, etc.) &(wrtual vehicle)
'Illilll

f LTE/

LTE-A

LTE/
LTE-A

LOCAL SENSOR COVERAGE
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EXTENDED AUTOMOTIVE CELLULAR CONNECTIVITY

OEM-Backend

(virtual vehicle)
L

Precise &

OEM and 3rd party -Backend(s)

. (variety of services, e.g. fleet mgmt.,
gUSTOM_ERt_tO Infotainment remote services, secure autocloud, etc.)
ommunications

@
LTEZ-&
J5 T Road side S

infrastructure ——— '5GNR Base Stations as GNSS-
(e.g. traffic lights, T MEC Reference Station
digital street signs) I (] i (Broadcast) °
LTE-V2 /‘“\
5GNR

LOCAL SENSOR COVERAGE
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AUTOMOTIVE CELLULAR CONNECTIVITY / TOPICS

OEM-Backend

(virtual vehicle)

OEM and 3rd party -Backend(s)

. (variety of services, e.g. fleet mgmt.,
CUSTOMER to Infotainment remote services, maps/location services, etc.)  |jjumjumfut

Communications
(Predictive) QoS /
Network Slicing
& Network Synergies

Precise Positioning
Positioning Integrity

Access to Traffic
Infrastructure

Information/(e.g. via

“0)" Road site—_NB-OT / LTE-M)

X

Mobile Edge Computing / _
infrastructure U e Broadcast ase Stations as GNSS-
(e.g. traffic lights, Come=ma, JJNE€Whadio / .. Reference Station
digital street signs) IM """ &

LTE-V2
LTE-V2 5G
(56) .. A N\

Direct Communication /
_ o LTE-V2X/ C-V2X (incl. 5G NR < — -@- N —
Customer Connectivity/ iy LOCAL SENSOR COVERAGE '| ) —I

Dual eSIM / N Al Y ~y
ContractLinks/Meshs ‘S < :

—
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Precise Mobile Edge raffic ele-Operated o =
Positioning Computing (MEC) Infrastructure Vehicles OTA Distribution Platiorm =

Predictive In-Car Global Car
Quality of Service Broadband Connectivity




Continuous Network
Expansion

Prediction of SLA loss:
- Predictive QoS

Network Slicing delivering
dedicated SLA’s

3 g 2 :
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SPECTRUM AUCTIONS: > COVERAGE (EXAMPLE GERMANY)

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Spectrum Auction 2010

Spectrum Auction 2015

Spectrum Auction 2019

Spectrum Auction 2025*

l l Spectrum Auction 2033*

Auction Coverage Obligations 2019 Coverage Obligations 2019
2 GHz und 3,6 GHz Step 1 (12/2022): Step 2 (12/2024)
= 98% of households in every = Remaining primary roads M
federal state W = Secondary and rural roads
= All motorways H M = All rail tracks
= Main primary roads Il | = Harbors and important
= Primary rail tracks W inner-country waterways

= 5G base stations  EETH
= Base Stations white spots IEM

B 100 Mbit/s 50 Mbit/s M 10ms

*incl. 2 years preparation time
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SLICING TODAY: 5G CAMPUS NETWORKS
WITH A PUBLIC AND A PRIVATE NETWORK

RESERVED RESOURCES/ PRIVATE

LOCALLY ENHANCED/ PUBLIC
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ARCHITECTURE OF A5G CAMPUS NETWORKL =
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EXAMPLE FOR NETWORK SLICING:
TELE-OPERATIONS AS PART OF AUTONOMOUS DRIVING

5G managed low latency
and high bandwidth are
key capabilities

Human driver at vehicle control center takes
over in case of accident, technical problems,
identification or decision issues
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PREDICTIVE QUALITY OF SERVICE HELPS TO ANTICIPATE
N ETWO RK COV ERAGE e

What route for best network? Al powered Internal and external

AR <~ B static and dynamic data
ake route ! Service
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5G PRECISE PC

Cloud Service
delivers real-time
GNSS correction

GNSS data subject to
errors, e.g. atmospheric
conditions

Network of reference
stations measures
GNSS errors

Calculation of precise position for
autonomous driving features, O

accuracy approx. 1-5cm
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ABLES DYNAMIC TRAFFIC FLOW. .
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Recordin‘ of
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Video analysis
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TRAFFIC INFRASTRUCTURE: LOCATION TRACKING OF
CONSTRUCTION EQUIPMENT VIA NB-IOT

Warning and new
routing information
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OEM Backend

k DISTRIBUTION
/ PLATFORM

-
SOTA: SOFTWARE
UPDATES, E.G. NEW
FUNCTIONALITIES

MAPS: FREQUENT
INCREMENTAL
UPDATES PLUS
B DYNAMIC
L UPDATES ON

== — CRITICAL EVENTS



5G IMPROVES IN-CAR BROADBAND FOR PASSENGERS INCL. VOD,
CLOUD-GAMING OR VIDEO CONFERENCING

)

/ Jye
5G Capabilities 4, In-Car WiFi Customer Benefits
= Peak data rates up to 10 Gbit/s Fe' /= Carslineditted with WiFi 3 = Car antenna for stable internet
= Capacity up to 10 Thit/s per km? \ and embedded eSIM === = AllWiFi-devices, no SIM needed
= Up to 500 km/h user movement *® Permanent roaming

," = |ndependent of mobile contract and
speed = WPA encryption 4 included data volume
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5G CAPABILITIES NEEDS TO BE PROVIDED GLOBALLY

= High quality global access
portfolio

= Connectivity services via
own infrastructure or tier
one partners:

Bl Decutsche Telekom
own network

B GMA + GMA Bridge
Alliance

" Roaming Partners
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5GAA created to connect telecom industry and vehicle manufacturers
and work closely together to develop end-to-end connectivity solutions
for future mobility and transportation services

AUTOMOTIVE INDUSTRY TELECOMMUNICATIONS

Vehicle Platform, Hardware Connectivity and Networking
and Software Solutions Systems, Devices and
Technologies

End-to-end solutions for intelligent
transportation, mobility systems
and smart cities

5G in Trasportation - IEEE MaaS Munich
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