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Quick Introduction
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Smart Mobility
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› Founded in 1871 in Germany.

› In 2021, Continental generated sales of 
€33.8 billion and currently employs around 
190,000 people in 58 countries and 
markets.

About Continental
150+ years of Innovation 
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About Continental
Serving Many Industry Sectors

Tires Industrial Aeronautics Agriculture

Construction Energy Railway Mining
More Info:
www.continental-industry.com
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https://www.continental-industry.com/
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About Continental
Serving Many Industry Sectors
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TiresAutomotive ContiTech

Vehicular Communications 
for Smart Mobility 



Public
Continental AG

About Continental
Today’s focus
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Safety and Motion

Architecture & Networking

User Experience

Smart Mobility

Autonomous Mobility

Automotive

Vehicular Communications 
for Smart Mobility 
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About Continental
Today’s focus
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Automotive

Vehicular Communications 
for Smart Mobility 

Sensing

Computing Communication
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About Continental
75 Years of Automotive Telematics

2008
Continental is 
selected by 7 
major OEMs for 
the Brazilian 
Stolen Vehicle 
Tracking System

2015-2017
Successful 
launches of 
LTE 
Telematics 
and Plug-In 
NAD*

2006
Continental 
acquires 
Motorola 
Automotive; Deer 
Park leads newly-
formed Telematics 
Business Unit

2002 
Motorola 
launches its 
first 
Bluetooth 
Car Kit

1996
First 
automotive 
Telematics 
systems 
(Ford, GM) 

2019
Continental’s 
5G Hybrid 
V2X awarded 
as next 
generation 
TCU for SOP 
2022

1946
First “Car 
Phone” by 
Motorola

1980s
Motorola’s 
introduction 
of automotive 
cellular phone 
systems

2007
Continental 
acquires 
Siemens 
VDO, 
including the 
Multimedia 
Business Unit 

2009
Continental 
forms the new 
Business Unit 
Infotainment 
and 
Connectivity, 
led from Deer 
Park

1998-2000
Development 
of Personal 
Area Network 
wireless 
technologies 
and formation 
of Bluetooth 
SIG; start of 
V2X (DSRC)

2005
OnStar goes standard;
Bluetooth for Music; 
Ford SYNC awarded. 
By 2005, Motorola 
shipped over 5 
million Telematics 
systems worldwide, 
including GM OnStar, 
Ford, Daimler, BMW.

2016-2018
Certification 
and launches 
of several ERA 
GLONASS and 
EU eCall TCU 
programs

2021
Continentals 
5G V2X 
Telematics 
Platform 
awarded for 
trucks

Ilmenau, October 4, 2022 9Dr. David González G. © Continental AG
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Sensing and Perception
Enabling Autonomous Mobility and Safety

Advanced Radar 
Sensor - ARS540

Ultrasonic Sensor

Surround View 
System – SVS220

HRL131 Long 
Range LiDAR

Ilmenau, October 4, 2022 10Dr. David González G. © Continental AG
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 Collision Warning
 Adaptive Cruise Control
 Parking Aid
 Blind Spot Detection
 Lane Change Assistance, etc. 

Applications:

Importance:
 Safety
 mmW-based

 Convergence with Communications (!).

3 GHz 24 GHz 300 GHz6 GHz0.4 GHz 52 GHz 100 GHz

cmW mmW = higher frequencies 

Today

6G
Today

Today

More spectrum → More users, higher data rates

Evolution

Evo.4G

Higher frequencies is The Trend

Sensing and Perception
Enabling Autonomous Mobility and Safety

Automotive Radar

Ilmenau, October 4, 2022 11Dr. David González G. © Continental AG
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Long Range Radar

SRR600

ARS441

ARS510

ARS540

Short Range Radar

SRR520

Standardization // Frequency harmonization
 24 GHz (ISM, UWB)
 76-77 GHz: long-range
 77-81 GHz: short-range

Regulations
 Electromagnetic compatibility (!)

Advances 
 Semiconductors
 Packing and Assembly of ICs

76-81 GHz

Sensing and Perception
Enabling Autonomous Mobility and Safety

Ilmenau, October 4, 2022 12Dr. David González G. © Continental AG
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Antenna Technology
 Waveguide
 Planar microstrip

Beamforming

Range-Doppler Processing

 Fixed beam (e.g., 3 beams)
 Mechanical scanning
 Digital beam forming

 FMCW
 Pulse compression (Chirp)
 PMCW
 Digital (e.g., OFDM)

Waveguide
Planar patch

ARS 300 antenna
ARS200 

Sensing and Perception
Enabling Autonomous Mobility and Safety

Ilmenau, October 4, 2022 13Dr. David González G. © Continental AG
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Antenna Technology
 Waveguide
 Planar microstrip

Beamforming

Range-Doppler Processing

 Fixed beam (e.g., 3 beams)
 Mechanical scanning
 Digital beam forming

 FMCW
 Pulse compression (Chirp)
 PMCW
 Digital (e.g., OFDM)

Sensing and Perception
Enabling Autonomous Mobility and Safety

Ilmenau, October 4, 2022 14Dr. David González G. © Continental AG
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Chirp

PMCW

OFDM

Antenna Technology
 Waveguide
 Planar microstrip

Beamforming

Range-Doppler Processing

 Fixed beam (e.g., 3 beams)
 Mechanical scanning
 Digital beam forming

 FMCW
 Pulse compression (Chirp)
 PMCW
 Digital (e.g., OFDM)

Sensing and Perception
Enabling Autonomous Mobility and Safety

Ilmenau, October 4, 2022 15Dr. David González G. © Continental AG



Public
Continental AG

Opportunities:
 Interference
 Convergence with Communications
 Super-resolution
Multi-purpose signaling

Sensing and Perception
Enabling Autonomous Mobility and Safety

Ilmenau, October 4, 2022 16Dr. David González G. © Continental AG
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Communications
Enabling Vehicle Connectivity & Networking 

Intelligent Antenna Modules (IAM) 

Telematic Control 
Units (TCU)

Network Access 
Devices (NAD)

Ilmenau, October 4, 2022 17Dr. David González G. © Continental AG
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Vehicles 
Connectivity: 

Intra- and extra-car 
communication.

TCU

IAM

MNO

Vehicle

Infrastructure
Satellite

Mobile 
broadband

Extra-car communications

TCU

Intra-car communications

Actuators

TCU: Telematic Control Unit, IAM: Intelligent Antenna Module, MNO: Mobile Network Operator. 

Other examples include functions/networks 
inside the car: ultrasound, speech recognition, 
breaking, cameras, WiFi, Bluetooth, etc.

Data: 
Car-centric and 

User-centric.

Communications
Enabling Vehicle Connectivity & Networking 

Ilmenau, October 4, 2022 18Dr. David González G. © Continental AG
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Coax Wiring
Head
Unit

BCM

Extra-car CommunicationsExtra-car Communications

Digital Bus

Centralized
roof-top 

Antennas
Antennas IAM

Head Unit

TCU

Intelligent Antenna ArchitectureClassical Architecture

Benefits:
 Avoids expensive and heavy coaxial cables
 Saves space and weight
 Performance up due to less signal losses
 Higher flexibility with all wireless service in one unit

Antenna Modules

Communications
Enabling Vehicle Connectivity & Networking 

Ilmenau, October 4, 2022 19Dr. David González G. © Continental AG



Public
Continental AG

Architectures

Classical 
Architecture
(TCU+AM)

Intelligent 
Antenna 
Module 

TCU
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Communications
Enabling Vehicle Connectivity & Networking 
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Intelligent Antenna Module – Mechanical Integration Concepts

Flat
Source: wired.com Shark-Fin

NTN

Communications
Enabling Vehicle Connectivity & Networking 
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Shark fin
Flat, in/on
the roof

Side mirrors

Trunk deck

Front window

Extended roof 

Rear window

Parcel shelf

Rear bumper

Preferred locations Additional 
locations

Additional 
locations

Intelligent Antenna Module – Location and radiation patterns are key !!

Communications
Enabling Vehicle Connectivity & Networking 
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Intelligent Antenna Module - mmW and Beyond

3 GHz 24 GHz 300 GHz6 GHz0.4 GHz 52 GHz 100 GHz

cmW mmW = higher frequencies 

Today

6G
Today

Today

More spectrum → More users, higher data rates

Evolution

Evo.4G

Higher frequencies is The Trend

Bands Frequency Duplex

n1, n2, n3, n5, n7, n8, 
n20, n28, n38, n41, n50, 
n51, n66, n70, n71, n74, 
n75-84. 

FR1
< 6 GHz

FDD, 
TDD, 

SDL, SUL.

n257, n258, n259. FR2
24.25 - 52.6 GHz TDD

FR2+
57 - 71 GHz

Notes on RF exposure above 6 GHz
Regulations→ reduced power levels (exposure limits) in FR2 w.r.t. FR1.

International Commission on Non-Ionizing Radiation (ICNIRP)

RF exposure standards: IEEE C95.1-2005, C95.1-2010a → inconsistencies

Carefull revision is needed→ negative impact on coverage (FR2).

Communications
Enabling Vehicle Connectivity & Networking 
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NAD Solutions: 
4G (LTE) to 5G (NR)

Communications
Enabling Vehicle Connectivity & Networking 
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› Enabling Technologies

› Wireless Communications Technologies → (Wireless) Connectivity

Automotive contribution to Standardization                 
of Mobile Broadband Research and Innovation

Smart Mobility
Always On – Securely Connected

Ilmenau, October 4, 2022 25Dr. David González G. © Continental AG
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› Enabling Technologies

› Wireless Communications Technologies → (Wireless) Connectivity

Smart Mobility
Always On – Securely Connected
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1. Medical
2. Digital Communications
3. Computer Technology
4. Electric Machinery, apparatus, energy
5. Transportation

*Source: 
European Patent Office

2020 technical fields in view of patent applications*
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› V2X Technology (1980: DSRC). 

› Motivation → Safety Use Cases.

Save Lives !!

Smart Mobility
First of all, it’s about Safety

Ilmenau, October 4, 2022 27Dr. David González G. © Continental AG
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Cellular-V2X

ADAS: Advanced Driver Assistance Systems 

V2X:
Technology 
for Safety 

… and several other technologies
are being developed for that !! 

Smart Mobility
First of all, it’s about Safety

Ilmenau, October 4, 2022 28Dr. David González G. © Continental AG



Public
Continental AG

Automotive Culture: Done is not better than Perfect.

Safety First !!

Vision 
Zero 

World

Save 
Lives

Smart Mobility
First of all, it’s about Safety

Ilmenau, October 4, 2022 29Dr. David González G. © Continental AG
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Smart Mobility
It’s about Sustainability

Ilmenau, October 4, 2022 30Dr. David González G. © Continental AG

Our Key Ambitions + 8 Essentials

Foster innovation 
and phase in new 

business

Transform or phase 
out non-viable 

business

Sustainable 
business practices

Good working conditions

Green and safe factories
Innovations and digitalization
Benchmark in quality
Safe mobility
Long-term value creation
Sustainable management 
practices
Corporate citizenship

100%

100%

100%

100%

By 2050 at the latest, we and our value 
chain partners are striving for:

Carbon neutrality 
along our entire value chain

Responsible value chain

Circular economy

Emission-free mobility 
and industry
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Smart Mobility
It’s about Sustainability
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Our Ambitions for a Sustainable Future

https://media.continental.com/dl/pjgkvskVCFucZe1cpKh92B?_gl=1*uzaswl*_ga*MTYwMTQyNTcyNi4xNTM1OTc5ODQ0*_ga_CXY4Q1X5YZ*MTY2NDUyMDIxNS4xMDA2LjEuMTY2NDUyMjE0My4wLjAuMA..&_ga=2.29582079.1309838551.1664520215-1601425726.1535979844


Public
Continental AG

CommunicationSensing Computing

A safer, enjoyable, and eco-friendly trip !!!

Planning

Driving (and mobility) won’t be the same !!
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Part II
Connectivity for 
Smart Mobility

Current Work

General Aspects of 5G

Automotive Use Cases

Cellular V2X (LTE, NR)

Continental builds on 5G

A Novel Approach to RAN Planning
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Evolution of Mobile Communications

1G
AMPS, 
TACS, 
NMT

~1980

2G
GSM

IS-95A

~1990

3G
WCDMA

HSPA
CDMA2000

~2000

GPRS

IS-95B

4G

~2010

HSPA+

~2020
Long Term 
Evolution (LTE)

New Radio 
(NR)

Technical Specification: 
Rel. 15: 2017-2019InternetTelecom +ICT =  

ICT: Information & Communications Technologies

Industry 
1.0

Mechanization, 
water/steam power

Industry 
2.0

Mass production, 
electricity

Industry 
3.0

Computers, 
automation

17
60

-1
84

0

18
40

-1
91

4

19
50

-2
01

0s

Industry 4.0

20
20

 -
…

Cyber Physical 
Systems 

Industrial Evolution

IoT
VOICE AND DATA: HUMAN-CENTRIC

(BIG) DATA:
HUMAN+MACHINE CENTRIC 

→ IoT

Ilmenau, October 4, 2022 34Dr. David González G. © Continental AG

General Aspects of 5G
Mobile Communications



Public
Continental AG

NR LTE

 Tight coupling
 No backward compatibility

3GPP’s 5G Concept

5G
IMT-2020

Technical 
Specification 
(Standard)2G 4G

3G

www.3gpp.org

General Aspects of 5G
Timeframe and Ecosystem

2015 2026 (?)20192016 2017 2018 2020

5G studies

Rel. 8 4G evolution – LTE will evolve in parallel with 5G

5G Phase 1: Rel. 15

5G Phase 2: Rel. 16

5G Phase 3: Rel. 17

5G Timeframe 5G-Adv: Rel. 18

2021 2022

Ilmenau, October 4, 2022 35Dr. David González G. © Continental AG
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Deeper coverage
To reach challenging locations Stronger security

e.g. Health/government/financial 
trusted

Higher reliability
<1 out of 100 million

packets lost

Lower latency
As low as 1 millisecond

Frequent user mobility
Or no mobility at all

Better awareness
Discovery and optimizationEnhanced data rates

Multi-Gigabits per second

Enhanced capacity
10 Tbps per km

Higher density
1 million nodes per km

Lower complexity
10s of bits per second

Lower energy 
10+ years of battery life

(reference) Service Types in 5G

URLLC

eMBB

mMTC

General Aspects of 5G
Reference Service Types and Requirements

Ilmenau, October 4, 2022 36Dr. David González G. © Continental AG
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Opportunities:
Mobility in FR2
 AI-powered RAN
 Non-Terrestrial Networks
 Positioning (many use 

cases and techniques)

General Aspects of 5G
5G support for Advanced Automotive Use Cases

Ilmenau, October 4, 2022 37Dr. David González G. © Continental AG
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LTE
D2D

LTE
C-V2X

Rel-14

Rel-15

NR 
C-V2X

NR 
C-V2X + D2D

Rel-16

Rel-17

Rel-12

Rel-13

Cellular V2X
A Short Story 

NR 
C-V2X-U

Co-Ch-Coex Rel-18
• FR2
• Carrier Aggregation (?)

• Birth of (NR) C-V2X
• In-device co-existence

• Birth of (LTE) C-V2X

• Inter-UE Coordination
• Energy

Ilmenau, October 4, 2022 38Dr. David González G. © Continental AG
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Types of cast

Broadcast

Groupcast

Unicast

Tx

Tx

Tx

QoS
&

feedbackAerials

(Edge) Cloud

Pedestrian

eNB/gN
B/RSU

Vehicle
Vehicle

V2N

V2V V2P
V2I

V2A

NTN

Types of communication

Cellular V2X
Essentials

Ilmenau, October 4, 2022 39Dr. David González G. © Continental AG
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Broadcast
Unicast

Direct and Network-based 
communication

Different coverage scenarios, sync. Options, and resource allocation modes

In-coverage Partial coverage Out-of--coverage

Sync.
Direct. Com. (Control)
Direct. Com. (Data)

Discovery (Control)
Discovery (Data)

V2Vd

V2Vn

B CA

N

Network-assisted 
discovery

Autonomous discovery

Ilmenau, October 4, 2022 40Dr. David González G. © Continental AG

Cellular V2X
Essentials
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 New 5G design
 Cross-RAT control
 QoS Management

EssentialRel. 14/15

Basic Safety
Based on LTE-D2D

 General
 Platooning
 Extended sensors
 Advanced driving
 Remote Driving
 QoS support

Rel. 16-18

❑ X-cast
❑ Traffic: Periodic, Aperiodic, URLL-[V2X]-C.
❑ Advanced V2X use cases

30 use cases

TR 22.886

Use cases:   
Wave 2.1 and 2.2

❑ Broadcast
❑ Traffic: CAM, DEMN

Automotive Use Cases
Requirements from the Automotive Sector

Ilmenau, October 4, 2022 41Dr. David González G. © Continental AG
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Automotive

Vehicle Platform, Hardware
and Software Solutions.

Telecommunications
Connectivity and Networking 
Systems, Devices and 
Technologies

Intelligent transportation, mobility
systems and smart cities.

Automotive Use Cases
5GAA

Ilmenau, October 4, 2022 42Dr. David González G. © Continental AG
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› Classification (category):
o Safety

✓ Emergency Braking, Collision warning, or Lane change 
o vehicle operations management

✓ Sensors monitoring, software updates, remote support
o convenience 

✓ Infotainment, and autonomous smart parking
o autonomous driving

✓ Tele-operation, and handling of dynamic maps
o Platooning

✓ Collect and establish a platoon, determine position in platoon, dissolve a platoon, leave a platoon
o traffic efficiency and environmental friendliness, 

✓ Traffic jam information, Routing advise e.g., Smart routing.
o society and community.

✓ Vulnerable Road User (VRU) protection, traffic light priority 

Automotive Use Cases
5GAA – WG1: Use Cases and Technical Requirements

Ilmenau, October 4, 2022 43Dr. David González G. © Continental AG
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› Definitions

Road Environment

Use Case

Use Case Scenario

typical places where vehicle traffic and C-V2X use cases occur

high level procedures of executing an application in a particular 
situation with a specific purpose. 

specific use case scenarios can be derived for different situations 
that may imply in different specific requirements 

› Service Level Requirements
range, information requested/generated, service level latency, 
service level reliability, velocity, vehicle density, positioning, and 
need for interoperability, regulatory efforts, and/or, standardization.

Automotive Use Cases
5GAA – WG1: Use Cases and Technical Requirements

Ilmenau, October 4, 2022 44Dr. David González G. © Continental AG
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› Templates for Use Case Descriptions

Name

Use Case Scenario

Category

Road Environment

Short Description

Actors

Vehicle Roles

Road & Roadside Infrastructure Roles

Goal

Needs

Constraints

Illustrations

Pre-Conditions

Main Event Flow

Automotive Use Cases
5GAA – WG1: Use Cases and Technical Requirements
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Wave 1

Wave 2.1

Wave 2.2

Day One Safety Use Cases.

First part of the second set 
of (5G) use cases.

Second part of the second 
set of (5G) use case.

Traffic Jam Warning
Do Not Pass Warning
Lane Change Warning
Abnormal Vehicle Warning

Group Start 
Tele-Operated Driving
In-Vehicle Entertainment 
High Deffinition Content Delivery

Software Update of Reconfigurable Radio 
Vehicles Platooning in Steady State 
Co-operative Lane Merge
Infrastructure based Tele-Operated Driving 
Automated Valet Parking (Wake Up)

Automotive Use Cases
5GAA – WG1: Use Cases and Technical Requirements
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› Roadmap for mass Deployment of C-V2X use cases.

› Trends: Predictive QoS, DAS, MEC (multi-MNO), 
Safety Treatment, etc.

Ilmenau, October 4, 2022 47Dr. David González G. © Continental AG

Automotive Use Cases
5GAA

› Other Working Groups:
o System Architecture and Solution Development,
o Evaluation, Testbeds and Pilots, 
o Standards and Spectrum, 
o Business Models and Go-To-Market Strategies,
o Regulatory and Public Affairs, 
o Security and Privacy. More Info:

https://5gaa.org/

https://www.continental-industry.com/
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Automotive Use Cases
Continental’s view 
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Future of Mobility with C-V2X technology at IAA 
Mobility Conference 2021. Munich Sept. 2021.

Thinknet 6G Summit 2021: 6G Use Cases from the 
Automotive and Mobility Sector. Munich Nov. 2021.
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Continental Builts on 5G
Some Examples of Intelligent Transport Services

Collision Warning

Efficient, reliable, and real-time 
distribution of data among road 
users, smart infrastructure, and 
applications.

Edge-Cloud of different Mobile 
Network Operators. 
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From: 01:13

Continental Automotive - Digital Guardian Angel 
(continental-automotive.com)

Continental Builts on 5G
Some Examples of Intelligent Transport Services

Ilmenau, October 4, 2022 50Dr. David González G. © Continental AG

https://www.continental-automotive.com/Passenger-Cars/News/2022/Digital-Guardian-Angel
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Continental Builts on 5G
Some Examples of Intelligent Transport Services

Vulnerable Road Users
• Cell load and vehicle mobility impact 

end-2-end latency. 

• MEC system optimisations and 5G 
radio will reduce latency further.

See Analyse & Predict Alert and brake

AI and video camera in vehicle AI in network edge cloud Vehicle
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Continental Builts on 5G
Some Examples of Intelligent Transport Services

Connected Mobility – Digitaler Fußgängerschutzschild

https://www.youtube.com/watch?v=rVbM_q_g6MQ
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Continental Builts on 5G
Some Examples of Intelligent Transport Services

Intelligent Traffic Light Assist
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Continental: Intelligent Traffic Light Assist
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Continental Builts on 5G
Some Examples of Intelligent Transport Services

https://www.youtube.com/watch?v=48Mp8HqNQ10
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Continental Builts on 5G
Some Examples of Intelligent Transport Services

(4G/5G) 
Infrastructure & 

Hardware
Connectivity (e.g., 

PHY), sensing, 
prediction,

positioning, etc.

V2X Applications
Algorithms, data fusion, 
processing (e.g., MEC, 
onboard), AI, etc. 

RAN Planning
System-centric 
techniques, 
optimization.
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Vehicular Communications for Smart 

Mobility require to adapt to 
very diverse service demand and mobility 

conditions (!!)

Revisit RAN planning and optimization
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Mobile broadband: exponential growth, 
quality expectations, cost, etc.

Mobile broadband evolution: complexity. 1G  2G  3G

Network Planning and Optimization: also complex ...

… but important !!

A Novel Approach to RAN Planning
Essentials of Network Planning, and all that
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Radio Access 
Network

(RAN)

Transmission

Core Network

A Novel Approach to RAN Planning
Essentials of Network Planning, and all that
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Network 
Requirements

Coverage and 
Capacity Site Selection

Radio Network 
Plan

Parameters 
Configuration Frequency Plan

Specific aspects applies to each Radio Access Technology (RAT) 

Coverage

Capacity Quality

Cost‐effective

Conventional Radio Network Planning 

A Novel Approach to RAN Planning
Essentials of Network Planning, and all that
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Centralized
Control
(C-RAN)

RAN 
Architecture Topology

C-RAN: Cloud Radio Access Network Spectral efficiency and 
cost saving

Transmission Infrastructure
o distance / latency
o bandwidth
o redundancy

Flexibility (!!)

Optimization: cost vs. performance
Multiple (conflicting) Criteria
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A Novel Approach to RAN Planning
Essentials of Network Planning, and all that
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Supply Demand 

A Novel Approach to RAN Planning
Essentials of Network Planning, and all that
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RAN planning/optimization is a 
spatio-temporal problem …

Uniform service 
demand distribution

Regular 
Topology

Non-uniform service 
demand distribution

Irregular 
Topology
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A Novel Approach to RAN Planning
Transformations and Spatial Mappings – why?
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Supply – Demand 
“Compatibility”

A Novel Approach to RAN Planning
Transformations and Spatial Mappings – initial observations
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System-centric analysis

planning and optimizing
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A Novel Approach to RAN Planning
Transformations and Spatial Mappings – initial observations
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Domain
Canonical
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A Novel Approach to RAN Planning
Transformations and Spatial Mappings – the idea

Singularity 

Plurality 
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Canonical
Domain

Physical
Domain The 

Reality

?Easy

Difficult

Polynomials
Image Processing

F

F-1

People like transformations !!

A Novel Approach to RAN Planning
Spatial Mappings – Why?    What Type of Correspondence?
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A Novel Approach to RAN Planning
Spatial Mappings: Introducing novel tools
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F

F -1Canonical
Domain

Physical
Domain

Existence of F
Bernhard Riemann

An important and profound result from 
Complex Analysis, the Riemann’s mapping 
theorem, guarantees the existence of a 
conformal mapping between non-empty, open, 
and simply connected proper subsets of C.

A Novel Approach to RAN Planning
Spatial Mappings: Why Conformal Mapping?
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F

F -1Canonical
Domain

Physical
Domain

Existence and calculation of F
A well-studied family of conformal 
mappings, the Schwarz-Christoffel 
transformations, makes possible 
finding and computing both 
mapping and inverse by means of 
efficient numerical methods

E. Christoffel H. Schwarz

Existence and calculation of F -1

A Novel Approach to RAN Planning
Spatial Mappings: Schwarz-Christoffel transformations
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Conformal Mapping and 
power optimization RAN planning/optimization

Contributions: novel supply-demand concepts based on 

Centroidal Voronoi algorithms
and power Voronoi diagrams

(Irregularity minimization)

A Novel Approach to RAN Planning
Spatial Mappings: Introducing novel tools
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Conformal Mapping and 
power optimizationA Novel Approach to RAN Planning

Spatial Mappings: Introducing novel tools
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Conformal Mapping and 
power optimization

Analysis in the 
canonical domain.

Determine the number of 
cells (Capacity required for 

the service demand 
volume).

A Novel Approach to RAN Planning
Spatial Mappings: Introducing novel tools
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Centroidal Voronoi algorithms
and power Voronoi diagrams

Voronoi diagrams

A Novel Approach to RAN Planning
Spatial Mappings: Introducing novel tools
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Centroidal Voronoi algorithms
and power Voronoi diagrams

Power Voronoi diagrams

A Novel Approach to RAN Planning
Spatial Mappings: Introducing novel tools
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Centroidal Voronoi algorithms
and power Voronoi diagrams

Mass centroid

Requires a function defined over A→ good !!

A Novel Approach to RAN Planning
Spatial Mappings: Introducing novel tools
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Centroidal Voronoi algorithms
and power Voronoi diagrams

No need to compute F

F

F -1
Suitable for new networking scenarios !!

A Novel Approach to RAN Planning
Spatial Mappings: Introducing novel tools
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Very 
difficult !!

Conformal Mapping and 
power optimization

F

F -1

A Novel Approach to RAN Planning
Spatial Mappings: Engineering Solutions
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Feasible

Conformal Mapping and 
power optimizationA Novel Approach to RAN Planning

Spatial Mappings: Engineering Solutions
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Conformal Mapping and 
power optimization

Service 
Demand 
Volume

A Novel Approach to RAN Planning
Spatial Mappings: Engineering Solutions
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Non-conformal mapping: volume-preserving service demand re-distribution

(Illustration in 1D)

Conformal Mapping and 
power optimization

Solution in 1D: Trivial 
(closed-form in many
useful cases).

A Novel Approach to RAN Planning
Spatial Mappings: Engineering Solutions
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Conformal Mapping and 
power optimization

1D

Marginalization

Non-conformal mapping: volume-preserving service demand re-distribution

A Novel Approach to RAN Planning
Spatial Mappings: Engineering Solutions
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Conformal Mapping and 
power optimization

OFDMA:Orthogonal Frequency Division Multiple Access

The load of each cell is coupled to the load of 
other cells

Cell load: resource usage to satisfy a required service demand (<1).

Interference generated by each cell is
proportional to it load.

Existence and uniqueness
of  is shown for a given p.

A Novel Approach to RAN Planning
Spatial Mappings: Cell Load-Coupling in OFDMA
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Conformal Mapping and 
power optimization

 Uniform load pattern is unique.
 Spare capacity is maximized.

A Novel Approach to RAN Planning
Spatial Mappings: Power Optimization
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Conformal Mapping and 
power optimizationA Novel Approach to RAN Planning

Spatial Mappings: Some Results
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Conformal Mapping and 
power optimization

A Novel Approach to RAN Planning
Spatial Mappings: Some Results
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Centroidal Voronoi algorithms
and power Voronoi diagrams

RAN optimization on Centroidal and Power Voronoi Diagrams

A Novel Approach to RAN Planning
Spatial Mappings: Some Results
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 Predictability

A Novel Approach to RAN Planning
Spatial Mappings: Relevance to V2X
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 Multi-objective
optimization
o Interference coordination
o mmW Indoor planning
o Multi-RAT planning
o Cell-Switch Off 

 for 6G !!Usage of 
Metaheuristics

RAN Planning
Achieving a good Compromise

Ilmenau, October 4, 2022 89Dr. David González G. © Continental AG



Public
Continental AG

RAN Planning
Achieving a good Compromise
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RAN Planning
Achieving a good Compromise
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 New types of links
 Many planning-breaking features
 Inter-RAT resource allocation
 3D
 Data and AI/ML oriented

 Vehicular Networks
 6G will provide opportunities (e.g., OTFS)

A Novel Approach to RAN Planning
Spatial Mappings: Challenges for Beyond 5G 
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 Modeling (graph, connectivity, spanning trees)
 Network Science
 Self-Similarity, Fractality, and Chaos
 Optimization and Stochastic Geometry
 Service-based network dimensioning 
 IoT
 Uncertainty Quantification

 Others

A Novel Approach to RAN Planning
Spatial Mappings: Modern Tools and Trends
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Part III
Final Remarks

Views on 6G

Collaboration with Academia

Views on 6G for Automotive
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Views on 6G for Automotive
Mobile Edge Computing
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Views on 6G for Automotive
Integration of Terrestrial and Non-Terrestrial Access
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Views on 6G for Automotive
Reliability in High Mobility Scenarios
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Views on 6G for Automotive
Internet of Things
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Views on 6G for Automotive
Intra-Vehicle Communications
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Views on 6G for Automotive
Software-Defined Vehicles
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Views on 6G for Automotive
Cyber Security in Post-Quantum Times
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Views on 6G for Automotive
Drones and Aerials
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Views on 6G for Automotive
Integrated/Joint Sensing/Radar and Communication

Resolving multiple targets
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Views on 6G for Automotive
Integrated/Joint Sensing/Radar and Communication

 Data and Preambles
 Single-carrier + Multi-carriers
 (auto+cross)correlation properties
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Views on 6G for Automotive
Smart Infrastructure and Advanced and Accurate Modeling
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Views on 6G for Automotive
Simulations
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Views on 6G for Automotive
Open RAN

 white-box hardware

 open source software

 efficiency, intelligence
and versatility

 interoperability and 
standardization
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Views on 6G for Automotive
More Distributed and Vehicle-Centric Networking
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Views on 6G for Automotive
Others
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Spectrum (regulation)

Co-existence (market)

IPR (eco-system)

Ilmenau, October 4, 2022 110Dr. David González G. © Continental AG

Views on 6G for Automotive
Last but not least … what else we need ?
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› Collaboration with Academia

› Success

› Expectations
› Company
› Professor
› Student
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Collaboration with Academia
A must-have



Public
Continental AG

› Research: basic and/or applied

› Ideas for Projects
› Technology Performance Assessment

› Master and Ph.D. students

› Final Remarks
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Collaboration with Academia
Models and Alternatives
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Continental – Nanyang Technological University (NTU)
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Collaboration with Academia
Examples

https://www.ntu.edu.sg/continental-ntu

https://www.ntu.edu.sg/continental-ntu
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Robots to deliver food in Jurong East 
as part of trial involving new NTU 
laboratory
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Collaboration with Academia
Examples

https://www.youtube.com/watch?v=3ATXuM5v1OM
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Collaboration with Academia
Examples
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Thanks for your attention !!
david.gonzalez.gonzalez@continental.com


