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Introduction 

5G

Today one of the most dynamic sector of our global
economy is mobile wireless communications. The
Telecommunications and internet technology are now
an essential part of everyday life. The rapid growth of
internet has increased the demand for high speed data
connections. This growth is taking place all over the
world in both developed and developing countries.
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Users expect
high speed communication,
high quality,
and
reliability to easily access this resource.

Wireless technologies are playing an
increasingly important role in the
implementation of broadband services
and networks.
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European leadership

The European telecommunications industry plays a crucial
role in successfully developing 5G technologies, and
making Europe the leader in the field, which would ensure
EU economic growth and jobs. Currently, the industry
ensures 1.3 million EU jobs, representing a mobile
telecommunication economy of €160bn.

The average 10-year time cycle between two generations
of communications infrastructures is quickly shrinking.
Therefore, now it's time to kick-start 5G investment and
position European industrial players in order to seize the
first-mover advantage.

05.10.2018. – SVEČANA SALA BEOGRADSKOG SAJMA – POČETAK U 10:00h

Organizacioni odbor

Prof.dr Branko Kovačević, predsednik, UDIES, član UO NAEV
Prof.dr Nebojša Bojović, dekan, Saobraćajni fakultet, Univerzitet u Beogradu
dr Miodrag Mesarović, AINS, član UO NAEV
dr Mirko Bućan, Promaschinen d.o.o., član UO NAEV
dipl.ing. Dragoljub Jakšić, UDIES, član UO NAEV
dipl.ing. Marija Novaković, Siemens, član UO NAEV
dipl.ing. Miloš Vasić, Mašinski fakultet, Univerzitet u Beogradu

AGENDA FORUMA

OTVARANJE, 10:00h-10:10h, dr Mihailo Jovanović, direktor Kancelarije za informacione tehnologije i 
elektronsku upravu, izaslanik predsednice Vlade Republike Srbije
tema: Podrška Vlade Srbije i kancelarije za informacione tehnologije i elektronsku upravu projektima 
digitalne mobilnosti Srbije

10:10h-10:20h: dipl.ing. Aleksandar Jakovljević, direktor sektora za strategiju EPS-a,
tema: izazovi i potencijali e-mobilitija u strategiji EPS-a

10:20h-10:30h: dipl.ing. Ivan.Vulović, predsednik UO NAEV,
tema: stručni potencijali i projektne aktivnosi NAEV-a, saradnja javnog, poslovnog i civilnog sektora

Nacionalna Asocijacija Električnih Vozila - NAEV
Удружење Инжењера Електротехнике Србије –УДИЕС

POZIVAJU VAS NA

WCRG Wireless Communications
Research Group



5G Technology

Source: Qualcomm

Over $12 Trillion 5G-related goods and services in 2035
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Introduction
What are automobile engineers and manufacturers trying to 
accomplish by integrating so many diverse technologies? 

Innovations in current and next-generation automobiles are 
expanding capabilities and performance to serve three new             
key areas. 

Automotive electronics is the underlying platform for all 
operations and diagnostics, convenience and comfort, safety 
and security,  and main support for the three areas of innovation. 

• E-Mobility, applying clean renewable electric power to   
 transportation.   Hybrid or fully-electric drivetrains with   
 improved batteries, more efficient power conversion    
 and electronics power draw

• Autonomous Driving, increasing safety and enabling   
 new business models. advanced driver assistance systems  
 (ADAS) and autonomous driving with radar and light   
 detection and ranging (LIDAR)  sensors,  camera arrays,   
 and artificial intelligence algorithms running on powerful   
 computing systems.

• Connected Car, communicating with everything            
 and everybody.

E-Mobility

Autonomous Driving

Connected Car

LEAR N  M OR E :  AUTOMOT IV E  I NNOVAT IO N S  2020 

5G will enable $12 trillion of 
global economic activity in 2035 

 
The candidate’s plan presented in the proposal very much matches my own expertise, vision and 
experience. I am member of the IEEE Technical Committee (TC) for Wireless Power Transfer (WPT) and 
the TCP member of the Wireless Power Transfer Conference here in London in June 17-23, 2019. 
Therefore, I am proposing a very similar research proposal with the following title: Wireless Powering for 
Electric Vehicles 

 
Research methodology (how the goals of the project will be achieved); 
So far efforts have been made to demonstrate wireless power transfer to electric vehicles using inductive 
power transfer,and a few limited cases of capacitive power transfer. Our goal is to develop a WPT System 
that can provide an efficiency above 90%.  
 

 
 
The proposed research project will be divided into the three work packages (WPs). 
WP1: A proper design of a complete transmitter-receiver optimization. 
WP2: Building prototypes to validate the feasibility of the solution proposed. 
WP 3: Power Management Strategy 
The real challenge with far field WPT is to find ways to increase the DC power level at the energy harvester 
output without increasing the transmit power, and to ensure that sufficient range between transmitter and 
receiver can be achieved.   
 
Research / academic skills needed by the candidate to complete the project; 
The project demands a strong and inter-disciplinary track record in RF and microwave theory and 
techniques, circuit design, optimization theory, and wireless power communication.  
 
Resources (e.g. software, hardware, databases) that you can provide the student to complete the 
project as presented in the first point above; 
The following resources will be provided to student: Keysight ADS, em Sonnet  and RF and 
communication test facilities 

 
If the project requires any funding in order to be completed, explain how the costs will be covered. 
If you cannot fund these from your resources the candidate will be asked to pay the bench fees. 
He needs to know about this up front 

This project will be part of my current research grant (UKIERI) 
-------------------------------------------------------------------------------------   
Dr. D. Budimir, Reader of Wireless Communications 
Visiting Professor: University of Belgrade. 
Head of Wireless Communications Research Group. 
Faculty of Science and Technology, University of Westminster, 
115 New Cavendish Street, London W1W 6UW, UK. 
Email: d.budimir@wmin.ac.uk; Web: https://www.westminster.ac.uk/wireless-communications 
You Tube: http://www.youtube.com/watch?v=gTCSPtuO1Go 
---------------------------------------------------------------------------------------  



5G use cases
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5G standardisation timeline
Standards development & deployment 
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The main parameters of the NR 5G are

frequency range
3GPP Release 15:
FR1: 0.45 GHz to 6.0 GHz (sub-6 GHz)
FR2: 24.25 GHz to 52.6 GHz (mmWave)
Modulation type: up to 256 QAM (DL, UL)
Transmission method/multiple access:
CP-OFDM (DL); CP-OFDM, DFT-s-OFDM (UL)
Duplex: Dynamic TDD; FDD
Channel bandwidth:
Network operators: 100 MHz/CC (Component Carrier),
Max. 800 MHz (8CC)
3GPP:
max. 100 MHz/CC (Sub-6 GHz)
max. 400 MHz/CC (mmWave)
Peak data rate: >20 Gb/s (DL)
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Standardization forums: 3GPP
Frequency range: 3GPP Rel-15
FR1: 0.45 GHz to 6.0 GHz (sub-6 GHz)
Subcarrier spacing: 15/30/60 kHz
Maximum bandwidth:
5/10/15/20/25/40/50/60/80/100 MHz

Frequency range: 3GPP Rel-15
FR2: 24.25 GHz to 52.6 GHz (mmWave)
Subcarrier spacing: 60/120/240 kHz
Maximum bandwidth: 50/100/200/400 MHz 200/400 MHz
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Table 1 – Proposed mm-wave frequency bands for 5G. *For future 
study, not part of LTE Release 15
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Table 2. Proposed New Radio (NR) Spectrum
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Facilities available:
Measurement Facilities (Test Equipment)

Keysight E8361A 67GHz Vector Network Analyzer for testing
components for wireless and mobile communications.

Keysight N8684A 1.0 GHz Signal Generator, E4406A VSA Series
Transmitter Tester, E4433B ESG-D Series RF Signal Generator,
8970BTM 26.5 GHz Noise Figure Meter, 8971CTM 26.5 GHz Noise
Figure Test Set.
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Cascade SUMMIT 9000 Wafer Probe, with four positions.

Keysight N5182A 6 GHz MXG Vector Signal Generator,
E4433B ESG-D Series RF Signal Generator and E4406A VSA Series
Transmitter Tester.

Fabrication Facilities
LPKF ProtoMat Circuit Board Plotters 
LPKF CAD/CAM Systems



Computing Facilities

Keysight/Agilent ADS2017 software.

Keysight/Agilent Momentum software for modeling
2.0D/2.5D complex passive structures.

CST Microwave Studio software for modeling 3D
complex passive structures.

em Sonnet software for modeling 2D/2.5D planar
passive structures.

EPFIL software for electromagnetic modeling, design
and optimization waveguide filters.

Comarco Wireless Technologies-EDX, SignalProTM:

МATLAB
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Experimental setup of single band transmitter for 5G mobile system

f=1.52/0.7 GHz
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Example: 5G  Waveform (FBMC signal at input 
of a power amplifier as DUT

1520 MHz 5G band
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5G  Waveform (FBMC signal at 
output of a power amplifier as DUT

5G waveform : 3 MHz FBMC signal



Email: d.budimir@wmin.ac.uk
Email: d.budimir@etf.rs
Web: http://www2.wmin.ac.uk/~budimid/
YouTube: http://www.youtube.com/watch?v=gTCSPtuO1Go
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