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GLOBAL MARKETS, GLOBAL TECHNOLOGY, 

GLOBAL STUDENTS

Using the example of the cell phone industry



International 

communications 

market

The technologies involved are a combination 
of analog and digital applications as well as 
passive and active components.

The globally/universally useful RF engineering 
additionally understands 

ÅA/D converters 

ÅDSP, digital signal processing (DSP), 

ÅMicro processor coding in C++ 

ÅData science in Python

ÅBusiness education (MBA)

ÅInnovative design with an eye for quality 
and reliability of the product.



Analog Technology, 
Examples

RF front ends consists of 

ÅAnalog low noise preamplifiers

ÅñLinear mixersò 

ÅPLL based synthesizers with low power 
consumption

Design parameters may be: 

ÅNoise figure, i.e.: < 1dB 

ÅIntermodulation distortion IP3>1dBm

ÅInput selectivity 

ÅPhase noise (-145dBc/Hz @ 200KHz) 

ÅSettling speed, less than 1mS 



Digital Technology  

Example

Analog to digital converters (A/D)

ÅOptimized IF frequencies 

ÅImpedance matching

ÅOverload and saturation vs. noise figure

Design decisions may be: 

ÅIF selectivity

ÅCoding scheme

ÅComposite filters implementation in DSP

ÅAutomatic gain routines 

ÅComputational delay time



ANALOG AND 
DIGITAL 
TECHNIQUES



HIGH PERFORMANCE 
ANALOG TECHNIQUES

AN EXAMPLE
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Using the example of the cell phone industry



Evolution of the cellular technologies



1991

EVOLUTION OF DIGITAL CELLULAR TECHNOLOGIES

2002 2010 2019

Mainly GSM

Narrowband 270 kHz

Few frequencies 

900/1800/1900 MHz

No global frequencies

Low data rates, initially 

9.6 kbps evolving up to 

384 kbps

Very high latency

LTE

Flexible bandwidth up 

to 20MHz

Deployed from 400 

MHz to 3.7 GHz

Data rates from 40 

Mbit/s to todays 1.2 

Gbit/s

Low latency

5G NR (New Radio)

Scalable bandwidth up 

to 2000 MHz

Frequencies up to 71 

GHz

Very high data rates 

Ultra low latency 

possible

5G / 6G?4G3G2G

Mainly WCMDA

Bandwidth 5 MHz

Initially 2.1 GHz almost 

global availability

Evolved to a global 

standard

Data rates 384 kbit/s 

evolving to 42 mbit/s

Medium latency

Suffered from IPR 

fights



HAS 5G DELIVERED ON ITS PROMISES?
YES AND NO

VDownload speeds are up, latency is down

VIs the òplaygroundó where new features are being developed

VNon terrestrial networks

VReduced capabilities devices

ÅCurrent 5G networks are more 4.9G networks maintaining legacy 4G functionality 

ÅIncreased user equipment complexity, cost and power consumption

ÅSlow take up on low latency and Internet of Things (IoT) applications



GLOBAL MARKETS, GLOBAL TECHNOLOGY, 

GLOBAL EDUCATORS & STUDENTS

Winners and others: Some examples



Winners

ÅEntered the mobile world 2007

ÅMost profitable manufacturer since 2009

Apple

ÅHighly vertically integrated, from components to 
phones

ÅIn house touch screen expertise

ÅWorldôs largest manufacturer

Samsung

ÅAndroid has 85% market share as mobile OS

Å38% of all devices connected to the internet are 
using Android

Å2021 ï3 billion active devices

Google



Losers

Å2009 the largest cellphone maker in the world

ÅToo proud to adopt Android

ÅStrong innovation culture ïfailed to bring innovations to the market ïsold to 
Microsoft ïName sold to HMD 

Nokia

ÅSold to Google ï sold to Lenovo

Motorola

ÅCellphones were a mean to sell infrastructure - when 3G matured ï not able to 
compete.

ÅSold to Sony

Ericsson

ÅFocused on messaging

ÅMissed the touch screen revolution

Blackberry

ÅFirst cellphones 2003

Å2019 worlds second largest supplier of smartphones

Å"Killed" by US trade sanctions ïRenamed to Honor -sold

Huawei



CELLPHONE SHIPMENTS UNTIL 2024
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GLOBAL STUDENTS

Looking Forward: What will drive the technological 

development?



LTE A TRULY GLOBAL TECHNOLOGY
SUBSCRIPTION PENETRATION 2018

SOURCE: ERICSSON MOBILITY REPORT

Subscriptions per capita



THE FUTURE OF WIRELESS TECHNOLOGIES
SOURCE: ERICSSON MOBILITY REPORT



DATA WILL BE DRIVING THE FUTURE OF 

THE CELLULAR INDUSTRY



HIGHER DATA RATES REQUIRES BANDWIDTH 
ONLY AVAILABLE AT HIGHER FREQUENCIES



AI-DRIVEN WIRELESS TECHNOLOGIES
ARTIFICIAL INTELLIGENCE IS TRANSFORMING WIRELESS COMMUNICATIONS

AI Applications in Wireless

ÅIntelligent Beamforming : AI algorithms optimize antenna patterns in real-time

ÅSpectrum Management : Machine learning predicts and allocates spectrum dynamically

ÅNetwork Optimization : Self-organizing networks (SON) using AI for coverage and capacity

ÅPredictive Maintenance : AI analyses RF component health before failures occur

ÅSignal processing: AI dynamically performs channel estimation to increase throughput 

AI in Modern Smartphones

ÅComputational Photography : AI enhances camera performance beyond hardware limits

ÅBattery Optimization : Machine learning manages power consumption intelligently

ÅVoice Processing : Real-time speech enhancement and noise cancellation

ÅNetwork Selection : AI chooses optimal network connections automatically



AI-DRIVEN WIRELESS TECHNOLOGIES

ARTIFICIAL INTELLIGENCE IS TRANSFORMING WIRELESS COMMUNICATIONS

Technical Requirements

ÅEdge Computing : Processing AI at the device level

ÅReduced Latency : <1ms response times for real-time AI decisions

ÅEnergy Efficiency : AI algorithms optimized for mobile power 

constraints



QUANTUM TECHNOLOGIES IN COMMUNICATIONS
PROMISE REVOLUTIONARY ADVANCES IN SECURITY AND PROCESSING

Potential Quantum Applications in Wireless

ÅQuantum Computing : Complex optimization problems in network 

design

ÅPost -Quantum Cryptography : Preparing for quantum-resistant 

security

ÅQuantum Key Distribution (QKD) : Unbreakable encryption for 

sensitive communications



WHERE ARE WE WITH 6G 
STANDARDIZATION?

Å3GPP has not started yet ï First 5G advanced work will be started in 

release 18, with completion in 2024

ÅITU-R is working on ñIMT for 2030 and beyondò (aka ñ6Gò)

ÅTargeting commercialization around 2030

ÅCurrently inputs are collected around use cases to find suitable 

technologies

HTTPS://WWW.ITU.INT/DMS_PUB/ITU-S/OPB/ITUJNL/S-ITUJNL-JFETF.V1I1-2020-P09-PDF-E.PDF



6G TECHNOLOGIES WITH AI AND QUANTUM

AI-Native 6G Features

ÅAI-Native Network Architecture : Devices and Networks designed from 

ground up for AI processing

ÅAutonomous Network Management : Self-healing, self-optimizing networks

ÅPredictive Quality of Service : AI predicts and prevents network issues

ÅQuantum -Secured Communications : Unbreakable encryption as standard 

feature



WHAT ARE THE USE CASES FOR 6G ?
A FEW EXAMPLES FROM THE NGMN ALLIANCE

ÅEnhanced Human Communication ï Metaverse, digital twin and holographic 

telepresence 

ÅEnhanced Machine Communication -Robots, interactive collaborative robots 

and autonomous machines

ÅEnabling Services - high accuracy location, mapping, environmental, or body 

sensing data

ÅNetwork Evolution ï AI and energy efficiency

ÅSocial needs ï environmental sustainability, security and privacy

HTTPS://WWW.NGMN.ORG/WP-CONTENT/UPLOADS/220222-NGMN-6G-USE-CASES-AND-ANALYSIS-1.PDF



WHAT TECHNOLOGIES CAN WE EXPECT TO BE 
USED 6G IN 2030?
SOME CURRENT RESEARCH AREAS ARE

ÅFaster data transmission using higher 

frequencies & wider bandwidth 

ÅISACïIntegrated Sensing and 

Communication and ñradarò like 

functions

ÅAI and ML for better performance on 

the physical layer

ÅRIS ïReflective intelligent surfaces for 

better and more dynamic coverage

ÅNew network structure with LEO and 

GEO satellites, drones and others to 

provide true worldwide coverage

ÅIncreased security ï Quantum secure 

encryption

ÅEnergy harvesting

ÅEdge computing 



FIRST 6G DEMOSTRATORS USING D-BAND
AIMING FOR COMMERCIALIZATION 2029

https://www.lgnewsroom.com/2021/08/lg-records-6g-thz-

band-milestone/
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GLOBAL STUDENTS

How has the cellphone antenna developed over the years ?





ÅUp to 10 different frequency bands

ÅMultiple cellular technologies: 

 GSM, UMTS,LTE, TD-SCDMA, 5G

ÅNon cellular technologies: WIFI, 

Bluetooth, GPS, Glonass, Galileo, 

Baidu, NFC

ÅReceive diversity antennas

Antennas in a modern cellphone 

Not just one antenna



5G AND ENERGY CONSUMPTION

ÅCurrent 5G devices consume more 

energy when using 4G+5G (NSA)

Å5G devices with low (FR1) and high 

frequency (FR2) consume more than 

devices with FR1 only

ÅMost of the power in a cell phone is 

used during monitoring of control 

information

ÅImprovements to increase efficiency is 

being standardized

Å5G Networks consume less power than 

4G Networks

ÅEnergy consumption is a major 

expense for network operators

https://www.ericsson.com/en/blog/2020/2/mobile-devices-and-energy-efficiency



ARTIFICIAL INTELLIGENCE (AI)
OPPORTUNITIES AND CHALLENGES IN 
TECHNOLOGY

PROS

ÅEnhanced Productivity: AI can automate repetitive 

tasks while preserving jobs requiring creativity and 

judgment

Å24/7 Availability

ÅPattern Recognition: Superior at detecting 

anomalies and predicting failures 

ÅSoftware Bug Detection: AI excels at analysing 

code logic, finding vulnerabilities, and suggesting 

fixes through pattern matching

ÅLanguage Translation: Breaking communication 

barriers with, context-aware translation

CONS
ÅLacks True Innovation:  AI cannot create genuinely 

novel solutions - only recombines existing 

knowledge

ÅProne to Errors:  AI makes mistakes

ÅBlack Box Problem:  Complex AI decisions are 

often unexplainable, creating trust and regulatory 

challenges

ÅHigh Energy Consumption:  Training and running 

large AI models requires significant computational 

resources

ÅDependency Risk:  Over-reliance on AI can erode 

human expertise and critical thinking skills



QUANTUM COMPUTING
PROMISE AND PERILS OF QUANTUM 
TECHNOLOGY

PROS

ÅScientific Research:  simulation of systems for 

advances in physics and chemistry

ÅDrug Discovery & Materials:  Quantum simulation 

enables modelling of molecular interactions 

impossible with classical computers

ÅQuantum -Safe Cryptography:  Drives development 

of new encryption methods already being 

implemented (e.g., Signal protocol)

ÅMachine Learning Enhancement:  Quantum ML 

algorithms promise exponential speedups for certain 

problems

CONS

ÅExtreme Operating Costs:  Requires near-absolute 

zero temperatures and sophisticated systems

ÅLimited Applications:  Provides advantages for 

specific problem types - not a general-purpose 

solution

ÅCryptographic Threat:  Will break current 

encryption, endangering legacy devices and stored 

data

ÅTechnical Immaturity:  Current quantum computers 

are noisy, error-prone, and have limited qubit counts

ÅAccessibility Barriers:  Extremely expensive and 

complex, limiting access
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GLOBAL STUDENTS

What tools are available for the RF engineers ?




