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Lecture 1 Introduction: Wireless Evolution and Current State of Play 



Wireless History 
• Ancient Systems: Smoke Signals, Carrier Pigeons, …

• Radio invented in the 1890s by Marconi

1924: First Mobile Radio Telephone
1901: First radio reception across the Atlantic Ocean

• 1940s-50s: cellular concept discovered (AT&T)
• 1st Generation: Analog:

• AMPS: FDMA with 30 KHz FM-modulated voice channels.
• 1983: The first analog cellular system deployed in Chicago: 
• FCC increased the cellular spectral allocation from 40 MHz to 50 MHz.

• Two 25MHz channels: DL and UL
• AT&T moved on to fiber optics in ‘80s. 

• 2nd generation: digital: early 90s
• higher capacity, improved cost, speed, and power efficiency of digital 

hardware



Mobile Networks Generation From 1G to 4G



Future Cellular Phones

Much better performance and reliability than today
- Gbps rates, low latency, 99% coverage indoors and out 
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Future Wireless Networks
Ubiquitous Communication Among People and Devices

Next-generation Cellular
Wireless Internet Access
Wireless Multimedia
Sensor Networks 
Smart Homes/Spaces
Automated Highways
In-Body Networks
All this and more …



Ericsson’s Mobility Stats
 Mobile subscriptions worldwide Q3 2017

• In Q3, 95 million new mobile subscriptions were added 

• resulting in a total of 7.8 billion.

• LTE becomes the dominant mobile access technology in 2017

 In 2023, there will be 9.1 billion mobile subscriptions
• 8.5 billion mobile broadband subscriptions 

• 1 billion 5G subscriptions for enhanced mobile broadband 

[Source] ERICSSON Mobility-report November-2017



Ericsson’s Mobility Report (November 2025)

Source: https://www.ericsson.com/4aca6f/assets/local/reports-papers/mobility-
report/documents/2025/ericsson-mobility-report-november-2025.pdf



Emerging Trends of Innovation
Hype Cycle for Emerging Technologies, 2023 Hype Cycle for Emerging Technologies, 2024

Hype Cycle for Emerging Technologies, 2025



Standardization Activities and Timelines

Source: https://www.3gpp.org/specifications-technologies/releases



What is 5G?
 5G is a 5th generation network: 

• that connects new industries
• enable new services 
• empower new user experiences 
• set new levels of cost and energy efficiency.

“Developing vertical applications for the future requires re-imagining of how we create 
and deliver data and services”. 

[Source]: Qualcomm Technologies, Inc.



Overview of 5G: Architectures – Services 

[Source - Huawei] 5G: A Technology Vision

Architecture elements are defined as
virtualized network functions (NFV) that
offer operators to provide services:
• Reduced hardware cost
• Flexible orchestration services

The “5G HyperService Cube” a 
multi-dimensional overview 
• throughput, 
• latency 
• number of connections



5G Service-based Architecture

Courtesy 3GPP

Virtual network architecture – Network Slicing!
• multiple logical networks from common shared physical infrastructure
• to meet the specific needs: 

• applications, services, devices, customers or operators

Dynamic end-to-end network slicing for 5G 



5G Radio Access Methods and Technologies

[Source]: Qualcomm Technologies, Inc.

[Source]: Yunlong Cai et. al., “Modulation and Multiple 
Access for 5G Networks” , IEEE Communications Surveys 
& Tutorials, 2017.



mmWave Channel Measurement Campaign by NYW 

T. Rappport et al., “Millimeter Wave Mobile Communications for 5G Cellular: It Will Work!”, IEEE Access,



FUTURE – 6G?

6G-Enabled Wireless Smart Society & Ecosystem (6Genesis) -
http://www.oulu.fi/university/6gflagship

Centre for Wireless Communications (CWC) – University of Oulu

Key Components:
Mobility as a service

The goals:
Support industry in finalization of 5G
Develop the fundamental technology needed to enable 6G
Speed up digitalization in society
To place Finland at the leading edge of 6G

“Developing vertical applications for the future requires re-imagining of how 
we create and deliver data and services.”



International Mobile Telecommunications 2030 

The transition from 4G to 5G was based on:
• Enhanced Mobile Broadband (eMBB)
• Ultra reliable low latency Communication (uRLLC)
• Massive Machine Type Communication(mmTC)

The transition from 5G to 6G is based on:
• Immersive Communication Network of Senses (Xtreme Reality, 

Holographic Vision) 
• AI and Communications (Disaggregation and Distributed 

Intelligence)
• Hyper reliable and low latency communication (eRLLC)
• Ubiquitous Connectivity (Terrestrial and Non-Terrestrial Network 

Integration)
• Massive Communication
• Integrated Sensing and Communication (IS&C)



6G Usecases



Seamless Immersive Reality



Cooperating Mobile Robots



Realtime Digital Twins

This use case covers the following applications (non-exhaustive list) 

• DT in a manufacturing plant 

• DT for water management and improved traffic management (smart cities) 

• DT aggregation of sub-DT to cover complex systems (e.g. full smart cities) 

• DT for 6G network planning and operation itself 

• DT in port operations.



Network-Assisted Mobility



Ubiquitous Network



Human-Centric Networks



6G Standardization



ComSys Research Group Research in 6G

- Radio Access Techniques (RATs)

- Reconfigurable Intellegent Surfaces

- Integrated Sensing, Localization 

- mmWave Aerial communications, sensing and localization


