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Mobile phones



What is an invention?

Wallace and Gromit’s world of inventions, Aardman animations



Simplicissimus magazine, 20 December 1926 
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Analogue voice 
No data 
1980s

Digital voice 
100 kbits 
1990s

Mobile data 
1Mbps 
2000s

Mobile broadband 
10s of Mbps 
2010s

Low latency 
Mobile broadband 
100s of Mbps 
2020s

1G 2G 3G 4G 5G



Which is the most powerful?

The Cray 1 Supercomputer IBM Deep Blue Apple iPhone 13
1975 1997 2021

160 Mflops 12 Gflops 1500 Gflops



Buzzword bingo

From 5G for Absolute Beginners: Part 4 Why is 5G called 5G, Zahid Ghadialy, April 2020 bit.ly/udemy5G

http://bit.ly/udemy5G
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FIGURE 3 

Enhancement of key capabilities from IMT-Advanced to IMT-2020 
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The values in the Figure above are targets for research and investigation for IMT-2020 and may be 
further developed in other ITU-R Recommendations, and may be revised in the light of future studies. 
The targets are further described below.  

The peak data rate of IMT-2020 for enhanced Mobile Broadband is expected to reach 10 Gbit/s. 
However under certain conditions and scenarios IMT-2020 would support up to 20 Gbit/s peak data 
rate, as shown in Fig. 3. IMT-2020 would support different user experienced data rates covering a 
variety of environments for enhanced Mobile Broadband. For wide area coverage cases, e.g. in urban 
and sub-urban areas, a user experienced data rate of 100 Mbit/s is expected to be enabled. In hotspot 
cases, the user experienced data rate is expected to reach higher values (e.g. 1 Gbit/s indoor).  

The spectrum efficiency is expected to be three times higher compared to IMT-Advanced for 
enhanced Mobile Broadband. The achievable increase in efficiency from IMT-Advanced will vary 
between scenarios and could be higher in some scenarios (for example five times subject to further 
research). IMT-2020 is expected to support 10 Mbit/s/m2 area traffic capacity, for example in hot 
spots. 

The energy consumption for the radio access network of IMT-2020 should not be greater than IMT 
networks deployed today, while delivering the enhanced capabilities. The network energy efficiency 
should therefore be improved by a factor at least as great as the envisaged traffic capacity increase of 
IMT-2020 relative to IMT-Advanced for enhanced Mobile Broadband.  

IMT-2020 would be able to provide 1 ms over-the-air latency, capable of supporting services with 
very low latency requirements. IMT-2020 is also expected to enable high mobility up to 500 km/h 
with acceptable QoS. This is envisioned in particular for high speed trains.  

Finally, IMT-2020 is expected to support a connection density of up to 106/km2, for example in 
massive machine type communication scenarios.  
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Global snapshot of allocated/targeted 5G spectrum
5G is being designed for diverse spectrum types/bands

Licensed
Unlicensed /shared

Existing band

New 5G band

600MHz (2x35MHz)
3.55-

3.7GHz

24.25-24.45GHz 
24.75-25.25GHz 
27.5-28.35GHz

700MHz (2x30 MHz) 3.4±3.8GHz 24.5-27.5GHz

3.4±3.8GHz 26GHz

3.4±3.8GHz 26GHz

3.46±3.8GHz 26GHz

3.6±3.8GHz 

3.3±3.6GHz 4.8±5GHz 24.75-27.5GHz 37-42.5GHz

3.42±
3.7GHz 

26.5-
28.9GHz

4.5±4.9GHz 27-29.5GHz

3.4±3.7GHz 39GHz

3.6±4.1GHz

64-71GHz

37-37.6GHz 
37.6-40GHz 

47.2-48.2GHz

5.9±6.4GHz 

5.9±7.1GHz 

600MHz (2x35MHz)
26.5-27.5GHz

27.5-28.35GHz 64-71GHz

2.5/2.6GHz 
(B41/n41)

37-37.6GHz
37.6-40GHz

24.25-27.5GHz

26.5-27.5GHz

3.7-
4.2GHz

3.55-3.7 GHz

700MHz (2x30 MHz)

700MHz (2x30 MHz)

700MHz (2x30 MHz)

700MHz (2x30 MHz)

5GHz4GHz3GHz<1GHz 24-28GHz 37-40GHz 64-71GHz >95GHz

3.45-
3.55GHz

2.5/2.6GHz (B41/n41)

39-43.5GHz26.6-27GHz

700MHz

>95GHz

700MHz 3.3±3.6GHz 
24.25-27.5GHz 
27.5-29.5GHz 37-43.5GHz

5.9±7.1GHz 3.4±
3.42GHz 

3.7-
4.0GHz 

700/800MHz 37.5-38.7GHz2.3-2.39GHz 25.7-
26.5GHz

28.9-
29.5GHz

From “Making 5G a commercial reality,” Qualcomm Feb 2020 https://www.qualcomm.com/media/documents/files/making-5g-nr-a-commercial-reality.pdf

Radio altimeters

https://www.qualcomm.com/media/documents/files/making-5g-nr-a-commercial-reality.pdf


Key innovations in 5G (according to Qualcomm)
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Scalable OFDM 
numerology
Low latency, URLLC,
forward compatibility

Self-contained
slot structure

Address diverse services,
spectrum, deployments

Multi-Edge LDPC and   
CRC-Aided Polar

Support large data blocks,
reliable control channel

Reciprocity-based
MU-MIMO

Large # of antennas to increase 
coverage/capacity

Beamforming
and beam-tracking

For extreme capacity
and throughput

Our technology inventions drove 5G Rel-15 specifications

Early R&D investments Fundamental contributions to 3GPPCutting-edge prototypes

Flexible slot-based
framework

Scalable OFDM-based
air interface

Advanced 
channel coding

Massive 
MIMO

Mobile
mmWave

From “Making 5G a commercial reality,” Qualcomm Feb 2020 https://www.qualcomm.com/media/documents/files/making-5g-nr-a-commercial-reality.pdf

https://www.qualcomm.com/media/documents/files/making-5g-nr-a-commercial-reality.pdf


5G features -OFDM

OFDM ideal transmitter and receiver diagram from https://en.wikipedia.org/wiki/Orthogonal_frequency-division_multiplexing

https://en.wikipedia.org/wiki/Orthogonal_frequency-division_multiplexing


5G features -MIMO



3G UMTS architecture - latency
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Mobile telephony

Not telephony!
Massive important innovator 
A tangle of standards and alphabet spaghetti
Huge private investments
Funded on a commercial model
Another invention…

but really a bundle of innovation wrapped in a protocol



Next

Integral transforms
12th April 6pm (UK time) 2022

Operating systems
31st May 6pm (UK time) 2022

Thanks and kudos to the Worshipful Company of Information Technologists who 
sponsor these lectures.


