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The original research question

5GHz@2011

5GHz@2010

2.4GHz@2011

Is it possible to
predict congestion
in digital radio 
networks just by
monitoring the 
radio spectrum?

1.8GHz@2011
Different operators
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The original research question (2)

Why the 2.4 GHz?

• COTS

• Ubiquitous

• Cheap

• Usually no license
required!
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The experimental set-up

Methods
• passive monitoring
• active monitoring 

Experiments in a controlled environment with 
different interference sources

Experiments in a controlled environment: second 
WiFi network at different distances

Live measurements
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The experiment

Jan-Willem van Bloem and Roel Schiphorst, 
Measuring the service level in the 2.4 GHz ISM 
band, 
Internal report of the University of Twente, Signals 
and Systems, 
December 2, 2011, 

http://eprints.eemcs.utwente.nl/20915/01/report.pdf
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Conclusions

• No, 
energy measurements are not sufficient for
predicting congestion

Extra conclusions:

• Non-WiFi apparatus may cause severe 
interference to WiFi

• WiFi behaves rather politely towards other
WiFi

• WiFi capacity is limited
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Follow-up @ congestion

New experimental set-up

(packet sniffer?)

New research question

not only WiFi

?
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conclusions @ digital systems

Surprising result: 

WiFi is not a 

perpetuum mobile!*

*) Claude E. Shannon already told us in 1948 …
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conclusions @ digital systems (2)
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conclusions @ digital systems (3)
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32 frames per second data need 766 
frames per second transmission 
capacity to get through in an
interfered environment

17 frames per second data versus 91 
frames per second transmission 
capacity to get through in a moderate 
environment

368 kbit/s vs. 9 Mbit/s 190 kbit/s vs. 1 Mbit/s



08/12/2012

Radiocommunications Agency12

conclusions @ digital systems (4)

Finally, the wanted message will be decoded by
the receiving station

Finally means that there is some delay

This delay depends on how the channel is 
shared (interference level)

The higher the interference level, the greater
the delay
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conclusions @ digital systems (5)

*)

Different systems react differently. 

Delay plays an important role in digital systems
*) thanks to Richard Wormersly, Interference Management 
http://ec.europa.eu/information_society/policy/ecomm/radio_spectrum/_document_storage/studies
/interference/interference_final_report.pdf
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On the other hand

Pocket Wi-Fi hotspots paralyse Chinese metro lines
Using free band to run trains oddly didn't turn out well 

http://www.theregister.co.uk/2012/11/21/wi_fi_knockout/
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Overall conclusion

Sharing spectrum can/will cause interference

So: become reconciled with it! 

If you can’t: think of creative solutions!
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Creative solutions

For example with

cognitive radio!

We expect lots of 
experiments in the 
near future!
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Helmut.Leonhard@agentschaptelecom.nl


