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Motivation

ncrease on signal density: multiple devices per
person and complex waveforms

Demand for bandwidth will continue to grow for
the foreseeable feature

Spectrum is already allocated with existing
standards

The problem may not be spectrum scarcity but
access to it

Regulatory trend: more sharing where co-
existence is demonstrated

Goal: Universal ubiquitous high speed device
without spectrum restrictions




Cognitive radio questions

 How to embed cognition in a radio? — software
package
 What cognitive model?
— Evolutionary system, Neural networks, Fuzzy systems
e Which host radio architecture?
— SDR or any agile radio
 Which radio layer?
— Cross-layer - PHY, MAC, Network layer, etc.
« How to establish a cognitive wireless network?
— centralized or distributed by network topologies

 What performance?



Theoretical Background

 The Radio architecture and functionality
can be expressed as a set of “Meters” and
“*Knobs”

— Meters are all possible inputs and/or
Information that can be available to the radio

e Sensors

— Knobs are all possible actions that the radio
can take
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GA'’s and biological metaphor

The WSGA uses a genetic
algorithm, which operates on
chromosomes.

The genes of the chromosome
represent the traits of the radio
(frequency, modulation, bandwidth,
coding, etc.).

The WSGA creatively analyzes the
Information from the CSM to create
a hew radio chromosome.




Theoretical Background

Layer Meters Knobs
(observable parameters) (writable parameters)
MAC Frame error rate Source coding
Data rate Channel coding rate and type
Frame size and type
Interleaving details
Channel/slot/code allocation
Duplexing
Multiple access
Encryption
PHY Bit error rate Transmitter power
SINR Spreading type and code
Received signal power Modulation type
Noise power Modulation index
Interference power Pulse shaping
Power consumption Symbol rate
Fading statistics Carrier frequency
Doppler spread Dynamic range
Delay spread Equalization
Angle of Arrival Antenna directivity
Other Computational power CPU Frequency scaling

Battery Life

Sample tabulation of knobs and meters by layer (ada

pted from Prof. Huseyin Arslan)



Software Architecture
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Knowledge Base - Representation

CH <::_E Models, | fn | Wen | Con LTM Chromosomes
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