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Cognitive Radio — whatis it ?
definition
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Cognitive_radio is a paradigm for wireless communication
In which either a network or a wireless node

changes its transmission _or reception parameters

to communicate efficiently

avoiding interference with licensed or unlicensed users.

This alteration of parameters is based on the active monitoring
of several factors in the external and internal radio environment,
such as radio frequency spectrum, user behaviour and network
state.

Wikipedia
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Cognitive Radio — whatis it ?
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Cognitive Radio System is a radio system
which has the following capabillities:

to obtain the knowledge of radio operational environment

and established policies and to monitor usage patterns
and users’ needs ;

to dynamically and autonomously adjust its operational
parameters and protocols according to this knowledge in
order to achieve predefined objectives, e.g. more efficient
utilization of spectrum, and

to learn from the results of its actions in order to further
Improve its performance .

Annex 11 to ITU-R Document 5A/168-E
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The Cognition Cycle
[source: Joseph Mitola 1ll, 1999]
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Jfeasibility assessment”
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The Federal Communications Commission (FCC) has identified in [11] the following (less revolutionary)
features that cognitive radios can incorporate to enable a more efficient and flexible usage of spectrum:

[11]

Frequency Agility — The radio is able to change its operating frequency to optimize its use
in adapting to the environment.

Dynamic Frequency Selection (DFS) — The radio senses signals from nearby transmitters
to choose an optimal operation environment.

Adaptive Modulation — The transmission characteristics and waveforms can be reconfigured
to exploit all opportunities for the usage of spectrum

Transmit Power Control (TPC) — The transmission power is adapted to full power limits
when necessary on the one hand and to lower levels on the other hand to allow greater
sharing of spectrum.

Location Awareness — The radio is able to determine its location and the location of other
devices operating in the same spectrum to optimize transmission parameters for increasing
spectrum re-use.

Negotiated Use — The cognitive radio may have algorithms enabling the sharing of spectrum
In terms of prearranged agreements between a licensee and a third party or on an
ad-hoc/real-time basis.

Federal Communications Commission, "Report and Order (FCC 05-57): Facilitating Opportunities for Flexible, Efficient,
and Reliable Spectrum Use Employing Cognitive Radio Technologies,,, ET Docket No. 03-108, 11 March 2005.
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Cognitive Radio —who needs it ?

,-.. plenty of unused spectrum at any place at any time ..."

M Broadcasting
Licensed or unlicensed bands ?

Sporadic or prevalent use ?
Opportunistic or systematic ?
Nature of primary user ?

Nature of secondary user ?
Amount of bandwidth needed ?
Conflict resolution mechanisms ?
Reaction times ?

Complexity of implementation ? Satellite Mobilz
Cost of terminal / infrastructure ? oY
Usage fees or free of charge ?

Defence

systems
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Fix. and Fix.
Satellite &

FWA
19%

Source: Orange 2006

Land Mobile (GSM, UMTS, DECT)

Spectrum use between 30 MHz and 10 GHz
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European Frequency Allocation
from 30 MHz to 10 GHz
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Secondary Use (in licensed bands)

magnitude [not drawn to scale] _ _
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Personal Observations

Demand for wireless communication continues to accellerate

Engineers are pushing boundaries of technology to keep up

Lack of appropriate spectrum could be the limiting factor

Cognitive Radio will help to manage resources more efficiently

Primary spectrum holders can benefit from cognitive principles

Opportunistic re-use has certain applications in special scenarios
However,

there is no business case for secondary by-pass in cellular bands

Cognitive Radio provides a toolbox, it is not a silver bu llet
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VDE

Thank you very much
for your attention

klaus-d.kohrt@ieee.org
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