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Abstract: Limited availability of spectrum has been deterring the proliferation of wireless services, until measurements
revealed that large swaths of spectrum are in fact under-utilized. Cognitive radio networks have provided the flexibility to
users to access licensed parts of spectrum. But, economic incentives must be in place to incentivize the license holders
(primaries) to use the spectrum they have licensed in an intelligent manner, and thereby facilitate access by the rest
(secondaries). More specifically, license-holders should be allowed to sell their white spaces in an open spectrum market.
We study price competition among primaries in a Cognitive Radio Network (CRN) with multiple primaries and
secondaries located in a large region. In every slot, each primary has unused bandwidth with some probability, which may
be different for different primaries. Also, there may be a random number of secondaries. A primary can lease out its
unused bandwidth to a secondary in exchange for a fee. Each primary tries to attract secondaries by setting a lower price
for its bandwidth than the other primaries. Radio spectrum has the distinctive feature that transmissions at neighboring
locations on the same channel interfere with each other, whereas the same channel can be used at far-off locations without
mutual interference. So in the above price competition scenario, each primary must jointly select a set of mutually noninterfering locations within the region (which corresponds to an independent set in the conflict graph representing the
region) at which to offer bandwidth and the price at each location. We analyze this price competition scenario as a game
and seek a Nash Equilibrium (NE). For the game at a single location, we explicitly compute a NE and prove its
uniqueness. Also, for the game at multiple locations, we identify a class of conflict graphs, which we refer to as mean
valid graphs, such that the conflict graphs of a large number of topologies that commonly arise in practice are mean valid.
We explicitly compute a NE in mean valid graphs and show that it is unique in the class of NE with symmetric
independent set selection strategies of the primaries. Finally, we show that price competition in spectrum markets shares
several key properties with energy trade and in fact the analysis of the Nash equilibrium in the first context reveals key
insights about such equilibria in the latter context.
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