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Abstract- Spectrum leasing issue is investigated by an opportunistic cooperative approach. The scenario includes a 
multi-antenna primary user (working as a Base Station) and a number of single-antenna primary and cognitive radio 
users (CR users). The core aim of the 1>apcr is to maximize ibe data rate in the downlink, from the primary base 
station (PU BS) to the desired primary user (PU RX), takiJJg advantage of the cooperation of opportunistically 
selected CR users. Cooperating CR users will also enjoy tbe benefits of transmitting to their intended CR receivers io 
a portion of time, allocated by PU BS. The main contribution of this work is proposing the opportunistic cooperative 
approach. Meanwhile the interference imposed on other PUs, due to cooperation of selected CR users, is removed. 
Moreover, as the opportunistically selected CR users form a virtual antenna array, it becomes feasible to utilize zero­
forcing beamformiug to remove the interference on other PUs. 
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l. INTRODUCTION 

The rigid structure of cun·ent spectrwn allocation 
policies creates a bottleneck for rapidly growing 
wireless users. On the other hand, the Federal 
Communication Commission (FCC) measlll'ements 
reveal that most of the licensed frequency bands are 
either unused or utilized less than 10% of the time [l]. 
To address the limitations on spectrum usage, the FCC 
has motivated the use of opportunistic spectrum 
sharing to make the I icensed frequency bands 
accessible for unlicensed wireless users. The intention 
behind this is to create cognitive capability of wireless 
devices for concurrent spectrum usage. 

The concept of spectrum leasing was proposed in 
(2) as an approach for better spectrum utilization. In
(2), based on the property-rights model of cognitive
radio, the primary users (PUs) may decide to lease

their own bandwidth for a fraction of time to 
secondary users (SUs) in exchange for cooperation in 
the form of distributed space-time coding. The system 
was modeled using Stackelberg games. In [3], the 
spectmm leasing idea proposed in [2] was developed 
and a cooperative cognitive radio framework was 
proposed to enable PU to lease a part of its own 
bandwidth co sele.cted SUs and use them as the 
cooperative relay in return. A game theoretic 
framework for spectrum leasing was developed in [4], 
where PUs actively participate in a non-cooperative 
game with SUs. In [5], the framework provided in [4] 
was elaborated and a general structure for the utility 
functions of PUs and SUs that aUows the PUs to 
control the price and the demand for spectrum access 
based on their required QoS was presented. 

Transmit beamforming (TB) with receive 
combining is one of the simplest approaches for 
achieving full diversity. Compared with traditional 
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