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Figure 9. Comparison of cell throughput (a) and collision ratio (b) among the conservative (dashed), 

aggressive (dotted-dashed) and soft-cooperative (solid) decision-making mechanisms considered for 

different sensing periodicities (MGRP). 

4.3  Cooperative Algorithm evaluation  

Another critical aspect in OSA techniques relying on Geo-DBs is the accuracy of the adopted UE location 

method. If a given UE is incorrectly positioned in an area where OSA is allowed, but its real location is in 

a forbidden OSA area, occupied opportunistic resources will be allocated to that user, therefore 

interfering with the licensed system. In addition, more location-error problems may appear when the 

power of the opportunistic activity in the licensed band has to be limited due to the detection of primary 

activity. In case the maximum range of the opportunistic signal is over-dimensioned, the number of 

collisions will increase. As a result, the performance provided by the PC mechanism –see Section 3.2– 

and, hence, the performance of OSA, may be compromised. Aiming at studying the impact of the 

precision error of the UE localization method, a precision error modeled as a Gaussian distribution has 

been introduced. In this way, Figure 10 shows the difference between either implementing PC (solid 

curve) or not (dashed lines) for different location errors. As it can be expected, the lack of a mechanism 

that controls the power of the opportunistic system causes harmful interferences with the licensee, 

increasing the collision ratio, and limiting the potential throughput. On the other hand, simulation results 

show that the average cell throughput is slightly affected by the UE positioning precision. Positioning 

precision mainly affects the collision probability in the LTE-A system for the most distant users from the 

eNodeB, consequently having their transmission power reduced to the minimum. In Figure 10(b) it can be 

seen that the maximum location error allowed in order to have a collision ratio lower than 10% is 30 m. In 

any case, there is a significant difference between implementing the PC and the Non-PC strategies for the 

allocation of resources in OSA. In the Non-PC case, the eNodeB transmits with the maximum power per 

RB, without power control, when it is cooperatively decided that there is no primary activity, increasing 

the number of collisions. As the scheduler used for the opportunistic resources tries to maximize the 

throughput (MaxCIR), the opportunistic resources will be normally scheduled for users close to the 

eNodeB and the collision probability in the LTE-A system will be small. Despite this, in the event of 

scheduling users far from the eNodeB, as they are closer to the primary system, their MCS will be more 

robust hence reducing the amount of transmitted data. Despite this reduction of transmitted data, the 

effect over the global throughput will be minor. 


