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Beamforming Issues of Systems with Dynamic Carrier Frequency Selection
Unlike traditional wireless systems, WRAN systems will operate on VHF/UHF TV bands, ranging from 54 MHz to 862 MHz, by opportunistically accessing unused or under-utilized spectrum. Since the primary users of VHF/UHF TV bands are TV devices and Part-74 wireless microphones, availability of certain bands to the secondary WRAN users depends on the absence of primary users in those bands. Thus, during a communication process, a WRAN user might need to switch from one TV band to another TV band in case of sudden appearance of a primary user in the band where the WRAN user is operating. Furthermore, dynamic frequency hopping may be required for channel aggregation mode. This inherent nature of WRAN systems poses a great challenge to designing adaptive beamforming schemes. For WRAN systems, beamforming weights derived in one TV band might not be directly applicable to another TV band, because the frequency difference between two different TV bands could be reasonably large to create certain direction of arrival (DOA) shift between two beam patterns. This, in turn, may greatly degrade the performance and capacity of WRAN systems. 

Proposed Solution
We propose a beamforming weigh adaptation scheme which not only to keeps the nulls towards unintended users, but also to keep the main beam directed to the intended user, so that the majority of available power is transmitted to the intended user, while less interference pollution is directed to the others. Let us consider two TV channels in the uplink of a WRAN system, namely T1 and T2, with center frequencies f1 and f2, respectively. The base station is equipped with M element uniform linear array (ULA). Assuming that the desired user switches from TV band T1 to TV band T2, and the optimum beamforming weight vector 
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for TV band is known, the proposed method can be summarized in the following steps [1]:

· Determine beam pattern’s nulls for TV band T1, 
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, using the polynomial formed from 
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· Transform the phase components of T1 beam pattern’s nulls, and obtain the phase components of T2 beam pattern’s nulls as
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· Construct the T2 beam pattern’s nulls as
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· If there are any additional nulls due to the periodicity of the steering vector and if any of them is located near the DOA of the desired user move it to a safe location.
· Construct the beamforming weight vector for T2:
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In constructing the nulls for TV band T2, we may choose 
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Computer Simulations

In our simulation, we consider a WRAN system with ULA with antenna spacing
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is the carrier wavelength of TV band T1. We also assume that there is one desired user and two interferers.  The beamforming weights are originally optimized for TV band T1.  In the event of dynamic channel switching, the channel of operation is now at T2.  Using the proposed method, we compute a new set of beamforming coefficients for the new carrier frequency. Our objective is to derive a new set of beamforming weights such that the original beampattern is preserved as much as possible.
In FIGURE 1, we plot the beam patterns for T1 with frequency 700 MHz, and T2 with frequency 800 MHz using the proposed scheme. By optimum beampattern we mean the beam pattern which was generated using the optimum beamforming weights for the user operating at T1. Here the total number of antennas is 5. The desired user’s DOA is at -300, whereas the interfering users DOAs are at 200 and 500. From the figure we can clearly see that the beam pattern generated by the proposed scheme is very close to the optimum one. It has the same main beam and null positions and there is no additional nulls due to the periodicity of the steering vectors since those nulls are moved to locations far away from the desired user’s DOA.
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FIGURE 1. Beam patterns using the proposed method. Here, M = 5,  f1 = 700 MHz, f2 = 800 MHz. 
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Abstract


In WRAN systems, due to switching of a user from one TV band to another TV band, beamforming weights derived for one TV band cannot be directly applicable to another TV band.


The frequency difference between two different TV bands could be reasonably large to create certain direction of arrival (DOA) shift between two beam patterns. It will greatly degrade the overall system performance. We propose a novel adaptive array design in combination with efficient signal processing techniques to optimally update the beamforming weights in one TV band from the information of beamforming weights in another TV band.  
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