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1. Introduction

Chapter 11 of ECC Report no. 159 identifies a list of areas requiring further studies among which it is mentioned the elaboration of the approach(-es) combining the geo-location database and spectrum sensing.

This document describes an application methodology to combine geo-location database and spectrum sensing techniques for WSDs operation in the band 470-790 MHz. The proposed methodology is implemented in a real scenario in order to compare geo-location and sensing approaches and possibly identify the benefits of sensing techniques when used in combination with the geo-location database.  Simulation results of real DVB-T transmitters coverage areas have been obtained using a proprietary software tool while measurements of the received signal levels have been performed by means of a spectrum analyzer. Both simulations and measurements are used to assess DVB-T channel occupancy, respectively based on the geo-location database approach and on sensing techniques.

2. The methodology

Channel occupancy in the 470-790 MHz band (Channels 21-60) can be derived through the geo-location database methodology and/or spectrum sensing techniques. In this work, it is assumed that white space spectrum evaluation is mainly based on geo-location database while spectrum sensing can help to reduce the risk of interference in some circumstances. The final aim is to obtain the more reliable knowledge of DVB-T channel occupancy in real scenarios. 

The protection of the DVB-T service can be guaranteed based on the Reference Planning Configurations (RPCs) specified in [1].  In Table 1 the minimum received fixed strength levels of the GEO-06 RPC for 650 MHz frequency are shown for different location probability values.

According to the proposed methodology, the DVB-T received signal is calculated in each pixel (400 m x 400 m) of the considered real area around the city of Bologna using the ITU-R P.526 propagation model which takes also into account the diffraction phenomena. 

	Table 1. DVB-T Reference Planning Configurations 
(Fixed Reception)

Frequency 650 MHz

	Location Probability
	Fk,min dBV/m at 10 m

	99%
	60

	95 %
	56

	50%
	48 

	1%
	34


The simulation results are then compared with the thresholds listed in Table 1 in order to identify the DVB-T coverage area where the usage of the selected channel is prevented and the complementary zone outside the coverage area where the channel is potentially available for WSD:

· DG = 1
The WSD is within the protected service contour. Hence the channel is occupied.

· DG = 0
The WSD is outside the protected service contour. Hence the channel is vacant.

where DG represents the geo-location database parameter which is set to 1 if the channel is used by DVB-T service and 0 if the channel is free.

For each pixel and for each channel from 21 to 60, the software procedure evaluates the maximum received power Prx considering all possible DVB-T transmitters located both in the considered area and in adjacent areas:
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where ERPTx is the DVB-T transmitter effective radiated power, Atot is the path loss, GRx is the receiver gain.
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where SRx is the minimum receiver sensitivity which depends on the electric field thresholds listed in Table 1.

In Figure 1 a schematic example of the distribution of the DVB-T coverage areas is shown assuming different DVB-T protection levels which correspond to different Location Probabilities (LP) values. As it can be expected the DVB-T coverage area increases as LP decreases. The lower is the LP (eg. LP = 1%), the stronger is the protection level since only a small percentage of users receive sufficient DVB-T signal especially near the border of the coverage area. In this last case sensing techniques could help identifying the areas where the received DVB-T signal is below the minimum acceptable level and hence spectrum can be potentially available for WSD.

In Figure 2 propagation simulation results of the electric field distributions (dBV/m) obtained for channel 21 and 58 are shown. The field levels thresholds listed in Table 1 have been highlighted with different colours. It can be noticed that for channels 21 and 58 most of the pixels inside the border lines of the province of Bologna are occupied since only some hilly and mountain areas far from Bologna are not reached by the DVB-T signal. The same coverage simulation results have been obtained with our propagation simulation tool for all other DVB-T channels of the 470-790 MHz band (Channels 21-60).
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Figure 1. DVB-T coverage areas as a function of the considered Location Probability
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Figure 2. Example of real DVB-T coverage areas in the province of Bologna

Based on the analysis of the DVB-T coverage distribution, it is possible to fill the geo-location database which can be represented by a matrix containing for each pixel, the channel number and the value of the DG parameter (1 or 0).

Further information on channel occupancy can be achieved by means of sensing techniques. This requires the implementation of experimental measurements in some locations of the considered area (province of Bologna).

In this work, a portable spectrum analyzer has been adopted for spectrum sensing. The instrument is the Narda SRM 3000 equipped with a tri-axial omni-directional antenna (Figure 3) which can operates in the frequency range  75 MHz – 3 GHz. Measurements have been performed using the “channel power” function, in order to evaluate the power spectral density distribution over the DVB-T channel bandwidth of 8 MHz. A resolution bandwidth (RBW) of 30 kHz has been adopted and for each selected frequency range (e.g. Fmin = 590 MHz - Fmax = 598 MHz) the Integration Bandwidth (IBW) function has been used.

In Figure 4 an example of channel power measurement is shown for the frequency range 710-750 MHz (channels from 51 to 56): it is evident that DVB-T signals are present in channels 53, 54 and 56.
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Figure 3. Narda SRM 3000 instrument
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Figure 4. Snapshot of channel power measurement result 

3. Case study

As already stated in the previous section, we focus our attention on the area inside the Bologna province. DVB-T coverage simulations have been performed in the whole area while measurements have been implemented only in three different locations listed in Table 2.

In Figure 5 and Figure 6 the geo-location database results obtained for channels 21-60 are reported only for the three locations (San Luca, Calderara, Villa Griffone) where also measurements are available. Three different electric field thresholds of 48 , 56 and 60 dBV/m have been addressed (see Table 1) in order to identify if the channel is occupied (red) or free (green). Channel occupancy variation has been investigated comparing the different locations by fixing the threshold level (Figure 5) or investigating the effect of the selected threshold assuming the same position (Figure 6). From Figure 5 and Figure 6, it is evident that most of the DVB-T channels are occupied in the considered area even if some of them could be available especially in the rural hilly area of Villa Griffone while the selected minimum field strength level has a slight impact on channel occupancy distribution.

	Table 2.  Location of the three different measurement points

	Measurement point
	Lat
	Long
	Height  (m) 

from ground level

	San Luca
	44,47916667
	11,29527778
	1,5

	Calderara
	44,55472222
	11,28055556
	24

	Villa Griffone
	44,43111111
	11,2675
	1,5
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Figure 5. Geo-location database matrix: comparison of different locations for the selected field strength threshold
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Figure 6. Geo-location database matrix: comparison of different field strength thresholds in the same location

Measurements results are plotted in Figure 7 for the three different points of Villa Griffone, Calderara and San Luca. After the integration in the 8 MHz band, the electric field has been converted in the corresponding received power according to the following expression:
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 where K is the antenna factor equal to 50 for the SRM 3000 omnidirectional antenna.
Higher peak power levels in Figure 7 are mainly related to the San Luca location, which is near several DVB-T antennas. Similar behaviour of the received power as a function of channels 21-60 has been obtained in the different measurements locations: it is evident (peak) that some channels (e.g. 24, 26, 29, ..) are occupied in all the three locations, even if the received signal is lower in Villa Griffone. Possible un-occupied channels (e.g. 25) are characterized by a lower received power, which is always above a floor of -80 dBm. This may be mainly due to the instrument sensitivity. Therefore using the SRM 3000 spectrum analyzer, is not feasible to operate with lower sensing thresholds (e.g. -114 dBm).

As shown by the comparison of Figure 5, Figure 6 and Figure 7, generally a good agreement is achieved between the geo-location approach and the measurement sensing technique since most of the channels are already occupied by the DVB-T service in the considered area.
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Figure 7. Received power measurements (dBm) for channels from 21 to 60 in three different locations (Villa Griffone, Calderara, San Luca)
4. Conclusions

In this contribution we present an operative methodology to apply the geol-location database approach in combination with sensing measurements in real scenarios. 

DVB-T coverage simulations have been performed in a real area of the province of the Bologna in order to identify occupied and vacant DVB-T channels. Subsequently channel occupancy of three specific locations has been investigated through experimental measurements using a portable SRM 3000 spectrum analyzer. Both simulations and measurements confirm that the WSD 470-790 MHz band is almost occupied. Therefore in this scenario the geo-location database approach and the spectrum sensing technique should lead to similar conclusions on channel occupancy distribution. A critical issue is the sensitivity and selectivity capabilities of the adopted instrument: it has been found that even when channel is certainly free (e.g channel 25) signal measurements doesn’t go below the -80 dBm basic floor which may be a too high value for sensing threshold.
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