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	Summary:
	This document proposes a revision of Annex 9 in the Working Document towards complimentary ECC report on geo-location. The Annex is derived from SE43(11)96 input document presented in 12th Meeting of SE43 and describes the application in a real scenario of a combined approach of geo-location database and sensing techniques to identify spectral resource available for WSD.

The proposed revision carries mainly editorial changes in order to shorten the text, avoiding redundancy and improving readability.

Furthermore, several remarks are highligthed in the conclusion section:

· a combined geolocation and sensing approach gives higher protection to incumbent services, provided that a proper detection threshold is applied;

· a combined approach gives additional degrees of freedom with respect to a stand-alone approach (either sensing or geolocation)..

	Proposal:
	Editorial modification of Annex 9 in the Working Document and final considerations and conclusions of the presented results

	Background:
	Chapter 11 of ECC Report no. 159 identifies a list of areas requiring further studies among which the specification and implementation of the requirements for the geo-location database approach.

Among the issues mentioned for further investigation the approach combining the geo-location database and spectrum sensing is included.


1. Introduction

In order to assess the possible benefits of sensing techniques when used in combination with the geo-location database, the methodology described in section 7.1 is implemented in a real scenario in Italy, in the province of Bologna. Simulation results of real DVB-T transmitters coverage areas have been obtained using a proprietary software tool, which implements the ITU-R P.526 propagation model. 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. Application of the methodology in a real scenario

2.1 Geo-location database 

In the considered scenario of the province of Bologna, field strength levels for DVB-T channels from 21 to 60 are calculated over square pixels (400 m x 400 m), using the ITU-R P.526 propagation model which takes into account also diffraction phenomena based on a digital SRTM terrain model. For each pixel and for each channel from 21 to 60, the simulation tool evaluates the maximum field strength level Erx (dBV/m) considering all possible DVB-T transmitters located both in the considered area and in neighbouring areas:

 Erx (dBV/m) = Max(Etx (dBV/m) –Atot(dB)) 

where Erx (dBV/m) is a function of each considered DVB-T transmitter effective radiated power ERPTx (dBW) and Atot is the path loss.

The simulation results are then compared with the proper thresholds based on the Reference Planning Configurations (RPCs) specified in [1] for the protection of the DVB-T service. In Table 1 the minimum field strength levels of the GEO-06 RPC1 (fixed reception) at 650 MHz are shown for different location probability values.

	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


In particular, given a threshold Trx set at one of the Fk,min  values in Table 1:

	Erx (dBV/m) >= Trx 
	DG = 1
	The pixel is within the protected service contour. Hence the channel is occupied

	Erx (dBV/m) < Trx 
	DG = 0
	The pixel is outside the protected service contour. Hence the channel is vacant


In Figure 1 simulated field strength levels (dBV/m) are shown for channel 21 and 59. It can be noticed that for the considered channels most of the pixels of the province of Bologna are occupied, as only some hilly and mountainous areas quite far from Bologna are not reached by the DVB-T signal. Similar results have been computed with the employed simulation tool for all the DVB-T channels in the 470-790 MHz band (channels 21-60). Based on this analysis the geo-location database can be populated: for each pixel and for each channel the proper value of the DG parameter (1 or 0) is stored.
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Figure 1. Example of received DVB-T signal strength in the province of Bologna for channels 21 and 59

In Figure 2 the geo-location database results obtained for channels 21-60 are reported for the six locations (Villa Griffone, Ristorante Joli, Giardino Sasso Marconi, Val di Setta, Piccolo Paradiso, Mongardino), where also measurements are available. The selected location are those shown in the following Figure 3. 
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Figure 2. Geo-location database: comparison in each location (1: Villa Griffone, 2: Ristorante Joli, 3: Giardino Sasso Marconi, 4: Val di Setta, 5: Piccolo Paradiso, 6: Mongardino) for different field strength thresholds (34 dBV/m, 48 dBV/m, 56 dBV/m, 60 dBV/m).

Four different thresholds of 34 dBV/m, 48 dBV/m, 56 dBV/m, 60 dBV/m have been addressed in order to identify if the channel is occupied (red) or not (green). Channel occupancy is shown in Figure 2 for the different locations and selected thresholds. From Table 2 it can be observed that the percentage of white space potentially available varies with the selected threshold, even though most of the DVB-T channels result to be occupied in the considered locations.

	Table 2. WS potentially available from the geolocation DB

	Threshold (dBV/m)
	%

	<=34
	20.08

	<=48
	38.89

	<=56
	46.15

	<=60
	50.43


2.2 Measurement for spectrum sensing

Further information on channel occupancy can be achieved by means of sensing techniques. To this aim several measurements have been realised in a number of locations of the considered area (province of Bologna).

In this work, a Narda SRM 3000 portable spectrum analyzer has been adopted for spectrum sensing. The instrument has been equipped either with a tri-axial isotropic antenna, which can operate in the frequency range 75 MHz – 3 GHz, or with a log periodic dipole array antenna, which can operate in the frequency range 200 MHz – 2.75 GHz. The two different antennas were chosen in order to have different sensitivity thresholds for the measurement set up: sensitivity threshold is as high as -80 dBm with the isotropic antenna and falls to 
-105 dBm with the logperiodic antenna. 

It has to be noted that, according to the ECC Report n.159, the detection threshold should be set to -120.71 dBm, in case sensing-alone is applied in the considered scenario. However, the measurement equipment available for this study does not permit to lower the sensitivity threshold below -105 dBm; therefore sensing-alone is not a viable approach with this set up. 
Measurements have been performed using the “channel power” mode, in order to evaluate the total amount of power received in 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. 

Measurements have been performed in the six different locations listed in Table 2 and shown in Figure 3.
	Table 3. measurement locations

	Measurement point
	X-UTM (ED50)
	Y-UTM (ED50)
	Height  (m)

above ground level

	Villa Griffone
	680492
	4922261
	1.5

	Ristorante Joli
	679948
	4920824
	1.5

	Sasso Marconi
	679010
	4917863
	1.5

	Val di Setta
	679329
	4917863
	1.5

	Piccolo Paradiso
	679384
	4915586
	1.5

	Mongardino
	676364
	4920300
	1.5
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Figure 3. Measurement locations: Villa Griffone, Ristorante Joli, Giardino Sasso Marconi, Val di Setta, Piccolo Paradiso, Mongardino.
In  Figure 4 measurement results obtained for channels 21-60 are reported in the six different observed locations, for the two different probes: omnidirectional and log-periodic antenna. According to measurements,  unoccupied channels (e.g. 34) correspond to field strength level below the set up sensitivity floor (-80 dBm for omnidirectional antenna and -105 dBm for log-periodic antenna). As expected, the number of vacant channel decreases as the value of the sensitivity threshold decreases.

In Figure 4 channel occupancy is shown for each location, as a function of the two different floor levels: red colour corresponds to occupied channel, whereas green colour stands for unoccupied channel. From Figure 4 it can be noticed that there are locations (e.g. location 5: Piccolo Paradiso) where the effect of the different threshold is negligible, while in other cases the number of unoccupied channels varies with the sensitivity floor value.
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Figure 4. Measured data: comparison in each location (1: Villa Griffone, 2: RistoranteJoli, 3: Giardino Sasso Marconi, 4: Val di Setta, 5: Piccolo Paradiso, 6: Mongardino) for the two different instrument floor level (1: -80 dBm, 2:-105 dBm)
2.3 Combined approach
In order to assess the effect of the combined approach, we considered both results from the simulations (i.e. geolocation approach) and measurements (i.e. spectrum sensing approach).

In  Table 3 the percentage of channels where both geo-location database and sensing identify unoccupied channels (double green) is reported. With a detection threshold of -80 dBm any additional protection for the incumbent service is gained with respect to the geolocation alone approach (compare with Table 2), whereas adopting a detection threshold of -105 dBm the total amount of white space potentially available decreases.

	Table 4. Double Green Percentage

	Different field strength levels  for DVB-T reference planning configurations (fixed reception)
(dBV/m)
	different instrument threshold (dBm)

	
	-80
	-105

	<=34
	20.08
	18.38

	<=48
	38.89
	34.19

	<=56
	46.15
	38.89

	<=60
	50.43
	41.88


As expected, the smaller percentage of double green channels is related to higher protection of the DVB-T service and to more stringent values for the sensing thresholds.

From the right columns of Table 3, it can be noticed that the double green percentage varies in general more significantly with the DVB-T protection threshold, used to populate geolocation database, rather than with the detection threshold of the measurement equipment. 
3. Conclusions

In this contribution we have considered a real scenario as a case study to investigate possible benefits in terms of protection of incumbent services, derived from a combined approach of geolocation and sensing techniques. 

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, according to different levels of protection. Subsequently channel occupancy in several specific locations has been investigated through measurements using a portable Narda SRM 3000 spectrum analyzer, equipped with different probes, in order to investigate the effect of the detection threshold. Both simulations and measurements confirm that the WSD 470-790 MHz band is densely occupied in the considered Italian scenario.
Some general considerations and remarks can be derived from the obtained results.

In particular, the analysis confirms that a combined geolocation and sensing approach gives higher protection to incumbent services, provided that a proper detection threshold is applied.

Moreover a combined approach gives additional degrees of freedom with respect to a stand-alone approach (either sensing or geolocation). Once a single administration has set the level of protection for incumbent services, that target level can be statistically reached with a trade off between the protection given by the geolocation database (e.g. different LP values) and the protection given by sensing (e.g. different sensing thresholds). For instance in the considered case study the same level of protection (i.e. 38% of WS potentially available) can be obtained combining either a threshold of 48 dBV/m for the geolocation and a detection threshold of -80 dBm for sensing or a threshold of 56 dBV/m for the geolocation and a detection threshold of 
-105 dBm for sensing. However, it has to be noted that the distribution of white spacepotentially available could differ in space and frequency for the two different choices.
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