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	Summary:
	This contribution estimates the white space availability in the UK based on the analysis of a prototype geolocation database. The database has been constructed by deriving the WSD EIRP that will degrade the DTT coverage by 1%.  For simplicity, only the CEPT reference geometry for mobile WSD interference into fixed DTT reception at 10m has been considered. The protection of portable receivers and PMSE are not considered and will require further study.

The TVWS availability has been analysed using the statistical methods proposed in ECC 159. Complementary cumulative distribution functions are presented expressing the spectrum available to a given proportion of the country, subject to a given EIRP limit. In addition, availability maps are presented to illustrate the regional variations in white space availability.

	Proposal:
	For consideration by SE43 and inclusion in the draft ECC Report on Geolocation Database techniques from SE43 showing availability in the UK.

	Background:
	SE43 has been tasked by WGSE to define technical and operational requirements for the operation of cognitive radio systems in the white spaces of the UHF broadcasting band (470-790 MHz) to ensure the protection of incumbent radio services/systems and investigate the consequential amount of spectrum potentially available as “white space”. 


1 Introduction

In the UK, UHF TV spectrum is planned as a multi frequency network (MFN) to allow regional variations across the country. Following DSO (digital switch over) six digital multiplexes will be broadcast across the 32 UHF channels retained for broadcast. In any particular region, up to 26 UHF channels, known as the “TV White Space” could potentially be made available for low power transmissions on a non-interfering basis to the primary DTT service. 

The UK regulator Ofcom has stated its intentions to make the interleaved spectrum available on a licence-exempt basis to White Space Devices (WSDs). The spectrum will be available to the WSDs using geolocation databases. Proposals for the construction of this database have also been published and these follow the methodology developed in ECC 159. For this study a UK-wide database has been constructed using these rules and the resulting spectrum availability has been assessed. 

The study considers the TV whitespace availability in the UK, taking into account the protection of fixed DTT reception. Preliminary assumptions regarding receiver performance have been made and the restrictions necessary to protect portable reception and PMSE assignments have not been considered.  

2 Database Construction Method

The calculation is based on the detailed DTT coverage predictions made for the UK. The country is split into 100m by 100m squares, called pixels, and coverage predictions are made for each pixel.  The DTT coverage is expressed in terms of location probability, which defines the percentage of locations within a given pixel that are predicted to receive a DTT service. WSD signals will always cause some interference and this will reduce the location probability.
In this study a 1% degradation in location probability has been permitted for a mobile WSD operating at 20m from a rooftop DTT antenna. This reference geometry used is that proposed in ECC159. 
The UK is currently in the process of switching off analogue services and increasing the power of the DTT services. For this study, the analysis is based on the predictions for post switchover DTT coverage taking account the 1% time DTT interference from other parts of the network, including continental interference from international neighbours.
2.1 Database limitations

A number of simplifications have been made in the construction of the database and the following assumptions have been made.
· DTT reception on indoor antennas, including loft-mounted and portable set-top antennas, has not yet been protected.

· No allowance has yet been made for PMSE assignments.

· No margins have yet been added for interference aggregation from multiple WSDs operating in a pixel.

· Receiver saturation has not yet been modelled and low level receiver protection ratios from the Ofcom 2010 consultation have been used. WSD signals at greater frequency offsets from DTT will cause less interference. The WSD power has been capped at 30dBm, corresponding to a WSD interference level of -20dBm at the DTT receiver.

· DTT protection has been limited currently to a subset of the Digital Preferred Service Area (DPSA) layers.  Typically only 1 or 2 transmitters will be protected in a given pixel.

3 Presentation of UK TV White Space Availability 
White space availability can potentially support a diverse range of applications. This section describes the different approaches considered in presenting the availability of white space channels in the UK. It is useful to analyse the availability in the context of the intended application. In this study the white space availability is presented using three different approaches. 

· The first approach presents the white space availability in terms of number of channels to a given percentage of the populated UK land area (considered on a pixel by pixel basis). This type of analysis may be particularly appropriate for identifying channels for rural broadband applications to support a limited numbers of users. 
· For mass-market applications, e.g. supplementing WiFi spectrum for broadband connectivity, it is useful to weight the data to account for the population in a given pixel. Therefore in the second approach the availability is expressed in terms of the number of white space channels available to a given percentage of UK households. 

· Finally, it is also useful to illustrate this data on a map showing how the white space availability varies with location. This is helpful to identify regions with restricted availability. The availability maps are presented as a function of WSD power.
As WSD EIRP is increased, the number of available channels can be expected to fall. For example, white space channels in the first adjacent channel to primary DTT services may become unavailable for higher power WSDs due to the finite ACS performance of the DTT receivers. Therefore in all of the above approaches the white space availability is shown for WSD EIRP levels ranging from -30dBm to +30dBm in 10dB intervals. 
3.1 TVWS availability calculated for populated pixel area

Figure 1 presents the white space availability in the UK based on the populated pixel area. This is expressed in terms of the availability of white space channels for a given percentage of coverage pixels as a function of the WSD EIRP level. 
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Figure 1: white space availability in the UK as a percentage of pixel area
The graph shows that, for a WSD power of 10dBm, 50% of the populated pixels have access to approximately 144MHz. of spectrum.
3.2 TVWS availability accounting for population density 
Figure 2 presents the white space availability in the UK taking account of the population density considering the number of households per pixel. The analysis considers the populated pixels, but the data has now been weighted taking into account the number of households in each pixel. The graph thus shows the TVWS availability for a given percentage of households as a function of WSD EIRP. 
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Figure 2: white space availability in the UK as a percentage of households

The graph shows that 50% of households have access to 152MHz of spectrum at a power of 10dBm. As the device EIRP is increased the amount of available spectrum decreases.
4 White Space availability maps for the UK 
The maps presented in this section illustrate the white space availability for the whole of the UK. The maps are colour coded to show how the number of available white space channels varies across the UK in each region. Cooler colours (shades of blue) indicate low availability and the warmer colours denote increased availability of white space channels. The maps represent white space availability as a function of WSD EIRP level ranging from -30dBm to +30dBm in 10dB intervals.
4.1 White Space availability for all the pixels

The white space availability maps are generated considering the reference geometry for all the pixels in the UK.  All pixels, whether populated or unpopulated, are protected for DTT coverage using the 20m-separation reference geometry for mobile WSD into fixed DTT. Figure 3 to Figure 9 (section 4.1) shows the availability maps for this scenario as a function of WSD power. As the WSD power is increased, the number of channels available decreases. 

	Figure 3: WSD EIRP of -30dBm
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	Figure 4: WSD EIRP of -20dBm
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	Figure 5: WSD EIRP -10dBm
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	Figure 6: WSD EIRP 0dBm
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	Figure 7: WSD EIRP 10dBm
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	Figure 8: WSD EIRP 20dBm
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	Figure 9: WSD EIRP 30dBm
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4.2 White Space availability maps protecting populated pixels 

The maps in this section show the TVWS availability for the case where the reference geometry is modified according to the distance to the nearest populated pixel.  For populated pixels and their immediate neighbours, the 20m reference geometry is used to calculate the WSD EIRP. For unpopulated pixels, the reference geometry is relaxed from 20m to consider the distance to the nearest populated pixel. Figure 10 to Figure 16 (section 4.1) presents the resulting availability maps for this scenario. It can be seen that this approach increases the white space availability, particularly for sparsely populated rural areas in the UK.
	Figure 10: WSD EIRP of -30dBm
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	Figure 11: WSD EIRP of -20dBm
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	Figure 12: WSD EIRP -10dBm
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	Figure 13: WSD EIRP 0dBm
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	Figure 14: WSD EIRP 10dBm
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	Figure 15: WSD EIRP 20dBm
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	Figure 16: WSD EIRP 30dBm
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5 Conclusions

An initial study of TV White Space in the UK based on the geolocation database approach has been presented. A geolocation database has been constructed by deriving the maximum permitted power levels for WSDs in a given specific location. The database has been analysed to illustrate the resulting availability. The EIRP calculations for the database follow the methodology described in Ofcom’s ‘Implementing Geolocation’ consultation document.
The TVWS availability varies with the WSD device power. Availability is significantly reduced at higher device powers, particularly in populated areas and in the vicinity of over-lapping coverage areas between the DTT transmitters. Relaxing the reference geometry in unpopulated pixels can increase the white space availability. An approach has been developed where the 20m separation used in the reference geometry is replaced by the distance between the candidate WSD pixel and the nearest populated pixel, This could enable higher power applications such as rural base stations in remote areas and on the edges of populated areas. 
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