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Summary
The calculation of the location probability during network planning of broadcasting services is carried out on the basis of several assumptions forming a special framework. One element is the consideration of the receiving conditions. Usually, it is distinguished between reception modes such as fixed, portable outdoor and portable indoor reception. These are characterized by certain parameters describing the receiver performance including the antenna characteristics. Making a calculation for fixed reception means to employ a certain standard configuration. 
However, listeners and viewers of broadcasting programmes are not obliged to use receivers and antenna installations as they are assumed for the calculation of the location probability as a measure for the quality of service. It is well-known fact that inside the coverage area of a transmitter which for example was planned for fixed reception, two aspects are important for broadcasters in their attempt to protect their services. These are:
· Moving from the coverage edge of a transmitter that was planned for fixed reception towards the transmitter site, first portable outdoor and later portable indoor become feasible due to the increasing field strength provided. As a matter of fact, listeners and viewers are making use of these reception modes.
· Furthermore, at the same time the excess of field strength closer to the transmitter site allows to receive broadcasting services with a fixed reception antenna installation which has only poor performance due to mis-alignment of the antenna with respect to the transmitter location or signal degradation due to unprofessionally installed antenna feeds.
If these conditions were taken into consideration when calculating the location probability for a given pixel then  lower values would be obtained than those derived on the basis of the standard configuration used for planning purposes. Additional interference imposed by WSD might not have a great impact in these locations if standard receiving conditions were used. However, listeners and viewers enjoying broadcasting content under the conditions described above could experience significant service quality degradation.
Proposal:
It is proposed to specify a constant value of acceptable location percentage degradation and not to relax this value in locations with higher initial location percentages. More precisely, an acceptable location percentage degradation of 0.1% is to be applied for all values of initial location percentages. It is also proposed to include extracts from this contribution in the output document of SE43
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Antenna Installations and Reception Modes vs. Location Probability 

1. Introduction

The planning of the broadcasting services is carried out using a framework based on a wave propagation model and assumptions on the performance of the transmitters and receiver installations.
The planning and protection of digital terrestrial broadcasting services are governed in Europe by the principles defined in the GE06 Agreement and the GE06 Plan. In order to evaluate the coverage of a broadcasting transmitter the following elements need to be defined:
1. a wave propagation model to predict a field strength produced by a transmitter at a given location;
2. a methodology to treat field strengths in a statistical sense over a small area of the size 100m*100m up to 1000m*1000m;
3. a statistical method to derive the probability distribution functions for the sum of fields or their ratios;
4. a link budget calculation, i.e. information about the minimum field strength that needs to be delivered at a given point in order to ensure that the receiver is able to receive the signal and extract the content. The link budget has to encompass information about transmitter and receiver performance including assumptions about the receiving antenna performance and the antenna height; and
5. receiver protection ratios with respect to interference from broadcasting and other services.

2. Concept of Pixels and Intra-Pixel Variations
Terrestrial broadcasts coverage predictions target towards areas rather than points. However, the spatial resolution for all current wave propagation models used in broadcasting planning is limited. This means that reliable field strength predictions can obviously only be given for points separated by some minimum distance. Currently, a resolution of 100m is used; in some cases 50m are employed[footnoteRef:1].  [1:  Seen from a practical point of view, the primary reason for not employing better resolutions is that the difference in the predicted field strength values between two points separated by less than a distance of 100m or 50m is negligible. ] 

[bookmark: _GoBack]However, it is known that additional variations in field strength within the resolution limit of 100m will occur in practice as a consequence of shadow fading. This variation cannot be easily predicted because of the finite resolution of the propagation models and the associated terrain and clutter databases. Instead, statistical methods are employed to capture this behaviour. To this end, a grid of (equidistant) points is superimposed on the target coverage area. Each grid point is assumed to coincide with the centre of a small square area known as a pixel. The pixels can have different sizes depending on the granularity of the coverage analysis and the resolution of the wave propagation model. Typical values are 100m * 100m up to 1000m * 1000m. 
For each of the pixels a field strength value is predicted using the wave propagation model, together with its associated terrain and clutter databases. The field is calculated from the transmitter location to the centre of the pixel under consideration. The variation of the field strength throughout the pixel area is assumed to follow a defined distribution function (which is usually modelled as a log-normal). The mean value of the distribution is assumed to be equal to the predicted field strength for the centre of the pixel. Assumptions on the standard deviation of the distribution have to be made before any further calculation can be carried out. These assumptions are based on measurement surveys carried out over typical broadcast coverage areas and accepted in the GE06 Agreement; the departure of the measured field strength values from the predicted median value within the pixel is then modelled with an appropriate value for the standard deviation of the log normal distribution.

3. Coverage Predictions, Location Probability and Reception Margin
Given the median field strength prediction of the wanted and interfering fields at the pixel centre and the assumed statistical variation of these quantities throughout the pixel, the probability that the wanted field strength will exceed the minimum value required for reception throughout the pixel can be derived. This quantity takes into account the interference and is known as the location probability for that pixel. It can be interpreted as the fraction of locations within the pixel area where the broadcasting service can be received without impairment. 
In general, the wanted field strength, and the associated location probability, produced by a transmitter will decrease with distance from the transmitter. The edge of the coverage area of a given transmitter is determined as the locations were according to the statistical treatment the protection criteria are just met, i.e. the minimum required field strength and the relevant protection ratio satisfy a given threshold location probability.
Locations at the edge of reception will receive lower field strengths and will have less reception margin to cope with fading, impulsive interference or sub-optimum domestic installations. Pixels closer to the transmitter location can potentially support reception on lower performance installations, including devices with portable and set top antennas. 
The planning principles laid down in GE06 were developed under the assumption that only co-channel interference needs to be taken into account. As a consequence, any interfering transmitters will be located outside the investigated coverage area. Thus, the field strength imposed by a remote transmitter onto the coverage area of a given transmitter will have its maximum value at the edge of the coverage area. When moving into the coverage area the interfering field will decay. Therefore, it suffices to derive protection criteria for the coverage edge because inside the coverage area they will be automatically met. 
The situation changes as soon as the interfering source is located inside the coverage area. Clearly, this cannot be possible when using the same channel. This means that such a situation always refers to adjacent channel usage whereas adjacent can mean next-adjacent or further apart. It turns out that care has to be taken when assessing the protection of the broadcasting service under such conditions. 

4. Impact of Sub-Optimum DTT Receiving Installations
As discussed, a reference receiving installation is used to predict the broadcast coverage. In practice, however, there is no obligation for the listeners and viewers to use such an installation for their reception and this is one of the major issues that broadcasters have to account for when predicting the coverage of a transmitter, i.e. calculating the location probability and assessing interference.
In the vicinity of a transmitter, where the wanted field strength is significantly higher than the required minimum field, sub-optimal receiving equipment may be sufficient to provide adequate reception quality. Experience shows that the fraction of sub-optimal receiving installations increase as the distance to the transmitter decreases[footnoteRef:2]. Furthermore, closer to the transmitter it is often possible to receive a programme using alternative reception modes, e.g. portable (outdoor/indoor) reception might be possible even though the service may have originally been planned for fixed reception. Broadcasters are well aware of all this and it is crucial for them to ensure that all these receiving conditions are supported and protected. [2:  http://stakeholders.ofcom.org.uk/binaries/research/tv-research/aerials_research.pdf] 

Seen from the perspective of location probability associated with a given pixel it is important to understand that all these different receiving conditions or use cases cannot be described by a single location probability. The link budget underlying the location probability calculation is impacted by the following:
· Even though a broadcasting service may be planned for fixed reception viewers are using different receivers in order to make use of portable reception. These receivers usually employ antennas of lower performance.[footnoteRef:3]  [3:  For example, in the UK DTT planning it is assumed that TV installations have an antenna with 10dBd gain at a height of 10m with a 3dB feeder loss. This results in an effective gain of 9.15 dBi. It also assumes the antenna is pointed at the wanted DTT transmitter with the correct polarisation.] 

· The domestic roof-top antenna installation is sub-optimally sited, mis-pointed, or installed at a lower height than the 10m figure used for planning. This means that the antenna may not be elevated above the surrounding clutter.
· Type and density of housing in a given pixel may not always be accurately reflected by the available clutter data used for coverage prediction calculations.
· In highly cluttered environments improving the receiving conditions due to cross polarisation may not be achievable. 
Thus, in practice more than one location probabilities would need to be associated with any given pixel in principle in order to grasp all these situations. This means that if a broadcasting service is planned according to given conditions such as planning for fixed reception, then inside the coverage area for a given pixel a high location probability may be found, e.g. even 100%. But using different receiving conditions for the same pixel under else equal conditions may result in a significantly lower location probability. 
One of the proposals for the introduction of other services such as WSD foresees that the location probability in each pixel may be reduced by 0.1%. The calculation of the location probability will be carried out in the presence of additional interference from WSD indicating the additional interference does not violate the conditions imposed for the protection of broadcasting. For a broadcasting service planned for fixed reception this means that for example the location probability of a pixel deep inside the coverage area is reduced from 100% to 99.9%. 
Sub-optimal antenna alignment in a cluttered environment as outlined above may lead to a situation where the wanted DTT signal from the transmitter site will be more attenuated than when taken into consideration standard planning parameters during the location probability calculations only. Consequently, any additional WSD interference will have a more severe impact.
5. Conclusion
The calculation of the location probability during network planning of broadcasting services is carried out on the basis of several assumptions forming a special framework. One element is the consideration of the receiving conditions. Usually, it is distinguished between reception modes such as fixed, portable outdoor and portable indoor reception. These are characterized by certain parameters describing the receiver performance including the antenna characteristics. Making a calculation for fixed reception means to employ a certain standard configuration. 
However, listeners and viewers of broadcasting programmes are not obliged to use receivers and antenna installations as they are assumed for the calculation of the location probability as a measure for the quality of service. It is well-known fact that inside the coverage area of a transmitter which for example was planned for fixed reception, two aspects are important for broadcasters in their attempt to protect their services. These are:
· Moving from the coverage edge of a transmitter that was planned for fixed reception towards the transmitter site, first portable outdoor and later portable indoor become feasible due to the increasing field strength provided. As a matter of fact, listeners and viewers are making use of these reception modes.
· Furthermore, at the same time the excess of field strength closer to the transmitter site allows to receive broadcasting services with a fixed reception antenna installation which has only poor performance due to mis-alignment of the antenna with respect to the transmitter location or signal degradation due to unprofessionally installed antenna feeds.
If these conditions were taken into consideration when calculating the location probability for a given pixel then we would obtain lower values than those derived on the basis of the standard configuration used for planning purposes. Additional interference imposed by WSD might not have a great impact in these locations if standard receiving conditions were used. However, listeners and viewers enjoying broadcasting content under the conditions described above could experience significant service quality degradation. In order to protect such reception the additional interference induced by WSD has to be limited appropriately.

It is therefore proposed to specify a constant value of acceptable location percentage degradation and not to relax this value in locations with higher initial location percentages. More precisely, an acceptable location percentage degradation of 0.1% is to be applied for all values of initial location percentages.
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