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1
Introduction

In RAN#71 a new work item (WI) “eMBMS enhancement for LTE” [1] was introduced. As part of this study item, eMBMS system capacity enhancements are being considered including changes to the existing physical layer numerology to enable additional deployment scenarios. One particular parameter under discussion is the required length of the Cyclic Prefix to support these additional deployment scenarios. 

A number of simulation parameters for different use-cases have been proposed in [2]. As a Public Service Broadcaster, the BBC provides a terrestrial television service (via roof-top antennas to fixed receivers) to 99% of United Kingdom (UK) households. Use-case ‘A’, i.e. support for a fixed, roof-top deployment in rural areas, is therefore of particular relevance to the BBC, when considering the use of any TV delivery system.
This document gives some background information on the deployment and requirements for terrestrial TV distribution in the UK and, in particular, the BBC’s requirement to provide roof-top reception across rural as well as urban areas. 
It then goes on to present some data for Inter-site Distances (ISDs) based on data from a real-life cellular network deployed in the UK which show that the ISDs are significantly larger in rural areas (c. 15 km) compared with urban areas (c. 2 km). This suggests that the enhancements to the physical layer should be such that they can support efficient delivery over larger ISDs. Furthermore, in a Single Frequency Network (SFN), a roof-top antenna may receive contributions not just from the closest transmitter but also those somewhat farther away. Any system enhancements must therefore also take account of signals originating some multiples of the ISD from the receiver.
2
BBC Terrestrial TV Coverage Commitment

In the United Kingdom, the BBC’s agreement with the UK Government obliges it to deliver its principal TV services via terrestrial broadcasting [3]. The BBC provides a terrestrial television service (via roof-top antennas to fixed receivers) to 99% of United Kingdom (UK) households [4], across not only urban but also rural areas. Therefore, support for efficient coverage to roof-top in these rural areas is a key consideration.
3
Example Cellular Inter-site Distances in the UK 

In dense urban areas the ISDs of cellular sites can be in the order of 200m to 1km. However, in rural areas ISDs are often much greater – of the order of 15km or more. As the coverage and performance of wide area MBSFNs would be limited by the greater ISDs in rural areas, it is important to establish representative ISD values so that simulations can be done with confidence and reflect conditions in the real world. 

A small, indicative study has been undertaken in order to provide background about the ISDs in a typical real-world network. 

The UK regulator Ofcom has published a dataset of mobile phone base station locations for all UK mobile phone networks [5]. While this dataset was published in 2012, it is likely to be representative of the sorts of distributions in inter-site distances. 
For the purposes of this study, one of the mobile networks has been chosen and two large areas of the UK have been chosen as follows to examine in more detail. The intention is that these are representative of rural and urban areas within the context of the UK as a whole. The two specific areas are:

· Greater London (shown in Figure 1) – an example of a dense urban and suburban environment; and

· East Anglia (shown in Figure 2a) – an example of a largely rural area, albeit containing some significant towns.
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Figure 1: Map of London. Urban and suburban areas broadly enclosed by the red ‘urban’ polygon that is used as the study area.  One operator’s sites are shown in blue.
 Map: © Crown copyright and database rights 2016 Ordnance Survey 100039117
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Figure 2a: Map of East Anglia. A largely rural area with the study area enclosed by the red polygon.  One operator’s sites are shown in blue.
 Map: © Crown copyright and database rights 2016 Ordnance Survey 100039117
For the rural area, the parts regarded as ‘populated’ are show below in Figure 2b.
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Figure 2b: Map of East Anglia. Populated parts are shown in orange. Only those operator’s sites used for the analysis (within the red polygon) are shown.
 Map: © Crown copyright and database rights 2016 Ordnance Survey 100039117
For the purposes of the study, one operator’s base stations tagged as macro sites for a single frequency were used. The coordinates for these were then rounded to the nearest 20 m for convenience.

For those mobile base station locations within the red polygon in each of the two areas, a Delaunay triangulation has been used to give an indication of the distribution of ISDs seen in these different areas.
The results for London are shown below.
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Figure 3: The Delaunay triangulation for the urban (London) study area
 Map: © Crown copyright and database rights 2016 Ordnance Survey 100039117
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Figure 4: Distribution of ISDs within the urban (London) study area

The same procedure was used for East Anglia. It should be noted that the presence of significant towns/cities such as Cambridge, Norwich, Ipswich, Newmarket and Colchester can be considered urban and will depress the ‘rural’ figures to the lower end of the ISD range.
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Figure 5: The Delaunay Triangulation for the Rural (East Anglia) Study Area
 Map: © Crown copyright and database rights 2016 Ordnance Survey 100039117
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Figure 6: Distribution of ISDs within the Rural (East Anglia) Study Area
The results are summarised in Table 1 below:

	
	Inter-site Distance

	Area
	90th Percentile
	95th Percentile

	Urban (London)
	2 km
	2.4 km

	Rural (East Anglia)*
	14 km*
	16 km*

	*NOTE: The presence of some large towns/cities within this area will have the effect of depressing the ISD value somewhat.


Table 1 – Summary of ISD results for the Urban and Rural Areas
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