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Introduction
[bookmark: _Ref178064866]In RAN#71 a new work item (WI) “eMBMS enhancement for LTE” [1] was introduced. As part of this work 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 (CP) to support these additional deployment scenarios. 
Use-case ‘A’ of the work item considers eMBMS support for fixed roof-top reception in rural areas. 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 is therefore of particular relevance to the BBC when considering the use of any TV delivery system.
Since RAN#71 a number of coverage simulations have been undertaken which clearly show the benefit of a longer CP for rooftop reception. Further simulations providing additional background information have been carried out and are summarised below. The results support the conclusions of previous studies [2] [3], indicating that rooftop reception is expected to benefit from a new, longer CP, in particular 200µs, the longest proposed, and which was adopted in RAN1#86b..

Discussion
[bookmark: _Toc434572612][bookmark: _Toc434619344][bookmark: _Toc447030974]Ref [4] sets out a methodology to be used in the RAN1 groups in order to simulate coverage quality in respect to CP lengths and the overall spectral efficiency of eMBMS in MBSFNs.
Simulations in-line with this methodology have been carried out with the results summarised below.
The simulations have been done for an inter-site distance (ISD) of 15km and various CPs in order to determine the maximum achievable SINR while covering all 100m by 100m ‘pixels’ within the prediction area to a quality of 95% locations or better.
ITU Recommendation ITU-R P.1546 was used for the simulations.
A ‘best server’ approach to coverage was taken. This was achieved by calculating the coverage of each station (the current station) at each pixel while assuming that the directional roof-top receiving aerial was aligned to the current station. This process was repeated for each of the network’s 61 sites. The highest coverage level (in percentage locations) achieved by any of the transmitters at each pixel was then assigned to that pixel.
The receiver’s equalization interval was set to 4/3*CP duration. The 1.75% time signal was used in all instances when a signal’s arrival time was beyond the CP. The 1.75% time signal was therefore used for signals outside of the CP but within the equalisation interval.
Table 1 sets out the results.


Scenario: Fixed roof-top antenna, rural
Table 1 shows the simulation results based on the ITU Recommendation ITU-R P.1546 model.

	
	Ts (µs) ; CP (µs)

	ISD (km)
	133 ; 33 
	267 ; 67 
	400 ; 100 
	800 ; 200 

	15
	<4
	8
	13
	20



[bookmark: _Ref450928701]Table 1: Maximum achievable SINR (dB) vs ISD for different OFDM core symbol durations TS and CP
The results show that for rooftop reception the longer CP would permit significantly higher SINRs than the legacy extended CP. For example, with a 15km ISD, the system SINR could be increased from less than 4dB to 20dB should the CP be lengthened from 33µs to 200µs. Similarly the 200µs CP would provide a 7 dB benefit over the 100µs CP in a network with a 15km ISD.
[bookmark: _Toc450908349][bookmark: _Toc447127579][bookmark: _Toc450928549][bookmark: _Toc451810390][bookmark: _Toc451811170][bookmark: _Toc458802797][bookmark: _Toc458802806][bookmark: _Toc447200810][bookmark: _Toc447200244]Observation 1 	The 200µs CP provides substantial gains (~15dB) for rooftop reception with respect to the legacy extended CP. It would also provide a significant benefit (7dB) over the 100µs CP.
Conclusion
[bookmark: _Toc430993025][bookmark: _Toc430993045]Based on the discussion in section 2.1 the following has been observed. 
Observation 1	The 200µs CP provides substantial gains (~15dB) for rooftop reception with respect to the legacy extended CP. It would also provide a significant benefit (7dB) over the 100µs CP.
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