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1 Introduction

A new work item has recently been approved in RAN#71 to enhance eMBMS in LTE to better support TV services [1]. One of the objectives is to:

Specify means of using a longer cyclic prefix (e.g. greater than 33.33µs) for use in a mixed unicast/eMBMS carrier for large SFN delay spread environment (e.g. 15km or larger inter-site distance), which guarantees coexistence of the legacy and new prefixes on the same carrier, while achieving a spectral efficiency of at least 2 bps/Hz. This objective includes evaluation. (RAN1)

In this document we provide our views on MBSFN reference signal design options for supporting longer CP for MBSFN subframes.
2 Discussion
It has been shown in [2] that in particular the roof-top reception in deployment areas with large ISD benefits from long CPs of up to at least 100us at a core symbol length of 400us. Consequently, 2 symbols fit into a subframe and the subcarrier spacing is 2.5kHz.

As it is the case for the CP of 16.7us and 33.us, we propose a staggered MBSFN RS pattern.

Proposal 1 The MBSFN pattern is staggered in time and frequency domain. 

Since Release 9, there are 8 MBSFN RS pseudo-random sequences. Each MBSFN area is assigned a different MBSFN RS sequence. 

Proposal 2 There is a set of 8 MBSFN RS pseudo-random sequences for the Rel-14 longer-CP subframes. 

Inter-/extrapolation of channel estimates is possible in time and frequency domain, where extraplation means to the edges of subframes.
Proposal 3 At least one MBSFN RS pattern should be designed to provide good performance without interpolation between subframes, because adjacent subframes may not belong to the same MBSFN area. 

We assume that the case of adjacent subframes being allocated to the same MBSFN area is very common and therefore MBSFN RS could be interpolated across such subframes. This would allow for reduced density of MBSFN RS. 
Proposal 4 MBSFN RS pattern design for interpolation across subframes belonging to the same MBSFN area should be considered with second priority. 

In the present document we do not address MBSFN RS interpolation across subframes. We understand that this has implicitely been done in [3].
With inter-/extrapolation of channel estimation there is a tradeoff between delay spread and Doppler: An RS pattern that shall allow high delay spread at high Doppler needs to be dense in both time and frequency domain. However, judging from the system simulation result, the channel seen in mobile scenario with car-mounted antennas has smaller delay spread than the roof-top scenario with stationary antenna. It should therefore be taken into account that high delay spread and high Doppler do not have to be supported simultaneously.

We define the MBSFN RS subcarrier separation as the one that results after time-domain inter/extrapolation.

From the system simulations [2] we see the CP has to be selected according to the roof-top scenario as this has the largest delay spread.
Typically the measurable delay spread for a channel that has some energy beyond the CP should be >=4/3 of the CP. The required MBSFN RS subcarrier separation is then 4.

For a mobile channel even with car mounted antennas the channel is significantly shorter, e.g. only half the delay spread compared to the roof-top channel. Accordingly, for the mobile channel a time-domain interpolated channel estimate needs to be available only with half the frequency-domain density compared to the roof-top case.
For the case of CP=100us where only 2 OFDM symbols fit into a subframe, the maximum time stagger period is 2, considering self-contained MBSFN RS in each subframe. The resulting MBSFN RS overhead is 12.5% and the estimated maximum speed at 700MHz is 293km/h, as also calculated in [3].
Proposal 5 A staggered MBSFN RS pattern shall be defined with MBSFN subcarrier separation of 4 (after time-domain interpolation) and time stagger period of 2, resulting in an MBSFN RS overhead of 12.5%.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
The MBSFN pattern is staggered in time and frequency domain.
Proposal 2
There is a set of 8 MBSFN RS pseudo-random sequences for the Rel-14 longer-CP subframes.
Proposal 3
At least one MBSFN RS pattern should be designed to provide good performance without interpolation between subframes, because adjacent subframes may not belong to the same MBSFN area.
Proposal 4
MBSFN RS pattern design for interpolation across subframes belonging to the same MBSFN area should be considered with second priority.
Proposal 5
A staggered MBSFN RS pattern shall be defined with MBSFN subcarrier separation of 4 (after time-domain interpolation) and time stagger period of 2, resulting in an MBSFN RS overhead of 12.5%.
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