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1. Introduction

In the present LTE standard we only support MBSFN transmission using either the long or Extended CP size.  For very small cells this is overkill and significantly reduces the possible throughput in this environment [1].  In this contribution, we further evaluate the performance of different pilot densities in both the time and frequency domain.
2. RS Patterns for MBSFN 
We consider four possible RS patterns for the short CP MBSFN.  
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Figure 1 RS pattern for Short CP MBSFN with RS density of 10.7 % and 7.1% 
3. Simulation Methodology

We evaluate the channel estimation performance in link level simulations.  The channel model given in [2] is used to model the Case 3 environment.  To model the Case 1 environment the cluster delays were reduced by 500/1732.
SFN Channel Model for ISD=500m 
Each cluster represents a single TU channel.

	Cluster
	Delay (s)
	Power (dB)

	1
	0
	0

	2
	1.1547
	-5

	3
	1.8764
	-1.67


Table 1. Simulation assumptions

	Bandwidth
	5 MHz

	Number of used subcarriers
	300 +DC

	Subcarrier spacing
	15 kHz

	Modulation and Coding Rate
	64QAM Rate 1/2, 2/3 and 4/5

	Turbo Code
	Max-log-MAP decoding with 8 iterations

	Antenna configuration
	2 x2

	UE speed
	120 km/h, 350 km/h

	OFDM symbol timing
	Ideal

	Channel estimation
	FFT filter in frequency direction,
1-D Wiener filter in time

Estimated 2nd order statistics

	Receiver Type
	MMSE

	Overhead Considered
CP, Pilot, Spectral usage (90%), 
2 OFDM symbols Control 
	Short CP: Option 1: 35.97%
                 Option 2  33.40%
                 Option 3: 32.12%
                 Option 4: 30.84%
Long CP:  47.5%


4. Simulation Results
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Figure 2 Goodput vs. SNR for two stream performance using various RS patterns at 120 km/h, for a SFN channel with an ISD =500 m
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Figure 3 Goodput vs. SNR for two stream performance using various RS patterns at 350 km/h, for a SFN channel with an ISD =500 m
Examining Figure 2 and Figure 3 we see that the short CP is able to perform better even at very high MCS sets for the small ISD size of 500 m.  Considering the smaller overhead of a short CP Option 1 outperforms the long CP pattern for all environments considered

The second variable considered is whether 2 or 3 OFDM symbols with RS symbols are necessary.  We see that for a UE speed of 120 km/h Option 2 (2 OFDM symbols) outperforms Option 1 by a small margin (2.5%).  At a UE speed of 350 km/h 3 OFDM symbols (Option 1 or Long CP) is necessary to accurately estimate the channel conditions.  This can be seen from the fact even that 64 QAM rate ½ is not supported by Option 2, at any SNR region.  
We also consider the impact of RS density in the frequency domain on performance.  We see that option 3 and 4 perform roughly 3 dB worse than their higher density counterparts.  We therefore conclude that a high RS density is still necessary in the frequency domain even for small cell SFNs.
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Figure 4 Spectral Efficiency CDF for different patterns for Case 1 with 120 km/h velocity for all UE.  Simulation methodology in R1-071954
We also provide some ‘system’ level simulations of these 5 patterns as shown in Figure 4 above.  We see that at 120 km/h the lower overhead of Option 2 does not compensate for the increased channel estimation error. 
5. Conclusion

We recommend that these patterns should be considered and investigated for short CP MBSFN transmission.  Our recommendation for the RS pattern is Option 1. 
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