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1. Introduction

It is shown in [1] that substantial gains can be achieved through the use of Spatial Multiplexing (SM) in some MBSFN environments.  In order to support SM for MBSFN, two RS patterns which have different RS overhead were discussed in [2].  
In this contribution we added the SM RS design for short CP for MBSFN transmission. More simulation results were also provided.
2. MIMO RS Pattern for MBSFN
Two MIMO RS densities were considered, the first one which effectively doubles the pilot density used for the single Tx case with a RS density of 25%.  The second one doubles the density in the frequency direction but only has 2/3rds the density in the time domain and thus has an overall RS density of 16.67%.  For both of these densities we consider two options with or without staggering.  The purpose of the staggering is to allow the increase of the RS EPRE.  
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Figure 1 Pattern 1 for long CP  with a RS Density of 25%
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Figure 2 Pattern 2 for long CP with a RS Density of 16.66 %
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Figure 3 Pattern 3 for a normal RS time density and short CP 21.43 % RS overhead


[image: image4]
Figure 4 Pattern 4 for a low RS time density and short CP 14.29 % RS overhead

Simulation Methodology

We first evaluate the channel estimation performance in link level simulations.  The channel model given in [3] is used to model the Case 3 environment. For case-1 the channel profile was generated by proportionally changing the parameters of case 3 to reflect the change of  ISD.  Only the RS symbols located in the MBMS subframe are used for the channel estimation, and the first two OFDM symbols are assumed to be entirely used for L1/L2 control information.  The simulation assumptions are given in Table 1.  

SFN Channel Model for ISD=1732m 

Each cluster represents a single TU channel.

	Cluster
	Delay (s)
	Power (dB)

	1
	0
	0

	2
	4
	-5

	3
	6.5
	-1.67


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


Note that the only MBSFN overhead considered in these simulations are due to RS and CP.  
3. Simulation Results
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Figure 5 Goodput vs. SNR for two stream performance using various RS patterns at 120 km/h, for a SFN channel with an ISD =1732 m
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Figure 6 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 7 Goodput vs. SNR for two stream performance using various RS patterns at 350 km/h, for a SFN channel with an ISD =1732 m
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Figure 8 Goodput vs. SNR for two stream performance using various RS patterns at 350 km/h, for a SFN channel with an ISD =500 m
There are two variables we are considering here; Short CP vs. Long CP and 2 OFDM symbols of RS vs. 3 OFDM symbols of RS.  Comparing short CP vs. long CP.  We see that for the ISD of 1.732 km a short CP always has worse Goodput than the long CP.  However for the ISD of 500m the reverse is true with the short CP significantly outperforming the long CP.  This gain can be as high as 17%.
The second variable is the time domain RS density, i.e. RS carried by two OFDM symbols or three OFDM symbols.  At 120 km/h all of the patterns have similar channel estimation performance; however the larger overhead associated with Pattern 1 results in a lower Goodput for that pattern.  The exception is the two stream 64 QAM Rate 4/5 case.  In this instance the interpolation error resulting from only two OFDM symbols with RSs results in a small loss for Pattern 2 over Pattern 1.  It should be mentioned that if RS symbols in other Subframes are available (dedicated MBMS) the performance of pattern-2 will be improved.  
At 350 km/h we see that the maximum MCS supported by pattern 1 is 2 stream 64 QAM Rate ½ while for pattern 2 it is significantly below that.   
We also evaluate these RS patterns in system level simulations as outlined in [1].  The results are given below 
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Figure 9 CDF of Spectral efficiency for Case 1 with a mobile speed of 120 km/h
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Figure 10 CDF of Spectral efficiency for Case 2 with a mobile speed of 120 km/h

In our system level simulation presented in Figure 9 and Figure 10 we see that the highest throughput is achieved by Pattern 4, which uses a short CP and 2 OFDM symbols for RS followed closely by Pattern 4 which uses a short CP and 3 OFDM symbols for RS.
4. Conclusion

We recommend that an RS structure which supports SM for MBSFN be adopted into the standard.  We have presented 4 such patterns designed for different environments.  If 350km/h is a mandate for MBSFN in all the scenarios, pattern-1 and pattern-3 should be adopted for short CP and long CP MBSFN respectively. However since SM only shows significant performance gain for MBSFN for micro cell environment with ISD less than 1 km, and usually these small cells are deployed in urban environment where the typical allowed UE speed is far less than 350 km/h, we propose to adopt pattern-2 and pattern-4 for short CP and long CP MBSFN.. 
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