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1. Introduction
The use of single frequency networks greatly increases the channel quality for broadcast transmission.  This is particularly true when the cell size is small.  The channel quality is increased so much that the maximum throughput achievable is limited not by the quality of the channel but by hard constraints imposed by EVM and maximum modulation and coding rates.  One way to avoid this is to allow for spatial multiplexing of data.  In this way two streams of data are available and therefore the spectral efficiency can be increased without increasing the maximum modulation and coding rates.

Spatial multiplexing (SM) is a MIMO transmission mode for unicast transmission [1].  In our previous contribution [3] we evaluated the performance of the application of SM over MBSFN and see as high as a 43% improvement (13 Mbps) in throughput. Since SM can significantly improve the MBSFN performance, especially in urban scenario where the cell size is relative small, we propose that SM for MBSFN be adopted as a broadcasting mode.  
In this contribution we discuss the impact of LOS to the overall MBSFN performance when SM is supported at the NodeB.
2. Simulation results

Table 1 shows the gain of 2x2 two streams SM over 1x2 signal steam transmission taken from [3].  It can be seen that by applying SM to MBSFN there is 43% increase in throughput in Case 2 and 4 and a 14% increase in Case 1.  This translates to an additional 4 to 13 Mbps. It should be mentioned that these throughput increases already take into account the increase in pilot overhead associated with the additional stream. 
Table 1
	Metric MBSFN
	System throughput [Mbps]
	System throughput [Mbps] 2x2 SM
	Spectrum Efficiency [bps/Hz]
	Spectrum Efficiency [bps/Hz] 2x2 SM
	Percentage Gain

	Case 1
	30.24
	34.36
	3.02
	3.44
	+13.9 %

	Case 2
	30.24
	43.20
	3.02
	4.32
	+43.0 %

	Case 3
	6.3
	3.6
	0.63
	0.36
	-75%

	Case 4 10 MHz
	30.24
	43.11
	3.02
	4.31
	+42.7%

	Case 4 1.25 MHz
	3.78
	5.43
	3.02
	4.34
	+43.7%


3. The impact of Line of sight to 2 stream transmission

The concern of Line of Sight (LOS) as a limiting factor for two stream transmission has been raised [4].  The argument being that UE with a LOS to a single NodeB will not be able to differentiate two streams and thus will have difficulty in decoding the MBSFN data.  
However for MBSFN, the severity of LOS impact can be mitigated by the following factors:

· In SFN environment when multiple cells are transmitting the same information, it is unlikely that a large K factor can occur. 
· LOS users generally have better SNR, therefore there should be no significant impact to 5 percentile UE throughput performance

· Usually the diversity transmission will be applied to broadcast transmission so the channel condition is unlikely to keep unchanged across the whole transmission band.

Additionally there are several simple solutions which can improve the LOS users performance.  The first and simplest solution involves transmitting different streams on different polarizations.  Therefore UEs with cross polarized receive antennas will be able to easily separate the two streams and decode the transmitted data.  On the other hand, with advanced receivers (MMSE-SIC or MLD) a LOS user’s performance can also be improved. 
4. Conclusion
A significant throughput gain can be obtained by applying SM in some MBSFN environments. Although it requires the mandatory deployment of MMSE receiver in UE side, the additional complexity is insignificant. This is especially true for the mixed unicast and MBSFN mode where SM is already defined as a MIMO mode for unicast. For Single Frequency Networks the impact of LOS should be limited.  Based on these considerations, we conclude that the two stream SM mode should be included as a MBSFN transmission mode. 
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