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1 Introduction
The E-UTRA system targets spectral efficiency improvements for both the unicast and the broadcast traffic. In particular, the target for spectrum efficiency improvement for unicast is 3 to 4 times Release 6 HSDPA while the spectrum efficiency target for MBMS is 1b/s/Hz [1]. In [2] some companies proposed uniform guidelines to evaluate and verify the performance of LTE systems. In this contribution, we demonstrate the LTE MBSFN performance.
2 MBSFN System Simulations
2.1 Simulation Assumptions

We simulated the following two cases.

1. An LTE Baseline case of  1 Node B transmit antenna and each UE having 2 receive antennas

2. A MIMO spatial multiplexing MBSFN scheme where all the Node B’s have 2 transmit antennas and each UE having 2 receive antennas with no MCS selection and no rank adaptation. 

The detailed simulation parameters is given in Table 1 below.  Given a Reference Symbol overhead of 12.5%, the spectral efficiency is scaled by: 
600 subcarriers x 12 OFDM symbols / 1ms / 10MHz x (1 - 0.125) = 63%. 
For example, if we transmitted an MBMS signal of QAM16 with a rate ½ code, then the spectral efficiency would be
4 bits x ½ bits_per_symbol x 600 sub carriers x 12 symbols  / (1x10-3seconds) / (10x106 Hz)x(0.875) = 1.26 bps/Hz. 
Table 1 System Simulation Assumptions
	Parameter
	Value

	Cellular Layout
	Hexagonal grid, 19 cells, 3sectors per site

	Receiver functions
	Ideal channel estimation, Ideal MMSE

	Subframe duration
	1 ms

	Transmission BW
	10 MHz

	Usable subcarriers
	600

	Number of OFDM symbols per subframe
	12 (dedicated MBSFN Frame)

	Pilot overhead
Total Overhead Including CP
	12.5%
37%

	CP
	Long

	RB size
	12 tones, 1 sub-frame

	Base Line
MIMO spatial multiplexing
	1x2 LTE
2x2 MMSE

	Simulation Scenarios
	Case 1,3,4 (10Mhz) in TR 25.814

	Channel model
	SFN-SCM (Macro Urban)

	UE speed
	3km/h

	Receiver Max SINR
	22dB


2.2 Simulation Results

The baseline and 2x2 MIMO simulation results are summarised in Table 2. We show the total throughput (in bps/Hz) for different Cases and for different MBMS MCS levels. The MBMS MCS levels shown are for the cases which have acceptable coverage criteria where at least 95% of the area maintains at least 1% FER. The non-MIMO FER curves for different MCS levels and different cases are shown in Figure 1 and the MIMO configurations are shown in Figure 2.
The Geometry distribution of the non-MIMO SFN MBMS channel is shown in Figure 3. Here we can see that for almost  100% of the time the SNR>18dB. Therefore it will be easy to support the highest MCS level of QAM64 with a rate 4/5 code, since this requires only an SNR =17.3dB according to our AWGN Curves shown in Figure 4. 
Table 2 Summary of SE performance where at least 95% of users achieve at least 1% FER

	Configuration
	Case (ISD)
	MCS
	Achieved SE (bps/Hz)

	(1x2)
	Case 1 (500m)
	QAM64 (4/5)
	3.02

	(1x2)
	Case 3 (1732m)
	QAM16 (1/2)
	1.26

	(1x2)
	Case 4 (1000m)
	QAM64 (4/5)
	3.02

	(2x2) MIMO
	Case 1 (500m)
	QAM64 (2/3)
	5.04

	(2x2) MIMO
	Case 3 (1732m)
	NONE
	-

	(2x2) MIMO
	Case 4 (1000m)
	QAM64 (4/5)
	6.04


[image: image1.emf]0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

FER

CDF

CDF of FER for 1x2 System for different MCS levels

Case 1, QAM64(4/5)

Case 3, QAM16(5/3)

Case 3, QAM16(1/2)

Case 3, QPSK(4/5)

Case 4, QAM64 (3/4)

Case 4, QAM64 (4/5)


Figure 1 CDF of non-MIMO MBSFN FER's for different Cases and MCS levels
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Figure 2 CDF of MIMO MBSFN FER's for different Cases and MCS levels
3 Conclusion
The system simulation results are presented to verify the performance of the MBSFN for the MIMO and non-MIMO configurations for Cases 1, 3 and 4 as specified in [1]. We found that the LTE MBSFN target of 1bps/Hz can be met for Cases 1 & 4, for both the non-MIMO and MIMO configurations, and for Case 3 for the non-MIMO configuration. In fact, the peak achievable rate was for the very favourable Case 4 where 6.04 bps/Hz was reached with a MIMO configuration. However, the target of 1bps/Hz was not achieved for Case 3 with an ISD of 1732m, for the MIMO case.
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Appendix A: Geometry Distributions

When we consider that typical receivers can only process a limited amount of power at it’s input port due to a limited dynamic range of the ADC and due to the EVM capabilities of amplifiers. Therefore, realistic receivers are typically modelled as having a maximum receive SNR. This is modelled as:

1/SNR_Rx = 1/SNR_Max + 1/SNR_Measured.

Due to the very high Measured SNR’s in SFN the effect of SNR_Max becomes dominant. In Figure 3 we can see that the geometry is very high and we can accommodate the highest MBMS MCS level of QAM64 (4/5) quite easily since this requires only an SNR=17.3dB for at least 95% of the time.
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Figure 3 Geometry (including Rayleigh fading) of the SFN network
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Figure 4 Reference BLER Curves
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