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1. Summary and recommendation
We present some first results on the coverage of data rate as a function of the number of MIMO streams in order to better understand the benefit of MIMO systems with more than 2 code words.  Simulation results for an idealized 4x4 MIMO system with 1 to 4 codewords indicate that 2 stream operation could provide gains quite close to that of a greater number of streams over much of a cell.
Noting that the baseline E-UTRA UE antenna is two antennas and taking into account these results, we recommend that MIMO techniques should be principally evaluated using a maximum of 2 streams with 2 UE antennas.  In other words, optimizations for a more than 2 code words should not drive the selection of MIMO techniques or the associated L1/L2 signaling.  If more than 2 code words is supported, the benefit of more than 2 HARQ channels (and the associated assignment and ACK/NACK signaling) should be shown before incurring the extra overhead and complexity from supporting the greater number HARQ channels [
].  
2. simulations

We simulated ideal precoded multi-codeword transmission.  The ideal precoded method is an SVD based method that transmits on the right singular vectors [
,
].  We do not adapt the transmission power, but hold the number of transmitted streams (the “rank”) fixed for a given simulation run.
In order to examine environments where MIMO operation would be favorable, we provide system level results in the case 1 scenario of [
] for 10 MHz bandwidth using the SCM-E channel model at 3 km/h, but with 6 dB cell isolation, where all non-serving cells (whether they are at the same eNB or not) are attenuated by 6 dB.  

LMMSE receivers are assumed. Note that since SVD transmission is used, the streams are nearly orthonormal, and there should be essentially no benefit from non linear inter-stream interference cancellation. Detailed simulation assumptions are provided in the Appendix.

We assume that a UE uses the entire bandwidth, and report CDFs of the data rate achievable over positions in the cell.  We use a round robin scheduler.  While proportional fair scheduling and waterfilling could improve capacity, it is not expected that the improvements would dramatically affect the benefit of having more than 2 code words.

We observe:

· Two stream operation provides the best performance over much of the cell, only starting to perform worse than more streams in the best 30% of the channel conditions.
· Even at 10% coverage two stream operation is close to the performance of 3 or 4 streams (within about 10%).
· Higher throughputs than that supported by 2 stream operation can occur at less than 10% of the cell.
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Figure 1: Single User Throughput, 4x4 MIMO with 1 to 4 streams
3. ReferenceS

Appendix: simulation assumptions

	Parameters
	Value
	Remarks

	Bandwidth
	10 MHz
	

	Site-Site Spacing
	 500 m
	Per Case 1

	Building Penetration
	20 dB
	Per Case 1

	Cell Isolation
	6 dB
	All non serving cells attenuated

	UE Speed
	3 km/h
	Per Case 1

	Number of Sectors
	3
	

	Number of Tx, Rx Antennas
	4,4
	

	Node B, UE Antenna Separation
	4, 0.5 Wavelengths
	

	Channel Model
	SCM-E Urban Macrocell, 

15( Angle Spread
	System Level SCM-E: 

3 Midpaths

	Usable Subcarriers
	600
	Per 25.814

	Usable Symbols
	6
	Assumes 1 symbol for pilot & control

	HARQ 
	Ideal
	Throughput calculated using 

1-BLER

	CQI 
	Ideal
	0 delay, perfect link adaptation

	Max MCS State
	¾ 64 QAM
	

	Waterfilling
	Not used
	Power split equally between streams

	Precoder Code Book
	Ideal (not quantized)
	

	Propagation Law
	Loss=128.1+37.6*d; d in km
	Per 25.814

	Lognormal
	8 dB
	Per 25.814

	Receiver Type
	Linear MMSE
	

	Sampling Rate
	15.36 Msamp/s
	Per 25.814

	Channel Estimation
	Ideal
	

	Node B Tx Power
	46 dBm
	

	Serving Cell Selection Hysteresis
	0 dB
	Assumes low mobility

	Scheduler
	Round robin 
	

	Traffic Model
	Full Buffer
	

	Subframes per User Position 
	1000
	

	Number of User Positions
	1000
	


[�]	Motorola, “Number of HARQ Channels,” TSGR1#46bis(06)2597, Seoul, South Korea, October 9-13, 2006


[�]	G. Raleigh and J. Cioffi, “Spatio-Temporal Coding for Wireless Communications,” Global Telecommunications Conference, GLOBECOM, pp. 1809 –1814, 1996.


[�]	Motorola, “Performance Benefits from Precoding in E-UTRA MIMO,” TSGR1#44(06)0614, Denver, USA, February 13-17, 2006


[�]	3GPP TR 25.814, “Physical layer aspects for evolved Universal Terrestrial Radio Access (UTRA)”, version 7.0.0, September 2006





