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1. Summary

While it is well understood that MIMO systems can provide a factor of N times greater data rate when N transmit and N receive antennas are used in good channel conditions, it is not as clear how often these channel conditions occur in different environments, nor how higher data rates might be achieved in more difficult conditions.  In this contribution, we examine the performance of precoded MIMO and non precoded (e.g. PARC), in the “case 1” urban environment using the SCM-E channel model and assuming LMMSE receivers.  We investigate the maximum user data rate for one user at the system level in the fully loaded and in the lightly loaded or (“isolated cell”) cases.  We observe:

· In the fully loaded cell case (when interference from neighbor cells is large), user data rates exceeding the 5 bps/Hz requirement of [
] do not seem feasible in practice with 2x2 MIMO (it was observed in less than 2% of the cell in these simulations). 

· In the lightly loaded case, a much more significant fraction of the cell (10% for 6 dB isolation) can exceed 5 bps/Hz.

· Precoded schemes provide significant gain over non-precoded schemes even in this case where the number of transmit and receive antennas is the same.  In these simulations, we observed non-precoded throughput gains over CSTD of 15-20%, but precoded gains over 1 antenna of 30-40%.

· While it is difficult to obtain 5 bps/Hz in a fully loaded case 1 environment with 2x2 MIMO, we also observe that it does improve sector throughput (e.g. by 15-40%).  Furthermore, other solutions such as sectorization and beamforming could also improve E-UTRA throughput.

Overall, we observe that precoded MIMO can provide significant improvements in a user’s data rate over a large portion of a cell.  However, the highest data rates (e.g. 5 bps/Hz) are available only over a small portion of the cell, and seem to be feasible only when there is sufficiently low interference from neighbor cells.  

2. simulations

We provide system level reslts in the case 1 scenario of [
] for 10 MHz bandwidth using the SCM-E channel model at 3 km/h. MMSE receivers are assumed for simplicity (but note this assumption will not affect the peak rate). Detailed simulation assumptions are provided in the Appendix.

Since we are studying peak rates, we assume that a UE uses the entire bandwidth, and report CDFs of the data rate acheivable over positions in the cell.  Therefore, UEs are not scheduled together, since there is only one UE being served at any point in time.

We consider both precoded and non-precoded multi-codeword transmission.  As the MIMO study has not narrowed to specific schemes, we consider example schemes that are representative of performance the two classes of algorithms. The precoded method is an ideal SVD based method that transmits on the right singular vectors [
,
], and adapts the transmission power on the two streams to maximize throughput.  Therefore, at low SNR, the transmission automatically falls back to closed loop transmit diversity.  The non-precoded method is similar, but only adapts the rate and power per antenna (that is, it is a “basic PARC” scheme).

Both the isolated cell (with 6 dB isolation) and the normal non-isolated case are presented.  Each figure shows results for single antenna in 3 and 6 sectors, for PARC, and for D-TxAA.  The legend contains the mean of each curve (in Mbps).  

We observe from Figure 1 that even in the case 1 environment, it can be difficult to achieve the peak rate over a significant portion of the cell: less than 2% of the positions in the cell exceed 50 Mbps.  However, we see in Figure 2 that when the cells are more isolated (in this case, all interfering cells are attenuated by 6 dB), the peak rate of 50 Mbps is achieved over about 10% of the cell.
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Figure 1: Single User Throughput, 2x2 MIMO, 0 dB Isolation
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Figure 2: Single User Throughput, 2x2 MIMO, 6 dB Isolation

3. Text proposal

We propose the following approach to describing how E-UTRA achieves the peak rate requirement:

----

E-UTRA MIMO can provide a downlink peak user data rate of at least 5 bps/Hz when 2 antennas are supported at the UE and the Node-E.  These downlink peak user data rates are only expected in practice in environments where there is sufficiently low interference from neighbor cells.  Furthermore, precoded MIMO schemes can provide higher peak data rates than non-precoded schemes when the SINR is not near its maximum.

----

4. 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

	UE Speed
	3 km/h
	Per Case 1

	Number of Sectors
	3
	

	Number of Tx, Rx Antennas
	2,2
	

	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
	On for MIMO Schemes
	Adjusts stream power to maximize capacity

	Precoder Code Book
	None: Ideal SVD Weights
	

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

	Lognormal
	8 dB
	Per 25.814

	Receiver Type
	Linear Space-Time 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

	Schedulers
	N/A
	1 User Simulated

	Traffic Model
	Full Buffer
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