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1 Introduction
At the Riga meeting, it was suggested that the system level performance between open-loop single user (SU) MIMO and multi-user (MU) MIMO should be compared in terms of aggregated sector throughput, user coverage and complexity. In this contribution, we evaluate the performance for 1x2 base line, SU-MIMO and MU MIMO, and determine the feasible solution for LTE UL MIMO system.
2 Transmit Scenarios

Three types of transmit scenarios are taken into account in the performance evaluation. These are 1x2 diversity, SU-MIMO and MU MIMO, respectively.
· 1x2 diversity: 1x2 antenna configuration with one RF at each UE.

· SU-MIMO: 2x2 antenna configuration and two RFs at each UE. It utilizes open-loop spatial-multiplexing.

· MU MIMO: 1x2 antenna configuration and one RF at each UE. The maximum number of UE transmitting in the same sub-frequency band is two.

3 System Level Assumptions

The up-link system level simulation assumptions from ‎[1] were used for simulation case-1, case-2 and case-3. The detailed parameters are listed in Table 1.
Table 1: System level simulation parameters.

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs per sector
	20

	Antenna Configuration
	1x2 or 2x2

	Centre Frequency
	2 GHz

	Transmission Power
	250 mWatts (24 dBm)

	Lognormal Shadowing
	8dB

	Noise Figure
	5 dB

	Transmit Antenna Gain
	0 dBi

	Receive Antenna Gain
	14 dBi

	Maximum CIR
	30 dB

	Path-Loss
	128.1+37.6log10(R), R in km

	Scheduler
	Channel Dependent PF

	CIR Feedback Delay
	3 TTIs

	Slow Power Control
	‎[2]

	Channel Sounding Delay for MU MIMO
	3 TTIs

	MU MIMO Receiver Type
	LMMSE

	Data Traffic
	Full Queue Traffic

	Number of Sub-carriers per RB for Sounding
	1

	Sounding Channel Estimation
	Real

	Data Channel Estimation
	Real

	Maximum Retransmission Number
	3

	HARQ Combining
	Chase

	Number of RBs for User Scheduling
	3

	Maximum Number Simultaneous Tx UEs
	10 for SU MIMO,  20 for MU MIMO


The frame structure, effective SNR computation, sounding channel design, adaptive MU MIMO, MCS design, and scheduling for MU MIMO are detailed in contribution ‎[3].

4 System Level Performance
Figure 1, Figure 2 and Figure 3 show the system level performance between 1x2 diversity, 2x2 open-loop SU-MIMO, and MU MIMO, for case-1, case-2 and case-3, respectively.
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Figure 1: Performance between 1x2 diversity, 2x2 open-loop SU-MIMO, and MU MIMO for simulation case-1.
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Figure 2: Performance between 1x2 diversity, 2x2 open-loop SU-MIMO, and MU MIMO for simulation case-2.
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Figure 3: Performance between 1x2 diversity, 2x2 open-loop SU-MIMO, and MU MIMO for simulation case-3.
5 Observations and Conclusions
The observations and conclusions based on the system level evaluation can be made as follows:
· Overall, MU MIMO outperforms the 1x2 diversity and SU-MIMO in terms of both sector throughput and user coverage.
· As 1x2 diversity, MU MIMO transmission requires the same number of sounding channels, while SU-MIMO requires double.

· MU MIMO transmission requires only one RF at the UE, similar to 1x2 diversity, while SU-MIMO requires two RFs significantly increasing terminal cost.

· MU MIMO has high flexibility to switch the transmit antenna if the UE terminal has the capability of two transmit antennas even with only one RF. This antenna switching could further improve the system performance (see ‎[4]).
· MU MIMO may easily improve the system performance using orthogonal UE paring scheduling.
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