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1 Introduction

Due to the request from a number of operators, the performance verification should be done before completion of the stage-3 work [1]. This contribution verifies the up-link (UL) system level performance in terms of cell throughput and cell-edge user throughput. We mainly focus on the performance comparison based on open-loop transmit mechanism and following aspects:

· 1x2 baseline

· 2x2 space multiplexing (SM)

· 1x2 multi-user (MU) MIMO.
2 System Level Evaluation

In the system level evaluation, we follow up the requirements described in [1]. In addition, the other methods such as effective SINR computation, adaptive MU MIMO, scheduling for MU MIMO, and open-loop power control are referred in our previous contribution [2].
2.1 Simulation Assumptions

In the system level simulation assumptions, we focus on UL transmission with the simulation case-1, case-2, case3, and case-4 in which, the carrier frequency (CF), inter-site distance (ISD), operating bandwidth (BW), penetration loss (PLoss), UE speed, and channel model are specified in Table 1.
Table 1: UTRA and EUTRA simulation case minimum set.

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed
	Channel

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)
	Model

	1
	2.0
	500
	10
	20
	3
	SCM

	2
	2.0
	500
	10
	10
	30
	SCM

	3
	2.0
	1732
	10
	20
	3
	SCM

	4
	0.9
	1000
	1.25
	10
	3
	SCM


The detailed system level simulation assumptions are given in Table 2.

Table 2: System level simulation assumptions.

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs per sector
	20

	Antenna Configuration
	1x2 and 2x2

	Node-B Antenna Spacing
	10λ

	UE Antenna Spacing
	0.5 λ

	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+ Orthogonal User Pairing

	CIR Feedback Delay
	3 TTIs

	Open Loop Power Control
	Fractional

	Channel Sounding Delay for MU MIMO
	1 TTIs

	MU MIMO Receiver Type
	LMMSE

	Data Traffic
	Full Traffic

	Number of Sub-carriers per RB for Sounding
	1

	Sounding Channel Estimation
	Real

	Data Channel Estimation
	Real

	Maximum Retransmission Number
	5

	HARQ Combining
	Chase

	Number of RBs for User Scheduling
	5 for 10MHz, and 3 for 1.25MHz

	Number of UEs per cell
	20

	RS+Signalling Overhead
	29%


2.2 Performance Evaluation

We compare the system level performance in terms of average cell throughput, and cell-edge user throughput with 5%-tile outage requirement, shown in Figure 1, Figure 2, Figure 3 and Figure 4 for simulation case-1, case-2, case-3, and case-4, respectively.
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Figure 1: Cell throughput performance between baseline diversity, 2x2 MIMO, and 1x2 virtual MIMO for simulation case-1.
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Figure 2: Cell throughput performance between baseline diversity, 2x2 MIMO, and 1x2 virtual MIMO for simulation case-2.
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Figure 3: Cell throughput performance between baseline diversity, 2x2 MIMO, and 1x2 virtual MIMO for simulation case-3.
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Figure 4: Cell throughput performance between baseline diversity, 2x2 MIMO, and 1x2 virtual MIMO for simulation case-4.
Observation-1 from Figure 1, Figure 2, Figure 3 and Figure 4:

· MU MIMO can make very large average cell throughput gain if it belongs to noise dominant case, for example, in case-3.
· For overall performance such as average cell throughput and cell-edge user throughput, MU MIMO is always outstanding.

In order to make a specific comparison in terms of average cell throughput, average user throughput, and cell-edge user throughput with 5%-tile outage requirement, we try to fix the cell-edge user throughput, and then figure out the other two from Figure 1, Figure 2, Figure 3 and Figure 4. Table 3, Table 4, Table 5, and Table 6 give some examples, showing the relations between average cell throughput, average user throughput, and cell-edge user throughput, for case-1, case-2, case-3, and case-4, respectively.
Table 3: Comparison results in terms of cell average throughput and cell-edge user throughput for case-1.
	Metric
	Ave cell throughput (Mbps)

/ Spectrum efficiency
	Avg user throughput (Mbps)

/ Spectrum efficiency
	Cell-edge user throughput (Mbps)

/ Spectrum efficiency

	1x2 Baseline
	7.1/0.71
	0.35/0.035
	0.07/0.007

	2x2 SM
	6.8/0.68
	0.34/0.034
	0.07/0.007

	1x2 MU-MIMO
	7.3/0.73
	0.36/0.036
	0.07/0.007


Table 4: Comparison results in terms of cell average throughput and cell-edge user throughput for case-2.

	Metric
	Ave cell throughput (Mbps)

/ Spectrum efficiency
	Avg user throughput (Mbps)

/ Spectrum efficiency
	Cell-edge user throughput (Mbps)

/ Spectrum efficiency

	1x2 Baseline
	5.3/0.53
	0.265/0.0265
	0.05/0.005

	2x2 SM
	5.1/0.51
	0.255/0.0255
	0.05/0.005

	1x2 MU-MIMO
	5.5/0.55
	0.275/0.0275
	0.05/0.005


Table 5: Comparison results in terms of cell average throughput and cell-edge user throughput for case-3.

	Metric
	Ave cell throughput (Mbps)

/ Spectrum efficiency
	Avg user throughput (Mbps)

/ Spectrum efficiency
	Cell-edge user throughput (Mbps)

/ Spectrum efficiency

	1x2 Baseline
	5.0/0.50
	0.25/0.025
	0.0014/0.00014

	2x2 SM
	-
	-
	-

	1x2 MU-MIMO
	6.2/0.62
	0.31/0.031
	0.0014/0.00014


Table 6: Comparison results in terms of cell average throughput and cell-edge user throughput for case-4.

	Metric
	Ave cell throughput (Mbps)

/ Spectrum efficiency
	Avg user throughput (Mbps)

/ Spectrum efficiency
	Cell-edge user throughput (Mbps)

/ Spectrum efficiency

	1x2 Baseline
	0.845/0.676
	0.042/0.034
	0.004/0.0032

	2x2 SM
	0.750/0.600
	0.038/0.030
	0.004/0.0032

	1x2 MU-MIMO
	0.920/0.736
	0.046/0.037
	0.004/0.0032


Figure 5, Figure 6, Figure 7, and Figure 8 show the CDF of normalized user throughput with fractional power control factor α = 1, for simulation case-1, case-2 case 3, and case-4, respectively. 
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Figure 5: Fairness curves between baseline diversity, 2x2 MIMO, and 1x2 virtual MIMO for simulation case-1.
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Figure 6: Fairness curves between baseline diversity, 2x2 MIMO, and 1x2 virtual MIMO for simulation case-2.
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Figure 7: Fairness curves between baseline diversity, 2x2 MIMO, and 1x2 virtual MIMO for simulation case-3.
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Figure 8: Fairness curves between baseline diversity, 2x2 MIMO, and 1x2 virtual MIMO for simulation case-4.
Observation-2 from Figure 5, Figure 6, Figure 7, and Figure 8:

· Case-1, case-2, and case-4 meet the fairness criterion, while case-3 does not.
3 Conclusions

This contribution has verified the UL open-loop system level performance in terms of average cell throughput and cell-edge user throughput, comparing 1x2 baseline, 2x2 SM, and 1x2 MU-MIMO. The following conclusions can be reached:

· From overall system level performance point of view, MU-MIMO always outperforms 1x2 baseline and 2x2 SM.

· MU-MIMO performance can be further improved under the following conditions:

· if SIC receiver is employed, or

· if multiple transmit antennas with single RF chain is available. In this case, open-loop/closed-loop antenna switching transmit diversity (ASTD) can be efficiently implemented [3].
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