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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 down link (DL) system level performance in terms of average 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 frequency-space block code (SFBC) based transmit diversity

· 2x2 space multiplexing (SM)

· Transmit adaptation between 2x2 SFBC and 2x2 SM (SM/SFBC).

2 System Level Evaluation
In the system level evaluation, we follow up the requirements described in [1]. In addition, the other calculation method and criteria such as effective SINR computation and adaptive MIMO mode switching are referred in our previous contribution [2].
2.1 Simulation Assumptions

In the system level simulation assumptions, we focus on DL 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 Cell
	10

	Antenna Structure
	1x2 and 2x2

	Node-B Antenna Spacing
	10λ

	UE Antenna Spacing
	0.5 λ

	Maximum Retransmission Number
	5

	Transmission Power
	46 dBm for 10MHz, 43 dBm for 1.25MHz

	Lognormal Shadowing
	8dB

	Noise Figure
	9 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
	Proportional Fair

	STTD/SM Criterion
	Capacity based Criterion

	Channel Estimation
	Real

	Traffic Model
	Full Buffer

	CIR Feedback Delay
	6 TTIs

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

	UE receiver
	LMMSE

	RS+Signalling Overhead
	29%


2.2 Performance Evaluation

We compare the system level performance in terms of average cell throughput, average user throughput, and cell-edge user throughput with 5%-tile outage requirement, listed in Table 3, Table 4, Table 5 and Table 6 for simulation case-1, case-2, case-3, and case-4, respectively.

Table 3: Comparison results in terms of cell aggregated throughput and user coverage for simulation case-1.

	Metric
	Ave cell throughput (Mbps)

/ Spectrum efficiency
	Avg user throughput (Mbps)
/ Spectrum efficiency
	Cell-edge user throughput (Mbps)
/ Spectrum efficiency

	1x2 Baseline
	14.92/1.492
	1.492/0.1492
	0.498/0.0498

	2x2 SFBC
	14.67/1.467
	1.467/0.1467
	0.470/0.0470

	2x2 OL-SM
	18.09/1.809
	1.809/0.1809
	0.023/0.0023

	2x2 OL-SM/SFBC
	16.91/1.691
	1.691/0.1691
	0.465/0.0465

	2x2 OL-SM (PLS)
	22.71/2.271
	2.271/0.2271
	0.218/0.0218

	2x2 OL-SM/SFBC (PLS)
	21.57/2.157
	2.157/0.2157
	0.473/0.0473


Table 4: Comparison results in terms of cell aggregated throughput and user coverage for simulation case-2.

	Metric
	Ave cell throughput (Mbps)

/ Spectrum efficiency
	Avg user throughput (Mbps)

/ Spectrum efficiency
	Cell-edge user throughput (Mbps)

/ Spectrum efficiency

	1x2 Baseline
	8.978/0.8978
	0.898/0.0898
	0.317/0.0317

	2x2 SFBC
	9.683/0.9683
	0.968/0.0968
	0.333/0.0333

	2x2 OL-SM
	10.94/1.094
	1.094/0.1094
	0.030/0.0030

	2x2 OL-SM/SFBC
	10.35/1.035
	1.035/0.1035
	0.303/0.0303

	2x2 OL-SM (PLS)
	14.76/1.476
	1.476/0.1476
	0.270/0.0270

	2x2 OL-SM/SFBC (PLS)
	14.31/1.431
	1.431/0.1431
	0.335/0.0335


Table 5: Comparison results in terms of cell aggregated throughput and user coverage for simulation case-3.

	Metric
	Ave cell throughput (Mbps)

/ Spectrum efficiency
	Avg user throughput (Mbps)

/ Spectrum efficiency
	Cell-edge user throughput (Mbps)

/ Spectrum efficiency

	1x2 Baseline
	13.77/1.377
	1.377/0.1377
	0.368/0.0368

	2x2 SFBC
	13.53/1.353
	1.353/0.1353
	0.330/0.0330

	2x2 OL-SM
	16.91/1.691
	1.691/0.1691
	0.016/0.0016

	2x2 OL-SM/SFBC
	15.44/1.544
	1.544/0.1544
	0.330/0.0330

	2x2 OL-SM (PLS)
	21.06/2.106
	2.106/0.2106
	0.025/0.0025

	2x2 OL-SM/SFBC (PLS)
	19.60/1.960
	1.960/0.1960
	0.339/0.0339


Table 6: Comparison results in terms of cell aggregated throughput and user coverage for simulation case-4.

	Metric
	Ave cell throughput (Mbps)

/ Spectrum efficiency
	Avg user throughput (Mbps)

/ Spectrum efficiency
	Cell-edge user throughput (Mbps)

/ Spectrum efficiency

	1x2 Baseline
	1.665/1.332
	0.167/0.133
	0.055/0.044

	2x2 SFBC
	1.681/1.344
	0.168/0.134
	0.050/0.040

	2x2 OL-SM
	2.046/1.637
	0.205/0.164
	0.0018/0.0015

	2x2 OL-SM/SFBC
	1.912/1.530
	0.191/0.153
	0.049/0.039

	2x2 OL-SM (PLS)
	2.595/2.076
	0.260/0.208
	0.017/0.014

	2x2 OL-SM/SFBC (PLS)
	2.434/1.947
	0.243/0.195
	0.051/0.041


Observation-1 from Table 3, Table 4, Table 5 and Table 6:

· SFBC shows much better performance than 1x2 baseline when the UE speed becomes higher such as 30km/h.

· 2x2 SM outperforms 2x2 SFBC in terms of average cell throughput, but with very poor cell-edge user throughput.

· For overall performance, 2x2 adaptive SM/SFBC significantly achieves higher average cell throughput gain without coverage loss, and the average cell throughput gain is between 10% and 16% as opposed to 2x2 SFBC.

· 2x2 SM/SFBC with perfect layer separation (PLS) achieves very high gain, and the gain could be around 45% as opposed to 1x2 diversity or SFBC. It should be noted that the performance achieved by MLD receiver could be considered between LMMSE and PLS.

Figure 1, Figure 2, Figure 3, and Figure 4 show the CDF of normalized user throughput for simulation case-1, case-2 case 3, and case-4, respectively.
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Figure 1: CDF of normalized user throughput for case-1.


[image: image2.emf]CDF of Normalized User Throughput

(Case-2, SCM 30km/h)

0

0.2

0.4

0.6

0.8

1

0 0.5 1 1.5 2 2.5 3

Normalized User Throughput

CDF

1x2 Div

FSBC

SM

FSBC/SM

SM, PLS

FSBC/SM, PLS

 


Figure 2: CDF of normalized user throughput for case-2.
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Figure 3: CDF of normalized user throughput for case-3.
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Figure 4: CDF of normalized user throughput for case-4.

Observation-2 from Figure 1, Figure 2, Figure 3, and Figure 4:

· 1x2 baseline, 2x2 SFBC, and 2x2 adaptive SFBC/SM meet the fairness criterion, while only 2x2 SM does not.

Figure 5, Figure 6, Figure 7, and Figure 8 show the CDF of user throughput for simulation case-1, case-2 case 3, and case-4, respectively.

[image: image5.emf]CDF of User Throughput

(Case-1, SCM 3km/h)

0

0.2

0.4

0.6

0.8

1

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

User Throughput  (kbps)

CDF

1x2 Div

FSBC

SM

FSBC/SM

SM, PLS

FSBC/SM, PLS

 


Figure 5: CDF of user throughput for case-1.

[image: image6.emf]CDF of User Throughput

(Case-2, SCM 30km/h)

0

0.2

0.4

0.6

0.8

1

0 300 600 900 1200 1500 1800 2100 2400 2700 3000

User Throughput  (kbps)

CDF

1x2 Div

FSBC

SM

FSBC/SM

SM, PLS

FSBC/SM, PLS

 


Figure 6: CDF of user throughput for case-2.
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Figure 7: CDF of user throughput for case-3.
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Figure 8: CDF of user throughput for case-4.
Observation-3 from Figure 5, Figure 6, Figure 7, and Figure 8: 
· 2x2 adaptive SFBC/SM achieves average cell throughput gain from SM and the cell-edge user throughput gain from SFBC. This justifies that 2x2 adaptive SM/SFBC achieves higher average cell throughput gain without coverage loss.
3 Conclusions

This contribution has verified the DL open-loop system level performance in terms of average cell throughput and cell-edge user throughput, comparing 1x2 baseline, 2x2 SFBC, 2x2 SM, and 2x2 adaptive SFBC/SM. The conclusions can be made as follows:

· To improve both average cell throughput and cell-edge user throughput for E-UTRA, the adaptation between SFBC and SM is necessary.
· To further improve the throughput performance for the near cell center user, advanced receiver such as MLD and SIC is very efficient.
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