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1. Introduction

Two different methods exist for the specification and implementation of channel models being either geometry-based or correlation-based. Agilent’s simulation software SystemVue supports both types of model. Using simulation we investigated the performance of both types of implementation for the channel models currently defined for MIMO OTA. The simulation results show that when using an appropriate drop interval and simulation drop number for the geometric-based models, the throughput results converge with those achieved using correlation-based models within the same simulation time.   
2. Throughput simulation convergence property analyses under geometric-based channel model
For geometric-based channel models there is drop concept. The mathematical description of a drop for SCME is provided in [2]. Each drop updates the random initial phases for each ray. In order to investigate throughput simulation convergence properties, a multiple-drop simulation was carried out. Different initial phases were generated by controlling random seeds. Figure 1 plots the throughput for 30 drops over one fixed SNR, using a simulated drop interval of 1 s. The LTE configuration is 2 by 2 MIMO with TM3, R.11 reference channel and 10 MHz bandwidth, HARQ is enabled and the maximum HARQ retransmission is 4. The simulation channel model is SCME Umi defined in Table 3.2.1 of [1], and the velocity is 30 Km/h. 
Figure 1 shows the throughputs over different drops have some variation, the difference between the maximum and the minimum is 2.28Mbps, which is about 10 percent of full throughput of 23.328Mbps. Figure 2 shows throughput convergence vs. multiple-drop number based on the throughput numbers in figure 1. This figure demonstrates that the average throughput over tens of drops converges to a stable number of about 16.62Mbps. 
In order to determine whether throughput can converge to this number by only increasing the simulation time of a single drop, two drops from figure 1 were selected representing the maximum throughput and the minimum throughput. The variation versus simulation time is shown in figure 3. The red curve (seed 151) corresponds to the drop with maximum throughput, and the blue curve (seed 131) corresponds to the drop with minimum throughput. These two curves demonstrate that increasing the simulation time for one drop does not result in convergence with the multi-drop average. Therefore, multiple-drop implementation is essential for geometric-based channel models to reach the correct link-level simulation result. 
The black curve in Figure 3 uses a drop simulation time of 0.05s. After each 0.05s the initial phase is changed. This curve demonstrates that the throughput reaches the correct result within 1 second simulation time. [image: image1.emf]0 5 10 15 20 25 30
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Figure 1 Throughput over different drops
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Figure 2 Multiple-drop average throughput convergence property over drop number
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Figure 3 Throughput variations over simulation time

3. Geometric-based model and correlation-based model simulation results comparison
In order to compare these two channel models, MIMO OTA simulation was carried out using both geometry and correlation methods, the simulation parameters are listed as below:
· LTE configuration is same as description in section 2, and HARQ is also enabled. 
· Channel model is SCME Umi defined in Table 3.2.1 of [1].
· Slant 45 degree base station antenna is configured; the detailed description can refer to section 3.3 of [1].
· Use B13 reference antenna pattern (good and bad) as DUT pattern.
· For Correlation-based model, each rotation angle simulation time is 1 s, 8 uniform distributed rotation angles @ each power level.
· For the geometric-based model, each rotation angle simulation time is also 1 s, but this 1 s simulation time is divided into 20 different drops with different initial phases, 8 uniform distributed rotation angles at each power level. 

The exact simulation results are in Table 1 to Table 4. These results demonstrate that these two models can get very consistent results within the same simulation time, refer to figure 4 and figure 5.

Table 1 B13 good for Umi channel using correlation based model 

	Power(dBm/10M)
	Rotation Angle (degree)
	Average (Mbps)

	
	-180
	-135
	-90
	-45
	0
	45
	90
	135
	

	-98
	0.13
	0
	0
	0.259
	0.907
	0
	0
	0
	0.162

	-96
	2.799
	0.389
	0.259
	3.655
	5.003
	1.426
	0.104
	2.385
	2.002

	-94
	6.117
	4.329
	3.214
	6.558
	7.206
	5.158
	2.929
	5.78
	5.161

	-92
	8.139
	6.947
	6.376
	8.631
	9.435
	7.361
	6.169
	7.854
	7.614

	-90
	10.368
	8.916
	8.398
	11.457
	12.986
	9.746
	8.009
	10.005
	9.986

	-88
	14.178
	11.82
	10.783
	14.619
	16.044
	12.804
	10.731
	13.141
	13.015

	-86
	17.885
	14.204
	14.049
	19.103
	20.71
	16.278
	13.53
	17.107
	16.608

	-84
	21.358
	19.647
	18.17
	22.447
	23.147
	20.555
	17.859
	21.177
	20.545

	-82
	22.965
	22.343
	22.006
	23.25
	23.276
	23.043
	21.617
	23.198
	22.712

	-80
	23.25
	23.198
	23.172
	23.328
	23.328
	23.328
	23.147
	23.302
	23.257

	-78
	23.302
	23.328
	23.328
	23.328
	23.328
	23.328
	23.328
	23.328
	23.325

	-76
	23.328
	23.328
	23.328
	23.328
	23.328
	23.328
	23.328
	23.328
	23.328


Table 2 B13 bad for Umi channel using correlation based model 

	Power(dBm/10M)
	Rotation Angle (degree)
	Average (Mbps)

	
	-180
	-135
	-90
	-45
	0
	45
	90
	135
	

	-90
	0
	0.052
	0
	0
	0.104
	0
	0
	0
	0.019

	-88
	0.13
	0.985
	0.078
	0
	3.681
	0.752
	0.026
	0
	0.706

	-86
	1.555
	3.214
	2.074
	2.125
	6.532
	3.81
	1.503
	0.596
	2.676

	-84
	5.547
	6.376
	5.288
	5.443
	8.476
	6.558
	4.873
	4.147
	5.838

	-82
	7.361
	8.346
	7.413
	7.672
	11.249
	8.58
	7.128
	6.584
	8.042

	-80
	9.461
	10.886
	9.564
	10.135
	14.1
	11.068
	9.279
	8.813
	10.413

	-78
	12.882
	14.178
	12.26
	12.286
	18.325
	14.386
	12.26
	10.679
	13.407

	-76
	15.993
	17.211
	15.993
	16.978
	21.876
	16.07
	14.904
	14.826
	16.731

	-74
	20.088
	20.632
	19.829
	21.047
	23.043
	21.073
	19.181
	18.922
	20.477

	-72
	22.369
	22.447
	22.188
	22.965
	23.224
	22.913
	21.695
	21.565
	22.421

	-70
	23.017
	23.121
	22.861
	23.328
	23.224
	23.198
	22.784
	19.855
	22.674

	-68
	23.198
	23.224
	23.172
	23.328
	23.328
	23.224
	23.276
	20.166
	22.865


Table 3 B13 good for Umi channel using reach the stable geometric-based model

	Power(dBm/10M)
	Rotation Angle (degree)
	Average (Mbps)

	
	-180
	-135
	-90
	-45
	0
	45
	90
	135
	

	-98
	0.078
	0.026
	0.026
	0.207
	0.881
	0.207
	0
	0.104
	0.191

	-96
	2.462
	0.674
	0.415
	3.525
	5.34
	2.436
	0.363
	1.892
	2.138

	-94
	5.884
	4.743
	3.499
	6.661
	7.361
	5.936
	3.059
	5.754
	5.362

	-92
	7.932
	6.921
	6.454
	8.554
	10.057
	7.932
	6.35
	7.802
	7.75

	-90
	10.135
	9.098
	8.45
	11.146
	12.208
	9.953
	8.191
	10.342
	9.94

	-88
	12.182
	11.664
	10.446
	15.371
	16.641
	13.971
	10.368
	13.686
	13.041

	-86
	18.481
	15.371
	14.645
	19.492
	21.125
	17.6
	14.152
	18.092
	17.37

	-84
	19.181
	19.855
	18.222
	22.032
	22.784
	21.565
	17.781
	20.866
	20.286

	-82
	23.043
	22.628
	21.695
	23.017
	23.302
	23.121
	21.54
	22.81
	22.644

	-80
	23.224
	23.198
	23.224
	23.198
	23.328
	23.328
	22.939
	23.147
	23.198

	-78
	23.276
	23.328
	23.328
	23.328
	23.328
	23.328
	23.302
	23.302
	23.315

	-76
	23.276
	23.328
	23.328
	23.328
	23.328
	23.328
	23.328
	23.328
	23.322


Table 4 B13 bad for Umi channel using geometric-based model

	Power(dBm/10M)
	Rotation Angle (degree)
	Average (Mbps)

	
	-180
	-135
	-90
	-45
	0
	45
	90
	135
	

	-90
	0
	0.181
	0
	0
	0.078
	2.462
	0
	0
	0.34

	-88
	0.026
	0.544
	0
	0
	0.881
	4.432
	0
	0
	0.735

	-86
	1.4
	2.411
	1.14
	0.311
	4.406
	7.232
	0.726
	0.778
	2.3

	-84
	4.977
	5.028
	3.784
	3.292
	6.584
	9.253
	3.447
	4.095
	5.058

	-82
	7.076
	7.957
	6.35
	6.376
	8.787
	12.442
	6.299
	6.947
	7.779

	-80
	9.072
	9.901
	8.683
	8.424
	11.664
	14.956
	8.476
	8.735
	9.989

	-78
	11.353
	13.141
	10.679
	10.964
	14.282
	19.466
	10.705
	11.016
	12.701

	-76
	16.096
	17.081
	12.856
	13.116
	19.181
	21.617
	13.219
	13.841
	15.876

	-74
	17.988
	20.14
	17.703
	18.766
	21.047
	22.421
	17.496
	19.881
	19.43

	-72
	20.062
	22.11
	20.399
	19.751
	22.499
	23.121
	20.736
	20.01
	21.086

	-70
	20.503
	23.147
	22.343
	23.017
	23.017
	23.302
	22.706
	19.958
	22.249

	-68
	20.684
	23.328
	23.172
	21.047
	23.017
	23.328
	23.224
	22.991
	22.599
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Figure 4 Throughput VS Power under Umi channel model using two model libraries
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Figure 5 Throughput VS Rotation angle @ fixed power -117dBm under Umi channel model using two model libraries

4. Conclusion
This proposal investigates throughput simulation convergence for geometric-based channel models and compares MIMO OTA throughput simulation results using two channel models. The simulation results show below observations:
· For geometric-based models in order to converge on the correct result multiple-drop channel data is required and the drop number should be tens or more.
· When utilizing an appropriate drop interval and drop number for geometric-based models, the results converge with the correlation-based model within the same simulation time.   
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