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1. Background
In the MIMO OTA test, different channel models have different capability to differentiate the radiation performance of different antennas. In TR 37.967[1], 3 types of channel models are used for the MIMO OTA test: multiple cluster channel models, single cluster channel models and uniform channel models. In order to test the capability of differentiating the radiation performance different antenna pattern, some experiments have been performed based two-stage MIMO OTA test method. In the experiments, we used 3 channel models which are multiple cluster based channel model, single cluster based channel model and uniform channel model respectively and two MIMO modes (receiver diversity and spatial multiplexing) to perform MIMO OTA test for 2 different antenna patterns. The test procedure, test results and some analysis based on the results are included in this distribution.
2. MIMO OTA Test under Receiver Diversity Mode
For the MIMO OTA test setup under receiver diversity mode, we use the same MIMO OTA test platform as mentioned in [2]. 
During the test, 3 measured antenna patterns are used, including antennas for Dell E6400 laptop and Huawei K4505 USB dongle, which are 2 reference DUTs in the COST2100 & CTIA MIMO OTA round robin test in [3], the third one is a vertical polarized dipole antenna pair with 0.5 wavelength interval. The antenna patterns for the 3 antennas are shown in Fig.1~3.
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Fig.1 Antenna pattern of Dell E6400
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Fig.2 Antenna pattern of Huawei K4500

[image: image3.emf]  0.5

  1

  1.5

  2

30

210

60

240

90

270

120

300

150

330

180

0

Dipole Pattern (0.5 Lamda seperation)

 

 

Dipole 1

Dipole 2


Fig.3 Antenna pattern of dipole

The 3 channel models we used in the test are the reference channel models in [1], which belong to multiple cluster model, single cluster model and uniform model respectively. 
The multiple cluster model we select is SCME Urban micro-cell channel model with mobile speed setting to 3km/h, the parameters of the channel model is in Table 1
Table 1 SCME urban micro-cell channel model

	SCME Urban micro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3.0
	-5.2
	-7.0
	6.6
	0.7

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	-13.2

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	146.1

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	-30.5

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	-11.4

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	-1.1

	Delay spread [ns]
	294

	Cluster AS AoD / AS AoA [(]
	5 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	18.2 / 67.8

	Mobile speed [km/h] / Direction of travel [(]
	3/ 120

	XPR
NOTE: V & H components based on assumed BS antennas
	9 dB


	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR


The single cluster model we select is single cluster model based on SCME Urban micro-cell channel model with mobile speed setting to 3km/h, the parameters of the channel model is in Table 2

Table 2 Single spatial cluster model with multi-path based on SCME urban micro-cell channel model
	Single Spatial Cluster Model with Multi-path based on SCME Urban micro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3.0
	-5.2
	-7.0
	6.6
	0

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	0

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	0

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	0

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	0

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	0

	Delay spread [ns]
	294

	Cluster AS AoD / AS AoA [(]
	5 / 25 or 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	18.2 / 25 or 35

	Mobile speed [km/h] / Direction of travel [(]
	3/ 120

	XPR
NOTE: V & H components based on assumed BS antennas
	9 dB


	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR


The uniform model we select is 2D uniform model based on EPA (Expanded Pedestrian A) channel model with mobile speed setting to 3km/h, the parameters of the channel model is in Table 3

Table 3 2D uniform multipath channel model
	2D Uniform Multipath Model

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	0.0
	N/A
	0

	2
	30
	-1.0
	N/A
	0

	3
	70
	-2.0
	N/A
	0

	4
	90
	-3.0
	N/A
	0

	5
	110
	-8.0
	N/A
	0

	6
	190
	-17.2
	N/A
	0

	7
	410
	-20.8
	N/A
	0

	Delay spread [ns]
	45

	Cluster AS AoD / AS AoA [(]
	N/A/104

	Cluster PAS shape
	Uniform

	Total AS AoD / AS AoA [(]
	N/A/104

	XPR
NOTE:  No depolarization based on XPR

Equal power transmitted in V & H, PV = 0.5, PH = 0.5

V & H components based on assumed BS antennas


	0 dB

	Mobile speed [km/h] / Direction of travel [(]
	3 / N/A


The two-stage method throughput measurement is following the same measurement procedure in [2], in order to remove the baseband algorithm influence of difference devices to the throughput result, during this measurement, we use the same device as the DUT and apply 3 antenna patterns to the device. The measured results are plotted together in Figure 4
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Fig.4 Throughput measurement results of 3 antenna patterns under different channel models in receiver diversity mode
According to the measurement results in Fig.4, we can see that:
1) For the Dell E6400 and Huawei K4505, the throughput performance under multiple cluster Umi and single cluster Umi channel models are closed to each other, but quite different with the results under uniform channel model. For the dipole antenna, the throughput performance under 3 channel models are similar to each other.
2) All the 3 channel models can separate the radiation performance of the 3 antennas clearly, this is mainly because: firstly the antenna gain of the 3 antennas are quite different (which can be seen from Fig.1~3); Secondly, the DUT is working under receiver diversity mode, the throughput performance under this mode is mainly determined by the antenna gain, the influence of correlation and power imbalance is small.
3. MIMO OTA Test under Spatial Multiplexing Mode
For the MIMO OTA test setup under spatial multiplexing mode, as we did not have LTE MIMO device handy, we perform the test by simulation. 
During the test, 2 simulated antenna array patterns are used. One is the simulated antenna array patterns with SAM head influence, the other one is the antenna array patterns without SAM head influence. The antenna gains of these two antenna arrays are similar. Under this condition, we can test whether the two-stage MIMO OTA test can tell the performance difference influenced by the correlation coefficient and power imbalance under spatial multiplexing mode.  The antenna patterns of the two antenna arrays are shown in Fig.5~6.
[image: image5.emf]  0.2

  0.4

  0.6

  0.8

  1

30

210

60

240

90

270

120

300

150

330

180 0

With SAM head

 

 

Ant 1

Ant 2


Fig.5 Antenna pattern with SAM head influence

[image: image6.emf]  0.2

  0.4

  0.6

  0.8

  1

30

210

60

240

90

270

120

300

150

330

180 0

Without SAM head

 

 

ANT 1

ANT 2


Fig.6 Antenna pattern without SAM head influence

The throughput measurement results of the two antenna patterns under 3 different channel models are shown in Fig. 7
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Fig.7 Throughput of simulated antenna pattern with/without SAM head influence under 3 channel models in spatial multiplexing mode
From the results in Fig.7, we can see that, in spatial multiplexing mode, the radiation performance of the 2 antennas can be separated clearly under both multiple cluster Umi and single cluster Umi channel models. But under uniform channel model, the performance of the two antennas is almost the same.
4. Summary and Discussion
In this distribution, we tested the radiation performance of different antennas under different channel models and different MIMO work modes. From the test results,

1) In receiver diversity mode the radiation performance of the antenna is mainly determined by the antenna gain, the influence of the correlation coefficient and power imbalance is small; As the antenna gain differences are large enough for the three MIMO antennas, all three channel models are able to tell the difference. 
2) In spatial multiplexing mode, the 3 types of channel model in [1], multiple cluster based channel model, single cluster based channel model and uniform channel model have different capabilities to distinguish the radiation performance difference of different antennas.  The multiple cluster based channel model and single cluster based channel model are more sensitive for the antenna radiation performance than the uniform channel models.
From the results, it can be seen that the RX diversity round robin test results may not be able to fully reflect the channel model capability on differentiating good and MIMO antenna design. It is thus proposed that the MIMO OTA methods should be compared with MIMO OTA measurement campaign.
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