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1. Background
MIMO OTA test is now under extensive research for MIMO handset antenna radiation performance evaluation. MIMO OTA test method is one of the key problems that need to be investigated and determined for MIMO OTA test standard [1]. Many MIMO OTA test methods have been proposed for standardization, which can be categorized into 3 major methods, the MIMO OTA test method based on multiple probe antennas and anechoic chamber [2], the MIMO OTA test method based on reverberation chamber [8] and the MIMO OTA test method based on the two-stage method [9]. The two-stage method is an effective MIMO OTA test method with good accuracy, flexibility and cost effectiveness. Validation results based on two-stage method to validate the accuracy of two-stage method for passive metrics like correlation matrixes and power imbalance has been reported in [10]. However, there are no end-to-end performance validation results due to not being able to get one MIMO DUT yet. In this paper, some experiments have been designed such that even without the support of the DUT on the antenna pattern measurement we can still validate the effectiveness of two-stage method on differentiating different antenna array performance. The idea is that for chosen antenna array pairs, which we know their performance difference beforehand, we can apply the two stage method to those antenna arrays and use them to test their influence on the DUT’s performance. If the test results correlate with the theoretical analysis very well, then it can be a good validation on the effectiveness of two-stage method for being able to differentiate antenna arrays with different performance. In [11], four different antenna array pairs have been chosen to compare the sensitivity of different channel models on differentiating different antenna array designs. The simulations results in [1] have shown that the simplified WINNER II Rural Macro scenario has good sensitivity for all the four antenna array pair and the antenna arrays of each antenna array pair are well separated in performance. Thus in this paper, those four antenna array pairs and the simplified WINNER II channel model are selected to test the influence of different antenna array on the DUT receiver’s performance. The DUT used is a MIMO WiMAx USB dongle. The test setup is described below.
2. Test Platform Setup of Two-stage MIMO OTA Test Method with Commercial DUT

1) Test diagram is shown in the following figure.

[image: image1]
Fig.2 Test diagram of two-stage MIMO OTA test method with commercial DUT

      The test platform includes the DUT, the baseband signal generator and channel emulator N5106A, the RF signal generator MSG, the Mobile WiMax MIMO DUT and the PC. The baseband signal generator and channel emulator N5106A loads the WiMax waveforms, applies fading and sends them through the ESG to test the DUT’s receiver. 

      The DUT we used in the experiment is a MIMO Mobile WiMax USB dongle with 2 antennas, which has 2 RF sockets that can receive external RF input signals. The DUT is connected to a PC through the USB interface. On the PC one control software of the DUT is running, which can read reports from the DUT on FER. The DUT is shown in Fig.3. 

[image: image2.jpg]



Fig.3 Picture of the DUT

      For the chosen antenna array pair, each antenna array of the chosen pair is applied to the chosen simplified WINNER II Rural Macro channel model. The antenna pattern of the antenna array is rotated to simulate the MS antenna array rotation. The channel model with the antenna influence incorporated is then emulated by N5106A. The loaded WiMax baseband waveform is faded by the emulator and send through a RF signal generator to test the DUT. The baseband signal generator and channel emulator N5106A is shown in Fig.4.
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Fig.4 Picture of N5106A
      The Control software running on the PC is used to read the report from the DUT on the FER of the DUT. The GUI of the software is shown in Fig.5.
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Fig.5 Picture of the analysis software

The picture of the whole test platform is in Fig.6
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Fig.6 Picture of the test platform

2) Process of using the two-stage MIMO OTA test to test the DUT. The flow chart of using the two-stage method to test the DUT is shown in Fig.7


[image: image6]
Fig.7 Flow chart of two-stage MIMO OTA test with DUT

       As introduced in [10], the first stage of two-stage method is to measure the antenna pattern of DUT. In our test, we cannot get the antenna pattern of the DUT we use because the DUT doesn’t support the feature to measure its antenna pattern. Alternatively, we use the antenna patterns of the antenna array pairs used [11] to test how those antenna arrays will influence the DUT’s performance. This can equals to assume that the antenna array used in [11] is equipped on the DUT and then test its influence. 

       In the second step of the two-stage method, we introduce the influence of the antenna into the channel emulator to test how it impacts the DUT’s receiver. To explore the influence of the antenna array at different orientation, when applying the antenna patterns to the channel model, it is rotated.  In the test the rotation interval is set to be 10 degrees.  

       For the chosen antenna array and chosen MIMO channel model, the similar method as described in [11] can be used to evaluate the channel capacity change w.r.t the antenna orientation. The channel capacity is influenced by the antenna array. On the other hand, the measured receiver metrics like FER is also influenced by the antenna array. If the two-stage method is an accurate method which can test the antenna’s influence, then it is expected that the channel capacity results will have good correlation with the FER test results.
3. Test Results of Two-stage MIMO OTA Test Method with Commercial DUT

       We use 4 different antenna array pairs in our test, whose antenna patterns are shown in Fig.8-11. 
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Fig.8 Two-dipole with 0.225 wavelength spacing and two-dipole with 0.45 wavelength spacing
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Fig.9 Two-dipole with 0.9 wavelength spacing               The same two-dipole with SAM head nearby
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Fig.10 Antenna Array 1 consisting of the 1st                                   Antenna array 2 consisting of 1st and 2nd 
 and 3rd element                                                               element
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Fig.11  patch antenna array with 0.75 wavelength spacing     patch antenna array with sup-strate made from artificial magneto-dielectric material
For each antenna array, we rotate the antenna array from 0 degree to 180 degree with an interval of 10 degree, and measure the FER under each orientation.

       Fig.12 shows the FER and channel capacity v.s. antenna orientation using the two-dipole antenna with 0.225 wavelength spacing and two-dipole antenna with 0.45 wavelength spacing
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         (a) FER w.r.t Antenna orientation                              (b) Channel capacity w.r.t antenna orientation

Fig.12 FER and channel capacity w.r.t  antenna orientation using the two-dipole with 0.225 wavelength spacing and two-dipole with 0.45 wavelength spacing
From Fig.12 it can be seen clearly that when the channel capacity is high the measured FER will be low and when the channel capacity is low, the measured FER is high. It can also be seen that when the channel capacity for one antenna array is good, the corresponding FER for that antenna array will be low. There is good correlation between the channel capacity analysis and the test results.
       Fig.13 shows the FER and channel capacity w.r.t antenna orientation using the two-dipole with and without SAM head influence.
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         (a) FER w.r.t Antenna orientation                               (b) Channel capacity w.r.t antenna orientation

Fig.13 FER and channel capacity w.r.t antenna orientation using the two-dipole with and without SAM head influence
Fig.13 test results also show the good correlation between the channel capacity analysis results and the measured FER.
       Fig.14 shows the FER and channel capacity w.r.t antenna orientation using the measured antenna pattern of array 1 and 2 of one three element commercial antenna array. Again the channel capacity analysis results correlates well with the measured FER results.
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         (a) FER w.r.t Antenna orientation                       (b) Channel capacity w.r.t antenna orientation

Fig.14 FER and channel capacity w.r.t antenna orientation 
using the measured antenna pattern of array 1 and 2 of commercial antenna array.
       Fig.15 shows the FER and channel capacity w.r.t antenna orientation using the normal patch antenna array and the patch array covered with sup-strate make from meta-material.  The measures results for this antenna pair also show good correlation and agrees with the results in Fig.12-14 very well.
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         (a) FER w.r.t Antenna orientation                       (b) Channel capacity w.r.t antenna orientation

Fig.15 FER and channel capacity w.r.t antenna orientation 
using the normal patch antenna array and the patch array covered by sup-strate made from meta-material
       In order to evaluate the correlation between the FER and channel capacity quantitively, we calculate the correlation coefficient of FER and channel capacity, the results is listed in Table.1

Table.1 correlation coefficient of FER and channel capacity

	Antenna Array Pairs
	Antenna
	Correlation Coefficient 
	Antenna
	Correlation Coefficient 

	1
	Two dipole with 0.225 wavelength spacing
	-0.9740
	Two dipole with 0.45 wavelength spacing
	-0.9710

	2
	Two dipole without head
	-0.8321
	Two dipole SAM head
	-0.9647

	3
	Antenna array 1 with measured antenna pattern
	-0.9683
	Antenna array 2 with measured antenna pattern
	-0.9638

	4
	Normal patch antenna array
	-0.9346
	Patch antenna array with meta-material
	-0.9635


      The correlation analysis results show that very high correlation exists between the FER test results and the channel capacity analysis results. The two-stage method can be effectively used to evaluate the antenna arrays performance by emulating the antenna influence with channel emulator.

We also calculate the median FER and FER disturbance based on the same definition in [11], 

	
	Median FER (%)
	FER Disturbance (%)
	Median channel capacity (b/s/Hz)
	Channel capacity Disturbance (b/s/Hz)

	Two dipole with 0.225 wavelength spacing
	0.754 
	1.625 
	10.070 
	2.240 

	Two dipole with 0.45 wavelength spacing
	0.525 
	1.195 
	10.47
	1.77

	Two dipole without head
	0.245 
	0.203 
	11.060 
	0.550 

	Two dipole SAM head
	0.689 
	1.368 
	9.960 
	2.060 

	Antenna array 1 with measured antenna pattern
	0.779 
	1.287 
	9.870 
	1.840 

	Antenna array 2 with measured antenna pattern
	0.374 
	0.350 
	10.740 
	1.010 

	Normal patch antenna array
	0.383 
	0.606 
	10.790 
	1.210 

	Patch antenna array with meta-material
	0.490 
	0.567 
	10.390 
	1.440 


      From the Median FER results, it can be seen clearly that the FER measurement results can be used to tell the antenna array with good performance from the one with poor performance. The test results agree with the channel capacity analysis results.
      Based on the above results, the measured FER using two-stage approaches agrees well with channel capacity analysis. The measured FER results correlates greatly with the channel capacity analysis. These results demo the capability of two-stage method to differentiating antenna arrays with different performance.

4. Summary and discussion

       In this paper, some MIMO OTA tests based on two-stage method using commercial DUT have been performed. The measured FER of the DUT using two-stage method agrees with channel capacity analysis results very well and is able to differentiate the antenna arrays with different performance. The test results validate the performance of two-stage method on differentiating antenna arrays with different performance.
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