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1. Background
Multiple probe antenna-based MIMO OTA test method is one of the three categories of test methods proposed to 3GPP RAN4 are being used in the round robin test to compare with the other test methods. There are already results available in the throughput test results using multiple probe antenna based method. However, how the statistics of the multiple probe antenna based method might depend on the probe antenna configuration and how accurate the spatial channel model can be emulated under different channel model parameters have not been thoroughly examined. In this paper, we performed experiments by using multiple probe antenna configuration and different channel parameters and then measure the antenna metrics like channel power, spatial correlation etc to examine the statistics of multiple probe antenna method in emulating the PAS, AoA etc.
2. Test Setup
The test platform for the verification of the statistics of multiple probe antenna based test method is shown in figure 1
In figure 1, the base-band signal generation and passing through fading emulator are integrated into Agilent PXB. ESG #1 to ESG #4 up-convert the base-band faded signal to RF signal, and probe antenna Ant #1 to Ant#4 send out the faded signal simultaneously. The Ant #1 to Ant #4 are positioned with equal 40 degree separation. Each cluster signal is simulated by using 4-probe antenna or 3-probe antenna, which is depicted in figure 2. The DUT will be rotated in the horizontal plan around the centre by using the electronically controlled turntable system. Agilent VSA captures the signal from DUT antenna arrays for post-processing to extract the statistic property.
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Figure 1 Statistic property validation platform 
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Figure 2 Diagram of 4-probe antenna or 3-probe antenna configuration
3. Verification results
Most OTA experiment results have been shown in Agilent proposals [2][3][4]. Here we will show some research experiments on quiet zone, PDP, effects of beam different AS and arbitrary AoA for multi-probe method. 

3.1 Quiet zone and power delay profile

For the test platform shown in figure 1, the distance between the centre of turning table and the probe antenna is 1.5m. In order to verify the quiet zone range for this configuration, we set one dipole antenna at the positions of 0.5, 1.0 and 1.5 lambda from the centre of tuning table separately (Here half lambda is about 7cm), and then turn the table to measure the received signal’s power variation over one circle. The recorded powers are listed in below table.
	angle
	0.5lambda(dB)
	1 lambda (dB)
	1.5lambda(dB)

	0
	-51.45
	
	-51.43
	
	-51.76
	

	45
	-51.18
	
	-50.7
	
	-50.72
	

	90
	-50.86
	
	-50.66
	
	-50.14
	

	135
	-50.65
	
	-50.21
	
	-49.95
	

	180
	-51.08
	
	-50.87
	
	-50.34
	

	225
	-51.25
	
	-51.2
	
	-51.25
	

	270
	-51.09
	
	-51.98
	
	-52.43
	

	315
	-51.36
	
	-51.63
	
	-52.21
	

	Maximum Difference
	0.8
	
	1.77
	
	2.48
	


In order to verify the PDP can satisfy the expectation, we configure the two-path channel model as the right diagram in figure 2, the second path is lower 3dB than first path, AoA separation is 40 degree for these two paths. We measure the PDP variation over one circle using channel sounding method, and the measured results are plotted in figure 3.

From the test results it can be seen that if the antenna spacing is greater than 1 lamda, quite big power difference can be observed during the rotation. What’s more, if the antenna spacing is larger, the PDP measured will be different at different antenna orientation, which means that the PDP can’t be emulated accurately 
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Figure 3 PDP measurement results
3.2 Effect of beam different AS range 

Although for the proposed channel model, AS = 35 or 25 is always assumed for UE side, we still want to know: if use 3 or 4 probe antenna with equal separation angle, what is the possible AS range for multiple-probe OTA test method to emulate with high precise? Then we carried out some experiment validation and simulation analysis.
For 3-probe antenna configuration, AS = 5, 10, 15, 25, 35, 45 cases are investigated, the optimized power weights for three antennas are as [0.01  0.98  0.01], [0.05  0.9  0.05], [0.09  0.82  0.09], [0.19  0.62  0.19], [0.27  0.46  0.27], [0.33  0.34 0.33] respectively; for 4-probe antenna configuration, AS = 35, 45, 55 cases are investigated, the power weights for four antennas are as [0.09  0.41  0.41  0.09], [0.2   0.3   0.3   0.2], [0.24  0.26  0.26  0.24] respectively. 
The measured results and the calculated results based on measured antenna pattern are shown in figure 4~12. These results show that the correlation difference between 3-probe/4-probe with 20 sub-paths becomes larger on certain AoAs when AS > 35. For figure 7(b), 8(b) and 9(b), the measured correlation also has large departure with the calculated one based on antenna pattern, and further research is needed to find the difference reason. Except for these three figures, other measured results demonstrate good consistence with calculated results.
We also do some simulations to investigate the effects of beam different AS range. For these simulations, we assume the separation angle between each probe antenna is 40 degree as test platform. An ideal omni-directional antenna array with half-wavelength spacing is assumed as DUT antenna. For each AS setting, we turn the power weight on probe antenna (the power on two side-antennas is depicted in figure 13~15 as beta weight) to observe the normalized AS error and average correlation difference over one circle between 3 or 4 probe antenna approximation with theoretical SCM 20 sub-path. We change AS setting from 5 degree to 55 degree to do the simulations, here we just pick out AS = 5, 25, 45 as examples shown in figure 13~15. 

For multi-probe MIMO OTA test under this case, what we want is to keep the AS error and correlation error within an acceptable threshold by tuning the power weights. These simulation results demonstrate that for very little AS (such as AS < 10), the normalized AS error is large; for large AS (such as AS > 45), the correlation error is large, which agree with the results in Figure 9(b), 11(b), 12(b), and the beta value which can minimize the AS error has big difference with that which can minimize correlation error.

Our simulation results demonstrate that to keep both correlation error and AS error within an acceptable range (here set 10% as the threshold) AS = 15, 25, 35 is proper options for 3-probe antenna, and AS = 25, 35, 45 is proper option for 4-probe antenna for fixed 40 degree separation. If ASs larger than 45 are to be emulated, more than 4 probe antennas are required.
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Figure 4 (a) AS = 5 3-Probe Channel Power Variation
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Figure 4 (b) AS = 5 3-Probe Channel Correlation Variation
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Figure 5 (a) AS = 10 3-Probe Channel Power Variation
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Figure 5 (b) AS = 10 3-Probe Channel Correlation Variation
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Figure 6(a) AS = 15 3-Probe Channel Power Variation
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Figure 6(b) AS = 15 3-Probe Channel Correlation Variation
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Figure 7(a) AS = 25 3-Probe Channel Power Variation
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Figure 7 (b) AS = 25 3-Probe Channel Correlation Variation

[image: image13.emf]0 50 100 150 200 250 300

0

0.5

1

1.5

2

2.5

3

3.5

4

AoA in degree

Channel Power (dB)

 

 

3 subpath Ch1 power

3 subpath Ch2 power

20 subpath Ch1 power

20 subpath Ch2 power

Measured Ch1 power

Measured Ch2 power


Figure 8 (a) AS = 35 3-Probe Channel Power Variation
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Figure 8 (b) AS = 35 3-Probe Channel Correlation Variation
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Figure 9(a) AS = 45 3-Probe Channel Power Variation
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Figure 9(b) AS = 45 3-Probe Channel Correlation Variation
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Figure 10(a) AS = 35 4-Probe Channel Power Variation

[image: image18.emf]0 50 100 150 200 250 300

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

AoA in degree

Absolution of correlation coefficient

 

 

4 subPath

20 subpath

Measured correlation


Figure 10 (b) AS = 35 4-Probe Channel Correlation Variation
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Figure 11 (a) AS = 45 4-Probe Channel Power Variation
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Figure 11(b) AS = 45 4-Probe Channel Correlation Variation
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Figure 12 (a) AS = 55 4-Probe Channel Power Variation
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Figure 12 (b) AS = 55 4-Probe Channel Correlation Variation
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Figure 13 Simulation error over weights for AS = 5
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Figure 14 Simulation error over weights for AS = 25
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Figure 15 Simulation error over weights for AS = 45

3.3 Effects of beam arbitrary AoA 

For beam arbitrary AoA effect investigation we use 4-probe antenna configuration. We first rotate the DUT from [ -20, -10, 0, 10, 20] to get the measured results, which are legend as ‘Rotate antenna’ in figure 16~17. We fix the DUT at 0 degree and adjust the power weights over 4 ESG to get the measured results which are legend as ‘Adjust weights’. Then we can compare these results got from two different ways. These figures demonstrate for proper AS range (here is 25 and 35) the arbitrary AoA effect can be beamed by adjusting signal power weights, which make it is possible to emulate multi-cluster channel model with arbitrary AoAs.  
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Figure 16 (a) AS = 25 Beam AoA Effects: channel power
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Figure 16 (b) AS = 25 Beam AoA Effects:Correlation
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Figure 17 (a) AS = 35 Beam AoA Effects: Channel Power
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Figure 17(b) AS = 35 Beam AoA Effects: Correlation
4. Summary and Discussion
This proposal shows some research experiments on quiet zone, PDP, effects of beam different AS and arbitrary AoA for multi-probe method for the sector configuration. The quiet zone and PDP results demonstrate that for this size of anechoic chamber (1.5m radius) a good quiet zone and PDP can be guaranteed for a DUT with less than one lambda antenna spacing. The results of emulating different AS demonstrate that the proper AS range emulated by 3 or 4 probe antenna is within [15 45] degrees. If an AS larger than 45 is to be emulated, more than 4 probe antennas are required. If an AS smaller than 15 is to be emulated, the probe antennas should be positioned very closely. Arbitrary AoA beam effect experiments demonstrate that under 4-proble antenna configuration arbitrary AoA between two center probe antennas can be beamed by tuning the power weight from each probe antenna. Then if equipped with full circle unified probe antenna it is possible to emulate multi-cluster channel model with arbitrary AoAs. These results also show that for multi-probe MIMO OTA method more probe antennas are needed to be able to emulate a large range of AS and have a large quiet zone.
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