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1.
Introduction

As part of the ongoing work to study the two-stage MIMO OTA test method, questions have been asked about the ability of the second stage to achieve the necessary isolation for arbitrary antenna types, particularly those with co-polarized antennas. In order to study this question, Motorola Mobility Incorporated developed a test fixture that allowed analysis of two corner case V-pol and H-pol antenna patterns that might exist in larger devices such as laptops.

In the second stage of the radiated two-stage method the connection made to the DUT is through two radiated links in the anechoic chamber. These radiated links are configured to be cable replacement links that provide orthogonal signals into each DUT receiver. In order for that to work it is necessary to precode the signals in order to maximize the isolation between both paths. This is done by measuring the transmission matrix within the anechoic chamber between each probe antenna and each DUT receiver through its antenna. Once this matrix is known it can be inverted in order that the inputs to the DUT receivers can be driven independently by the test system.

Earlier analysis has shown that if the isolation between the signals received at each DUT receiver is at least 18 dB then the error on the measured throughput is negligible. The actual isolation threshold to be used will be confirmed as part of the overall MU budget in future work.

Note that it is only necessary to find one DUT orientation at which the necessary isolation can be achieved which is much easier than having to guarantee isolation from any arbitrary orientation.

Two types of analysis have been performed on the MMI test fixture:

· Analysis of the antenna patterns (provided by MMI) of the fixtures to calculate the condition number as a function of DUT orientation to identify the point on the sphere at which the highest isolation might be achieved

· Measurement of the actual achievable isolation based on the predictions from the pattern analysis

2.
Pattern analysis
The results of the pattern analysis were first presented in [1] and later summarized in [2].

Figure 1 shows the two configurations of the MMI fixture.
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Figure 1. V-pol and H-pol configurations

Whether the inverse matrix for the second stage isolation can be tuned to achieve sufficient isolation depends on whether the channel matrix in the chamber is well-conditioned. The channel matrix for one position can be approximated by the DUT’s antenna pattern. For example for arbitrary position (Theta, Phi), the transformation matrix can be approximated as the matrix 
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If at least one position can be found (Theta, Phi), which can satisfy that the channel matrix is well-conditioned, then it is highly likely to achieve good isolation for this position.

The channel condition number is a good metric to tell whether the matrix is well conditioned to allow successful matrix inversion.

The condition numbers were calculated for all the positions using the above assumption. For the V-pol setup, the minimum condition number was found to be 1.0762 at position (Theta = 5, Phi = 345), which means around this position, the matrix is good enough to have an inverse matrix that will provide sufficient isolation. The maximum condition number was 657.8570 at position (Theta = 75, Phi = 250), which means around this position, the matrix is ill-conditioned so not expected to achieve the required isolation.

To investigate more broadly, Figure 2 shows the probability density of the condition number for V co-polarization across the sphere, and it is clear there are many points where the condition number is less than 10.
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Figure 2. Probability density of condition number for V co-polarization

For H-pol, the minimum condition number was 1.2560 at position (Theta = 90, Phi = 250), which means around this position, the matrix is good enough to have an inverse matrix that will provide sufficient isolation. The maximum condition number was 1409.1 at position (Theta = 20, Phi = 290), which means around this position, the matrix is ill-conditioned and not expected to get the required isolation.

Figure 3 shows the probability density of the condition number for H co-polarization, there are still many points with condition number less than 10.
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Figure 3 Probability density of condition number for H co-polarization

3.
Isolation measurements
Following the pattern analysis which suggested there were many points that would provide a well-conditioned channel the antenna fixture was mounted into the anechoic chamber in the V-Pol configuration as shown in Figure 4.
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Figure 4. MMI fixture in V-Pol configuration

A 2D antenna pattern was then measured as shown in Figure 5.
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Figure 5. V-pol antenna pattern and channel matrix tuning log

From analysis of this pattern, one orientation was selected by searching for the minimum condition number to start the isoaltin tuning process. It can be seen from the antenna pattern that as expected, both elements have very similar shape reflecting the co-polarized design, but there is sufficient difference in phase to support a well-conditioned channel. The tuning process (seen in the log on the right of Figure 5) computed an inverse matrix of [0.21 0.85; -0.41+0.91i 0.6+0.6i]. Once this was applied to the downlink signal, the achieved isolation was verified by measuring the residual signal leakage from the main signal to the sub antenna and the sub signal to the main antenna. The result of these measurements was an achieved isolation of 23 dB and 21 dB respectively.

This process was repeated for the H-Pol configuration which can be seen in Figures 6 and 7. 
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Figure 6. MMI fixture in H-Pol configuration
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Figure 7. H-Pol antenna pattern and channel matrix tuning log

Using the orientation shown in Figure 7, the inverse matrix was tuned and the main to sub isolation was measured at 31.2dB and the sub to main isolation was measured as 29.5dB. 

4.
Conclusions
This paper has shown through analysis of patterns that the V-Pol and H-Pol antenna patterns contain many points where the condition number of the channel is below 10 suggesting a well-conditioned channel capable of being inverted. One 2D cut was taken from the V-Pol and H-Pol configurations and after tuning the inverse matrix, the residual leakage from the main signal to the sub antenna and the sub signal to the main antenna was 23 dB and 21 dB respectively for the V-Pol and 31.2 dB and 29.5 dB for the H-Pol. This is above the current working assumption of 18 dB for the required isolation to minimize errors in throughput measurements. Further improvements to the achieved V-Pol isolation figures are likely possible through a more extensive search which was not possible for this contribution due to time constraints.
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