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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 two test fixtures with corner case V-pol and H-pol antenna patterns that might be typical of an optimization used in larger laptop designs. This fixture has recently been received by Keysight and analysis is underway.
Due to issues with finding a suitable B13 device to fit the enclosure it has not been possible for this meeting to make radiated measurements on the fixture but a provisional analysis has been performed on the antenna patterns provided by MMI in order to make a first pass assessment of the potential for achieving sufficient isolation.

2.
Discussion and analysis
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 sufficiently tuned 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 [image: image3.png][Antl Hpol (Theta, Phi) AntlV pol (Theta,Pht)

| Ant2 H pol (Theta, Phi) Ant2 V pol (Theta, Phi).



  . 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 have a good inverse matrix. The condition numbers are calculated for all the positions using above assumption. 

For V co polarization setup, the minimum condition number is 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 is 657.8570 at position (Theta = 75, Phi = 250), which means around this position, the matrix is ill-conditioned; it is not expected to get required isolation for such position. Figure 2 shows the probability density of the condition number for V co-polarization, 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 co polarization, the minimum condition number is 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 is 1409.1 at position (Theta = 20, Phi = 290), which means around this position, the matrix is ill-conditioned and not expected to get required isolation for such a position.

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.
Conclusion

This preliminary analysis of the V-pol and H-pol antenna patterns indicates that there are positions on the sphere where the condition number is low enough to expect very good isolation.
The next step will be to measure the actual isolation achievable using a real device inside the enclosure.
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