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1 Introduction

In MIMO OTA study item, several anechoic chamber and fading emulator based methods have been proposed [1]. It is necessary to clarify whether phase calibration of probe antennas is necessary or not. This contribution explains mathematical theory and shows that phase calibration is not necessary with the proposed channel models. 
2 Theory
This discussion is based on the candidate solution 2 (section 6.3.1.2 of [1]), but it would apply to other anechoic chamber and fading emulator based methodologies as well.

Assume a system of K OTA antennas in directions k and a DUT with a uniform linear antenna array of M elements like in Figure 1. Let us analyze the effect of random (but time invariant) phase term  on the covariance matrix of DUT array and on the power azimuth spectrum estimate.

The signal transmitted from the kth OTA antenna is yk. The signal received by the mth DUT antenna is
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where Gm is the complex antenna gain of DUT antenna m and 
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 is the phase error of OTA antenna k.
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Figure 1. Example of the setup.

2.1 Correlation matrix

Assuming stationary propagation and no phase error, the covariance matrix R of DUT array can be defined as [2]
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where ( is the angle of arrival, x(() is the received M(1 signal vector at DUT on AoA (, E[] is the expectation operation, and []H is the Hermitean operation. Now if we introduce a phase error term (()
 on each OTA antenna, the received signal vector will be
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With a phase error the covariance matrix is
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Thus the OTA antenna phase calibration error doesn’t have impact on the receiver covariance matrix.

2.2 Power azimuth spectrum

The power azimuth spectrum can be estimated by DUT as [1]
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where 
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 is a M(1 antenna steering vector. Because R = R the estimated power azimuth spectrum is not affected by OTA antenna phase calibration.

3 Discussion
The above theory shows that phase calibration is not necessary. It simplifies the anechoic chamber and fading emulator based methodologies. Therefore, we propose that unknown phase is assumed in MIMO OTA discussion.
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