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Introduction
The MU element Positioning and pointing misalignment between the reference antenna and the measurement antenna is currently in []. This contribution is looking at a statistical analysis to provide sample values in absence of empirical evaluations
Positioning and pointing misalignment between the reference antenna and the measurement antenna
The MU element in the calibration stage for Positioning and pointing misalignment between the reference antenna and the measurement antenna is defined as follows in [1] :
B.2.1.16 Positioning and pointing misalignment between the reference antenna and the measurement antenna 

This contribution originates from reference antenna alignment and pointing error. In this measurement if the maximum gain direction of the reference antenna and the transmitting antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero.
The calibration with a reference antenna is typically performed with the reference antenna beam peak aligned with the measurement antenna beam peak direction. A misalignment of the reference antenna during the calibration process could result in an error of the total path loss calculations. 
Observation 1: Misalignment of the reference antenna during the calibration process could result in an error of the total path loss calculations. 

Here, it is suggested to determine the misalignment MU based on statistical analyses. The reference antenna pattern for the simulations is shown in Figure 1 with a peak gain of ~12dB and half-power beam widths (HPBWs) in both EL and AZ of ~50o. 
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Figure 1: Sample reference antenna pattern

Proposal 1: Determine the Misalignment MU between reference and measurement antennas based on statistical analyses 

For the statistical analysis, the maximum angular deviation between the reference antenna and the reference coordinate system must be determined first. This deviation corresponds to the maximum antenna rotation within the fixture a test operator is going to tolerate as perfect alignment; any rotation beyond this angle is interpreted as misaligned by the human eye. It is assumed that conformance test systems will have laser positioning systems in order to ease the installation of reference antennas and DUTs in the device holders and to minimize any misalignments due to the localized reference lines from a cross-haired laser. Without those laser lines, an accurate alignment of EUTs with the device coordinate system would be very difficult. Figure 2 illustrates a simulated laser line on an alignment strip placed on the reference antenna for a few different angular misalignments. Especially when looking at the diagram from a couple of feet away, the 1o misalignment already shows a pretty clear misalignment. For the simulations, this is considered the maximum deviation for misalignment between the reference and measurement antennas. It is assumed that any misalignment larger than 1o is noticed by the operator and will be corrected. 
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Figure 2: Visual illustration of various misalignments

Proposal 2: Consider the maximum deviation from the beam peak direction due to misalignment between the reference and measurement antennas to be 1o.

A statistical analysis similar to the one presented in [4] is performed here to determine the misalignment MU. The global beam peak of the reference antenna array was determined first. Subsequently, the relative orientation of the simulated antenna pattern and the measurement grid was altered randomly with a maximum deviation from the beam peak direction of 1o. 
The statistical results from simulations using 50,000 random orientations are shown in the histogram in Figure 2.  Clearly, the error based on the DUT repositioning is extremely small. The maximum error between the theoretical beam peak and the pattern at the misaligned beam peak direction is below 0.007dB. The maximum error in the calibrated path loss calculation due to misalignment between reference and measurement antennas is therefore 0.01dB and should be captured in the MU budget with a rectangular distribution. 
Observation 2: The maximum error in the calibrated path loss calculation due to misalignment between reference and measurement antennas is therefore 0.01dB for a maximum misalignment error of 1o.
Proposal 3: Consider the Positioning and pointing misalignment between the reference antenna and the measurement antenna MU to be 0.08dB with a rectangular distribution.
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Figure 3: Histogram of maximum beam peak errors for a maximum misalignment error of 1o.

Conclusion
The following observations and proposals were made in this contribution
Observation 1: Misalignment of the reference antenna during the calibration process could result in an error of the total path loss calculations.
Proposal 1: Determine the Misalignment MU between reference and measurement antennas based on statistical analyses 
Proposal 2: Consider the maximum deviation from the beam peak direction due to misalignment between the reference and measurement antennas to be 1o.
Observation 2: The maximum error in the calibrated path loss calculation due to misalignment between reference and measurement antennas is therefore 0.01dB for a maximum misalignment error of 1o.
Proposal 3: Consider the Positioning and pointing misalignment between the reference antenna and the measurement antenna MU to be 0.08dB with a rectangular distribution.
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