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Introduction
This document presents a description of the effect of tilting the antenna within the anechoic chamber measurement technique for a MIMO OTA evaluation. 
The antenna tilting is described in conjunction with interpolation to get the antenna data required at the specific probe angles for each tilt.

A capacity bound is evaluated for the tilted antennas to compare the MIMO OTA evaluation using both the original signal to internal device noise, and also a fixed SNR, where the signal and noise are set externally to emulate a given SNR for the measurement.   
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Discussion
The Anechoic chamber method consists of two primary configurations, namely a Ring of Probes to enable arbitrary angles of arrival, and a Sector of Probes to produce a single spatial cluster.  These are generally defined within the horizontal azimuth plane.
In [1], it was suggested that tilting the device antennas was needed to observe different orientations of the antennas and thus observe different throughputs.  This behavior is dominated by the antenna gain, which is not a primary driver of MIMO performance in realistic high SINR conditions.
MIMO is intended for high signal level conditions, where the SINR is at least in the range of 15 to 25 dB.  These conditions are characterized by an interference floor that is well above the internal device noise floor.  Under these conditions, the Signal and Noise are both influenced by the antenna efficiency, tending to reduce the effect of the pattern shape and the overal efficiency.

In 3GPP, the device performance is measured against a fixed SNR so that the antenna efficiency and internal device noise (noise figure) are not part of the measured receiver performance [2].  However, these quantities are included in other measures, e.g. Total Radiated Sensitivity (TRS).
Thus, it is important to consider the antenna tilting effects along with the more appropriate ways of measuring MIMO performance, where the Throughput is based on an SNR specification.
Antenna Tilting

Tilting an antenna to obtain an elevation is a fairly complex problem which involves a 3D transformation of the original E(θ) and E(φ) into a new orientation and then also requires a complex vector interpolation to get the new data point.
The following plots are tilted and interpolated results for the “Good, Nominal, and Bad” reference antennas in Band 13.
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Figure 1, “Good” Antenna, Band 13, E(θ) and E(φ) for Antenna #1 and #2
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Figure 2, “Nominal” Antenna, Band 13, E(θ) and E(φ) for Antenna #1 and #2
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Figure 3, “Bad” Antenna, Band 13, E(θ) and E(φ) for Antenna #1 and #2

Evaluating Throughput
The SCME UMi model is used in the comparison.  The composite XPR is 0.88 dB, thus the fractional power in the Vertical is 0.55 and the Horizontal is 0.45 within the test volume.  For the capacity bound, the SNR scenario is 15dB. 

The log-det capacity formula is used as a means to compare performance for the above antenna pairs.  Each tilted angle is evaluated according to the following two conditions, which are plotted below in two columns, representing:
1. The estimated capacity where the signal is compared against internal device noise and the MIMO performance is dominated by noise figure and antenna efficiency.  (Plotted in the Left Column below)
2. The estimated capacity where the signal is compared against a set Noise level, resulting in MIMO performance based on branch imbalance and correlation.  (Plotted in the Right Column below)
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Figure 4, Good Antenna, (a) Signal to Internal Device Noise, (b) Signal to Fixed Noise Ratio
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Figure 5, Nominal Antenna, (a) Signal to Internal Device Noise, (b) Signal to Fixed Noise Ratio
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Figure 6, Bad Antenna, (a) Signal to Internal Device Noise, (b) Signal to Fixed Noise Ratio
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Conclusion
These results indicate:

1. For the signal to internal device noise (Plots in column 1)

a. The effect of antenna efficiency degades the capacity from Good to Nominal to Bad.

b. The effect of tilting the antenna results in some variation from one tilt angle to the next with the “Good” antenna being the most sensitive.  
2. For the signal to fixed noise case (Plots in column 2)

a. Sensitivity to the average antenna efficiency is not observed, but branch imbalance and correlation are still present and impact the MIMO performance.

b. The effect of tilting the pattern is small and indicates that the testing different tilt angles is probably not required.
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