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1. Introduction

The throughput performance results submitted to 3GPP for the MIMO OTA round robin tests mainly focus on 2D test for the Two-stage and Multi-probe methods [1] [2]. This implies that the DUT’s performance is evaluated only based on one elevation at a time of the actual 3D antenna pattern of the UE convolved with a 2D channel model. The performance results for reverberation-based method are performed using a 3D channel model [3].This contribution shows that throughput tests based on 2D are not sufficient for MIMO OTA performance evaluation and that if a 2D test method is employed then averaging in the azimuth lane of multiple 2D cuts is required in order to approximate the DUT’s true 3D performance.
Note: The 3D reverb channel model in [3] can be described with sufficient time-domain averaging as a uniform distribution in both azimuth and elevation. The research work in [4] demonstrates that Power Angular Spread (PAS) is very different in different prorogation environments; some of them are very narrow double-exponent or Gaussian in elevation angle, which have significant difference from uniform. Therefore the 3D model possible in a reverb chamber is an approximation of a simplified scenario, rather than an exact model of a real 3D measurement.

2. Throughput Comparison for Different 2D Elevations
Throughput results submitted to 3GPP for multi-probe anechoic and two-stage methods are based on measurements made in one elevation. For example, the multi-probe method uses multiple probes and channel emulators to create a 2D propagation environment, and then rotates the DUT in the azimuth angle. This means the antenna performance of one 2D elevation parallel with probe antenna is evaluated, but the antenna performance on other elevations is not evaluated. In proposal [1] for the two-stage method, although the 3D pattern is measured in the first stage, only the 2D pattern parallel with the ground is used in the second stage for throughput tests. 
With the two-stage method it is possible to do throughput measurements for different 2D elevations. This can be realized by extracting 2D elevation’s pattern data from the 3D pattern and using this for the second stage test. Figure 1 shows elevation examples for 30 and 90 degrees. 
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Figure 1 Elevation Examples of 30 and 90 Degree in Spherical Coordinate System

Using this principle a 3D antenna pattern measured during the round robin campaign was used to evaluate the throughput for seven different elevation angels. The results are shown in Figure 2. The test configuration is similar as [1], the channel model is SCME Umi.
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Figure 2 Throughput Performances on Different Elevations
The results demonstrate that the difference between the best elevation and the worst elevation is about 8 dB. This means that any one elevation measured using a 2D field cannot be considered to represent the overall DUT performance. The extent to which averaging of 2D measurements at different elevations to estimate the true DUT performance in a 3D field was then investigated.
3.  3D Throughput Test Methods and Results
For an ideal 3D throughput test we should apply a 3D channel model. In other words we should know the Power Angular Spectrum distribution over the elevation and azimuth planes. For the Two-stage method the propagation environment is emulated by a channel emulator and therefore it is possible to apply the 3D channel model to the measured 3D antenna pattern directly in the channel emulator. This is convenient since it allows direct measurement of 3D performance without having to physically create a 3D anechoic environment.
There are suggested 3D channel models in [4] [5], these models assume that the PAS distribution in the azimuth plane is independent of the PAS distribution in the elevation plane. This assumption was also used in this experiment. For the azimuth plane the channel models from TR 37.976 are used and for the elevation plane two kinds of models were used: uniform distribution and Gaussian distribution as recommended in [5]. 
Using the two-stage method, two kinds of 3D throughput test methods were implemented: a direct 3D approach using a 3D channel model applied to the 3D antenna pattern, and a 2D approach involving averaging of 2D results taken in different elevations. 
For the direct 3D approach, the DUT antenna’s correlation and gain were calculated for all angles and applied to the 3D channel model as in [5]. The result was loaded into the channel emulator to generate the desired fading channel as perceived through the measured 3D antenna pattern. The throughput test was then conducted by the second-stage to evaluate the DUT’s 3D performance in one measurement step. This result applies for one orientation of the DUT to the 3D channel model.
For the multiple-elevations method a weighted average of multiple 2D elevation throughput test results were averaged to approximate the 3D result. The detailed information for an N-Elevations approach can be found in [6], although the simulation in [6] evaluates the channel coefficients statistical property comparison for different methods, whereas in this paper the focus is on throughput performance. For each elevation angle, the throughput test is performed by taking one 2D elevation cut from the 3D antenna pattern and applying the 2D channel model. The throughput result is then weighted by the corresponding elevation power distribution at that angle.  The weighted throughput results of N elevations are averaged to give the 3D approximation. The N-Elevations approach gives an increasingly accurate approximation of the 3D channel as N increases. One thing to be noticed is that according to the PAS definition in elevation angle, the 2D elevation is the plane parallel to the x-y plane in Figure 3, which is different from the elevation in Figure 1. 
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Figure 3 Elevation Example of Theta = 30 for 3D Measurement

3D throughput tests were performed on two DUTs using both methods, the results are shown in Figure 4 to Figure 7. For the multiple elevations method, each curve is the weighted average of 10 elevations. For the power distribution in the elevation plane, both uniform and Gaussian distributions were used. For the channel model in the azimuth plane, 2D uniform and EPA channel models were used as recommended in [7].
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Figure 4 DUT #1 2D Uniform channel model
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Figure 5 DUT #1 2D EPA channel model
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Figure 6 DUT #2 2D Uniform channel model
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Figure 7 DUT #2 2D EPA channel model
These results show that the multi-elevation and direct 3D approaches provide very similar results; the difference is within 1 dB. This applies for two different devices’ antenna patterns and two different channel models with two different elevation PAS assumptions.
4. Conclusions 

This contribution has shown that the MIMO OTA performance of a DUT in a 2D field varies over an 8 dB range which implies that rotation of the device in the elevation plane is required to approximate the performance in a 3D field. Further experimentation showed that averaging the results of multiple 2D measurements approached the performance of the DUT in a 3D field within 1 dB for both Gaussian and uniform PAS for the elevation plane. In this paper 10 2D cuts were averaged although 16 may be preferable to minimize the error in approximating the true 3D performance.
Another observation relates to test time. The multiple elevations approach using a 2D field will need to be repeated N times whereas the direct 3D method of creating a 3D field either in an anechoic chamber with multiple antennas or by emulation in the two-stage method would require only one measurement to determine the true 3D response of the DUT.

The extent to which DUT rotation relative to the channel model is required is FFS.
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