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1 Introduction

ETS-Lindgren and Spirent Communications have taken a number of measurements of the pool 3 devices for the MIMO-OTA LTE Round Robin testing campaign.   Devices were measured using the anechoic chamber method and preliminary results for average throughput are reported here.  Additional analysis and reporting is planned.
2 Measurement Details
The testing is based on the methodology of TR 37.976 including the test plan described in appendix B.

There are a number of measurement assumptions and there are also some ambiguities in the test plan.  These are discussed below and to illustrate the effects, several curves are shown in the following plots.

BS Correlation

The dual polarized “X” antenna is discussed here and the data for this case is shown in the plots below.  
When developing the channel models for OTA evaluation, there was some discussion on removing the Base Station effects from the channel in order to measure the mobile DuT independently from the Base Station.  For this reason, the vertical BS antenna case was divided into two specific cases:  Correlated and Uncorrelated Base station antennas.   Likewise, the X antenna case was simplified to only having the uncorrelated case and thus is described in the test plan [1] as having uncorrelated elements.  
It is important to consider uncorrelated BS antennas in at least some measurement in order to decouple the DuT performance from specific BS constraints.  
Apparently this wording has caused some confusion and some companies have interpreted this to mean that the base station antennas are orthogonal to one another, but should still be correlated for the channel modelling purposes.  Others have interpreted this to mean that the DuT will observe signals from the two BS antennas that appear to be uncorrelated.
Using BS correlation should be clarified to insure the same assumptions are made.
BS Antenna Effects

For measuring device performance, the total power that is available to the device from the specified channel model should be considered.  For OTA measurements, this should include all effects that may change the power in the test volume, including XPR, and BS antenna effects.  
Otherwise, a reference power level would actually represent different powers depending on BS Antenna and XPR assumptions.  Thus we would be comparing receiver performance curves that were plotted against a nominal power level, but may actually be recorded at different power levels.  These different possible test results will not be comparable and this would clearly be a problem.
In the case of the “X” base station, paths that have an AoD of approximately 90 degrees will have a greatly diminished horizontal component.  The UMa model is a case in point, because the AoDs are all nearly 90 degrees as shown in Figure 1.  If the BS antennas are applied after the channel model is specified, then this model will see a power reduction by nearly -3 dB compared to nominal.  
For device evaluation, we need to normalize the power after the complete channel including XPR and BS Antennas effects so that the devices are evaluated based on the total power available in the test volume.
Normalizing the total power at the test volume should be used to insure proper evaluation.  This needs Clarification since different assumptions have been used in the RR testing.
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Figure 1, UMa departure angles affecting the power before normalization

3 Measurement Results
Huawei E398 is shown in the following plots.

In Figure 2, several configurations are measured and compared using the Huawei E398 device.  Both correlated and uncorrelated base station antennas are shown for several cases.  
For the Lid-Open vs Lid-Closed:

1. The effect of the BS correlation is significant with a large impact on performance
2. The UMi and UMa models have similar performance in either Lid-Open or Lid-Closed scenarios. 
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Figure 2, Pool3, Huawei E398, X antenna, 3kph, 16QAM, UMa and UMi channel models

The average UMi throughput curve has a more rounded knee after averaging compared to the UMa channel.  This is due to the larger throughput variations observed with angle (not shown), possibly resulting from the more balanced polarization present in the UMi signal.  
The effect of including BS correlation is significant in the open lid laptop configuration, and requires about 2dB more signal than not including correlation.

Note that the signal power in the test volume is normalized in these results.  If comparing to the results in [2]*, there would be an approximate -2.9dB shift for UMa and a -0.45 dB shift for UMi to account for the effect of the BS antennas.  i.e. the curves in [2] would move in the more sensitive direction to match the assumptions used here. Also, the curves in [2] represent Open + Correlated BS for all measurements shown.
In Figure 3, the sensitivity to Doppler is evaluated.  The Uncorrelated BS is clearly immune to the range of 3-30 kph, however the Correlated BS seems to have a slight degradation, just over 0.5 dB with increasing speed.

* According to off-line discussions we understand that in [2] the BS antennas were applied after the channel model without any power readjustment.  This produces a change to the total power available in the test volume.
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Figure 3, Pool3, Huawei E398, X antenna, 3 & 30 kph, 16QAM, UMa and UMi channel models
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Figure 4, Pool3, Huawei E398, X antenna, 3kph, 64QAM, UMa and UMi channel models
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Figure 5, Pool3, ZTE device, X antenna, 3 & 30kph, 16QAM, UMa channel model
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Figure 6, Pool3, ZTE device, X antenna, 3kph, 16QAM, Several channel models
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