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1. Introduction

This paper summarizes recent activities aimed at resolving the differences between the RTS and MPAC MIMO OTA test method results under some device orientations as reported by CATR during the recent harmonization campaign as well as providing a plan for further work.
Since not all data is available at the time of submission an update to this paper may be required.
2. Summary of RTS MPAC differences and analysis to date
Reference [1] provided a summary of RTS and MPAC results for the four devices tested in both methods. There were 64 sets of results by azimuth (four devices, two channel models and eight orientations. The 32 UMi results fell within a range of -0.68 dB to 1.43 dB. A further 27 UMa results fell within a slightly wider range of -1.71 dB to 1.69 dB. The remaining five results are outliers of -4.13 dB, -3.2 dB. -2.81 dB, 2.35 dB and 2.59 dB and are the subject of further study.

Reference [2] proposed a number of areas for further study. Some of these have since been investigated and a summary of the status is given below.
2.1 Possible Common factors

· Device positioning errors
Given that device performance appears quite flat by azimuth (typically less than 3 dB across 360 degrees) it is not expected that relative small positioning errors in the order of a degree or two would explain method differences in the region of 2 to 4 dB so this is not a primary line of study.
· UE instability
This has been a historical issue but the pattern of the method differences as a function of orientation suggests this is an unlikely cause.
· Are the signal conditions at which the systems diverge on the edge of UE performance?
This topic was discussed further in [1] and it is the case that with the current figure of merit the results are vulnerable to this effect. As the device approaches the conditions where the target throughput is not met the impact on the FoM can be large and this may be what we are seeing in this case. However, this is still more an observation than something that has been traced to a root cause e.g. some combination of the channel model and the antenna pattern.
· System noise floor
There have been difficulties with noise floor issues although there is nothing obvious in the analysis of the measured antenna patterns that points to this being liked to signal levels.
2.2 Possible RTS factors

· UE-measured antenna pattern accuracy
This factor was studied in some detail in [3] and [1]. In [3] the impact of pattern accuracy was measured for typical patterns (those not showing significant method differences). The finding was that for pattern errors under 2 dB and 10 degrees peak the impact on performance was < 0.2 dB. Further analysis in [1] using device orientations that did show outlier performance between the methods showed a slight increase in sensitivity at very high pattern errors but for errors in the 2 dB and 10 degree range the impact was still around 0.2d B so not a source of the larger method differences.
· Isolation in the second stage
A similar analysis on second stage isolation was performed in [3] and [1]. In [3] the impact of isolation varying from 20.5 dB to 15 dB was within the +/- 0.25 dB repeatability likely due to variations in the fading cycle. In [1] a further analysis of isolation using a device orientation with known method differences did show a slightly higher +/- 0.4 dB variation from 25 dB to 15 dB but again this does not explain method difference in the 2 dB to 4 dB range.
· Correlation vs. Geometric sensitivity
Performance differences between these two methods of emulating the channel model are within the 0.5 dB repeatability associated with the fading cycle and this is not currently a primary area of further study at this time.
2.3 Possible MPAC factors

· Could the test zone in which the spatial correlation is controlled be too small (e.g. for S4 Landscape B7 but not for 1080/1096 at B13)?
This might be an effect but it is not consistent across the four devices. Further analysis of conducted ADTF results in [4] may help investigate this.
· Selection of random polarization phases
Further analysis of this aspect of the channel model validation led to the discovery of a difference in interpretation of the base station antenna configuration which would have masked the effect of proper phase selection. This issue was addressed in a CR to 37.977 in [5]. This factor is not currently being investigated further.
· Could the phase calibration between the MIMO streams have been incorrect in the chamber?
This effect has been known to cause 5 dB swings in UMa performance due to loss of high correlation. Procedures exist to calibrate systems although to date these are conducted procedures and no formal radiated procedure exists to validate the effect of baseband phase alignment in the chamber. Techniques to validate radiated phase alignment exist for simple signals although validating the complete dual stream channel has no obvious solution. Monitoring the signal correlation seen by the UE as proposed in the next section may have some potential.
3.  Future work
There are four main areas being pursued:
· Spirent in [4] are creating a conducted ADTF environment to try to recreate the CATR observed OTA performance using the RTS-measured antenna patterns. This should allow a more detailed investigation of the relationship between the antenna patterns and measured performance.
· Further ADTF analysis is being carried out by CATR using two reference antennas per band. This may reveal new insights into system performance not seen in the previous ADTF analysis.
· Further analysis of antenna patterns towards predicting device performance. Similar to the work in [6], analysis of received signals through knowledge of antenna patterns has been performed in [1] although this has not yet led to any obvious single factor but this work continues.
· Based on the work in [7] it is hoped to repeat the measurements of the signal correlation as seen by the UE in the chamber for the purposes of studying AC method differences. This is possible using an application that can log the instantaneous correlation to the device for later offline analysis. Such a tool should be invaluable in studying the comparative differences in radiated environments.
4. Conclusion
Many of the proposed areas of investigation into the AC method differences have been studied and several possible reasons have been eliminated.  It still appears that something in the radiated environment that does not currently show up in the existing channel model validation and calibration is impacting the measured performance. As initially discussed in [1] it should be expected that when any UE approaches the edge of its performance, subtle differences in the test environment may have significant differences in measured performance. The proposed future work should help identify the root cause..
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