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1. Introduction

As part of the ongoing investigation into the differences between the MPAC and RTS MIMO OTA test campaign results in [1] and [2] by CATR an experiment was carried out to compare the performance of the largest outlier from the campaign using two different channel emulators in the same MPAC test system. The purpose of this comparison was to investigate the sensitivity of the results for this outlier device to the number of starting phases used in the channel emulator implementation.
This experiment provided some interesting results for the MPAC/RTS comparison but also some unexpected results which are of more general interest to the open issue of MPAC lab validation to be carried out during the performance phase of the current work item.
2. Experimental setup
An MPAC test system using an 8x2 configuration form a recognized CATL was used to perform throughput measurements using the same Samsung S4 device from the previous 3GPP campaign [1]. Two different channel emulators were used in the experiment. The first emulator (CE1) was of the type used by CATR in the 3GPP campaign which employs a limited (but undeclared) number of sinusoids per sub cluster as defined in [3]. The second emulator (CE2) employs 1000 sinusoids per sub cluster. Both implementations are considered equivalent based on bi-lateral analysis performed some time ago.

The difference between the emulators of interest in this study is the choice of starting phases for each sinusoid. In [3] it is stated that the starting phases are to be selected randomly from a uniform distribution, however it is known that random selections have a wide impact on throughput and so care needs to be taken when selecting starting phases for channel model implementations that significantly under-sample the ideal Laplacian distribution so that the correct channel model statistics are created. The currently chosen metrics for ensuring the correct statistics have been achieved are those defined in [4] for channel model validation.
2.1. Orientation setup

Figure 1 shows the results for the S4 with UMa for the P0 and L0 orientations. These were chosen for this experiment as they demonstrate the best (P0) and worst (L0) consistency between the MPAC and RTS results.

Figures 2 and 3 show the two orientations of the S4 that were tested, being P0 and L0. The DUT orientation is as per [4] Annex E with the rear of the DUT facing the reference probe for the channel model.
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Figure 1. Throughput plots of MPAC vs. RTS for S4 UMa P0 (left) and L0 (right)
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Figure 2. S4 P0 orientation (as per [4] Annex E)

[image: image4.jpg]



Figure 3. S4 L0 orientation (as per [4] Annex E)

As part of the experimental setup validation a check of the DUT orientation was performed and the results are shown in Figure 4.
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Figure 4. DUT Uniformity vs Azimuth at P0 for alternate S4 using CE1

Figure 4 shows that using the 3GPP-defined DUT orientation the results are shifted 180 degrees from those reported for both RTS and MPAC in Figure 1. The shape of the 180 degree shifted results follows closely the results in Figure 1 although the absolute levels are different due to the use of a different device.
It has been noted previously that there were a small number of similar inconsistencies in device orientation in the second phase of the 3GP campaign in November 2015 between MPAC and RTS but this results suggesting the original results in [1] from August 2015 are not in line with the 3GPP DUT orientation guidelines is a concern. It is know that CTIA and 3GPP use opposite references for DUT orientation and attempts to align definitions [5] has been tried but currently the two standards do not align. The evidence from Figure 4 suggests there are still issue with how labs are interpreting the orientation guidelines and these need to be completely removed as an area of uncertainty since for testing devices using any tilt, as per current 3GPP performance requirement work, errors in device orientation will result in the wrong cut being measured. 
Note, for logistical reasons due to device availability, the S4 used in Figure 5 was an alternate device of the same S4 type and therefore the absolute results are not directly comparable to the 3GPP S4 used n Figure 1. However, for the purposes of repeatability checking this was not an issue.

2.2. Repeatability studies
A further check of the setup was done by making several sets of measurements to identify repeatability issues for a subset of the azimuth angles. Figure 5 shows the results for P0 using CE2.
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Figure 5. Repeatability study for CE2 using the 3GPP S4 at P0
The worst case repeatability is around 0.6 dB. The causes of this are most likely DUT instability but may also be related to the channel model sequence. Note that the 360 degree positon is a repeat of the 0 degree position and provides further evidence of repeatability.
Figure 6 shows the repeatability study for CE2 at L0.
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Figure 6. Repeatability study for CE2 using the 3GPP S4 at L0

It can be seen from Figure 6 that the repeatability at L0 is not as good as at P0 with worst case differences of up to 1.5 dB and typical differences of 1 dB. The causes are not known but it appears this harder channel model / cut combination has an amplifying impact on repeatability.

Figure 7 shows the equivalent repeatability study for CE1 using the 3GPP S4.
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Figure 7. Repeatability study for CE1 using the 3GPP S4 at L0

The repeatability is generally good however there are significant outliers for the 95% cases, particularly the 2.3 dB spread at 180 degrees and problems with the 0 degree and 360 degree results.
Due to logistical reasons it was not possible to get repeatability results for CE1 for P0 however, a further study using an S6 shown in Figure 8 indicates repeatability of < 1 dB for both CE1 and CE2.
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Figure 8. Repeatability study for S6 P0 and L0 for CE1 (red, green) and CE2 (black)

3. Results
3.1. Portrait 0

Figure 9 compares the alternate S4 measured on CE1 with the 3GPP S4 measured on CE2. Although the devices are different in terms of absolute level it can be noted that the CE2 absolute results for the 3GPP device align very well with the 3GPP results in Figure 1, and in addition, the shape of the curves between CE1 and CE2 is almost identical. This is consistent with the shape seen in Figure 1 for the MPAC/RTS azimuth consistency for P0 (once adjustment of the DUT orientation is taken into account).
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Figure 9. 3GPP S4 CE1 (red) vs. CE2 (black)
3.2. Landscape 0

Figure 10 shows the results for the more challenging L0 orientation, in this case and from now on al results are using the 3GPP S4 as used by CATR in [1].
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Figure 10. 3GPP S4 CE1 (red and black diamonds/triangles) vs. CE2 (green and purple)

Despite the repeatability issues it is possible to draw some conclusions from this CE1 CE2 comparison given that the same device was used for both tests and a clear shift in performance between the emulators can be seen which is also inconsistent with azimuth angle. For the 70% results (green vs red), gaps of between 2.5 dB and 3 dB can be seen at 30 degrees and 120 degrees, with better alignment of 1 to 1.5 dB at higher angles. At 95% for the 30 degree case the difference rises to 5.5 dB. On average, the CE1 red curve at 95% indicates around 2.5 dB worse DUT performance than the green CE2 curve.
Due to the variations by azimuth and by throughput threshold it is difficult to draw conclusions from figure 9 on the shape of the curves.

Comparing absolute levels with the L0 plot in Figure 1 (and ignoring possible orientation shifts) the 70% MPAC result (using CE1) varies between -90 and -88 dBm while the equivalent results from figure 9 (taking into account the orientation reversal) show -87 dBm to -85 dBm, a shift of 3 dB worse DUT performance for the same device and emulator which is larger than the MU budget for the system. At 95% the gap rises to around 5 dB with the new results varying from -82 dBm to -79.5 dBm compared to -87.3 dBm to -84.7 dBm.

The CE2 70% results from figure 9 vary from -88.5 dBm to -86 dBm, which shows a smaller 1.5 dB to 2 dB degradation to Figure 1. For the P0 orientation, the 70% results for CE2 (using the same device) were around 1 dB higher than in Figure 1.
4. Conclusion and recommended next steps

This study has found the following:
1. There remains confusion in the DUT orientation between the 3GPP results in [1] and those presented here. This will have an adverse impact on device measurements involving tilt.
2. Repeatability for the 3GPP S4 P0 orientation was generally good at around 0.6 dB for CE2. For the 3GPP S4 the repeatability worsened to 1.0 dB to 1.5 dB for CE2 and had a peak of 2.3 dB for CE1 at one azimuth angle. An S6 showed < 1 dB repeatability for CE1 and CE2. The conclusion is that repeatability appears to be a function of the channel model / antenna interaction.
3. Comparing absolute results for CE1/CE2 for P0 was not possible due to device availability however for the 3GPP S4 at L0 there was a significant absolute difference in performance between CE1 and CE2 with gaps up to 3 dB for 70% and 5.5 dB for 95% at specific angles.

4. Comparing the latest results for the 3GPP S4 with those measured in [1] also using CE1 the new CE1 results are around 3 dB worse at 70% rising to 5 dB at 95%. This is significantly outside the 2.69 dB MU budget of the system.
The original intent of this study was to determine if channel model implementation differences related to the number of sinusoids used per sub-cluster could explain the differences in MPAC/RTS performance seen in Figure 1. The results in this study for the S4 P0 do indicate good correlation with the results in [1] however for the L0 orientation, large differences are seen between the channel emulators of up to around 5 dB for the 95% results which is well outside the MU budget of the MPAC system. These L0 differences are of a similar order to those between MPAC and RTS seen in [1].
The results and conclusions in this paper indicate that a more thorough study needs to be performed prior to any performance requirements work on channel emulator alignment which takes into account the varying “load” that different antenna types put on the test system. Existing channel model validation using a dipole has not predicted these large differences in performance and a rethink on system validation is required.
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