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1. Introduction

This paper is a reformatted version of some of the data presented in R4-166518 using clearer graphs. It contains no new data.
This paper provides a comparison between the measured throughput.in an MPAC system using two different channel emulators. The results show consistency in one device orientation and significant differences in another orientation. This results implies existing channel model validation procedures are insufficient to demonstrate a stable test environment.

2. Background
References [1] and [2] provide the recent history of the study into the consistency of MIMO OTA test environments and potential dependency on channel emulators. Reference [3] provides a slightly updated version of [1] and [2] presented more recently to 3GPP.

This paper provides the first set of results towards following up on the plan to measure known difficult devices using different channel emulator configurations.

A single lab with two channel emulator implementations was found which enables a more accurate study of just the channel emulator effects without diluting the results with other inter-lab factors such as calibration references etc. As such, the results of this initial study are of particular interest in the desire to understand the behavior of channel emulators alone.

3. Experimental setup

An MPAC test system using an 8x2 configuration was used to perform throughput measurements using the same Samsung S4 device from the previous 3GPP campaign [4]. 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 [5]. The second emulator (CE2) employs 1000 sinusoids per sub cluster. Both implementations are considered equivalent based on bi-lateral analysis performed some years ago.

The difference between the emulators of interest in this study is the choice of starting phases for each sinusoid. In [6] 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] and [8] for channel model validation.

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.
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Figure 1. Throughput plots of MPAC vs. RTS for S4 UMa P0 (left) and L0 (right)

As part of the experimental setup validation a check of the DUT orientation was performed and this showed differences to the results in [1] indicating a 180 degree offset in the azimuth plane. This aspect of the setup is discussed further in [6] and needs to be resolved, but for the orientations studied here, results from [6] were adjusted by 180 degrees and this had no effect on the observed performance differences which are averaged across azimuth.
A small repeatability study was also performed and discussed further in [1]. This revealed some small variations by azimuth on consecutive runs with differences in average power similar or smaller than observed in [4].

4. Results

Portrait 0

Figure 2 shows the results for the S4 portrait 0 at 70% for UMa. The bottom two traces MPAC CE1 Lab 1 and RTS UXM Corr. Lab 1 are the results from [6] and show close alignment I absolute level and by azimuth. The “UXM corr.” Indicates the channel emulator was the Keysight UXM with correlation-based emulation. The two traces MPAC CE2 lab 2 run 1 and MPAC CE2 lab 2 run 2 show the same shape as the lab 1 MPAC/RTS results with a 3 dB slope by azimuth. On average these results are 1 dB higher than lab 1 indicating excellent alignment considering the ~2.7 dB MU budget for inter-lab comparison. Note these results only contain 6 points per azimuth rotation due to lack of lab time.

The final trace in Figure 2 is MPAC CE1 lab2 offs. This shows the same 3 dB slope as the other traces however due to logistical reasons it was measured on a different S4 sample device. For that reason the level has been reduced 2.6 dB to match the average level of the CE2 Lab 2 results. Allowing for his adjustment for the different sensitivity of the second S4, it can be concluded that the azimuth average of all the P0 results fall within a 1.2 dB window across the two labs and three different channel emulators. This is a good result.
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Figure 2. S4 Portrait 0 results for UMa 70%

Landscape 0

Figure 3 shows the results for the more challenging L0 orientation, in this case and from now on all results are using the same S4 device as used by CATR in [4].
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Figure 3. S4 Landscape 0 results for UMa 70%

This device orientation showed the largest difference between MPAC and RTS from [4]. This can be seen in the bottom trace MPAC CE1 lab1 and the top trace RTS UXM corr. Lab 1. This shows an average power difference of 4.1 dB. The next most comparable result is MPAC CE1 Lab2, which should line up with MPAC CE1 Lab1 as it did in Figure 2. However, here we see no obvious consistency in shape and an average level that is 3.4 dB higher – outside of what would have been expected from the 1 dB seen in Figure 2 at P0.

The final two sets of curves in Figure 3 are for the two runs of MPAC CE2 lab 2. Like figure 2 these show the slight variations by azimuth but within 0.7 dB on average. The difference between CE1 Lab2 and CE2 Lab2 with the same device is 0.7 dB to 1.4 dB. At some azimuth angles the difference between the emulators is up to 3 dB.

Figure 4 shows the landscape 0 results for the 3GPP S4 device at 95% outage.
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For this outage level there were no RTS results in [4]. The MPAC CE1 lab1 results is shown on the bottom trace. The directly equivalent results for MPAC CE1 lab2 is the top trace. This shows no consistency in shape and an average level difference of 5.5 dB with peaks by azimuth of up to 8 dB. The MPAC CE2 lab2 results for both runs were also higher than MPAC CE1 lab1 but by a smaller margin of 2.9 dB and 3.3 dB. The difference between emulators in the same lab, MPAC CE1 lab2 vs MPAC CE2 lab2, was 2.2 dB and 2.6 dB, outside of expected tolerances.

5. Conclusion and recommended next steps

The key findings in this study are:

1. Comparing the Portrait 0 70% results from CATR August 2015 [4] (Lab1) with these latest results (Lab 2) show excellent shape consistency and very good average power consistency of around 1 dB for three different channel emulators, with a fourth emulator on a different physical device showing the same 3 dB slope although at a slightly higher power level due to the different device. These results indicate the two labs and emulators are very similar.

2. Comparing the Landscape 0 70% results showed wider variations. The same CE1 channel emulator in Lab 1 and Lab 2 on the same device showed a difference of 3.4 dB. At 95% outage level, the difference between CE1 in lab1 and CE1 in lab2 rose to 5.5 dB on average with up to 8 dB peak differences by azimuth angle.

3. Differences between channel emulators in the same lab were observed of between 2.2 dB and 2.6 dB for the same device.

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 [4] however for the L0 orientation, large differences are seen between the channel emulators of up to 5.5 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 [4].

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 looks like being required before consistency between test systems can be assured.
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