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1. Introduction

3GPP is continuing to develop the performance requirements for MIMO OTA using the MPAC test method. As part of that process alignment of labs providing performance data needs to be demonstrated. The procedures for this were defined in [1] and augmented in [2] and [3]. This paper provides measurement results for three MPAC labs using alignment device AD_1. The results from lab 1 come from the measurement campaign in August 2015 as provided in [4]. The results from lab 2 were included in [5] and the results from lab 3 are new to this submission.
Unfortunately, results for a second alignment device were not available in time so this paper includes the results only for AD_1 (to be re-named AAD_1) lab 3.

In addition to the results comparison this paper also discusses the areas of study into possible causes of the observed differences.
2. Results for AD_1
Figures 1, 2 and 3 show the latest MPAC results for UMa with AD_1 for the P0 70%, L0 70% and L0 95%.
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Figure 1. Results for AD_1 P0 with UMa @ 70% outgage level

Note, Due to device availability issues, “MPAC CE1 lab2 offs.” was a different physcial device, offset -2.6 dB to align with the average level of the two “MPAC CE2 lab2” results. See [5] for more details. The azimuth shape is the same but the reference sensitivity is different. All other restults in this paper are with the same physical device.
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 Figure 2. Results for AD_1 L0 with UMa @ 70% outgage level

[image: image3.png]-78.0

-79.0

-81.0

-82.0

-83.0

-85.0

-86.0

-87.0

0

UMa L0 95 %

30 60 90 120 150 180 210 240 270 300 330

== MPAC CE1 Labl
= MPAC CE1 Lab2
= MPAC CE2 Lab2
= MPAC CE2 Lab2
= MPAC CE2 Lab3




Figure 3. Results for AD_1 L0 with UMa @ 70% outgage level

3. Results analysis
The additon of the results for lab 3 for CE2 are in line with the results from lab 2 for CE2.
In particular, in Figure 1 the P0 results are very well aligned with all previous results showing the same trend in azimuth.

In Figure 2 the new L0 results @ 70% for CE2 are very close to the lab 2 CE2 results for angles 60 through 300 with divergence starting to occurring at 30 and 330.

In Figure 3 the alignment between lab 2 and lab 3 for CE2 is maintained for angles 60 to 300 but the 30 and 330 points in particular diverge due to the flatness of the throughput curves where very slight changes in throughput result in large changes in RS-EPRE.

The difference between CE1 and CE2 noted in [5] is still evident for L0, particularly at 95%.
4. Root cause studies
Several investigation s are ongoing to explain differences observed in Figures 1 to 3 as follows:
1. Impact of starting phase selection is covered in [6]

2. Device orientation differences as discussed in [7]

3. Impact of device stability

4. Lack of requirements and validation procedures for system noise floor

5. Impact of different approaches to system calibration

Items 1 to 3 are well in hand. For #2 additional checks and measurements will be made to eliminate device orientation differences as a cause of the observed differences. For #3 additional checks on the device will be made to investigate stability.

For item #4 it has been seen previously that problems with system noise floor have had an impact on results and currently there are no procedures within 3GPP for noise floor requirements and validation, this being left to the vendor/lab to qualify within the more general limits for the system MU budget. Further work in this area in line with procedures being developed at CTIA may be needed.

On the final point #5, there are different approaches taken to system calibration, and in particular the approach taken to phase calibration of the OTA probes. This issue was first discussed in [8] but is currently not an explicit requirement. Experiments into the impact of probe phase calibration have been performed by Intel in Aalborg.
The phase coherence test setup for an 8x2 chamber is shown in Figure 4a with the expected results shown in Figure 4b as taken from [8].
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Figure 4: a) Phase coherence test setup; b) expected result
In this test the single-tap model is emulated by all probes of a given polarization and a frequency domain response is measured by the VNA at each measurement position.  The radial step size is chosen to be 1/8 of a wavelength to adequately capture the standing wave pattern expected when in-phase plane waves combine in the test zone in Figure 5.
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Figure 5: Phase coherence test measurement positions: lambda/8 spacing at 1842.5 MHz

The measured results after applying phase calibration are shown in Figure 6.
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Figure 6: Phase coherence test results at 1842.5 MHz; a) vertical polarization, b) horizontal polarization

An example of uncalibrated gain and phase is shown in 7a.  After allowing the phase of two emulator ports to drift over time (without compensation), the phase coherence test results are shown in Figure 7b.
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Figure 7: Phase coherence test measurement results at 1842.5 MHz: a) without calibration, b) corrupted by instrumentation drift

The existing channel model validation procedure for spatial correlation would be expected to detect the issues in Figure 7a however this validation is performed in only one dimension and is not a guarantee that the generated field is stable over the desired test zone. The question as to whether phase calibration of probes for a spatially faded signal is necessary or not has not been publicly studied.
.

5. Conclusion
This paper has presented the latest results of measurements across different MPAC test systems as part of the work towards completing the MPAC lab alignment defined in [1] to [3]. Differences between systems can be observed. Further results are expected using different devices and labs in the near future. Section 4 outlines current and possible areas of study towards identifying the root causes.
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