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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], [3] and [4]. This paper provides measurement results for MPAC labs using alignment devices AAD_1 and AAD_2 and also PAD_1 which used to be part of the AAD pool but is now a performance alignment device PAD_1. 
The AAD_1 results from lab 1 with CE1 come from the measurement campaign in August 2015 as provided in [5] and included in [6]. The results from lab 2 were included in [6] and the results from lab 1 with CE2 and lab 3 with CE2 are new to this submission.

Note, the naming of devices has been changed during this process: AD_1 = AAD_1, AD_3 = AAD_2.

2. Results for AAD_1
Figures 1, 2 and 3 show the MPAC results for UMa with AAD_1 for the P0 70%, L0 70% and L0 95%.
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Figure 1. Results for AAD_1 P0 with UMa @ 70% outgage level
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 Figure 2. Results for AAD_1 L0 with UMa @ 70% outgage level
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Figure 3. Results for AAD_1 L0 with UMa @ 95% outgage level

AAD_1 Results analysis
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 P0 results in Figure 1 show very good alignment between test systems of 1.2 dB with even closer alignment by azimuth after allowing for small shifts to align average absolute levels.
The L0 results in Figure 5 for 70% outage show significant differnces betwee test systems and no consistency in shape. The average difference between CE1 Lab1 and CE1 Lab2 dB is 3.4 dB. The difference between CE1 Lab2 and CE2 Lab 2 (both runs) is 0.7 to 1.4 dB. The difference between CE2 Lab2 (both runs) and CE2 Lab3 is 0.5 to 1.2 dB with larger differences at 0, 30 and 330 degrees.
The L0 results in Figure 6 for 95% outage show larger differencs than for 70%. The average difference between CE1 Lab1 and CE1 Lab2 dB is 5.5 dB. The difference between CE1 Lab2 and CE2 Lab 2 (both runs) is 2.2 to 2.6 dB. The difference between CE2 Lab2 (both runs) and CE2 Lab3 is 1.3 to 1.7 dB with larger differences at 0, 30 and 330 degrees. Note, the test was stopped early around -78 dBm when the 30 degree point had only reached 94.46% and the 330 degree point had reached 94.26%.
Since the CE1 Lab2 result for P0 is not available it is not possible to calcualte a minimum shift to account for reasonable test system calibration differences, but allowing for a 1 dB arbitrary shift, these resutls indicate best case orientation dependent difference between test systems of around 4.5 dB.

3. Results for AAD_2
Figures 4, 5 and 6 show the results for UMa with AAD_2 for the P0 70%, L0 70% and Face down 70%.
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Figure 4. Results for AAD_2 Face down with UMa @ 70% outgage level
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Figure 5. Results for AAD_2 P0 with UMa @ 70% outgage level
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Figure 6. Results for AAD_2 L0 with UMa @ 70% outgage level

AAD_2 Results analysis
The Face down results in Figure 4, show a difference between CE2 Lab3 and CE1 Lab1 of 0.8 dB.

The P0 results in Figure 5, show a difference between CE2 Lab3 and CE1 Lab1 of 4.3 dB.

The L0 results in Figure 6, show a difference between CE2 Lab3 and CE1 Lab1 of 3.8 dB.

Allowing for at least a 0.8 dB shift between systems due to different calibratino references, these resutls indicate a best case orientation dependent difference between test systems of 3.5 dB.
4. Results for PAD_1

The UMa 70% results for PAD_1 are showin in Figure 7 and Figure 8.
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Figure 7. Results for PAD_1 Face down with UMa @ 70% outgage level
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Figure 8. Results for PAD_1 P45 with UMa @ 70% outgage level

PAD_1 Results analysis
The PAD_1 face down result in Figure 7 show excellent alignemtn of absolute resutls between CE1 Lab1 and CE2 Lab 1. Alignment by azimuth is typically 0.1 dB and the aveage difference is only 0.1 dB.
The new P45 result for CE2 in Lab1 show very good alignemnt in shape with CE1 lab1 but a 3.2 dB shift in absolute level.
Allowing for at least a 0.1 dB shift between systems due to different calibratino references, these resutls indicate a best case orientation dependent difference between test systems of 3.1 dB.
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6. 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 [4]. Allowing for reasonable arbitrary shifts between systems due to different calibration references, orientation specific differences across systems using three different devices range from 3.1 dB to 4.5 dB. Root cause analysis can be found in [7].
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