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1
Background
Within the scope of the MIMO OTA Work Item [1], alignment procedures for labs participating in the performance part of the work were defined in TS37.977 [3].  A contribution with alignment results was submitted to RAN4 #82bis from one lab [9]; contributions with alignment results from two other labs were submitted in [12] and [13] during the RAN4 #83 meeting.  This contribution provides full measurement results from the three labs and an analysis of the alignment metrics.
2
Discussion
2.1
Power verification
The power verification results from both labs is shown in Table 1 below.
Table 1: Power verification results
	Lab
	Band 7
	Band 13
	Band 41

	Lab1
	-69.25
	-71.56
	-53.95

	Lab2
	-83.25
	-82.81
	-83.29

	Lab3
	-82.64
	-82.81
	-83.76


Observation 1: The procedures for performing the power verification were not aligned between Lab1 and Lab2/Lab3.
After shipping the reference dipole to Lab2, Lab1 investigated the issue and determined that integrated channel power was reported instead of power per resource element and that incorrect procedures for measuring power of the TDD signal were used. Lab1 repeated the power verification using their own dipole calibration reference with comparable results to Lab2.  It is anticipated to repeat the measurements once the reference dipoles become available.
2.2
PAD results
2.2.1
Summary
Without loss of generality, we focus the analysis on the lab alignment metrics calculated at the 95% outage point.  The alignment results at the 70% point are quite similar. Table 2 below lists the measured metrics at the three labs as well as the partial re-measurement at Lab2.
Table 2: Measured PAD metrics

	Lab
	DUT
	Band
	Smode,95 - RS-EPRE [dBm / 15kHz]
	TRMSaverage,95
[dBm]
	Total # Pos Fail

	
	
	
	FS DMP
	FS DML
	FS DMSU
	
	

	Lab1
	PAD2
	13
	-88.1
	-87.3
	-86.7
	-87.4
	0

	
	PAD5
	13
	-85.7
	-87.8
	-84.8
	-86.3
	0

	
	PAD2
	7
	-88.8
	-89.4
	-88.0
	-88.8
	0

	
	PAD5
	7
	-92.6
	-93.5
	-91.7
	-92.7
	0

	
	PAD3
	41
	-95.9
	-95.8
	-92.8
	-95.1
	0

	
	PAD4
	41
	-90.6
	-91.6
	-88.7
	-90.5
	0

	Lab2
	PAD2
	13
	-85.1
	-83.3
	-83.3
	-84.0
	0

	
	PAD5
	13
	-80.6
	-82.1
	-
	-
	12

	
	PAD2
	7
	-82.6
	-81.9
	-81.6
	-82.1
	0

	
	PAD5
	7
	-82.1
	-82.3
	-80.3
	-81.7
	1

	
	PAD3
	41
	-99.2
	-99.5
	-96.8
	-98.7
	0

	
	PAD4
	41
	-92.7
	-93.7
	-91.1
	-92.6
	0

	Lab2r2
	PAD2
	13
	-93.1
	-91.0
	-89.7
	-91.5
	0

	
	PAD5
	13
	-88.5
	-90.3
	-86.7
	-88.8
	0

	
	PAD2
	7
	-84.0
	-
	-
	-
	-

	
	PAD3
	41
	-
	-
	-95.8
	-
	-

	Lab3
	PAD2
	13
	-93.4
	-91.3
	-90.8
	-92.0
	0

	
	PAD5
	13
	-88.2
	-89.6
	-86.2
	-88.2
	0

	
	PAD2
	7
	-89.2
	-89.3
	-87.3
	-88.7
	0

	
	PAD5
	7
	-92.9
	-94.2
	-91.3
	-93.0
	0

	
	PAD3
	41
	-96.2
	-96.5
	-93.7
	-95.6
	0

	
	PAD4
	41
	-90.2
	-91.3
	-88.6
	-90.2
	0


We note that with a number of issues uncovered in the Excel template, the metrics were calculated using a Matlab script applied to the raw measured data.  The comparison of alignment metrics is summarized in Table 3 below.

Table 3: Comparison of alignment metrics

	PAD_2 B13 Smode,95 comparison

	 
	 
	Lab1
	Lab2
	Lab2r2
	Lab3

	Lab1
	DMP
	 
	-3
	5.00
	5.30

	
	DML
	 
	-4
	3.70
	4.00

	
	DMSU
	 
	-3.4
	3.00
	4.10

	
	TRMS
	 
	-3.41
	4.10
	4.59

	Lab3
	DMP
	-5.30
	-8.30
	-0.30
	 

	
	DML
	-4.00
	-8.00
	-0.30
	 

	
	DMSU
	-4.10
	-7.50
	-1.10
	 

	
	TRMS
	-4.59
	-8.00
	-0.49
	 

	PAD_5 B13 Smode,95 comparison

	 
	 
	Lab1
	Lab2
	Lab2r2
	Lab3

	Lab1
	DMP
	 
	-5.1
	2.80
	2.50

	
	DML
	 
	-5.7
	2.50
	1.80

	
	DMSU
	 
	#VALUE!
	1.90
	1.40

	
	TRMS
	 
	#VALUE!
	2.46
	1.93

	Lab3
	DMP
	-2.50
	-7.60
	0.30
	 

	
	DML
	-1.80
	-7.50
	0.70
	 

	
	DMSU
	-1.40
	#VALUE!
	0.50
	 

	
	TRMS
	-1.93
	#VALUE!
	0.53
	 

	PAD_2 B7 Smode,95 comparison

	 
	 
	Lab1
	Lab2
	Lab2r2
	Lab3

	Lab1
	DMP
	 
	-6.2
	-4.80
	0.40

	
	DML
	 
	-7.5
	 
	-0.10

	
	DMSU
	 
	-6.4
	 
	-0.70

	
	TRMS
	 
	-6.72
	 
	-0.08

	Lab3
	DMP
	-0.40
	-6.60
	-5.20
	 

	
	DML
	0.10
	-7.40
	 
	 

	
	DMSU
	0.70
	-5.70
	 
	 

	
	TRMS
	0.08
	-6.64
	 
	 

	PAD_5 B7 Smode,95 comparison

	 
	 
	Lab1
	Lab2
	Lab2r2
	Lab3

	Lab1
	DMP
	 
	-10.5
	 
	0.30

	
	DML
	 
	-11.2
	 
	0.70

	
	DMSU
	 
	-11.4
	 
	-0.40

	
	TRMS
	 
	-11.01
	 
	0.30

	Lab3
	DMP
	-0.30
	-10.80
	 
	 

	
	DML
	-0.70
	-11.90
	 
	 

	
	DMSU
	0.40
	-11.00
	 
	 

	
	TRMS
	-0.30
	-11.31
	 
	 

	PAD_3 B41 Smode,95 comparison

	 
	 
	Lab1
	Lab2
	Lab2r2
	Lab3

	Lab1
	DMP
	 
	3.3
	 
	0.30

	
	DML
	 
	3.7
	 
	0.70

	
	DMSU
	 
	4
	3.00
	0.90

	
	TRMS
	 
	3.61
	 
	0.58

	Lab3
	DMP
	-0.30
	3.00
	 
	 

	
	DML
	-0.70
	3.00
	 
	 

	
	DMSU
	-0.90
	3.10
	2.10
	 

	
	TRMS
	-0.58
	3.03
	 
	 

	PAD_4 B41 Smode,95 comparison

	 
	 
	Lab1
	Lab2
	Lab2r2
	Lab3

	Lab1
	DMP
	 
	2.1
	 
	-0.40

	
	DML
	 
	2.1
	 
	-0.30

	
	DMSU
	 
	2.4
	 
	-0.10

	
	TRMS
	 
	2.17
	 
	-0.29

	Lab3
	DMP
	0.40
	2.50
	 
	 

	
	DML
	0.30
	2.40
	 
	 

	
	DMSU
	0.10
	2.50
	 
	 

	
	TRMS
	0.29
	2.46
	 
	 


Observation 2: The S_MODE and TRMS metrics for all comparison cases between Lab1 and Lab2 have failed to meet the alignment criteria.

Observation 3: In some test cases, different numbers of positions failed to reach the target outage levels at the two labs; these instances were observed in the data from Lab2.

Observation 4: Lab2 did not use the agreed uplink power control settings.

After an initial discussion and determination that incorrect uplink power control settings were used, Lab2 performed a re-measurement of some test cases; due to lack of available lab time, Lab2 was not able to re-measure the entire set of devices. These results are included in the above table.

Observation 5: The S_MODE and TRMS metrics for B13 comparison between Lab1, Lab2, and Lab3 have failed to meet the alignment criteria in nearly all cases.

Observation 6: The S_MODE and TRMS metrics for B7 and B41 comparison between Lab1 and Lab3 have passed the alignment criteria in all cases; furthermore, the re-test in Lab2 aligned with Lab2 for B13 in all but one case.
In analysing these results, a new qualitative comparison metric was introduced by calculating the correlation of the P_MODEs between the two labs’ results for a given DUT and position; with this metric, a high correlation value implies that the MIMO sensitivity metric as a function of angle exhibits the same behaviour in both of the labs’ measurements even if the absolute power values may not be aligned, while a low correlation implies that the measured results share nothing in common.

Table 4: P_MODE correlation summary

	PAD_2 B13 Pmode,95 correlation

	 
	 
	Lab1
	Lab2
	Lab2 r2
	Lab3

	Lab1
	DMP
	 
	0.73
	0.87
	0.91

	
	DML
	 
	0.74
	0.79
	0.71

	
	DMSU
	 
	0.12
	0.84
	0.94

	
	 
	 
	 
	 
	 

	Lab3
	DMP
	0.91
	0.7
	0.87
	 

	
	DML
	0.71
	0.96
	0.94
	 

	
	DMSU
	0.94
	0.23
	0.93
	 

	
	 
	 
	 
	 
	 

	PAD_5 B13 Pmode,95 correlation

	 
	 
	Lab1
	Lab2
	Lab2 r2
	Lab3

	Lab1
	DMP
	 
	0.9
	0.92
	0.92

	
	DML
	 
	0.76
	0.68
	0.81

	
	DMSU
	 
	         NaN
	0.71
	0.72

	
	 
	 
	 
	 
	 

	Lab3
	DMP
	0.92
	0.9
	0.96
	 

	
	DML
	0.81
	0.82
	0.84
	 

	
	DMSU
	0.72
	         NaN
	0.38
	 

	
	 
	 
	 
	 
	 

	PAD_2 B7 Pmode,95 correlation

	 
	 
	Lab1
	Lab2
	Lab2 r2
	Lab3

	Lab1
	DMP
	 
	0.35
	0.38
	0.91

	
	DML
	 
	0.44
	 
	0.97

	
	DMSU
	 
	0.45
	 
	0.94

	
	 
	 
	 
	 
	 

	Lab3
	DMP
	0.91
	0.17
	0.38
	 

	
	DML
	0.97
	0.45
	 
	 

	
	DMSU
	0.94
	0.41
	 
	 

	
	 
	 
	 
	 
	 

	PAD_5 B7 Pmode,95 correlation

	 
	 
	Lab1
	Lab2
	Lab2 r2
	Lab3

	Lab1
	DMP
	 
	0.43
	 
	0.96

	
	DML
	 
	0.45
	 
	0.94

	
	DMSU
	 
	0.43
	 
	0.9

	
	 
	 
	 
	 
	 

	Lab3
	DMP
	0.96
	0.56
	 
	 

	
	DML
	0.94
	0.42
	 
	 

	
	DMSU
	0.9
	0.44
	 
	 

	
	 
	 
	 
	 
	 

	PAD_3 B41 Pmode,95 correlation

	 
	 
	Lab1
	Lab2
	Lab2 r2
	Lab3

	Lab1
	DMP
	 
	0.79
	 
	0.92

	
	DML
	 
	0.86
	 
	0.92

	
	DMSU
	 
	0.69
	0.53
	0.77

	
	 
	 
	 
	 
	 

	Lab3
	DMP
	0.92
	0.86
	 
	 

	
	DML
	0.92
	0.91
	 
	 

	
	DMSU
	0.77
	0.92
	0.69
	 

	
	 
	 
	 
	 
	 

	PAD_4 B41 Pmode,95 correlation

	 
	 
	Lab1
	Lab2
	Lab2 r2
	Lab3

	Lab1
	DMP
	 
	0.7
	 
	0.79

	
	DML
	 
	0.87
	 
	0.91

	
	DMSU
	 
	0.69
	 
	0.72

	
	 
	 
	 
	 
	 

	Lab3
	DMP
	0.79
	0.9
	 
	 

	
	DML
	0.91
	0.86
	 
	 

	
	DMSU
	0.72
	0.71
	 
	 

	
	 
	 
	 
	 
	 


Observation 7: The P_MODE correlation metrics Lab1 and Lab3 exceed 0.75 in nearly all cases and are not below 0.7 in any.
Observation 8: Following the partial retest at Lab2, some P_MODE correlation metrics improved in B13 results between Lab2r2 and Lab1, Lab3.
Observation 9: The P_MODE correlation metrics between Lab2 and Lab1, Lab3 for B7 fail to exceed 0.45, implying essentially uncorrelated measurement results.
Observation 10: The P_MODE correlation metrics between Lab2 and Lab1, Lab3 exceed 0.75 in a majority of cases and are not below 0.5 in any.

Observation 11: Alignment results from Lab1 and Lab3 have shown that at least two labs have consistently measured correct variations in the MIMO OTA sensitivity as a function of DUT orientation.

2.2.2
Comparison of P_MODEs
The figures in this section provide graphical illustrations of the measured P_MODEs vs. azimuth position for each DUT and for each testing position (DMP, DML, and DMSU).
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Figure 1: Comparison of P_MODEs for PAD2 B13
Observation 12: The P_MODE curve for the PAD2 B13 DMSU case measured in Lab2 may have a 90-degree shift relative to the Lab1 result; the Lab2 retest aligns with Lab1 result better, confirming the DUT positioning issue.
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Figure 2: Comparison of P_MODEs for PAD5 B13
Observation 13: The PAD5 B13 case seems to have demonstrated the best alignment for the two labs.
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Figure 3: Comparison of P_MODEs for PAD2 B7
Observation 14: The P_MODE curve behaviour following the retest in Lab2 seems to differ in the case of PAD2 B7 DMP, indicating a possible BLER convergence issue in the measured throughput curves at each azimuth orientation.
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Figure 4: Comparison of P_MODEs for PAD5 B7
Observation 15: The measurements at the two labs seem to have no correlation for the PAD5 B7 case.
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Figure 5: Comparison of P_MODEs for PAD3 B41
Observation 16: Some correlation between the P_MODE curves can be seen among the labs for the PAD3 B41 case.

Observation 17: The Lab2 retest of the PAD3 B41 DMSU case failed to converge the throughput curve to the 70% outage point.
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Figure 6: Comparison of P_MODEs for PAD4 B41
Observation 18: Some correlation between the P_MODE curves can be seen among the labs for the PAD4 B41 case.

3
Conclusions

The observations in this paper have identified a number of issue in the alignment of three MIMO OTA labs.  All three labs have employed third-party commercial solutions, and two of the labs are CTIA accredited test facilities.  Unfortunately, this alignment activity, for which the first agreement was reached during RAN4 #78bis over 1 year ago [10], has failed to produce conclusively positive results.
In the case of Lab1, power verification procedures and absolute performance in B13 can be identified as key issues.  Alignment between Lab1 and Lab3 was achieved in B13 only in terms of the correlation of P_MODEs (not in terms of the absolute metrics), and absolute alignment was achieved in B7 and B41.  In the case of Lab2, incorrect uplink power control settings and a number of undiagnosed instabilities in B7 precluded alignment with either Lab1 or Lab3; a re-test in B13 showed potential for improved alignment.
With a spread in results between Lab2 and Lab1/Lab3 reaching values of 11 dB or more, the importance of aligning the test parameter settings and procedures of the various implementations of the MPAC system across labs has been highlighted.  From the perspective of GCF, it may not be possible to execute lab alignment round-robin tests or lab audits on a regular basis, so the outcome of the RAN4 alignment activity should not just conclude that alignment is possible but also identify root causes in order to enable the testing ecosystem to deliver the MIMO OTA test procedure to RAN5 and GCF.

Proposal 1: The RAN4 lab alignment activity has uncovered a number of alignment issues between labs, and a root-cause investigation is needed together with adequate support by the interested companies.  Any progress on MIMO OTA performance requirements shall include the outcome of this investigation and, if needed, any additional validation procedures to be captured in TR37.977.

Considering the successful alignment outcomes, we observe that Lab1 and Lab3 have aligned in B7 and B41, while a retest in Lab2 has aligned with Lab3 in B13.  Thus, we may consider Lab3 as the reference MPAC lab in order to both facilitate any future lab alignment activities and also to enable progress on performance requirement work in MIMO OTA in parallel.

Proposal 2: While the lab alignment root-cause investigation continues, Lab3 shall be considered the reference MPAC lab.  MIMO OTA performance requirement definition can continue using results from Lab3 or from other labs demonstrating alignment with Lab3.

With the Rel-14 MIMO OTA Work Item having reached its final meeting, it may not be possible to resolve the above issues and to agree on performance requirements within this meeting.  Therefore, it may not be possible to meet the work item’s objective in Rel-14.  Any potential extension spanning the Rel-15 boundary is expected to be met with significant scrutiny at the RAN WG level, and a clear plan with regards to Proposal 1 and 2 is needed in order to motivate any potential extension of the MIMO OTA WI.
Proposal 3: With sufficiently clear evidence of a root-cause investigation into the alignment issues and a well-defined MPAC alignment work plan, which includes offline activities and any additional verification procedures to be captured in the specification, if needed, it may be possible for RAN4 to consider a recommendation to RAN to extend the work item in order to resolve this issue and to complete the performance part of the work.
4
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Annex A: Throughput measurements
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Figure 7: PAD2 B13 results
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Figure 8: PAD5 B13 results
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Figure 9: PAD2 B7 results
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Figure 10: PAD5 B7 results
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Figure 11: PAD3 B41 results
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Figure 12: PAD4 B41 results
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Figure 13: PAD2 B13 results, Lab2 run2
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Figure 14: PAD5 B13 results, Lab2 run2
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Figure 15: Additional Lab2 run2 results;
a) PAD2 B7 DMP, b) PAD3 B41 DMSU
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Figure 16: PAD2 B13 results, Lab3
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Figure 17: PAD5 B13 results, Lab3
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Figure 18: PAD2 B7 results, Lab3
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Figure 19: PAD5 B7 results, Lab3
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Figure 20: PAD3 B41 results, Lab3
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Figure 21: PAD4 B41 results, Lab3
Annex B: Raw data
Raw data, as summarized in Table 5 below, has been attached to this contribution
Table 5: Summary of raw data sources

	Filename

	Lab1 - PAD_2 LTE13.xlsx

	Lab1 - PAD_5 LTE13.xlsx

	Lab1 - PAD_2 LTE7.xlsx

	Lab1 - PAD_5 LTE7.xlsx

	Lab1 - PAD_3 LTE41.xlsx

	Lab1 - PAD_4 LTE41.xlsx

	Lab2 PAD2 B13.xlsx

	Lab2r2 TRMS_PAD_2 LTE B13.xlsx

	Lab2 PAD5 B13.xlsx

	Lab2r2 TRMS_PAD_5 LTE B13.xlsx

	Lab2 PAD2 B7.xlsx

	Lab2r2 TRMS_Ori1_PAD_2 LTE B7.xlsx

	Lab2 PAD5 B7.xlsx

	Lab2 PAD3 B41.xlsx

	Lab2r2 TRMS_Ori3_PAD_3 LTE B41.xlsx

	Lab2 PAD4 B41.xlsx

	Lab3 PAD_2 LTE13.xlsx

	Lab3 PAD_5 LTE13.xlsx

	Lab3 PAD_2 LTE7.xlsx

	Lab3 PAD_5 LTE7.xlsx

	Lab3 PAD_3 LTE41.xlsx

	Lab3 PAD_4 LTE41.xlsx
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