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1. Introduction

RAN4 is currently analyzing the MIMO OTA harmonization across test methodologies, and has a test plan in force to conclude on the first set of bands [1]. This contribution analyses the harmonization results using the data made available by the single test lab on the approved best-effort approach and concludes on this first set of bands.

This contribution is made in co-operation with EMITE, a manufacturer of MIMO OTA Test Systems.
2. Proposal
Following the MIMO OTA harmonization test plan [1], the first set of bands (PS1) was selected, and later modified in [2] as:

PS1:
· TDD: 41, 38 

· FDD Low: 5, 13, 19 

· FDD High: 3, 7, 1

The single test-lab identified in [3] has already provided some test results [4-5]. Due to the fact that the performance pool did not provide the required 3 extra devices per band from the performance pool to be brought into the harmonization pool and due to lack of test time at the harmonization test lab, some bands have less than 8 devices per band on the harmonization pool. Some companies have requested an update on the statistical significance study to cover these situations, which is provided here.

Given the statistical significance study in [1], it was agreed to augment the harmonization pool from 5 devices to 8 using 3 devices from the performance pool, preferably known good or bad outliers. It was also agreed in [1] that should the performance pool fail to provide the 3 additional devices, different sets of devices would be used to augment the initial set of devices before the harmonization decision based on statistical significance is made. The performance pool provided one additional device, which is not known to be a good or bad outlier, and following the agreed harmonization test plan additional devices were provided to CATR to match a total of 8 devices per all bands. Unfortunately, CATR did not have time to test all 8 devices in all bands.

To consider harmonization per method as achieved, it was agreed that after this procedure for placing devices in the harmonization pool was done, the cost of harmonization after testing 8 devices should be less than or equal to 79% of the target cost of harmonization. In this context, having tested the total of 30 devices would have to use 99,99% of the target cost of harmonization, as the uncertainty reduces as number of devices is increased. Again considering that both methods follow a normal distribution, with different standard deviation, and assuming normality, under the central limit theorem, and given that the difference of the mean values of the two methods are equal to zero by using offsets, the relationship between expected values and maximum expected values can be similarly calculated for the situation in which less than 8 devices are employed, which provides the table below,

Table 1. Statistical significance study extension for less than 8 devices in the pool.

	Devices
	% of harmonization bound
	Lower harmonization bound (dB)
	Higher harmonization bound (dB)

	30
	99.99
	1.50
	2.00

	8
	79.37
	1.19
	1.59

	7
	76.78
	1.15
	1.54

	6
	72.72
	1.09
	1.45

	5
	67.33
	1.01
	1.35

	4
	58.26
	0.87
	1.17

	3
	44.74
	0.67
	0.89

	2
	29.26
	0.44
	0.59

	1
	14.30
	0.21
	0.29

	0
	0.00
	0.00
	0.00


An analysis of the test data provided with the harmonization test results which can be compared between MPAC and RC+CE test methods following the harmonization test plan guidelines [1] has been provided in [6].
Since FDD Bands 7, 3 and 13 seem to have the largest cost for harmonization in the analysis in [6], we have performed an insight analysis in these bands data for RC+CE.
For Band 7, we have observed that KS_2 device has 10 curves with well-below-nominal throughput results at high power values and that behavior is the only one in the pool across all bands. Moreover, we have also found that the maximum averaged throughput at the highest tested RS_EPRE for this KS_2 device in RC+CE (32914 kbps) does not meet the TRMS_95 outage value throughput (33652,8 kbps), An analysis of the raw data reveals that the test did not start at the recommended RS_EPRE value, but some 10 dB above that, and that the results of this device have to be discarded for the harmonization analysis.
For band 13, we have also observed a very strange behavior in one device, RS_5. 
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RS_5 RC+CE and MPAC throughput curves in bands 13 (right) and 5(left)
The figures above show two different band results for the same device, RS_5, with MPAC results shown in the solid colored curves and RC+CE in dotted lines. The Band 5 results depicted in the left-sided figure show typical device behavior with MPAC colors representing different orientations showing separation and RC+CE results offset to the lower power levels. In contrast, all results (Both RC+CE and MPAC) are highly compressed in Band 13, as depicted in the right-sided figure. The device does not show the typical separation by orientation or when measured isotropically. All offsets are lost and the simplified harmonization offset method fails to account for a device that does not provide spatial gain. This result would be consistent with a device that has one antenna path for the band being shared by two receiver paths. It also represents a shift of over 5 dB from a typical Band 13 device – a shift highlighted by the RC+CE method. 

This same throughput compression was seen in the RTS results, with dotted colored lines for RTS:
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RS_5 RC+CE and RTS throughput curves in bands 13 (right) and 5(left)
This unusual device implementation brings up additional questions about how devices like this should be dealt with before a simplified harmonization formula or settings, as currently proposed, should be applied.
The devices first reported to have unusual non-linear throughput curves were initially identified in [9
]. This unusual UE behavior was later attributed in an email discussion to be possibly related to the activation of a gain stage in the receiver, and views on potential applicability issues including detection and decisions on this feature were asked for. There was no final agreement over the email on how to deal with these new features across methods. The results of RC+CE tested over devices with the LNA feature in some bands seem to give a good insight on their behavior, yet it seems they are behaving differently to other devices and have an impact on harmonization. Whether the real performance of these devices in the field is well captured by the selected FoMs and associated averaging algorithms is not demonstrated at this point. 
We recommend to finalize the harmonization activity within the scope identified in this document for the FDD and TDD bands

This also highlights the importance of finalizing the pending issues as per what the Way Forward set by operators in [7] specified. This includes that we should “study the distribution of residuals when analyzing the cost”. This means studying whether a single device in a single outage value out of many test numbers analyzed can be artificially increasing the cost of a method, and therefore the distribution of the cost could clarify better whether a method can or cannot be considered harmonized. 
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In order to investigate what happens to the harmonization results when on each band the devices showing the LNA-triggered feature are not considered, the results in the table below is found

Table 2. Final cost of harmonization in [6].
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Harmonization 
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harm cost LNA-Active devices

13 MPAC RC+CE 5 0,71 1,01 1,35 0,70RS_3 / RS_5

5 MPAC RC+CE 7 1,19 1,15 1,54 1,18

3 MPAC RC+CE 5 1,03 1,01 1,35 1,02RS_3 / RS_4 / RS_5

7 MPAC RC+CE 5 0,72 1,01 1,35 0,71RS_5 / RS_6

41 MPAC RC+CE 3 0,40 0,67 0,89 0,39

38 MPAC RC+CE 3 0,60 0,67 0,89 0,59


3. Conclusion
Since more test results will be submitted by the test lab, this analysis will be updated to include the additional test results and conclusions.
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