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1. Introduction

This contribution outlines a harmonization project plan incorporating the previously agreed principle of statistical significance so that the first phase of harmonization (two low bands, two high bands) can be performed at a single lab thus allowing most of the agreements reducing uncertainty from the previous harmonization campaign to apply.
This document has been made in co-operation with EMITE, a manufacturer of MIMO OTA Test Equipment, and Félix Belzunce, Professor of Statistical Theory at the University of Murcia, in Spain.
2. Goal: Single Lab
The main goal for this proposal is to utilize a single lab for the initial harmonization efforts to reduce the MU, to avoid multiple alignment exercises, and to spend the least amount of time on this effort.
Results from UEs tested as part of the harmonization efforts shall be included in the MIMO OTA performance campaign. 
3. Statistical Significance
The agreement [1] is to perform harmonization on 30 devices but also allowed for less devices to be tested before declaring harmonization when taking statistical significance into account: “Include statistical analysis to determine when to stop testing more devices for harmonization” [1, subclause 10.4.5 open issue 5]. It is therefore proposed to start the harmonization effort with a total of 5 devices which should allow this effort to be carried out in a single lab supporting all three methodologies (MPAC, RTS, RC+CE). All devices need to be able to support to the ATF for this effort. 
In addition to the 5 devices, it is proposed to add an additional 3 devices from the MPAC performance efforts to the harmonization campaign (provided that the devices can support the ATF). Preferably, these additional devices are known good or bad outliers and need to be provided within 6 weeks of the testing of the initial set of harmonization devices; otherwise, different sets of devices will be used to augment the initial set of devices before the harmonization decision based on statistical significance is made. 
The following sets of proposals aim to declare harmonization per method based on testing a subset of the original 30 devices while taking the statistical significance concept from Annex A into account:

· Harmonization per method is achieved if the cost of harmonization after testing 8 devices is less than 79% of the target cost of harmonization.
· If harmonization cannot be achieved after the first 8 devices, 7 additional devices are tested and if the cost of harmonization is less than 98% of the target cost of harmonization, harmonization is achieved. Preferably, out of those 7 devices, at least 2 known good or bad outliers should be included which need to be provided within 6 weeks of the testing of the last set of harmonization devices; otherwise, different sets of devices will be used to augment the initial set of devices before the harmonization decision based on statistical significance is made.
· If harmonization cannot be achieved after 15 devices, the full set of the previously agreed 30 devices are tested and harmonization is achieved if the cost of harmonization is less than or equal to the target cost of harmonization. 
4. Cost of Harmonization
Based on the previous harmonization campaign in [1, subclause 10.3], the residual errors between a pair of test methodologies correspond to the maximum difference of RS_EPRE at the given KPI between the respective test methodologies. To the results from each methodology, one offset per band could be applied to reduce the residual errors. One of the set of methodologies was always MPAC. The harmonized MU term, h, was determined by adding the residual error between methods to the maximum MU of the considered methodologies. Since the largest MU was MPAC and MPAC was always one of the methodologies, m1=mMPAC. The cost of harmonization was later defined as the difference of the harmonized MU term h and the MU of MPAC, i.e., the cost of harmonization was defined to be the residual error between methods. This definition is illustrated in Figure 1.
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Figure 1: Definition of the cost of harmonization from the previous harmonization campaign
After the previous harmonization campaign, MPAC was declared as the reference method which affects the cost of harmonization per method since by definition, r = 0 for the reference method, and the maximum uncertainty in device testing will be the reference method’s MU, mR=mMPAC.

If measurements are now made with a second method, the observed spread will be that method’s MU plus any residual error r between that method and the reference method. This is illustrated in Figure 2.
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Figure 2: Proposed definition of the cost of harmonization after MPAC has been selected as the reference methodology. 
The actual cost of harmonization is defined as the difference between the harmonized MU term, h, and the assessed MU of the reference methodology, mR,a, i.e., the cost of harmonization is slightly smaller than the residual error since the MUs of the other methodologies (RTS and RC+CE) are smaller than the MU of MPAC. For this harmonization campaign, it is proposed to determine the actual MU for each respective methodology/test system used in the harmonization lab instead of utilizing the worst-case MU/MU budget used in the previous harmonization campaign. The assessment of the actual MUs shall consider those MU elements that have complete definitions in the current TR and whose values are not FFS. In the case that the assessment of MUs is not completed or agreed within six weeks from when the testing lab provides the MU budgets for review, the original definition of cost from the TR given in Figure 1 shall apply.
It shall be noted that even though use of a single harmonization lab helps to minimize the impact of MU on the calculation of r, uncertainties still exist due to the repeatability of the test devices, differences in test systems, calibration procedures, and test equipment such as channel emulators and base station emulators.
If the cost of harmonization determined from this harmonization campaign is less than or equal to the target cost, then the method(s) shall be considered harmonized with MPAC and no further modification of the MU budget(s) for these method(s) will be required. 
5. Offset resolution
As agreed in [1], each methodology is allowed to apply optimized offsets to minimize the cost of harmonization. It is proposed to define the offsets in multiples of 0.01dB. 
6. Target cost of harmonization

It is proposed to set the final target for the cost of harmonization to 2 dB. This value takes into account the previous guidance from the operator proposal [2], as well any residual uncertainty when testing in a single lab, e.g., test device repeatability, different measurement systems, channel emulators, base station emulators, etc.
7. Proposals

1. Start the harmonization campaign in a single lab with a limited set of devices supporting the ATF
a. 5 devices chosen by the harmonization methodology proponents

b. additional 3 devices (good/bad outliers preferred) from the MPAC performance efforts to be provided within 6 weeks of completion of first set of 5 devices, else 3 devices will be alternatively sourced and used to augment the initial set of devices
c. all devices need to support the ATF for RTS
2. Results from UEs tested as part of the harmonization efforts shall be included in the MIMO OTA performance campaign. 

3. Take the following statistical significance into account for the limited set of devices:

a. Harmonization per method is achieved if the cost of harmonization after testing 8 devices is less than or equal to 79% of the target cost of harmonization.
b. If harmonization cannot be achieved after the first 8 devices, 7 additional devices are tested and if the cost of harmonization is less than or equal to 98% of the target cost of harmonization, harmonization is achieved. Preferably, out of those 7 devices, at least 2 known good or bad outliers should be included which need to be provided within 6 weeks of the testing of the last set of harmonization devices; otherwise, different sets of devices will be used to augment the initial set of devices before the harmonization decision based on statistical significance is made.
c. If harmonization cannot be achieved after [15] devices, the full set of the previously agreed 30 devices are tested and harmonization is achieved if the cost of harmonization is less than or equal to the target cost of harmonization. 
4. The cost of harmonization is calculated by taking into account that MPAC is chosen as reference methodology. 
5. For this harmonization campaign, it is proposed to determine the actual MU for each respective methodology/test system used in the harmonization lab instead of utilizing the worst-case MU/MU budget used in the previous harmonization campaign. The assessment of the actual MUs shall consider those MU elements that have complete definitions in the current TR and whose values are not FFS. In the case that the assessment of MUs is not completed or agreed within six weeks from when the testing lab provides the MU budgets for review, the original definition of cost from the TR shall apply.
The harmonization MU term, h, for this harmonization campaign is now defined as the maximum of either the assessed MU of MPAC or the sum of the assessed MU of the considered methodology and the residual error. The cost of harmonization is defined as the difference between the harmonization MU term, h, and the assessed MU of MPAC. 

If the cost of harmonization determined from this harmonization campaign is less than or equal to the target cost, then the method(s) shall be considered harmonized with MPAC and no further modification of the MU budget(s) for these method(s) will be required. 
6. The optimized offsets are defined in multiples of 0.01dB

7. The final target for the cost of harmonization is 2dB
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Annex A: Statistical Significance: Downselection of m outliers from a set of n devices
Let us consider that we have a set of observations of size n in method 1 (n averaged results obtained from testing n different devices) and the same number of observations, n, in method 2, giving different results. Let us consider that both methods follow a normal distribution, with different standard deviation. 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 expected maximum value can be obtained from [3]
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where F-1 is the quantile function of a typical normal distribution and σ0 =(σm1+ σm2)½.
If we now want to consider only a limited m (m<n) number of observations, but those from outliers (extremes), then the expected value of those outliers can be found by [3]
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We can now find the relationship in % between these two quantities, taking n=30 as reference and using only m outliers from 2 to 29
We can see that using 5 outliers out of 30 devices seems sufficient to properly identify the maximum.
	m (outliers)
	%

	2
	30.5955

	3
	79.3659

	4
	92.6687

	5
	97.5896

	6
	99.5693

	7
	99.6402

	8
	99.3557

	9
	99.2878

	10
	99.3095

	11
	99.3647

	12
	99.4292

	13
	99.4928

	14
	99.5519

	15
	99.6053

	16
	99.6531

	17
	99.696

	18
	99.7344

	19
	99.769

	20
	99.8002

	21
	99.8285

	22
	99.8544

	23
	99.878

	24
	99.8997

	25
	99.9197

	26
	99.9382

	27
	99.9553

	28
	99.9713

	29
	99.9861
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