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1
Introduction
The MIMO OTA [1]Work Item  is scheduled to conclude during the RAN #76 meeting in June 2017.  According to the harmonization work plan [5], the harmonization measurement campaign has concluded with the results submitted in [6].  With the measurement uncertainty of the test systems employed in the harmonization campaign quantified in [7], [8], [9], it becomes possible to conclude the harmonization analysis according to the agreements in [10].
This contribution presents the analysis of the harmonization data and recommends an outcome for the harmonization part of the work based on this analysis.
2
Discussion

2.1
General

The harmonization analysis presented in this paper has been executed using Matlab scripts (to process the raw measured data in [6]) and the excel worksheet attached to this contribution.  
2.2
Measurement uncertainty of test systems
Regarding the measurement uncertainty of test systems, as they relate to the harmonization cost in the analysis, the following agreement has been made in [5]:
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Toward that end, assessments of the test system MU have been made in [7], [8], [9].  The RC+CE parameters have been confirmed from the reported measurement data templates [6].  According to the RC+CE measurement uncertainty budget in Annex B.5 in TR37.977 [3], the use of 400 subframes in stepped stirring mode incurs an additional 0.22 dB measurement uncertainty element:
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Thus, Table 1 summarizes the assessed measurement uncertainties for each of the methods (where the additional 0.22 MU element is added to the square root calculation.
Table 1: Specified and assessed measurement uncertainty budgets

	Method
	Spec MU [3]
	Lab MU

	RC+CE
	2.59
	1.90

	RTS
	2.08
	1.54

	MPAC
	2.65
	1.91


In the harmonization worksheet, the assessed lab MU is used in columns H and I of the “Harmonization summary” tab.
2.3
Determining outage values from the measured data
An email discussion was held offline prior to the RAN4 #83 meeting to determine whether modified measurement procedures and/or analysis procedures of the MIMO OTA KPIs are needed to handle specific observed UE behaviour; the outcome of this discussion is captured in [11] with the following summary:
Table 2: Conclusions of email discussion topics [11]
	Topic
	Recommendations

	Understanding of the observed behaviour
	The observed behaviour is not typical for all UEs. It can be observed in select bands but not in every supported band. In seeking solutions to the observed behaviour care should be taken to avoid solutions that potentially disadvantage certain UE implementations in a way that would not be observable in real network conditions.

	Proposed definition of P_MODE (for MPAC and RTS)
	Two companies prefer Option 1

One company prefers Option 2

One company proposed a new option

	Proposed definition of sensitivity value per stirring state (for RC+CE)
	One company prefers Option 1

Two companies prefer Option 2

One company proposed a new option

	Proposed measurement procedure for MPAC
	Two companies prefer no change

One company proposes an advanced search algorithm and extends the range of all measurements down to 50% throughput and also a 2-device test campaign to verify the new procedure

Two companies have raised concerns with the proposed advanced search algorithm

	Proposed measurement procedure for RTS
	One company proposes an SNR linearity verification during the 1st stage and no change to the 2nd stage

One company proposes an advanced search algorithm and extends the range of all measurements down to 50% throughput and also a 2-device test campaign to verify the new procedure

	Proposed measurement procedure for RC+CE
	Two companies prefer no change

One company proposes an advanced search algorithm and extends the range of all measurements down to 50% throughput and also a 2-device test campaign to verify the new procedure

	Views on potential applicability issues
	One company proposes an applicability condition for the RTS method based on the SNR linearity verification in the 1st stage, and further clarification was provided RSAP monotonicity verification


It can be observed that there exists a stronger preference for not implementing a change to the current measurement procedures and to adopt Option 2 for the analysis procedure.  We note that Option 2 is defined as:
· For MPAC/RTS

· Specify “lowest first” definition of P_MODE, where the lowest measured DL power level which crosses the target throughput level is chosen
· For RC+CE

· Specify “lowest first” definition of sensitivity per throughput curve for a given stirring state, where the lowest measured DL power level which crosses the target throughput level is chosen
Thus, the “lowest first” processing was applied to RC+CE, MPAC, and RTS data to determine the outage points tabulated in the respectively named tabs in the analysis worksheet.

2.4
Harmonization analysis parameters

The harmonization analysis parameters are shown in Table 3 below.

Table 3: Harmonization parameters

	Parameter
	Value

	Max TPT per measured curve assumption
	Maximum expected per MCS

	Throughput outage value
	Residual error evaluated at 70% and 95%

	Outage point search method
	First intersect search low TPT to high

	Channel models
	UMi, LCSD

	RC+CE parameters
	STEP, NS=120, SF=400

	MPAC/RTS positions
	AVG {P 45,L 45,P 90}

	Averaging type
	Inverse avg. of inverse mW values


For each measured throughput curve the analysis algorithm calculates the outages as a percentage relative to the absolute maximum for the MCS.  The residual errors of harmonized methods are calculated at both the 70% and 95% outage points, following the agreed definition of these KPIs in the TRMS metric [2].  The outage point search method has been selected to align with the discussion presented in Section 2.3.  The channel models for which the harmonization analysis is performed have been chosen to align with the TRMS metric definition and include SCMe UMi (for MPAC and RTS) and LCSD (for RC+CE).  The RC+CE parameters, and their impact on the RC+CE MU, have been addressed in Section 2.2.  The MPAC/RTS positions and averaging type are selected to align with the TRMS metric.
Band-specific offsets for the RC+CE methodology were optimized such that the residuals at the 70% and 95% outage points are minimized jointly.  No offsets were defined for the RTS method.
2.5
Analysis results
The summary of the harmonization analysis is shown in Table 4 below.
Table 4: Harmonization analysis summary

	Band
	DL Fc 
(MHz)
	Method 2
	Offsets
	num r
	Harm
target
	Ref
MU
	M2
MU
	r_70%
	r_95%
	h
	Harmonization
cost

	13
	751.0
	RC+CE
	1.95
	6
	1.09
	1.91
	1.90
	2.22
	2.23
	4.30
	2.22

	5
	881.5
	RC+CE
	4.61
	7
	1.15
	1.91
	1.90
	1.20
	1.20
	3.27
	1.19

	3
	1842.5
	RC+CE
	4.19
	8
	1.19
	1.91
	1.90
	2.33
	2.34
	4.41
	2.33

	7
	2655.0
	RC+CE
	4.66
	8
	1.19
	1.91
	1.90
	2.29
	2.59
	4.66
	2.58

	41
	2595.0
	RC+CE
	5.63
	3
	0.67
	1.91
	1.90
	0.38
	0.38
	2.45
	0.37

	38
	2593.0
	RC+CE
	5.64
	3
	0.67
	1.91
	1.90
	0.60
	0.61
	2.68
	0.60

	13
	751.0
	RTS
	0.00
	8
	1.19
	1.91
	1.54
	0.64
	0.91
	2.45
	0.54

	5
	881.5
	RTS
	0.00
	7
	1.15
	1.91
	1.54
	0.87
	0.73
	2.41
	0.50

	3
	1842.5
	RTS
	0.00
	8
	1.19
	1.91
	1.54
	0.79
	0.97
	2.51
	0.60

	7
	2655.0
	RTS
	0.00
	8
	1.19
	1.91
	1.54
	0.98
	1.29
	2.83
	0.92


We observe that due to a varying number of the total number of samples used in the measurement campaign, the harmonization target for the residuals varies for each set of results associated with a particular band.  According to [5]:
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Furthermore, Annex A of [5] provides the following table of the statistical confidence as a function of the number of outliers.  After further discussions offline, the measure of statistical significance based on the total number of devices used in determining the residuals has been adopted instead.  Table 5 below provides this mapping.
Table 5: Statistical significance of using m devices
	Num devices
	Target pct

	30
	99.99

	8
	79.37

	7
	76.78

	6
	72.72

	5
	67.33

	4
	58.26

	3
	44.74

	2
	29.26

	1
	14.3

	0
	0


The target cost for harmonization, assuming 100% statistical significance of the sample size, is assumed to be 1.5 dB [5].

2.6
Proposals for the harmonization outcome
Based on the harmonization analysis in Section 2.5, the following proposals can be made on the harmonization outcome:
Proposal 1: For all FDD bands tested in the MPAC/RC+CE harmonization, the harmonization cost varies between 1.19 and 2.58 dB; this exceeds the harmonization targets in these bands and, therefore, harmonization between MPAC and RC+CE cannot be confirmed for FDD.

Proposal 2: For the TDD bands tested in the MPAC/RC+CE harmonization, the statistical significance of using 3 devices is insufficient to determine the harmonization target and, furthermore, the robustness of selecting an offset based on 3 devices which are not outliers poses the risk of increasing the uncertainty of a performance requirement measured in this way.  Because the robustness of the offsets calculated for the TDD bands cannot be confirmed, harmonization between MPAC and RC+CE cannot be confirmed for TDD.

Proposal 3: For the FDD bands tested in the MPAC/RTS harmonization, the harmonization cost varies between 0.5 and 0.92 dB.  This harmonization cost is within the harmonization target for all bands and, therefore, harmonization between MPAC and RTS for Bands 13, 5, 3, and 7 can be confirmed.
Proposal 4: Considering the positive outcome of the MPAC/RTS harmonization analysis, the following applicability criteria for the MPAC/RTS harmonization are proposed based on the current understanding of the RTS methodology capabilities:

1. The harmonized RTS system is a two probe system capable of measuring devices with two Rx antennas. Devices with more Rx antennas are not supported
2. The RTS method is only applicable to devices which do not change their antenna pattern in response to the radio environment
3. The RTS method requires device support for the antenna test function (ATF) defined in TR 36.978. The ATF access of devices depends on the support of chip vendors
4. There are two methods defined for ATF access, L3 signalling or a vendor-supplied device app. The devices used for harmonization were all modified to install the special ATF application. Harmonization has been confirmed using devices with the special ATF application. Harmonization for unmodified devices using the L3 access has not been confirmed.
5. RTS is harmonized for FDD bands. TDD harmonization has not been confirmed.
3
Conclusions

This paper has presented the MIMO OTA harmonization analysis and has made the following proposals:
Proposal 2: For the TDD bands tested in the MPAC/RC+CE harmonization, the statistical significance of using 3 devices is insufficient to determine the harmonization target and, furthermore, the robustness of selecting an offset based on 3 devices which are not outliers poses the risk of increasing the uncertainty of a performance requirement measured in this way.  Because the robustness of the offsets calculated for the TDD bands cannot be confirmed, harmonization between MPAC and RC+CE cannot be confirmed for TDD.

Proposal 2: For the TDD bands tested in the MPAC/RC+CE harmonization, the statistical significance of using 3 devices is insufficient to determine the harmonization target.  Therefore, harmonization between MPAC and RC+CE cannot be confirmed for TDD.

Proposal 3: For the FDD bands tested in the MPAC/RTS harmonization, the harmonization cost varies between 0.5 and 0.92 dB.  This harmonization cost is within the harmonization target for all bands and, therefore, harmonization between MPAC and RTS for Bands 13, 5, 3, and 7 can be confirmed.

Proposal 4: Considering the positive outcome of the MPAC/RTS harmonization analysis, the following applicability criteria for the MPAC/RTS harmonization are proposed based on the current understanding of the RTS methodology capabilities:

1. The harmonized RTS system is a two probe system capable of measuring devices with two Rx antennas. Devices with more Rx antennas are not supported
2. The RTS method is only applicable to devices which do not change their antenna pattern in response to the radio environment
3. The RTS method requires device support for the antenna test function (ATF) defined in TR 36.978. The ATF access of devices depends on the support of chip vendors
4. There are two methods defined for ATF access, L3 signalling or a vendor-supplied device app. The devices used for harmonization were all modified to install the special ATF application. Harmonization has been confirmed using devices with the special ATF application. Harmonization for unmodified devices using the L3 access has not been confirmed.
5. RTS is harmonized for FDD bands. TDD harmonization has not been confirmed.
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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.





NOTE 3: Analysis of the element associated with stirring method and number of subframes is based on existing�harmonization test campaign data and can be further augmented by additional measurements. The�following combinations of stirring modes and number of subframes have been identified as common use�cases with the following standard uncertainties (different combinations require separate validation):�A: stepped stirring mode with 20k SF per stirring state: 0dB�B: stepped stirring mode with 400 SF per stirring state: 0.22dB�C: continuous stirring mode with 20k SF per sample: FFS�D: continuous stirring mode with 400 SF per sample: FFS�Until MU elements for continuous stirring modes have been defined, the test plan shall only consider�stepped stirring approach





Start the harmonization campaign in a single lab with a limited set of devices supporting the ATF


5 devices chosen by the harmonization methodology proponents


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


all devices need to support the ATF for RTS


Results from UEs tested as part of the harmonization efforts shall be included in the MIMO OTA performance campaign. 


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


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.


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.


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. 
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