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	Introduction
In the last meeting this working group has continued to collect relevant data from many labs using both AC and RC measurement methods and provide preliminary analysis [1] showing alignment of procedure and opportunity for harmonization. The WF [2] in the last meeting encourages further discussion is on criteria for AC and RC alignment. In particular:

Agreements: 
AC results are reference for comparison. some initial options for further consideration
•	Option 1: compare the averaged value of each method
•	Option 2: compare the max deviation of RC and AC from each test lab
•	Option 3: compare the max deviation of RC and AC across test labs with same device
Further discuss whether some of RC configurations should be clearly specified, if harmonization conclusion is reached.

We propose a criterion for harmonization based on a discussion of method and intent, given data collected so far.
Discussion
Intentions of Harmonization
The concept of method harmonization has been a goal of OTA standardization for many years and has seen many different iterations and forms. The idea of independent measurement methods for the same measurement metric has inherent challenges and advantages, for example:
Challenges:
· Alternate methods introduce new types of measurement uncertainties.
· Alternate methods may highlight future device implementation tradeoffs in different ways
· Alternate methods add traceability requirements to ensure variations in results are correctly diagnosed.
· Alternate methods may have differing practical advantages within a complex and time-intensive test load.
Advantages:
· Alternate methods allow industry flexibility in deploying scarce test resources.
· Alternate methods can independently confirm theoretical benefits of expected device features.
· Alternate methods can help insure device consistency under alternate conditions.
· Alternate methods provide technical building blocks for developing future metrics on developing device feature.
In declaring an alternate method harmonized with a reference method, we rely primarily on measured data on reference devices in both systems. In defining a harmonization criterion, we must limit the number of analysis comparisons to move beyond the challenges and gain the advantages of multiple metrics.
Is it preferable to:
1) Focus on alignment of alternate method labs as if they were reference method labs? This would suggest treating the RC results as if they came from AC labs and using the same lab alignment criteria. By targeting this alignment process we ensure the harmonization challenges are within already accepted reference lab processes.
2) Focus on consistency of results from each reference device across all possible measurements? This criterion would highlight maximum deviations per device and how these deviations are changed by the alternate method. Hopefully, by targeting this repeatability of measurement processes we can build industry confidence in absolute results regardless of method.
3) Focus on the combined measurability of both methods and the total cost of harmonization? This would design a harmonization criterion around an acceptable tradeoff for having multiple methods. Such an analysis would look for data to statistically confirm a combined expectation and/or uncover multi-method challenges or advantages.
Analysis
Here are some examples of how a harmonization decision threshold could be built.
Aggregate lab alignment criterion
Treat each chamber with results as a separate “lab” regardless of method used. Combine all RC labs and AC labs and run all result sets per the lab alignment criteria. Average reference value may shift with addition of RC results. Target pass-fail threshold is the same: 0.75*AC MU, although total harmonization MU should also be considered (see below). Outcomes that fail to pass the threshold (even AC failures due to shifted averages) will challenge the harmonization hypothesis, though harmonization can be declared by consensus for outlier results. This is close to option 2 from the way forward but uses averaging to reduce device sensitivity as suggested in option 1.
Device consistency criterion
For each device compare the AC result set to the RC result set. Maximum deviation between these two sets must be within the expanded AC MU for harmonization. This is like option 3 from the way forward.
Total harmonization analysis criterion
The RC alternate method introduces some distinct measurement elements that do not correspond to the AC reference element. A total expected harmonization uncertainty can be calculated by extending the reference AC MU terms to include independent RC MU terms.
Currently the uniquely identified MU terms for the RC method are “Quality of Spatial Uniformity” and “Additional Power Loss in EUT Chassis” at 0.5 dB and 0.06 dB respectively [3]. To consider the overall harmonized uncertainty, add these as independent uncertainty terms to the AC analysis and recompute the expanded uncertainty.
Combined harmonized MU^2 = (Unexpanded Combined Uncertainty [AC])^2 + (0.5)^2 + (0.06)^2
Expanded harmonized MU = 1.96*Sqrt(Combined Harmonized MU^2)
This results in a pass/fail requirement for harmonization to be less than:
	
	AC Expanded Uncertainty
	Harmonized Expanded Uncertainty

	n78 TRP
	1.96 dB
	2.19 dB

	n78 TRS
	2.31 dB
	2.51 dB

	n28 TRP
	1.88 dB
	2.12 dB

	n28 TRS
	2.25 dB
	2.45 dB



This analysis applies both to lab alignment analysis as well as a per device analysis.
Recommendation
The three methods discussed here are not the only criteria possible. See also the proposal from last meeting [4]. Max-deviation criteria based on same devices are easily thrown by any unexpected device variations. These cannot be reliably resolved in this kind of multi-lab study. Inter-lab max-deviation only reduces the comparison set which weakens the method comparison. Result averaging and some way of handling outliers is needed for mitigating this unknown factor.
Observation 1: Max deviation methods are overly sensitive to unknown variations in device behaviour for strict pass/fail harmonization criteria.
The lab alignment method focuses on method and process and is already the criteria for the reference method, some averaging is used for device performance. We suggest this the lab alignment method be used.
Proposal 1: The overall cost of consideration should be considered by adding the unique uncertainties of each method together into a total harmonization uncertainty value. [Approximately +0.2db over reference MU]
Proposal 2: Determine harmonization by using the aggregate lab alignment method with a pass-fail requirement of 0.75*Total harmonization MU.
Conclusion
The following recommendations for determining AC RC harmonization are proposed:
Proposal 1: The overall cost of harmonization can be evaluated by incorporating the unique uncertainties of each method together into a total harmonization uncertainty value. [Approximately +0.2db over reference MU]
Proposal 2: Determine harmonization by using the aggregate lab alignment method with a pass-fail requirement of 0.75*Total harmonization MU.
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