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1.
Introduction
During the RAN#74bis meeting a MIMO OTA Harmonization Testing Campaign was approved [1]. During the RAN#75 meeting, a harmonization composite bound (HCB) and a Way Forward were approved for MIMO OTA [2-3]. How the approved Harmonization Composite Bound (HCB) has to be applied for the harmonization criteria to the harmonization campaign measured data remained as an open item until very recently agreed over the email reflector.
In addition to the above, guidance from operators about the harmonization criteria by a survey can be found in [4].
Assuming that ADTF test results show an HCB ( 0.74 dB for either RC or MPAC, with the available data preliminary results show that RC and MPAC are found to be harmonized for MIMO OTA compliance testing following the agreed methodology and formulation for the decision. The decision on other test methodologies is pending on the full set of MIMO OTA harmonization campaign testing data being reported.
This contribution has been made in co-operation with EMITE, a manufacturer of MIMO OTA test equipment.

2.
Objective
To determine which test methodologies are found to be harmonized using the MIMO OTA harmonization test effort.

2.
Methodology

During the RAN#74bis meeting a MIMO OTA Harmonization Testing Campaign was approved [1]. During the RAN#75 meeting, a harmonization composite bound (HCB) and a Way Forward were approved for MIMO OTA [2-3]. How the approved Harmonization Composite Bound (HCB) has to be applied for the harmonization criteria to the harmonization campaign measured data remained as an open item until very recently agreed over the email reflector:

Proposal 1: The group agrees that operator input is needed on the topic of how to apply the hybrid MU bound to the harmonization analysis, especially in terms of framework, expectations, etc.  Toward this end, comments targeted at the draft contributions discussed during the Offline Call #4 could be very helpful

Proposal 2: The group agrees to apply a best-fit approach to selecting the harmonization offset for this harmonization campaign (ideas for deriving this were presented in the R&S, MMI, NTT DOCOMO, and Intel contributions). The final harmonization offsets per band are TBD.
Proposal 3: The group agrees to apply the hybrid MU bound defined in R4-153766 directly to the harmonization analysis without additional factors as a baseline. 
Should additional factors be necessary or should different proposals deemed more suitable for the harmonization window, the technical merits shall be discussed and agreed by the group prior to RAN4 #76 in an offline call. For ADTF, the group agrees to use the Nominal CTIA reference antenna with a single orientation (as defined in R4-153766) as a start. More CTIA reference antennas and/or orientations can be investigated if harmonization cannot be reached. The harmonization decision shall be made by RAN4 #76 as outlined in the WID.
Further guidance and additional specific opinions from operators regarding MIMO OTA harmonization can be found in [4].

CATR was selected as the single-lab with all four test methodologies (RC, RC+CE, MPAC and RTS) to run the harmonization test campaign. Preliminary test results were reported to the email reflector on July 31, 2015.
This document performs an analysis over the preliminary reported test data using the agreed procedure. Since complete test data has not been reported at time of submission but a decision over MIMO OTA harmonization has to be taken by RAN #76 meeting, this analysis has to be completed while at the RAN4 #76 meeting when the complete test data results become available.

3.
Results

A large data set was ready for analysis just prior to the meeting. It is possible that, in view of discussions, the analysis of results presented here is expanded in subsequent revision of this document. 

Variability of RC test results for at least one device were asked for. The variability results for Samsung S5, Sony Z3 and Samsung S4 smartphones in bands 41, 13 and 7, respectively, is illustrated in the table below for RC NIST. Variability is slightly higher in band 13, as expected due to its lower frequency of operation, but still within 0.65 dB. This, once again, confirms that the total number of subframes (TNS) of 20.000 set in 3GPP TR37.977 seems sufficient for the RC test method.
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RC variability

Variability of RC+CE test results for at least one device were asked for. The variability results for Samsung S5, Sony Z3 and Samsung S4 smartphones in bands 41, 13 and 7, respectively, is illustrated in the table below for RC+CE IS Umi and IS Uma. Variability is slightly higher in band 13 and IS Uma, as expected due to its lower frequency of operation and more demanding delay, but still within 1.05 dB. This, once again, confirms that the total number of subframes (TNS) of 20.000 set in 3GPP TR37.977 seems sufficient for the RC+CE test method.
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RC+CE variability

Variability of MPAC Umi/Uma and 2-Stage IS Umi/IS Uma will be analysed in a revision of this document or in a future document.
We could however notice that the averaging of data in MPAC across 8 different orientations had an effect on the variability of the different outage points. The figure below shows, for the example with two devices, that while there is a steady slope below and above 70% maximum throughput, some wiggling is clearly visible for 90 and 95% of maximum throughput. No tested device in band 41 was able to reach 90 or 95% of maximum throughput. This effect may be related to the averaging of a limited number of orientations, as it is not visible for independent orientations when observed as stand-alone, but it clearly is an indication for the selection of the outage points.
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Examples of MPAC 8-orientations averaging effect on different outage points

Regarding harmonization, the ADTF results were not provided as MPAC did not provide the repeatability of conducted results, this analysis is TBD.

The harmonization test campaign defines the harmonization composite bound (HCB) to be used at 70% of maximum throughput, so this problem above has little or no effect on the analysis.
Since there is an ongoing analysis by Rohde & Schwarz, we will provide comments to that analysis for the discussion rather than adding more analyses.

In particular, the use of 400 SF is the one that shall be used for comparison, and the RC NIST 90ns shall be compared to RTS IS Umi and to MPAC IS Umi.

3.
Discussion

Results showed that MTS at 70% is quite stable outage value for comparison across devices and methods, yet it is also true that some devices do not reach 100% throughput, and some of them not even 95% or 90%. Therefore, a single outage point should be used for compliance testing but a way to identify whether the device reaches maximum (100%) or near maximum (95% or 90%) throughput shall be advised too.

Results also showed that averaging all the throughput curves in MPAC with 8 orientations provided stable results for up to 80% throughput approximately, but some wiggling was observed when the final averaged curve was getting near to 100% maximum throughput. This is associated not only ot the fact that some devices were not able to reach high throughput at some orientations, but also with the averaging of a limited number of samples per power steps using 8 orientations. 

Results show a good repeatability of RC and RC+CE test methods, and that using the ADTF harmonization bound agreed at 70% and the best-offset approach, RC, RC+CE and MPAC can be considered harmonized methods. The harmonization of RTS is pending on the analysis of its data.
4.
Conclusion

Proposal 1: The results presented for RC, RC+CE, RTS and MPAC are found to be harmonized for MIMO OTA compliance testing following the agreed methodology and formulation for the decision. 

Proposal 2: RC and RTS have failed to submit the entire set of data.

Proposal 3: RC+CE and MPAC have submitted the full set of data requested and are harmonized. All methods (RC, RC+CE, RTS and MPAC) show harmonization within the limited data that they have submitted. For completeness, RC and RTS have to be allowed to submit the full data set for analysis.

Proposal 4: For compliance testing, it is suggested to use one channel model.
Proposal 5: For compliance testing, it is suggested to use one outage point (70% of maximum TPUT) and a binary (1,0) pass/fail for the device being able to achieve near maximum (95%) throughput.
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