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1.
Introduction
During the RAN #66 meeting a new Work Item was approved to develop radiated requirements for the verification of multi-antenna reception performance of UEs [1]  This WI intends to perform a harmonization process among the valid MIMO OTA test methodologies, and capture the associated MIMO OTA requirements in TS 37.144 [2] which is the container for all UE and MS over the air performance requirements.  All aspects associated with measurement procedures and other definitions are contained in TR 37.977 [3].
Such harmonization process will require a dedicated TM3 measurement campaign. In this paper we present a proposal to determine the measurement uncertainty bounds applicable in this effort. 
2.
Discussion
As indicated in the Work Item [1] objective, ongoing communication with CTIA OTA Working Group (MOSG and MUSG), shall be maintained to ensure industry coordination on this topic and to distribute tasks according to expertise or resource availability.
While MUSG is yet to produce the measurement uncertainty (MU) values applicable for each test methodology. There’s a consensus that MIMO OTA systems are clearly far more complex than its counterpart SISO. During the previous WI while performing activities to determine valid test methodologies one of the criteria was the compliance with MU, however for lack of better definition SISO MU was adopted (+/-2.3dB).
Adopting SISO MU in the harmonization measurement campaign effort will defeat the purpose of this effort, adopting +/- 2.3dB MU might produce a false successful harmonization among test methodologies. 
3.
Proposal

The following proposal is a determination of MU specifically for the harmonization measurement campaign, and only applicable to this measurement campaign since only one lab will be running all measurements.
The hybrid MU approach is composed by two terms, a relative accuracy validation of the test system using ADTF and repeatability analysis. The accuracy and repeatability bounds below are examples for demonstration purposes. The actual bounds would be derived from measurements according to this proposal.
The AC methodologies shall utilize a single free space portrait 90⁰ device orientation, with the MIMO reference antenna should be placed at 90⁰ elevation, and the RF enclosure door facing the 0⁰ azimuth. The RC test methodologies shall conduct their measurements in step-stirred mode only. The lab performing RC and RC+CE methodologies shall determine the optimal number of subframes per stirring state and per power level for the ADTF analysis only. All methodologies shall adopt channel models defined in [3] clauses 8.2 and annex C).
The AC, RC and RC+CE methods shall use antenna pattern data provided by CTIA (B7, B13), Motorola will provide the band 41 reference antenna sample and  antenna pattern. To minimize uncertainty for harmonization purposes, the two-stage method will measure the reference antenna patterns in the first stage and sue those patterns for the conducted and radiated second stage. Note: the CTIA patterns were produced following the device orientation defined above.
The ADTF results shall be shared using the harmonization testing data templates.

Accuracy:



The lab adopted to run all harmonization measurements, shall provide data on ADTF [3] adopting at least one DUT in band 7,band 13 and B41 in RC, RC+CE, two-stage (radiated) and MPAC test methodologies. The difference between ADTF conducted and OTA measurements shall be no higher than observed for B13 in the previous WI for the criteria B to determine test methodology validation. The ADTF outage should be defined over the larger variation between conducted and OTA value over 70% maximum data throughput.

Repeatability:



Once ADTF is performed and the lab demonstrated that the conducted results are properly emulated in OTA environment, the lab must perform OTA repeatability in each band (FDD 7, 13, TDD 41) to assess the lab repeatability (suggested 5 OTA measurements in RC, RC+CE, MPAC and 2-stage-radiated,. Between each repeatability measurement the MIMO OTA system shall be completely shut down and the EUT repositioned. The repeatability shall be lower than it was observed for B13 in the previous WI and the repeatability outage should be defined over the larger variation between conducted and OTA value over 70% maximum data throughput.


With accuracy being demonstrated (ADTF), the hybrid MU for the harmonization campaign is the composite of accuracy and repeatability, i.e..:

Accuracy MU over 5 conducted ADTF measurements =




 +/- “a” dB
Repeatability MU over 5 radiated ADTF measurements =



 
+/- “b” dB
Composite MU adopted for the harmonization measurement campaign =

  
+/-(“a”+”b”) dB


Further clarification in the harmonization MU bounds calculation can be found in the attached file (better visualized in slideshow mode):


[image: image1.emf]MIMO OTA  Harmonization MU bounds MMv3.ppt


The details for calculating the fixed offset per band and per method used for harmonization and how to apply the MU composite bounds to harmonization criteria are TBD. The MU composite bound for this harmonization campaign is +/-(“a”+”b”). 
Once ADTF had been successfully completed and the repeatability analysis carried out on OTA measurements on separate test devices from the actual OTA test devices can be demonstrated. If a potential device-independent (and, possibly, band-specific) fixed offset between the figures of merit generated by different methodologies is found, then the composite MU bound shall be applied after such an offset is applied. Only one offset is allowed for each pair of methods per band of operation such that the test results align to a single performance requirement. 


Is important to stress the fact that this MU bound proposal is only valid for the harmonization measurement campaign, only for the lab running the measurements. And most importantly, the harmonization verification between test methodologies shall adopt (if necessary) a fixed offset. Such fixed offset shall be the same among different devices evaluated under the same test condition. The harmonization will be considered successful only if the measurement results (with or without fixed offset) falls within the MU bounds. 

The composite MU bound to be adopted will be restricted to the method with the largest MU bound among the 4 selected ones (provided that the respective accuracy and repeatability MUs are no higher than observed in the previous WI). 
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