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1
Introduction
When executing MIMO OTA tests, there may be certain orientations and rotations of the EUT or stirring mechanism which, due to the correlation characteristics of the radio channel and the characteristics of the EUT antenna, present a highly-correlated signal to the EUT’s MIMO receiver. Under such conditions, MIMO performance will be greatly compromised, and it’s typically impossible to reach the throughput necessary to conduct a MIMO OTA performance test, even at very high downlink RS-EPRE levels. Since this is a known limitation associated with testing an EUT which has been forced to operate in Channel Rank 2 under compromised channel conditions, it’s important to agree upon a means of handling such occurrences when post-processing the EUT performance data for device certification. This contribution proposes a potential solution to this problem.

2
Discussion

Through empirical measurements, it’s been found that the antenna designs in some EUTs are sensitive to propagation channel correlation to varying degrees when the EUT is in certain azimuthal rotations, device positions and/or orientations or under certain stirring states. During previous MIMO OTA measurement campaigns, several instances have been noted where the test specification’s minimum throughput criteria could not be reached. Several solutions to this problem have been proposed in the past, however, almost all of them require substitution or interpolation in order to derive an RS-EPRE level which can be documented for azimuthal rotations and/or device positions/orientations where the throughput criteria could not be met [2].
In a typical spatially-controlled MIMO OTA test system, the desired spatial propagation channel is emulated and presented to the EUT while the latter is in one of 12 azimuthal rotations. Depending upon the requirements of the test, the position of the EUT may also be varied, potentially resulting in several iterations of the 12 azimuthal rotations necessary to obtain a complete data set.

In a typical reverberant MIMO OTA test system which utilizes “step stirring”, the desired spatial propagation channel is emulated and presented to the EUT while the latter is illuminated by stationary signals with random angles of arrival resulting from 120 mechanical stirring states. In a typical reverberant MIMO OTA system which utilizes “continuous stirring”, the EUT is illuminated by non-stationary signals with random angles of arrival. This document is not intended to address the reverberant continuous-stirring case.
The EUT’s sensitivity to channel correlation can serve as an important radiated performance indicator. For example, in the case of a spatially-controlled test system, a device which can attain the minimum throughput criteria in all 12 rotations is desirable, because this behaviour in the lab implies a similar lack of rotation-related sensitivity to propagation channel correlation in the field. Conversely, a device which fails to meet the test’s target throughput level at multiple azimuthal rotations and/or device positions/orientations is less desirable, as this result implies that a similar behaviour would be observed in the field. Thus, the user experience will be enhanced if the MIMO performance metric takes into account the number of azimuthal rotations at which the desired throughput cannot be reached.
3
Type of averaging and maximum achievable RS-EPRE in the test chamber

In the past, different types of averaging have been proposed, e.g. linear average and inverse average. It is proposed to use linear averaging when averaging the required RS-EPRE power level in each of the specified azimuthal rotations or stirring states for a given position, to meet the target MIMO throughput level.

Proposal 1: Standard linear averaging shall be used when averaging the required RS-EPRE power level in each of the specified rotations or stirring states for a given position/orientation to meet the target MIMO throughput level.
Because the ability for an EUT to reach the target throughput is a function of downlink power, an upper power limit must be established for all test systems. 
Proposal 2: Specify a maximum downlink RS-EPRE which will be as high as feasible while supported by all harmonized test systems. The RS-EPRE value used to meet the intent of this proposal will be defined as part of the performance work.

Rather than assessing a result “penalty (in dB)” to the final averaged results when an EUT which cannot attain the target throughput as proposed in [3], the test methodology for spatially-controlled and reverberant test systems has been modified as described below.
4
Test Methodology

4.1

Spatially-Controlled Test Systems
This proposal recommends that the result data from EUTs evaluated using a spatially-controlled test system shall be post-processed as follows: 

1) Obtain the minimum RS-EPRE values necessary to meet the specified throughput level for each azimuthal rotation and/or device position/orientation of the EUT. Any instance where the minimum throughput criteria could not be met at the highest specified RS-EPRE shall be marked as such in the EUT’s test report.
2) For a given EUT position/orientation, note whether the specified throughput criteria were met in all 12 azimuthal rotations or if the specified throughput criteria were only met in a subset of the 12 azimuthal rotations. 

a. The EUT shall meet the specified throughput criteria in at least 11 azimuthal rotations. 

b. Average the 11 “best” measurements per EUT position/orientation.

c. If the test methodology calls for the use of several EUT positions/orientations, the process described in (a) and (b) above shall be executed for each position/orientation.
EUTs which meet the specified throughput criteria in 10 or fewer azimuthal rotations per position/orientation shall fail the MIMO OTA test.

Proposal 3: Spatially-controlled test systems shall average the 11 “best” measurements per EUT position/orientation. If only 10 rotations per EUT position/orientation meet the target throughput criteria, the EUT shall fail.

4.2

Reverberant Test Systems
This proposal recommends that the result data from EUTs evaluated using a reverberant test system shall be post-processed as follows: 

1) Obtain the minimum RS-EPRE values necessary to meet the specified throughput level for each stirring state used to evaluate the EUT. Stirring states where the minimum throughput criteria could not be met at the highest specified RS-EPRE shall be marked as such on the test report.

2) Note whether the specified throughput criteria were met in all 120 stirring states or if the specified throughput criteria were only met in a subset of the 120 stirring states. 

a. The EUT shall meet the specified throughput criteria in at least 110 stirring states. 

b. Average the 110 “best” measurements per EUT position/orientation.

c. If the test methodology calls for the use of several EUT positions and/or orientations, the process described in (a) and (b) above shall be executed for each EUT position/orientation.

d. EUTs which meet the specified throughput criteria in 109 or fewer stirrer states per EUT position/orientation shall fail the MIMO OTA test.

Proposal 4: Average the 110 “best” measurements per EUT position/orientation. If only 109 stirring states per EUT position/orientation meet the target throughput criteria, the EUT shall fail.
5
Conclusion

This proposal suggests a simple means of handling devices that fail to meet the test specification’s throughput criteria in certain azimuthal rotations or stirring states. The post-processing requirements described in this contribution are intended to allow an EUT to display a limited sensitivity to channel correlation in certain azimuthal rotations or stirring states while at the same time ensuring that the EUT will not display an excessive sensitivity to channel correlation that would result in the perception of poor performance by the user.

Proposal 1: Standard linear averaging shall be used when averaging the required RS-EPRE power level in each of the specified rotations or stirring states for a given position/orientation to meet the target MIMO throughput level.
Proposal 2: Specify a maximum downlink RS-EPRE which will be as high as feasible while supported by all harmonized test systems. The RS-EPRE value used to meet the intent of this proposal will be defined as part of the performance work.
Proposal 3: Spatially-controlled test systems shall average the 11 “best” measurements per EUT position/orientation. If only 10 rotations per EUT position/orientation meet the target throughput criteria, the EUT shall fail.
Proposal 4: Reverberant test systems shall average the 110 “best” measurements per EUT position/orientation. If only 109 stirring states per EUT position/orientation meet the target throughput criteria, the EUT shall fail.
6
References
[1] TR 37.977, V13.1.0, “Verification of radiated multi-antenna reception performance of UEs,” 3GPP, September 2014

[2]
R4-156505, “Averaging: Overview and Suggested Way-Forward” Rohde & Schwarz, Keysight Technologies
[3]
R4-77AH-OTA-0014, “Handling of MIMO OTA Results When EUT Fails to Meet Throughput Criteria”, AT&T, Spirent, Sprint, T-Mobile USA, Verizon Wireless

Page 1

