[bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting #96-e	R4-2010201
Electronic Meeting, 17 Aug – 28 Aug, 2020

Title:	Performance metric for FR2 MIMO OTA
Source:	Samsung
Agenda item:	12.1.3.1
Document for:	Approval
1.	Introduction
Rel-17 MIMO OTA WI [1] was approved in June RAN#88e plenary meeting with the objective to specify MIMO OTA performance requirements for NR FR1 and FR2 UEs. The work will be based on the radiated metrics and test methodology defined in Rel-16 MIMO OTA SI. For FR2, the performance metric, i.e. how to process the measurement data, has not been determined yet in SI phase, as indicated in the objective part of the WID [1]:
-	Define how to process the measurement data for FR2 
· Averaging of the measured sensitivity points, or define sensitivity value based on the CCDF
· Other approach is not precluded


In order to specify performance requirements for FR2, performance metric has to be defined in advance. In this contribution, we compare the two candidate approaches between averaging approach and CCDF approach, and give our proposal to adopt averaging approach within MIMO OTA spherical coverage.
2. 	Discussion
In Rel-16 SI phase, two kinds of FR2 performance metric were proposed [2] [3]. After discussion, there was no conclusion and it was proposed to further discuss in WI phase, with options captured in the WF [4] as following:
· Performance metrics
· option1: averaging of the [xx] measured sensitivity points, how to select the points is FFS.  
· option2: sensitivity value at the [xx] percentile of the CCDF.
· The value of [xx] shall be defined in potential WI phase.


Averaging approach has been widely used for FR1 SISO and MIMO OTA performance metric, i.e. TRP/TRS/TRMS. It is also true for 3G and 4G.
Observation 1:	averaging approach has been widely used for FR1 OTA performance metric including 3G/4G/5G.
For FR2, beam forming is enabled and thus the antenna pattern is directional. So directional performance is more important and EIRP/EIS are adopted as metric for FR2 SISO OTA. However, directional metric could only verify the peak performance but the verification of coverage performance is absent, that’s why spherical coverage with CCDF metric is also introduced for FR2 SISO OTA. So FR2 SISO OTA performance metric is a combination of peak metric and CCDF metric.
Observation 2:	FR2 SISO OTA performance metric is a combination of peak metric and CCDF metric.
For FR2 MIMO OTA, two tracks could be followed, one track is to follow the performance metric of FR1 MIMO OTA, and the other track is to follow the performance metric of FR2 SISO OTA. If the track of FR2 SISO OTA is followed, then peak metric and CCDF metric should be both considered as a package, i.e. a package of peak MIMO OTA sensitivity and CCDF based MIMO OTA spherical coverage. A MIMO OTA performance metric only based on CCDF with peak performance ignored is not an integrated metric.
Observation 3:	a MIMO OTA performance metric only based on CCDF with peak performance ignored is not an integrated metric.
If a package of peak MIMO OTA sensitivity and CCDF based MIMO OTA spherical coverage will be defined for FR2 MIMO OTA, it is not only complicated, but also more like a repeated verification due to similarity with SISO OTA. Moreover, the measurement grid of FR2 MIMO OTA is sparse with 36 test points in total, it is not appropriate for peak performance verification which requires dense grid. Therefore, the sparse measurement grid is more suitable for average approach than “peak + CCDF” approach.
Observation 4:	the sparse measurement grid of FR2 MIMO OTA is more suitable for average approach than “peak + CCDF” approach.
Based on above analysis, it seems better to follow usual MIMO OTA metric, i.e. to adopt average approach as FR2 MIMO OTA performance metric.
Proposal 1:	average approach shall be adopted for FR2 MIMO OTA performance metric.
Then the remaining issue is how to define exception points for FR2 MIMO OTA.
In FR1 MIMO OTA, some exception points are allowed considering practical UE antenna pattern is not ideally isotropic. For FR2 MIMO OTA, UE antenna pattern is far beyond isotropic and more exception points are expected. At many test points outside of spherical coverage, 95% of peak throughput could not be achieved, even 70% peak TP could not either. We have analysed this issue in our previous contribution [2], and a concept of “MIMO OTA spherical coverage” was proposed to address the exception points issue. “MIMO OTA spherical coverage” means the spherical coverage in terms of MIMO OTA sensitivity rather than EIS. Since only constant density grid type is allowed for FR2 MIMO OTA, “MIMO OTA spherical coverage” for power class 3 are the 50% test points where MIMO OTA sensitivity test results better than the other 50% test points, i.e., top 50%.
By limiting the test points for averaging within “MIMO OTA spherical coverage”, it is not necessary to discuss exception points any more. 
Proposal 2:	define FR2 MIMO OTA performance metric as the averaging of the measured sensitivity at the test points within “MIMO OTA spherical coverage”, no more exception points are allowed.
Since smart phone is the first priority for MIMO OTA WI which is power class 3 in FR2, “MIMO OTA spherical coverage” is accordingly the top 50% test points, i.e., top 18 test points. So the performance metric can be express as following:

where,
x is one of throughput outage (for example {[70%, 95%]}), and {PMODE,x,0, …, PMODE,x,17} are the measured sensitivity values at each test point within “MIMO OTA spherical coverage”.
3. 	Conclusion
Observation 1:	averaging approach has been widely used for FR1 OTA performance metric including 3G/4G/5G.
Observation 2:	FR2 SISO OTA performance metric is a combination of peak metric and CCDF metric.
Observation 3:	a MIMO OTA performance metric only based on CCDF with peak performance ignored is not an integrated metric.
Observation 4:	the sparse measurement grid of FR2 MIMO OTA is more suitable for average approach than “peak + CCDF” approach.
Proposal 1:	average approach shall be adopted for FR2 MIMO OTA performance metric.
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