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1.	Introduction
In RAN4#96e meeting great progress is made on down-selection of testing parameters for MIMO OTA, including FR1 test bandwidth as 40MHz, FR1 Figure of Merit at 70%TP, and FR2 Figure of Merit with averaging approach. The remaining issue for FR1 is the FoM in terms of exception points; the remaining issues for FR2 are the FoM in terms of percentile approach and RMC down-selection between 16QAM and 64QAM. In this contribution, our views on these open issues are presented for discussion.
2. 	Discussion
2.1	FR1 exception points
In RAN4#96e meeting, FR1 FoM was agreed to adopt only one outage point of TP@70% for MIMO OTA performance requirement. TP@90% or 95% will be further checked, as shown in the WF [1]:
· For FR1 MIMO OTA performance requirements:
· Only one outage point of TP@ 70% is selected for the final performance metric
· This agreement is based on LTE TRMS analysis
· Further check whether how many PMODE can reach TP @ 90% or 95% could be an additional FoM
· Option 1：TP@90% can pass 11 of total 12 rotations
· Option 2：TP@95% can pass 10 of total 12 rotations
· Other options are not precluded

The open issue is indicated as exception point issue. When looking into exception point requirement for LTE MIMO OTA in TR 37.977 and TS 37.144, the description is re-produced as following:
For the reference MPAC methodology and the harmonized RTS methodology defined in [7], if 1 azimuth position does not result in a defined measured sensitivity at 70% or 95% throughput, SMODE,70 or SMODE,95 are calculated using the 11 measured sensitivities and the maximum downlink RS-EPRE PRS-EPRE-MAX (substitution approach) for the one missing result.  If 2 azimuth positions do not result in a defined measured sensitivity at 95% throughput, SMODE,95 is calculated using the 10 measured sensitivities and PRS-EPRE-MAX for the two missing results. If more azimuth positions result in undefined values for measured sensitivity at the 70% and/or 95% throughput, then the TRMS requirement for the corresponding throughput levels has not been met by such a device. PRS-EPRE-MAX is defined as -80 dBm/15 kHz and is the maximum downlink RS-EPRE supported by the test system

The exception points, which is the allowed number of positions where UE can not reach required throughput (e.g. 70%, 90% or 95%), are highly related to the PRS-EPRE-MAX (maximum downlink RS-ERPE) parameter. Different PRS-EPRE-MAX parameter will result to different exception point number. 
Observation 1:	the precondition for defining exception points is to specify the PRS-EPRE-MAX (maximum downlink RS-ERPE) parameter.
So it is proposed to define maximum downlink RS-ERPE for FR1 NR MIMO OTA before specifying exception point requirement. One possible option is to re-use that parameter of LTE for NR, i.e. -80dBm/15kHz or equivalent (-77dBm/30kHz). On the other hand, NR FR1 frequency is up to 7.125GHz, it is not sure if the re-used parameter is applicable for NR MIMO OTA test system for whole FR1 range.
Proposal 1:	PRS-EPRE-MAX (maximum downlink RS-ERPE) parameter shall be specified for FR1 NR MIMO OTA. Further discussion is needed if -80dBm/15kHz or equivalent (-77dBm/30kHz) could be re-used for whole NR FR1 range.
About exception point requirement, LTE MIMO OTA allows one exception point at 70%TP and allows at most two exception points at 95%TP. NR MIMO OTA should follow similar principle to define exception points at both 70%TP and 95%TP.
Proposal 2:	exception points shall be specified for FR1 NR MIMO OTA at both 70%TP and 95%TP
As to the two options for exception point for 90% or 95%TP shown in the WF [1], option 1 (TP@90% can pass 11 of total 12 rotations) is even more stringent than the LTE exception point requirement at 70%TP (TP@70% can pass 11 of total 12 rotations), so option 1 can be precluded. 
Observation 2:	Option 1 (TP@90% can pass 11 of total 12 rotations) is even more stringent than the LTE exception point requirement at 70%TP (TP@70% can pass 11 of total 12 rotations).
Option 2 (TP@95% can pass 10 of total 12 rotations) is the same as that of LTE MIMO OTA, however, when LTE MIMO OTA specification was derived, the carrier frequency is usually lower than 3GHz. Now FR1 is up to 7.125GHz which has more directional antenna pattern that may lead to more exception points at the same PRS-EPRE-MAX level.
It is noticed that FR1 MU was once agreed to be split into two ranges with 3GHz as boundary as shown in the WF [2]:
· Agreements 
· Split FR1 MU discussion into two frequency ranges, i.e. (410MHz<f≤3 GHz) and (3 GHz<f≤7.125GHz), and focus on MU elements discussion to accelerate the progress.


Frequency range split could also be considered for PRS-EPRE-MAX and exception point discussion. In our understanding, Option 2 (TP@95% can pass 10 of total 12 rotations) is only acceptable for below 3GHz.
Proposal 3:	Option 2 (TP@95% can pass 10 of total 12 rotations) is only acceptable for below 3GHz.
2.2	FR2 Figure of Merit	
In RAN4#96e meeting, FR2 FoM wa agreed to adopt average approach among top [50%] test points, and further check whether [50%] percentile value of CDF could also be a FoM as shown in the WF [1]:
· For FR2 MIMO OTA performance requirements:
· Select averaging all the values better than [50%] percentile of CCDF as the Figure of Merit for FR2 MIMO OTA requirement
· Further check whether [50%] percentile value of the CCDF curve should also be a FoM of FR2

If [50%] percentile value is also taken as a FoM, no extra test case is needed but an addition of post data processing. However, there is a problem whether the [50%] percentile value can guarantee 70% and 95% TP. In case 95%TP could not be achieved at [50%] percentile, there will be no test result for this FoM.
Observation 3:	if [50%] percentile value is also taken as a FoM, that means no exception points allowed for all top [50%] test points.
On the other hand, if [50%] percentile value is also taken as a FoM, the FR2 MIMO OTA FoM would be very similar to SISO TIS spec format which is “average/maximum” among channels. For MIMO OTA, usually only one channel is verified for each band.
Proposal 4:	For NR MIMO OTA, only middle channel shall be verified for each band.
2.3	FR2 RMC on downlink modulation	
FR2 downlink modulation parameter has been discussed for several meetings and decision is expected to be made in this meeting between 16QAM and 64QAM as shown in the WF [1]:
· Further discuss the down-selection of FR2 RMC, feasibility of 64 QAM for FR2 will be checked, and final conclusion will be made next meeting.  
· Technical input from companies is encouraged to analyze SNR range and feasibility of 64QAM


64QAM can be considered not feasible at least for FR2 high bands (e.g. 39GHz bands), feasible SNR as 11.8dB [3] could not even support 70%TP, so it is not possible to achieve 95%TP. Moreover, n262 is agreed to be introduced as FR2 new band which is up to 48.5GHz, hence the feasible SNR will be further deteriorated. 
Observation 4:	64QAM is not feasible for FR2 high bands due to limited SNR.
For FR2 low bands (n257/258/261), the feasibility of 64QAM is still controversial. Assume feasible SNR as 11.8dB at n260, the feasible SNR at n257 will be improved by 3.4dB due to smaller path loss and by 4.3dB due to better EIS spherical coverage performance, i.e. 11.8+3.4+4.3=19.5dB. With 19.5dB SNR under noise free condition, there is no margin to achieve 70%TP, and not feasible for 95% TP.
Observation 4:	64QAM is not feasible for FR2 low bands since 95%TP is difficult to be achieved.
[bookmark: _GoBack]Moreover, even 64QAM is feasible for FR2 low bands, then it would not be aligned with FR2 high bands. A unified modulation type for all FR2 bands is highly preferred.
Proposal 5:	For FR2 NR MIMO OTA, 16QAM is adopted as downlink modulation for all FR2 bands.
3. 	Conclusion
Observation 1:	the precondition for defining exception points is to specify the PRS-EPRE-MAX (maximum downlink RS-ERPE) parameter.
Proposal 1:	PRS-EPRE-MAX (maximum downlink RS-ERPE) parameter shall be specified for FR1 NR MIMO OTA. Further discussion is needed if -80dBm/15kHz or equivalent (-77dBm/30kHz) could be re-used for whole NR FR1 range.
Proposal 2:	exception points shall be specified for FR1 NR MIMO OTA at both 70%TP and 95%TP
Observation 2:	Option 1 (TP@90% can pass 11 of total 12 rotations) is even more stringent than the LTE exception point requirement at 70%TP (TP@70% can pass 11 of total 12 rotations).
Proposal 3:	Option 2 (TP@95% can pass 10 of total 12 rotations) is only acceptable for below 3GHz.
Observation 3:	if [50%] percentile value is also taken as a FoM, that means no exception points allowed for all top [50%] test points.
Proposal 4:	For NR MIMO OTA, only middle channel shall be verified for each band.
Observation 4:	64QAM is not feasible for FR2 high bands due to limited SNR.
Observation 4:	64QAM is not feasible for FR2 low bands since 95%TP is difficult to be achieved.
Proposal 5:	For FR2 NR MIMO OTA, 16QAM is adopted as downlink modulation for all FR2 bands.
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