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1	Introduction
[bookmark: OLE_LINK4]The Rel-18 NR_MIMO_OTA_enh WI [1] is targeted to be completed in Jun. 2024, this is the last RAN4 meeting in the current work plan for WI. According to the lasted Status Report [2] and the latest WF [3], the following Perf. part issues are remaining open:
· FR1 measurement data collection
· FR1 MIMO OTA performance requirements
· FR2 measurement data collection
· FR2 MIMO OTA performance requirements
This contribution provides our proposals targeting to conclude Perf. part of the WI. 
2	Discussion
FR1 MIMO OTA 
At the last meeting, RAN4 made good progress on the performance part work for FR1 MIMO OTA, including key aspects as below: 
· Lab alignment for bands < 1GHz was concluded
· Measurement campaign has made good progress, enough data for bands n1, n5, n28 are expected to be collected at this meeting
· The framework for performance requirements was updated and approved
· The recommended TT was decided
Based on the current states, the FR1 MIMO OTA performance requirements can be specified at this meeting to conclude the Perf. part of Rel-18 MIMO OTA WI on time. 
Proposal 1: RAN4 should finalize the FR1 MIMO OTA performance requirements for bands n1/n5/n28 at this meeting, to conclude the Perf. part of Rel-18 MIMO OTA WI on time. 
However, based on the collected TRMS data at bands n28 and n5 [4], it was observed that a considerable proportion of UEs failed the test, which raised the discussion about the additional criteria for bands < 1GHz. Another relevant issue is whether the measurement data from the “failed” DUTs can be included into the data pool for specifying requirements. Thus, the first target of FR1 MIMO OTA for this meeting is to make decision on the additional criteria and the scope of data pool for bands < 1GHz.   
Observation 1: Additional criteria of FR1 MIMO OTA for bands < 1GHz are still under discussion, which affects the scope of data pool for specifying performance requirements. 
Proposal 2: For FR1 MIMO OTA for bands < 1GHz, RAN4 should make decision on the additional criteria and the scope of data pool at this meeting. 
Regarding the additional criteria, there were some options suggested in the WF of the last meeting [3]:
	Issue 1-2-1: Additional criteria of FR1 MIMO OTA for bands < 1GHz
Agreement:
· Reconsider the additional criteria of FR1 MIMO OTA for bands < 1GHz. The following options should be considered: 
· Option 1: Increase the maximum downlink power condition (i.e. PRS-EPRE-MAX) for bands < 1GHz, e.g., increase PRS-EPRE-MAX from -80dBm/15kHz to -74~-77 dBm/15kHz. 
· Option 2: Relax the additional criteria on 90%TP without increasing PRS-EPRE-MAX. 
· Combinations of Options 1 and 2. 
· For Option 1, further check the maximum PRS-EPRE-MAX that test systems can support. Feedback from test labs/system integrators is needed. 
· Make decision based on more analysis and more measurement results. Encourage more labs to share detailed measurement results before a check point prior to RAN4#111 Tdoc submission deadline via 3GPP_TSG_RAN_WG4_NR-MIMO-OTA reflector.



[bookmark: OLE_LINK2][bookmark: OLE_LINK1]For Option 1, we checked the measurement results under higher downlink power conditions, -76~-78 dBm/15kHz, and summarized the statistical results in our contribution R4-2407660 [5], the results for band n28 are also copied in Table 1. For band n28, it was found that four of five “failed” UEs can pass the test when PRS-EPRE-MAX increased to -78 dBm/15kHz. While for DUT 1, even if PRS-EPRE-MAX increased to -76 dBm/15kHz, it still failed. 
Observation 2: According to our measurement results, four of five “failed” UEs can pass the test when PRS-EPRE-MAX increased to -78 dBm/15kHz.
Table 1. Statistical results with higher downlink power conditions for band n28
	
	Measurement results

	DUT 
	DL power condition (dBm/15kHz)
	Number of orientations cannot reach 90%TP (DMSU)
	Number of orientations cannot reach 70%TP (DMSU)

	DUT 1
	-80
	12
	2

	　
	-78
	7
	0

	　
	-77
	4
	0

	　
	-76
	3
	0

	DUT 2
	-80
	4
	0

	　
	-78
	2
	0

	　
	-77
	0
	0

	　
	-76
	0
	0

	DUT 4
	-80
	4
	0

	　
	-78
	1
	0

	　
	-77
	0
	0

	　
	-76
	0
	0

	DUT 7
	-80
	3
	0

	　
	-78
	0
	0

	　
	-77
	0
	0

	　
	-76
	0
	0

	DUT 9
	-80
	4
	0

	　
	-78
	1
	0

	　
	-77
	0
	0

	　
	-76
	0
	0



The reasons why ~40% UEs fail the test at band n28 might be two sides: one is about test methods/additional criteria, the other is about DUT sample. We also provided more information of the “failed” UEs in our contribution R4-2407660 [5], it was found that all “failed” UEs were produced in 2021~2022 and for regional market, some of these UEs only support band n28A rather than the full n28 band. The MIMO antenna design of these UEs may not be mature enough.  
Observation 3: All the “failed” UEs in our device pool were produced in 2021~2022 and for regional market, some of these UEs only support band n28A rather than the full n28 band. 
[bookmark: _Hlk166491448]Besides, it is possible that there are some UEs equipped with 4Rx antennas in the device pool. If the algorithm of these UEs on selecting/combining antennas does not work properly during 2x2 MIMO OTA testing, the measured TP might be poor. 
Observation 4: It is possible that UEs equipped with 4Rx antennas are included in the device pool, and the algorithm of these UEs on selecting/combining antennas does not work properly during 2x2 MIMO OTA testing. This is a possible reason for the poor measured TP. 
The FR1 MIMO OTA test method has been specified for more than two years, we should be cautious on any changes of the test method/test system. The purpose of the additional criteria is to guarantee that UE can reach 90%/70% of max. TP at most orientations, which is crucial to ensure the radiated multi-antenna reception performance of UE MIMO receiver. Thus, RAN4 should carefully check the UE samples and exclude any abnormal measurement results, to avoid any misleading decisions on the test method/addition criteria.
Proposal 3: RAN4 should carefully check the UE samples and exclude any abnormal measurement results, to avoid any misleading decisions on the test method/addition criteria. 
Based on the observations above, we suggest not to relax the minimum number of orientations that are required to reach 90%/70% TP. The maximum downlink power can be increased to -78 dBm/15kHz, if system integrators/test labs can confirm this value is feasible. 
Proposal 4: The maximum downlink power can be increased to -78 dBm/15kHz for bands < 1GHz, if system integrators/test labs can confirm this value is feasible. Not to relax the minimum number of orientations that are required to reach 90%/70% TP.  
Regarding the scope of the data pool, there are three options as listed in the WF of the last meeting [3]: 
	Issue 1-2-2: Whether the measurement data from the “failed” DUTs can be included
Options: 
· Option 1: Include all measurements irrespective of whether they failed the test.
· Option 2: Include those devices that only fail the 90% criteria (but pass 70%), but exclude those that fail the 70% criteria.
· Option 3: Exclude all measurements that fail either 70% or 90% TP.
Agreement:
· FFS the options and make decision at the next meeting. 


The target is to define FR1 MIMO OTA performance requirements at 70%TP outage; thus, it is reasonable to include all devices that can pass the additional criterion for 70%TP. It is also a good way to decrease the potential impact of the additional criteria on the data pool. 
Proposal 5: For the band n28/n5 data pool, include those devices that only fail the 90% criteria (but pass 70%), but exclude those that fail the 70% criteria (Option 2).

FR2 MIMO OTA
At the last meeting, RAN4 made good progress on the performance part work for FR2 MIMO OTA, including key aspects as below: 
· 1st round lab alignment for band n261 was concluded, including four aligned labs
· Six FR2 devices were provided by volunteer companies, at least nine data (including three PADs) for bands n261 are expected to be collected at this meeting
· The recommended TT was decided
Based on the current states, the FR2 MIMO OTA performance requirements can be specified at this meeting to conclude the Perf. part of Rel-18 MIMO OTA WI on time. 
Proposal 6: RAN4 should finalize the FR1 MIMO OTA performance requirement for band n261 at this meeting, to conclude the Perf. part of Rel-18 MIMO OTA WI on time. 

Besides, it was also agreed to further discuss the additional criterion for FR2 MIMO OTA at 90%TP outage based on measurement results, as captured in the WF of the last meeting [3]: 
	Issue 2-1-4: Other criteria for FR2 MIMO OTA
Agreement:
· Encourage volunteer labs to also provide FR2 MIMO OTA measurement results at 90% TP outage (including sensitivity values at each of test points and the number of test points where DUT fails to reach 90% TP) when submitting Lab alignment activity/Measurement campaign results.  
· FFS the additional criterion for FR2 MIMO OTA on the minimum number of test points at 90% TP outage under the maximum downlink power condition.


We collected the measurement results at 90% TP outage as recorded in our contribution R4-2407664 [6]. When comparing the numbers of test points where UEs cannot reach 90% TP and 70% TP, it can be observed that different UEs have different performance. For some UEs, the numbers of test points fail to reach 90% TP and 70% TP are similar, e.g., DUT 1 and DUT 2 in [6]. While for DUT 3, the number of test points fail to reach 70% TP is 14, but the number of test points fail to reach 90% TP is significantly increased to 24. 
Observation 5: Different UEs show difference performance on the numbers of test points fail to reach 90% TP vs. 70% TP. For some of the UEs, the numbers of test points fail to reach 90% TP and 70% TP are similar; but for some other UEs, the number of test points fail to reach 90% TP significantly increased when compared with the number of test points fail to reach 70% TP. 
Besides, the measurement grid of FR2 MIMO OTA testing is relatively coarse compared with the narrow beams. This makes it difficult to precisely capture the peaks of the beams, and may result in inaccurate measurement results on the number of test points fail to reach 90% TP. 
Observation 6: The measurement grid of FR2 MIMO OTA testing is relatively coarse compared with the narrow beams, which may result in inaccurate measurement results on the number of test points fail to reach 90% TP. 
Considering the above observations and limited timeline in Rel-18, we think it is difficult to make decision on the additional criteria on 90%TP for FR2 MIMO OTA at this meeting. 
Proposal 7: It is not necessary to define the additional criteria on 90%TP for FR2 MIMO OTA in Rel-18. 

The 1st round FR2 MIMO OTA lab alignment activity was concluded at the last meeting, the remaining lab is allowed to submit PAD measurement results at this meeting without affecting the conclusion of the 1st round aligned labs, as captured in the WF [3]: 
	Issue 2-2-2: FR2 MIMO OTA lab alignment results
Agreement:
· Based on the analysis in R4-2405464, RAN4 concludes the 1st round FR2 MIMO OTA lab alignment activity at this meeting with the following outcome: 
· The 4 labs (Apple, CAICT, CMCC, Huawei) are aligned at 28-GHz band.
· The remaining lab can submit the PAD measurement results at the next meeting and be confirmed as aligned labs, without affecting the confirmation of the aligned labs in the 1st round. 


Considering this is the last meeting of the Rel-18 WI, the lab alignment activity should be concluded. 
Proposal 8: Conclude the Rel-18 FR2 MIMO OTA lab alignment activity at this meeting. 
LS on Rel-18 NR MIMO OTA progress
MIMO OTA test methods and requirements are widely used and developed in other SDOs, the progress in 3GPP would have impacts on other OTA related groups work. Besides, it is captured in the WID that ongoing communication with other OTA groups shall be maintained to ensure industry coordination on this topic.
	The final test tolerances (TT) will be decided by RAN5. During the course of this work item, ongoing communication with 3GPP RAN WG5, CTIA OTA Working Group (MOSG, 5G mm-wave OTA Sub-Working group and MUSG), and CCSA TC9 WG1 shall be maintained to ensure industry coordination on this topic.


Therefore, after concluding the MIMO OTA requirements, it would be helpful if an LS including the conclusions of requirement, test tolerance and briefly framework description can be shared to other OTA related groups to ensure industry coordination on this topic. In addition, RAN4 has completed the recommended TT work for FR2 MIMO OTA. It is necessary to send the recommended TT values to RAN5 for final TT definition.
Proposal 9: With concluding the MIMO OTA performance requirements, an LS to other OTA groups is needed to ensure industry coordination on this topic.
A draft LS on Rel-18 NR MIMO OTA progress is prepared in R4-2408908 [7].  
3	Conclusion
This contribution provides our proposals targeting to conclude Perf. part of the WI. 
Proposal 1: RAN4 should finalize the FR1 MIMO OTA performance requirements for bands n1/n5/n28 at this meeting, to conclude the Perf. part of Rel-18 MIMO OTA WI on time. 
Observation 1: Additional criteria of FR1 MIMO OTA for bands < 1GHz are still under discussion, which affects the scope of data pool for specifying performance requirements. 
Proposal 2: For FR1 MIMO OTA for bands < 1GHz, RAN4 should make decision on the additional criteria and the scope of data pool at this meeting. 
Observation 2: According to our measurement results, four of five “failed” UEs can pass the test when PRS-EPRE-MAX increased to -78 dBm/15kHz.
Observation 3: All the “failed” UEs in our device pool were produced in 2021~2022 and for regional market, some of these UEs only support band n28A rather than the full n28 band. 
Observation 4: It is possible that UEs equipped with 4Rx antennas are included in the device pool, and the algorithm of these UEs on selecting/combining antennas does not work properly during 2x2 MIMO OTA testing. This is a possible reason for the poor measured TP. 
Proposal 3: RAN4 should carefully check the UE samples and exclude any abnormal measurement results, to avoid any misleading decisions on the test method/addition criteria. 
Proposal 4: The maximum downlink power can be increased to -78 dBm/15kHz for bands < 1GHz, if system integrators/test labs can confirm this value is feasible. Not to relax the minimum number of orientations that are required to reach 90%/70% TP.  
Proposal 5: For the band n28/n5 data pool, include those devices that only fail the 90% criteria (but pass 70%), but exclude those that fail the 70% criteria (Option 2).
Proposal 6: RAN4 should finalize the FR1 MIMO OTA performance requirement for band n261 at this meeting, to conclude the Perf. part of Rel-18 MIMO OTA WI on time. 
Observation 5: Different UEs show difference performance on the numbers of test points fail to reach 90% TP vs. 70% TP. For some of the UEs, the numbers of test points fail to reach 90% TP and 70% TP are similar; but for some other UEs, the number of test points fail to reach 90% TP significantly increased when compared with the number of test points fail to reach 70% TP. 
Observation 6: The measurement grid of FR2 MIMO OTA testing is relatively coarse compared with the narrow beams, which may result in inaccurate measurement results on the number of test points fail to reach 90% TP. 
Proposal 7: It is not necessary to define the additional criteria on 90%TP for FR2 MIMO OTA in Rel-18. 
Proposal 8: Conclude the Rel-18 FR2 MIMO OTA lab alignment activity at this meeting. 
Proposal 9: With concluding the MIMO OTA performance requirements, an LS to other OTA groups is needed to ensure industry coordination on this topic.
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