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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. According to the lasted Status Report [2], the following issues are remaining open:
	· FoM and criteria for FR2 MIMO OTA
· [bookmark: OLE_LINK67]Refine the additional criteria of FR2 MIMO OTA for PC3 UE, if necessary
· Conclude FR2 MIMO OTA lab alignment and the Measurement campaign, specify FR2 MIMO OTA performance requirements
· Conclude the 2nd round FR1 MIMO OTA lab alignment and the Measurement campaign, specify FR1 MIMO OTA performance requirements
· Specify recommended test tolerance (TT) for FR1 and FR2 MIMO OTA performance requirements



In this paper, we share our views on the remaining open issues on FR2 MIMO OTA. 
2	Discussion
2.1  FoM and criteria for FR2 MIMO OTA
In current 3GPP TS 38.151 V18.0.0, the additional criteria for FR2 UE have not been completely confirmed, as shown below: 
	[bookmark: _Toc121935137][bookmark: _Toc124152155][bookmark: _Toc137479599][bookmark: _Toc138765468][bookmark: _Toc145425876][bookmark: _Toc155371674]7.1.1	MIMO Average Spherical Coverage (MASC)
…
For FR2 MIMO OTA, PRS-EPRE-MAX, i.e., the maximum downlink RS-EPRE supported by the test system, is defined as [-79.1dBm/120kHz].
If the number of test points where the UE can meet 70% maximum throughput outage even under maximum downlink power condition (i.e., [-79.1dBm/120kHz]) is less than [18], then UE fails the test.  
Other criteria for FR2 are FFS.



The maximum downlink RS-EPRE supported by the test system is still in square brackets. After reviewing the FR2 MIMO OTA measurement results from different labs/measurement systems [3-5], we think -79.1dBm/120kHz is a reasonable maximum downlink RS-EPRE value and the square brackets can be removed. 
Proposal 1: For FR2 MIMO OTA, confirm the maximum downlink RS-EPRE as -79.1dBm/120kHz. 
For PC3 UE, the additional criterion is that the number of test points where UE can meet 70% TP under the maximum downlink power condition shall be at least [18]. The number 18 is aligned with the definition of FR2 MIMO OTA FoM for PC3 UE, i.e., the best 18 sensitivity values are picked to calculate the MASC value. It is also aligned with the 50%-tile spherical coverage requirements for PC3 UE.  On the other hand, among the measurement results in [4-6], the worst case is that at 9 test points a PC3 device fails to reach 70% TP under the maximum downlink power condition.  Based on the definition of MASC for PC3 UE and the available measurement results, we think the number of test points can be confirmed as 18. 
Proposal 2: For PC3 UE, confirm the additional criterion on the minimum number of test points where UE can meet 70% TP under the maximum downlink power condition as 18. 
For PC1 UE, the Figure of Merit (FoM) of FR2 MIMO OTA was agreed at the last meeting as captured in the WF [6]:
	[bookmark: OLE_LINK3]Agreement:
· For FR2 PC1 MIMO OTA, the performance metric is to be specified with 5 of 36 test points, i.e., 

where {P70,1, …, P70,5} are the best 5 sensitivity values from all the 36 constant density measurement points.


The principle for specifying additional criteria for PC1 UE should be aligned with that for PC3 UE. Based on the same principle, the number of test points where PC1 UE can meet 70% TP under the maximum downlink power condition shall be at least 5. 
Proposal 3: For PC1 UE, define the additional criterion on the minimum number of test points where UE can meet 70% TP under the maximum downlink power condition as 5. 
For FR1 MIMO OTA, the following additional criteria are specified in TS 38.151: 
	[bookmark: _Hlk63319017]The additional criterion in azimuthal orientations shall be met:
-	The EUT must meet 70% throughput in 11 of total 12 azimuthal orientations. If the EUT fails to meet this criterion even under maximum downlink power condition (i.e. PRS-EPRE-MAX), the EUT shall fail the FR1 MIMO OTA test.
-	The EUT must meet 90% throughput in 10 of total 12 azimuthal orientations. If the EUT fails to meet this criterion even under maximum downlink power condition (i.e. PRS-EPRE-MAX), the EUT shall fail the FR1 MIMO OTA test.


The additional criteria are defined on both 70% TP and 90% TP for FR1 MIMO OTA. For FR2 MIMO OTA, we suggest further deciding if there is a need to define another criterion for FR2 MIMO OTA on the minimum number of test points at 90% TP outage under the maximum downlink power condition. 
Proposal 4: RAN4 should decide whether to define another criterion for FR2 MIMO OTA on the minimum number of test points at 90% TP outage under the maximum downlink power condition.
Measurement results at 90% TP outage would be very helpful for the group to determine the additional criterion. We encourage volunteer labs to also provide FR2 MIMO OTA measurement results at 90% TP outage (including sensitivity values at each test points and the number of test points where DUT fails to reach 90% TP) when submitting Lab alignment activity/Measurement campaign results.  
Proposal 5: Encourage volunteer labs to also provide FR2 MIMO OTA measurement results at 90% TP outage (including sensitivity values at each test points and the number of test points where DUT fails to reach 90% TP) when submitting Lab alignment activity/Measurement campaign results.   
2.2  FR2 MIMO OTA lab alignment activity 
The FR2 MIMO OTA lab alignment activity is on-going. As agreed in the WF [6] at the last RAN4 meeting, the target is to complete the 1st round FR2 MIMO OTA lab alignment activity at this meeting:
	Issue 2-2: FR2 MIMO OTA lab alignment activity
Agreement:
· Complete the 1st round lab alignment at the next meeting with the results from at least three labs. Allow remaining labs to submit measurement results afterwards.



However, in the latest Framework for FR2 MIMO OTA [7], the specific criteria for lab alignment have not been completely defined:
	Lab alignment criteria:
a. The pass/fail criteria are defined as the maximum deviation between the MASC measurement result and the reference value
b. The reference value is derived based on the per-band averaging approach of lab alignment data pool from ≥ 3 labs, whether apparent outliers will be considered in averaging process, or not, is FFS
c. Pass/fail limit for lab alignment should be derived from the preliminary MU value. Adopt [0.5-1]*preliminary MU as starting point and further check after the FR2 MU is decided and some PAD measurement results are available.



[bookmark: _Hlk163504915]The potential apparent outlier could lead to false conclusion of the lab alignment activity. Apparent outliers, if identified, should be precluded from the average process for deriving reference values. The PAD measurement result deviates over [1.5]*preliminary MU (i.e., 7.575 dB for band n261) from all the other labs’ results should be identified as apparent outlier.
Proposal 6: For FR2 MIMO OTA lab alignment activity, apparent outliers (if identified) should not be considered in the average process for deriving reference values. The PAD measurement result deviates over [1.5]*preliminary MU (i.e., 7.575 dB for band n261) from all the other labs’ results should be identified as apparent outlier.
The preliminary MU has been defined as 5.05 for 26.5GHz≤f≤29.5GHz in TS 38.151 V18.0.0. Compared with FR1 MIMO OTA, FR2 MIMO OTA measurement results are more likely to be affected by differences among different test systems, e.g., fixtures, precisions of DUT positioning, range length of 3D-MPAC system, etc. Thus, it is reasonable to allow a wider pass/fail limit for FR2 lab alignment than that for FR1 lab alignment. The pass/fail limit can be defined as ±[0.75-1]*preliminary MU, i.e., ±[3.79-5.05] dB. 
Observation 1: Compared with FR1 MIMO OTA, FR2 MIMO OTA measurement results are more likely to be affected by differences among different test systems, e.g., fixtures, precisions of DUT positioning, range lengths of 3D-MPAC systems, etc.
Proposal 7: Define the pass/fail limit for FR2 MIMO OTA lab alignment as ±[0.75-1]*preliminary MU, i.e., ± [3.79-5.05] dB. 
2.3  FR2 MIMO OTA measurement campaign and data pool
To increase the amount of measurement data for specifying FR2 MIMO OTA performance requirements, volunteer companies have been encouraged to provide FR2 devices. At this meeting, we expect to collect the information of the volunteered FR2 devices, as in the WF of the last meeting [4]:
	Issue 2-3-1: Devices provision for FR2 MIMO OTA Measurement Campaign
Agreements: 
· Further encourage companies to volunteer FR2 devices to test lab before measurement campaign is finished. It is suggested for companies to provide devices at least two weeks before April meeting starts.
Way forward: 
· Volunteer companies are encouraged to provide FR2 smartphones for Measurement Campaign for specifying performance requirements. Preferably the smartphones can be available at Apr. meeting. 
	Company Name
	How many FR2 devices can be provided
	To which volunteer lab(s) [pending on the lab alignment outcome]

	
	
	e.g., x to Lab A, y to Lab B

	
	
	

	
	
	






We should carefully treat the volunteered devices to avoid disclosing their performance data. Considering the small number of the FR2 devices to be tested, the mapping between volunteered devices and test labs should be hided. Volunteer companies can privately forward the FR2 devices to specific aligned labs. 
Proposal 8: To avoid disclosing the performance data of the volunteered FR2 devices, hide the mapping between volunteered devices and test labs. Volunteer companies can privately forward the FR2 devices to specific aligned labs. 
Proposal 9: Collect the information from volunteer companies and labs using separate tables: 
	Company Name
	How many FR2 devices are provided before/during RAN4#110bis
	Contact

	
	
	

	
	
	

	
	
	



	Lab Name
	How many FR2 devices can be received (the measurement data are expected to be submitted at RAN4#111, May 2024) 
	Contact

	
	
	

	
	
	

	
	
	



It was agreed to include the PAD measurement results into the data pool for specifying performance requirements, but how to process the PAD measurement results is still FSS [7]: 
	· To increase the number of measurement data, include the PAD measurement results from aligned labs into the data pool for specifying FR2 MIMO OTA performance requirements, if allowed by PAD providers. FFS how to process the PAD measurement results from aligned labs.


In our understanding, averaging approach can smooth out the differences of the measurement data from different labs due to measurement uncertainties, the averaged value is closer to the “real” performance of a PAD than any single measurement data from a specific lab. Thus, we propose to take the average values of PAD measurement results from aligned labs into the data pool. 
Proposal 10: Take the average values of PAD measurement results from aligned labs into the data pool for specifying FR2 MIMO OTA requirements. 
2.4 Recommended test tolerance (TT) for FR2 MIMO OTA
According to the WID [1], RAN4 should define recommended TT for FR2 MIMO OTA and provide the recommended TT to RAN5, RAN5 will decide the final TT. 
	4.2	Objective of Performance part WI
…
· Specify recommended test tolerance (TT) for FR2 MIMO OTA performance requirements.
…
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.




The TT for LTE MIMO OTA was defined as 0.5*MU [8] based on shared risk principle. For FR1 MIMO OTA, RAN4 defined the recommend TT as 0.6*MU in Rel-17 [9], while there was a proposal at the last RAN5 meeting to define a tighter TT as about 0.38*MU [10]. 
Since a wider pass/fail limit might to be adopted for FR2 MIMO OTA lab alignment, we propose to define the recommended TT as 0.5*preliminary MU budget.
[bookmark: _Hlk163489567]Proposal 11: Define the recommended TT for FR2 MIMO OTA as 0.5*preliminary MU budget, i.e., 2.525 dB for 26.5GHz≤f≤29.5GHz. 
3	Conclusion
In this paper, we share our views on the remaining open issues on FR2 MIMO OTA. 
Proposal 1: For FR2 MIMO OTA, confirm the maximum downlink RS-EPRE as -79.1dBm/120kHz. 
Proposal 2: For PC3 UE, confirm the additional criterion on the minimum number of test points where UE can meet 70% TP under the maximum downlink power condition as 18. 
Proposal 3: For PC1 UE, define the additional criterion on the minimum number of test points where UE can meet 70% TP under the maximum downlink power condition as 5. 
Proposal 4: RAN4 should decide whether to define another criterion for FR2 MIMO OTA on the minimum number of test points at 90% TP outage under the maximum downlink power condition.
Proposal 5: Encourage volunteer labs to also provide FR2 MIMO OTA measurement results at 90% TP outage (including sensitivity values at each test points and the number of test points where DUT fails to reach 90% TP) when submitting Lab alignment activity/Measurement campaign results.   
Proposal 6: For FR2 MIMO OTA lab alignment activity, apparent outliers (if identified) should not be considered in the average process for deriving reference values. The PAD measurement result deviates over [1.5]*preliminary MU (i.e., 7.575 dB for band n261) from all the other labs’ results should be identified as apparent outlier.
Observation 1: Compared with FR1 MIMO OTA, FR2 MIMO OTA measurement results are more likely to be affected by differences among different test systems, e.g., fixtures, precisions of DUT positioning, range lengths of 3D-MPAC systems, etc.
Proposal 7: Define the pass/fail limit for FR2 MIMO OTA lab alignment as ±[0.75-1]*preliminary MU, i.e., ± [3.79-5.05] dB. 
Proposal 8: To avoid disclosing the performance data of the volunteered FR2 devices, hide the mapping between volunteered devices and test labs. Volunteer companies can privately forward the FR2 devices to specific aligned labs. 
Proposal 9: Collect the information from volunteer companies and labs using separate tables: 
	Company Name
	How many FR2 devices are provided before/during RAN4#110bis
	Contact

	
	
	

	
	
	

	
	
	



	Lab Name
	How many FR2 devices can be received (the measurement data are expected to be submitted at RAN4#111, May 2024) 
	Contact

	
	
	

	
	
	

	
	
	


Proposal 10: Take the average values of PAD measurement results from aligned labs into the data pool for specifying FR2 MIMO OTA requirements. 
Proposal 11: Define the recommended TT for FR2 MIMO OTA as 0.5*preliminary MU budget, i.e., 2.525 dB for 26.5GHz≤f≤29.5GHz. 
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