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Introduction
This document contains meeting minutes and agreements reached during an ad-hoc meeting for Rel-18 MIMO OTA enhancement WI, chaired by Xuan Yi (CAICT). 
Topic #1: FR1 MIMO OTA
Sub-topic 1-1 FR1 MIMO OTA requirements related work
Issue 1-1-1: Volunteer labs and PAD delivery scheme for FR1 lab alignment activity
Background: At the last meeting, the following volunteer labs are confirmed for Rel-18 FR1 MIMO OTA lab alignment:
	Volunteer lab
	City
	Contact

	Apple
	Cupertino, California, USA
	Istvan Szini, Istvan@apple.com 

	CAICT
	Beijing, China
	Xuan Yi, yixuan@caict.ac.cn 

	CMCC&BUPT joint lab
	Beijing, China
	Yichen Zhao, zhaoyichen@cmdc.chinamobile.com 
Xiaohang Yang, yangxiaohang@caict.ac.cn 


	MediaTek
	Beijing, China
	Shuang Zhang, Allen.zhang@mediatek.com

	Xiaomi
	Beijing, China
	Shengxiang Guo, guoshengxiang@xiaomi.com 

	Huawei
	Shanghai, China
	Li Jinxing, lijinxing3@huawei.com;
Hai Zhou, hai.zhou1@huawei.com



At this meeting, Huawei (R4-2311059) indicates that it is not able to participate in the lab alignment activity for bands under 1 GHz. OPPO (R4-2312925, late contribution) submits the channel model validation results and proposes to be added as a volunteer lab. Although it is a late contribution, Moderator deems it’s better to treat it at this meeting (before the start of the lab alignment activity). 
· Proposals: 
· [bookmark: _Hlk143104101]Proposal 1: Update volunteer labs for Rel-18 FR1 MIMO OTA lab alignment as below: 
	Volunteer lab
	City
	Contact

	Apple
	Cupertino, California, USA
	Istvan Szini, Istvan@apple.com 

	CAICT
	Beijing, China
	Xuan Yi, yixuan@caict.ac.cn 

	CMCC&BUPT joint lab
	Beijing, China
	Yichen Zhao, zhaoyichen@cmdc.chinamobile.com 
Xiaohang Yang, yangxiaohang@caict.ac.cn 


	MediaTek
	Beijing, China
	Shuang Zhang, Allen.zhang@mediatek.com

	Xiaomi
	Beijing, China
	Shengxiang Guo, guoshengxiang@xiaomi.com 

	Huawei
	Shanghai, China
	Li Jinxing, lijinxing3@huawei.com;
Hai Zhou, hai.zhou1@huawei.com

	OPPO
	Dongguan, China
	Qifei Liu, liuqifei@oppo.com



· Proposal 2: Adjust the PAD delivery scheme accordingly as below: 
· Labs in Beijing -> The Lab in Shanghai Dongguan -> (transfer the PADs at Oct RAN4) -> Labs outside Asia
· Note: The PADs can be tested in different labs located in the same country in parallel during the same period. 
· Recommended WF
·  Agree on the proposals

Discussions: 

Agreements:
Proposals 1 and 2 are agreed. 

Issue 1-1-2: Channel model validation results submission
· Observation: Some labs have submitted complete or part of FR1 MIMO OTA channel model validation results at band n28, which are summarized as below: 
· CAICT (R4-2301048, R4-2312538): PDP, Doppler, Special correlation, Cross-polarization, Power validation
· MediaTek (R4-2307506, R4-2311064): Doppler, Special correlation, Cross-polarization, Power validation
· Apple (R4-2311754): PDP, Doppler, Special correlation, Cross-polarization, Power validation
· Xiaomi (R4-2312899): PDP, Doppler, Special correlation, Cross-polarization, Power validation
· CMCC&BUPT (R4-2312356): PDP, Doppler, Special correlation, Cross-polarization (Power validation results have been added in the revision of R4-2312356)
· OPPO (R4-2312925): PDP, Doppler, Special correlation, Cross-polarization, Power validation
Discussion:
MVG: Labs should provide details on CE models and test procedures. 

Issue 1-1-3: PADs for FR1 lab alignment activity
Moderator has received some updates from the PAD providers before the meeting. 
· Proposals
· Confirm the PADs for FR1 MIMO OTA lab alignment. The information collection form can be updated during this meeting. 
	Provider
	How many PADs 
	Supported FR1 bands
	PAD current location
	When will the PAD(s) be ready

	vivo
	1
	n28, others
	Dongguan, China
	[Late August]

	Xiaomi
	2
	n28, others
	Beijing, China
	[Late August]

	TBA
	
	
	
	


· Recommended WF
· PAD providers can provide and confirm the information before/during this meeting.
· Capture confirmed information in WF.

Issue 1-1-4: Minimum amount of data per band for deriving FR1 performance requirements
Moderator: Collect information from volunteer labs on the minimum number of data they can submit, to check if it is feasible to increase the number to 20. 
· Proposals: 
· Option 1: Increase the minimum number of devices for each band to 20.
· Option 2: Keep the previous agreement, i.e., 15.
· Others
· Recommended WF
· The minimum number can be [15-20]. Make the decision based on the feedback from volunteer labs and the discussion outcome of Issue 1-1-5.  

Discussions: 
Apple: Ok with 20
OPPO: support O1. The recommended WF is acceptable. 
Samsung: support the recommended WF. Prefer 20. 

Agreements:
· The minimum number can be [15-20], 20 is preferred. Make the decision based on the feedback from volunteer labs and the discussion outcome of Issue 1-1-5. 

Issue 1-1-5: Whether/how to down-select the bands for specifying FR1 performance requirements
[bookmark: OLE_LINK3]Moderator: Suggest collecting operators’ opinions at the online session. 
· Proposals: 
· [bookmark: OLE_LINK4]Proposal 1: Specify the TRMS requirement for no more than three bands out of the candidate bands, i.e., n1, n5, n8, n28, n77. (OPPO)
· Others
· Recommended WF
· Down select the target bands based on operators’ demand. 

Discussions: 
Apple: Not to down select without the demands from operators. 
Samsung: Only one low band is enough. With less bands, we can have more data per band. 
OPPO: Operators may not have agreements. 
Apple: We can down select one band between n5 and n8. 
Samsung: Now we can down select. If we can not achieve agreements now, we can check it at online session. Select one band from n5, n8, n28. Prefer n28.
OPPO: Support Samsung. 

Tentative agreement:
· Down select one band from n5, n8, n28. 

Sub-topic 1-2 FR1 MIMO OTA test with Hand phantoms
Issue 1-2-1: Necessity of FR1 MIMO OTA test with hand phantoms
· [bookmark: OLE_LINK5]Observations (CAICT): 
· Observation 1: At band n78, the rankings of 12 UEs by TRMS, TRS_hand, and MIMO_hand are not totally aligned. 
· Observation 2: At band n41, the rankings of 6 UEs by TRMS, TRS_hand, and MIMO_hand are almost the same. 
· Observation 3: At band n1, the rankings of 6 UEs by TRMS and MIMO_hand are the same, but are different from the ranking by TRS_hand. 
· Observation 4: At band n28, the rankings of 11 UEs by TRMS, TRS_hand, and MIMO_hand are obviously misaligned. Such misalignment is more pronounced at band n28 (780.5MHz) that that at higher bands (> 2GHz).
· Observation 5: Based on Observations 1~4, it can be concluded that MIMO OTA performance in browsing mode cannot be fully reflected by MIMO OTA performance in free space and TRS with hand phantoms, especially at frequencies < 1GHz.
· Proposals
· Option 1: Confirm the necessity of FR1 MIMO OTA with hand phantoms. (CAICT, OPPO)
· Others
· Recommended WF
· TBA

Discussions: 
Vivo: The trend of rankings is similar. We are not convinced with the necessity. 
Keysight: Similar views with vivo. The previous agreement is to check operators’ feedback. One operator did provided feedback at the last meeting. 
Samsung: We didn’t see any convinced reasons. 
OPPO: Based on the measurement results, the necessity should be confirmed. 


Issue 1-2-2: Feasibility of FR1 MIMO OTA test with hand phantoms
Background: Similar proposals have been discussed at the last meeting. The following options have been summarized in the Ad-hoc minutes of the last meeting (R4-2309751):
	Summarized Options during ad-hoc meeting:
Option 1: Test DMP condition only, consider offsetting the phone and phantom to fully enclose both within the 20 cm QZ. FFS the offsets.
Option 2: Both DMP and DMSU shall be tested. Enlarge the QZ size from 20cm to 30cm. This option will cause a new channel model validation and a new lab alignment.



· Observations (Keysight): 
· Observation 1: Only the 30 cm QZ/test zone has been defined for OTA testing with phantoms for smartphone devices in 3GPP and CTIA.
· Observation 2: The larger smartphones can typically fit inside the 20 cm QZ regardless of test condition, i.e., FS, DMP, DMSU
· Observation 3: Using the default DUT positioning approach, the hand phantom cannot be fully contained within the 20 cm QZ but can be fully contained within the 30 cm QZ.
· Observation 4: The hand phantom and smartphone can generally be fully contained within the 20 cm QZ in the DMP condition by offsetting the device and phantom and thus not aligning the centre of the coordinate system with the geometric centre of the DUT (default DUT positioning approach).
· Observation 5: The hand phantom and smartphone cannot be fully contained with the 20 cm QZ in the DMSU condition regardless of offsets.
· Proposals
· Proposal 1: Conclude on the test condition requirement, such as DMP, DMSU and so on, before further discussing the feasibility issue. (OPPO)
· Proposal 2: The hand phantom (excluding adapters and fixtures) and smartphone shall be fully contained within the QZ. (Keysight)
· Proposal 3: For the DMP condition only, consider offsetting the phone and phantom in z to fully enclose both within the 20 cm QZ. (Keysight)
· Proposal 4: Adjust the WID to augment the existing 20 cm QZ/test zone with a 30 cm QZ if phantoms are considered for NR FR1 MIMO OTA testing in DMP and DMSU conditions. (Keysight)
· Proposal 5: In the absence of introducing another QZ/test zone, do not consider phantoms for NR FR1 MIMO OTA testing in DMP and DMSU conditions. (Keysight)
· Recommended WF
· TBA

Discussions: 
Apple: Support O2. 
Keysight: 
Vivo: 20cm is not sufficient. Whether to study in a future release depends on RAN-P decision. 
Samsung: agree with vivo. No need to further study the necessity and feasibility. 

Agreements:
It’s not feasible to specify FR1 MIMO OTA test methodology with hand phantom in Rel-18. 

Issue 1-2-3 How to treat the study on FR1 MIMO OTA test with Hand phantoms in RAN4?
· Proposals
· Proposal 1: leave MIMO OTA tests with hand phantom to a future work item. (Huawei)
· Proposal 2: If Proposal 1 is agreed, further discussions on FR1 MIMO OTA test with hand phantoms should be allowed in Rel-18. Common observations can be captured as discussion outcomes for information. (Moderator)
· Recommended WF
· TBA

Discussions: 
Vivo: It’s time to make the decision. The discussion can be allowed. Companies can share more results.
Keysight: Revise P2 by adding “informational”. 
Vivo: The precondition of P2 is to make decision on this meeting. 
Keysight: without agreement on the necessity, not to capture the aspects of this topic into a TR. 
Apple: Can we agree on a 30cm QZ is required? 
Samsung: Propose to remove the second sentence of P2. 
Keysight: 
Apple: 

Agreements:
Further informational discussions on FR1 MIMO OTA test with hand phantoms should be allowed in Rel-18.

Topic #2: FR2 MIMO OTA
Sub-topic 2-1 Framework for FR2 MIMO OTA
Issue 2-1-1: Simulation activities for FR2 MIMO OTA
· Proposals (OPPO)
· Proposal 1: The following key issues should be concluded before the simulation platform validation starts.
· How to obtain the FR2 antenna system radiation patterns
· Whether and how to consider the difference on the UE baseband capability
· How much gap between simulation and measurement is allowed
· Proposal 2: Confirmation from PAD providers is need that whether the antenna system radiation patterns can be provided for simulation platform validation.
· Proposal 3: If the above key issues in Proposal 1 are not concluded before RAN4 #109 meeting, down-selection can be made that the pure measurement approach is adopted for FR2 measurement campaign.
· Recommended WF
· TBA
Discussions: 
Qualcomm: Generally agree with the proposals. Ok to drop the simulation approach. 
Samsung: Negative to provide antenna system radiation patterns of PAD
Keysight: Not be able to provide antenna system radiation patterns PADs
OPPO: 

Observation: Based on the feedback from PADs providers, antenna system radiation patterns cannot be provided. 
Tentative Agreements:
· Down-selection can be made that the pure measurement approach is adopted for FR2 measurement campaign.

Issue 2-1-2: How to process the PAD measurement results to be included into FR2 MIMO OTA data pool
· Proposals
· Option 1: Adopt the approach proposed in R4-2312510 (Samsung)
· Proposal 1: include all PAD measurement results from aligned labs into the data pool for specifying FR2 MIMO OTA performance requirements 
· Proposal 2: each data from performance campaign can be repeatedly used into the data pool in order to balance Proposal 1.
· For example, {a1, a2, a3, a4, a5} are one PAD measurement results from aligned labs from lab alignment campaign, {b, c, d, e, f, g} are measurement results from performance campaign from all labs. Then the data pool would be {a1, a2, a3, a4, a5, b, b, b, b, b, c, c, c, c, c, d, d, d, d, d, e, e, e, e, e, f, f, f, f, f, g, g, g, g, g}
· Option 2: Include the average of PAD measurement results from aligned labs into the data pool. (Moderator)
· Others
· Recommended WF
· Option 2

Discussions: 
Samsung: Cannot agree to O2. Due to MU, the deviation among PAD results from different labs may be very large. 
Qualcomm: Agree with O2. It’s the typical way. 
CAICT: MU will be considered into Test tolerance 
Samsung: The deviation among PAD results from different labs is another issue. 

Agreements:
FFS how to process the PAD measurement results to be included into FR2 MIMO OTA data pool.  

Sub-topic 2-2 FR2 MIMO OTA lab alignment activity
Issue 2-2-1: PAD delivery scheme and time plan
Moderator: All the 5 volunteer labs have reached agreement on the proposals before the meeting. 
· Proposals (CAICT, CMCC, Huawei, HiSilicon)
· Proposal 1: Adjust the PAD delivery scheme for FR2 MIMO OTA lab alignment activity as below:
· Keysight’s two PADs and Samsung’s one PAD: Huawei -> CMCC -> CAICT -> (transfer the PADs at Oct or Nov RAN4) -> Apple -> ETS-Lindgren -> Return to Keysight and Samsung
· Note: The PADs can be tested in different labs located in the same country in parallel during the same period. 
· Huawei’s one PAD: (transfer the PAD at Aug RAN4) -> Apple -> ETS-Lindgren -> (transfer the PAD at Oct or Nov RAN4) -> CAICT -> CMCC -> Huawei
· Proposal 2: Adjust the time plan for FR2 MIMO OTA lab alignment activity as below: 
· Collect all lab alignment measurement results from lab volunteers based on the contribution-driven manner in RAN4#109-bis (Jan 2024). Conclude the lab alignment outcome in RAN4#109-bis. Measurement Campaign can start after RAN4#109-bis immediately, if ≥ 3 labs are aligned.  (Lab volunteers that fail to complete PAD measurement and/or reach alignment at RAN4#109-bis, if any, can have a chance to submit the PAD measurement results to RAN4#110 (Feb 2024) and be confirmed as aligned labs.)  
· Recommended WF
· Agree on the proposals 

Discussions: 
Keysight: It would be helpful to share some info on what happened

Agreements:
· Proposal 1: Adjust the PAD delivery scheme for FR2 MIMO OTA lab alignment activity as below:
· Keysight’s two PADs and Samsung’s one PAD: Huawei -> CMCC -> CAICT -> (transfer the PADs at Oct or Nov RAN4) -> Apple -> ETS-Lindgren -> Return to Keysight and Samsung
· Note: The PADs can be tested in different labs located in the same country in parallel during the same period. 
· Huawei’s one PAD: (transfer the PAD at Aug RAN4) -> Apple -> ETS-Lindgren -> (transfer the PAD at Oct or Nov RAN4) -> CAICT -> CMCC -> Huawei
· Proposal 2: Adjust the time plan for FR2 MIMO OTA lab alignment activity as below: 
· Collect all lab alignment measurement results from lab volunteers based on the contribution-driven manner in RAN4#109-bis (Jan 2024). Conclude the lab alignment outcome in RAN4#109-bis. Measurement Campaign can start after RAN4#109-bis immediately, if ≥ 3 labs are aligned.  (Lab volunteers that fail to complete PAD measurement and/or reach alignment at RAN4#109-bis, if any, can have a chance to submit the PAD measurement results to RAN4#110 (Feb 2024) and be confirmed as aligned labs.)  

Issue 2-2-2: Channel model validation results submission
· Observation: All the volunteer labs have submitted complete or part of FR2 MIMO OTA channel model validation results at band n261/28GHz, which are summarized as below: 
· Apple (R4-2300354): PDP, Doppler, PSP, Cross-polarization, Power validation
· Huawei (R4-2213190, R4-2313220): PDP, Doppler, PSP, Cross-polarization, Power validation
· CMCC (R4-2212323): PDP, Doppler, PSP, Cross-polarization
· ETS-Lindgren (R4-2311276):  PDP, Doppler, PSP, Cross-polarization
· CAICT (R4-2312536): PDP, Cross-polarization
· Proposal 1: 
· CAICT respectfully requests the opportunity to submit the remaining part of channel model validation results after RAN4#108, and then participate in the FR2 MIMO OTA lab alignment.
· Recommended WF
· TBA

Discussions: 
Keysight: Most labs only submitted cross-pol results for Input 1+2, or lack of such info. 

Agreements:
Proposal 1 is agreed. 

Topic #3: Rel-17 MIMO OTA maintenance
Sub-topic 3-1 FR1 MIMO OTA performance metrics
[bookmark: OLE_LINK2]Issue 3-1: Proposals on FR1 MIMO OTA performance metrics
Reference: the current substitution approach in TS 38.151:
	
	
where


[bookmark: _Hlk63319011]If 1 azimuth position does not result in a defined measured sensitivity at 70% throughput, SMODE,70 is calculated using the 11 measured sensitivities and the maximum downlink RS-EPRE PRS-EPRE-MAX (substitution approach) for the one missing result. PRS-EPRE-MAX is the maximum downlink RS-EPRE supported by the test system, and is defined as -80dBm/15kHz (or equivalent -77dBm/30kHz) for FR1 MIMO OTA.



· Proposals
· Option 1 (OPPO): Replace the substitution approach with the reciprocal average of the 11 test points as below. 

· Option 2 (Moderator):  Keep the substitution approach as it is in TS 38.151.
· Recommended WF
· Option 2
· The corresponding CR (R4-2312928) is pending on discussion outcomes. 

Discussions: 

Agreements:
Option 2 is agreed. 


Sub-topic 3-2 FR2 MIMO OTA channel model validation
[bookmark: OLE_LINK1]Issue 3-2-1: FR2 power validation pass/fail limit
Moderator: Suggest checking with system integrators and CE venders. 
· Proposals
· Proposal 1 (Huawei): Define a value greater than 1.5 dB as FR2 power validation pass/fail limit, e.g. +/- 2dB.
· Others
· Recommended WF
· Define the pass/fail limit based on more technical analysis and measurement results. 
· The corresponding CR (R4-2313227) is pending on discussion outcomes. 

Discussions: 
Keysight: Did not see any technical justification. Keep it open. 
[bookmark: OLE_LINK6]ETS: Should be aligned with Cro-pol pass/fail limits. 
MVG: It easy to figure out power validation pass/fail limits. 

Agreements:
Further discuss the pass/fail limit of FR2 power validation. 
Inputs from system integrators and CE venders are encouraged. 

[bookmark: _Hlk143533742]Issue 3-2-2: Is the CR (R4-2313799) on FR2 CM Validation Corrections cross-polarization and power validation agreeable?
Moderator: Revisions of R4-2313799 have been uploaded by the source company. 
· Recommended WF
· TBA

Agreements:
The revision of R4-2313799 is agreeable. 

Issue 3-2-3: Is the CR (R4-2313260) on Test methodology for FR2 channel model power validation agreeable?
· Recommended WF
· TBA

Agreements:
Revise the wording and fix the cover page issue. 

Sub-topic 3-3 Editorial updates on TS 38.151
Issue 3-3: Is the CR (R4-2313575) on Definitions of terms agreeable?
· Recommended WF
· TBA

Agreements:
R4-2313575 is agreeable. 
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