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Introduction
This is the meeting minutes of Ad-hoc discussions for Rel-18 NR_MIMO_OTA_enh WI, chaired by Xuan Yi (CAICT). 
Topic #1: FR1 MIMO OTA
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404202
	Huawei, HiSilicon
	Test tolerance for MIMO OTA FR1
Proposal 1: consider the following options for MIMO OTA NR FR1 test tolerance value:
Option 1: lab alignment pass/fail limit
Option 2: the worst-case deviation in lab alignment tests

	R4-2405467
	CAICT, SAICT
	On test tolerance for FR1 MIMO OTA
[bookmark: _Hlk163489567]Proposal 1: Define the recommended TT for FR1 MIMO OTA based on the Rel-17 RAN4 agreement (0.6*MU), i.e., 1.57 for bands ≤ 3 GHz and 1.59 for bands＞3 GHz.  

	R4-2404217
	MediaTek Beijing Inc.
	On MIMO OTA low band lab alignment activity
Proposal 1: Calculate reference value by Option 1 (the reference value should consider all PAD results which are not identified as apparent outliers.).
Observation 1: Lab 3 can be certificated as the aligned lab based on both option 1 and option 2.
Proposal 2: Confirm Lab 3 as the aligned lab in low-band lab alignment activity.

	R4-2404218
	MediaTek Beijing Inc.
	Re-submission of measurement results for low band alignment activity

	R4-2405466
	CAICT
	Summary of 3GPP Rel-18 FR1 MIMO OTA lab alignment results
Observation 1: All 6 volunteer labs have submitted measurement results for the Rel-18 FR1 MIMO OTA lab alignment activity, no outlier value is identified. 
Observation 2: As agreed, the reference value is derived by the linear average (in dB) of the measurement results submitted by all labs. The maximum deviation between measurement results and reference values is -1.9 dB.
Observation 3: The maximum deviation between measurement results and reference values is within the agreed pass/fail limit, +/- 0.75*MU (1.96 dB). All 6 labs with the valid measurement results are well aligned at band n28. 
Observation 4: 3GPP Rel-18 FR1 MIMO OTA lab alignment activity can be successfully concluded with all 6 volunteer labs (Apple, CAICT, CMCC&BUPT, MediaTek, Xiaomi, OPPO) well aligned at band n28.

	R4-2405468
	CAICT
	Updated Framework and time plan for FR1 MIMO OTA performance requirements development (Apr 2024)
Proposal 1: Approve the updated framework and time plan in Section 3 of this contribution for FR1 MIMO OTA performance requirements development.

	R4-2405313
	CMCC, BUPT
	CMCC&BUPT joint lab FR1 channel validation results for n1 CDL-C Uma
Observation 1: CMCC&BUPT lab has completed the FR1 channel model validation for n1 CDL-C UMa and n5(n8) frequency, including PDP, TC, SC, V/H ratio and power validation, it can be observed that the measurement results match well with the reference ones, meeting the pass/fail limits requirements.

	R4-2404556 (revised before meeting)
	Xiaomi
	Test result for FR1 performance requirement

	R4-2405311
	CMCC, BUPT
	CMCC&BUPT joint lab n28 measurement results for FR1 MIMO OTA measurement campaign

	R4-2405462 (revised before meeting)
	CAICT
	Measurement data for Rel-18 FR1 MIMO OTA performance requirements

	R4-2405175 (reserved)
	OPPO
	3GPP Rel-18 FR1 MIMO OTA Measurement Campaign-OPPO

	R4-2405465 (reserved; Draft was uploaded before meeting)
	CAICT
	Analysis of 3GPP Rel-18 FR1 MIMO OTA measurement campaign
Observation 1: A proportion of the DUTs failed to meet the additional criteria for FR1 MIMO OTA test at bands < 1GHz. For band n28, ten of total 24 DUTs (~41.7%) failed the test; for band n5, two of total 12 DUTs (~16.7%) failed. In contrast, no DUT failed at bands n1; no DUT failed at bands n41 and n78 during Rel-17 FR1 MIMO OTA measurement campaign. 
Proposal 1: Reconsider and relax the additional criteria of FR1 MIMO OTA for bands < 1GHz. The following options can 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. Whether test systems can support the increased PRS-EPRE-MAX should be checked.
· Option 2: Relax the number of test orientations where DUT cannot reach 70%/90% TP under -80dBm/15kHz PRS-EPRE-MAX condition. 
· Option 3: Combinations of the above two options. 
Proposal 2: Decide whether the measurement data from the DUTs that failed the test can be included into the data pool for specifying performance requirements. 
Proposal 3: Take Table 2 into account when discussing FR1 MIMO OTA performance requirements. 
Proposal 4: To gather the test efforts, encourage volunteer labs to provide more measurement data for n1 and n5 at the next meeting. (To meet the threshold, we need at least 3 more for n5, and 4 more for n1.)



Open issues summary
Sub-topic 1-1 FR1 MIMO OTA lab alignment
Background: As agreed at the last meeting (WF R4-2402876), the lab alignment is targeted to be concluded at this meeting: 
	Issue 1-3-3: Outcome of the 1st round Rel-18 FR1 MIMO OTA lab alignment
Agreement:
· Based on the analysis in R4-2400033, the 1st round Rel-18 FR1 MIMO OTA lab alignment is concluded with the following outcome: 
· 5 labs are aligned in the 1st round.
· The remaining lab can resubmit the PAD measurement result at the next meeting and be confirmed as an aligned lab, without affecting the conclusion that the 5 labs are aligned. 



Issue 1-1-1: Reference value of Rel-18 FR1 MIMO OTA lab alignment
· Proposals
· Proposal 1 (MediaTek): Calculate the reference value based on all PAD results which are not identified as apparent outliers. (Moderator: This means the resubmitted result will be included in the averaging process.)
· Recommended WF
· Agree to P1. This issue is expected to be non-controversial (the alignment of all 6 labs would not be affected). 

Ad-hoc agreement: 
Calculate the reference value based on all PAD results which are not identified as apparent outliers.

Issue 1-1-2: Outcome of Rel-18 FR1 MIMO OTA lab alignment
Rel-18 FR1 MIMO OTA lab alignment results is summarized in R4-2405466, also shown in Table 1-1 and Figs. 1-1~1-2 as below. The reference values are calculated as Proposal 1 in Issue 1-1-1. 
Table 1-1. Summary of the Rel-18 FR1 MIMO OTA lab alignment results
	Device
	Band
	TRMS measurement result [dBm/15kHz]
	Average
approach
	Average
value
	Max-Min
deviation

	
	
	Lab 1
	Lab 2
	Lab 3
	Lab 4
	Lab 5
	Lab 6
	
	
	

	PAD_1
	n28
	-89.34
	-90.12
	-90.43
	-88.26
	-89.22
	-91.75
	Linear
average
	-89.85
	3.49

	PAD_2
	n28
	-86.46
	-87.93
	-87.91
	-85.50
	-85.86
	-87.74
	
	-86.90
	2.43

	PAD_3
	n28
	-86.26
	-89.34
	-89.23
	-86.19
	-86.49
	-88.36
	
	-87.65
	3.15

	Device
	Band
	TRMS offset [dBm/15kHz]
	Pass/fail limit

	
	
	Lab 1
	Lab 2
	Lab 3
	Lab 4
	Lab 5
	Lab 6
	

	PAD_1
	n28
	0.52
	-0.27
	-0.58
	1.59
	0.63
	-1.90
	+/- 0.75 MU, i.e., +/- 1.96 dB

	PAD_2
	n28
	0.44
	-1.03
	-1.01
	1.40
	1.04
	-0.84
	

	PAD_3
	n28
	1.38
	-1.69
	-1.59
	1.46
	1.15
	-0.71
	

	Lab alignment conclusion
	Pass
	Pass
	Pass
	Pass
	Pass
	Pass
	




Fig. 1-1  TRMS measurement results from 6 labs

Fig. 1-2  Deviations between TRMS measurement results from each lab and reference values

· Proposals
· Proposal 1 (Moderator, MediaTek): Based on the measurement results and the agreed pass/fail limits, RAN4 successfully concludes Rel-18 FR1 MIMO OTA lab alignment activity with the following outcome: 
· All 6 volunteer labs (Apple, CAICT, CMCC&BUPT, MediaTek, Xiaomi, OPPO) are aligned at band n28. 
· Recommended WF
· Agree to P1. This issue is expected to be non-controversial. 

Ad-hoc agreement: 
· Based on the measurement results and the agreed pass/fail limits, RAN4 successfully concludes Rel-18 FR1 MIMO OTA lab alignment activity with the following outcome: 
· All 6 volunteer labs (Apple, CAICT, CMCC&BUPT, MediaTek, Xiaomi, OPPO) are aligned at band n28. 

Sub-topic 1-2 FR1 MIMO OTA performance work 
R4-2405465 provides an analysis of currently available measurement campaign results for specifying performance requirements.
Issue 1-2-1: Additional criteria of FR1 MIMO OTA for bands < 1GHz
Moderator’s note: According to the test plan TS 38.151, DUTs shall meet the additional criteria as below, otherwise, the DUTs fail the FR1 MIMO OTA test: 
	[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.



Observation in R4-2405465: A proportion of the DUTs failed to meet the additional criteria for FR1 MIMO OTA test at bands < 1GHz.
Table 1. Summary of the amount of DUTs
	Band
	n28 (780.5MHz)
	n5 (881.5MHz)
	n1 (2140MHz)

	Total amount of DUTs
	24
	12
	11

	Amount of DUTs that failed the test
	10
	2
	0

	Proportion of DUTs that failed the test
	41.7%
	16.7%
	0



· Proposals
· Proposal 1 (CAICT): Reconsider and relax the additional criteria of FR1 MIMO OTA for bands < 1GHz. The following options can 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. Whether test systems can support the increased PRS-EPRE-MAX should be checked.
· Option 2: Relax the number of test orientations where DUT cannot reach 70%/90% TP under -80dBm/15kHz PRS-EPRE-MAX condition. 
· Option 3: Combinations of the above two options.
· Other proposals are not precluded
· Recommended WF
· Companies are invited to share views. 

Ad-hoc discussion: 
Apple: Any measurement results validate Option 1 can work?
CAICT: Also need to check if test systems can support the increased mac power condition. 
Apple: Need feedback from system integrators, there are some dynamic range limitations. 
Samsung: If no feedback, we will preclude many results, it would be not acceptable. 
Apple: 40% devices fail the test so it should be something wrong with the test. 
OPPO: Alternative option: remove the additional criteria on 90%TP. 

Ad-hoc tentative agreement: 
· Reconsider and relax 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. Whether test systems can support the increased PRS-EPRE-MAX should be checked.
· Option 2: remove the additional criteria on 90%TP. 
· Combinations of Options 1 and 2. 
· Check the feasibility of Option 1. Feedback from test labs/system integrators is needed. 

Issue 1-2-2: Whether the measurement data from the “failed” DUTs can be included
· Proposals (CAICT)
· Whether the measurement data from the DUTs that failed the test can be included into the data pool for specifying performance requirements.
· Option 1: Yes
· Option 2: No
· Recommended WF
· Companies are invited to share views. 

Ad-hoc discussion: 
CAICT: The data from failed DUTs should be excluded because the performance requirements are for the UEs that doesn’t fail the test. The additional criteria are under discussion. 
Samsung: Need to confirm the additional criteria first. 

Ad-hoc agreement: 

Issue 1-2-3: FR1 MIMO OTA performance requirements development
Moderator: If excluding the fail data from the data pool, the CDF results are as below: 
	TRMS70 CDF analysis results [dBm/15] - Excluding fail data

	Percentile
	n28
	n5

	80%-tile
	-87.74 
	-90.47 

	85%-tile
	-86.92 
	-90.33 

	90%-tile
	-86.13 
	-90.06 

	95%-tile
	-85.59 
	-89.32 

	Total amount of samples
	14
	10



· Proposals
· Proposal 1 (CAICT): Take the following Table into account when discussing FR1 MIMO OTA performance requirements. 
Table 2. Summary of CDF analysis results of currently available data [dBm/15 or 30 kHz]
	Percentile
	n28 TRMS70
	n5 TRMS70
	n1 TRMS70

	80%-tile
	-85.53 
	-88.91 
	-98.80 

	85%-tile
	-84.83 
	-88.37 
	-98.03 

	90%-tile
	-84.44 
	-88.03 
	-97.26 

	95%-tile
	-83.32 
	-87.88 
	-97.15 

	Total amount of samples
(Threshold: 15) 
	24
	12
	11



· Proposal 2 (CAICT): To gather the test efforts, encourage volunteer labs to provide more measurement data for n1 and n5 at the next meeting. (To meet the threshold, we need at least 3 more for n5, and 4 more for n1.)
· Recommended WF
· Companies are invited to share views. 

[bookmark: OLE_LINK2]Ad-hoc discussion: 

Ad-hoc agreement: 
· To gather the test efforts, encourage volunteer labs to provide more measurement data for n1 and n5 at the next meeting. (To meet the threshold, we need at least 3 more for n5, and 4 more for n1.)


Issue 1-2-4: Framework for FR1 MIMO OTA performance work
· Proposals
· Proposal 1 (CAICT): Approve the updated framework in R4-2405468. 
· Recommended WF
· The framework can be further updated based on the discussion outcome achieved during this meeting. 

Sub-topic 1-3 FR1 MIMO OTA Test tolerance 
 Issue 1-3: Test tolerance for FR1 MIMO OTA
Moderator’s note: In the Rel-17 NR MIMO OTA WI, it was agreed to define 0.6*MU as the TT for FR1 MIMO OTA (in WF R4-2214360). 
· Consider the following Options:
· Option 1 (CAICT): 0.6*MU based on the Rel-17 RAN4 agreement, i.e., 1.57 for bands ≤ 3 GHz and 1.59 for bands＞3 GHz
· Option 2 (Huawei): lab alignment pass/fail limit (0.75*MU)
· Option 3 (Huawei): the worst-case deviation in lab alignment tests
· Recommended WF
· It is recommended to stick to the Rel-17 agreement (0.6*MU).

Ad-hoc discussion: 

Ad-hoc agreement: 
0.6*MU based on the Rel-17 RAN4 agreement, i.e., 1.57 for bands ≤ 3 GHz and 1.59 for bands＞3 GHz.

Sub-topic 1-4 FR1 MIMO OTA channel model validation results (for information)
At this meeting, CMCC&BUPT joint lab submitted more channel model validation results in R4-2405313. Moderator summarized the status of channel model validation in each volunteer lab for easy tracking. 
For bands <1GHz, the current status of each Rel-18 volunteer lab is as below:
	Lab
	Band
	PDP
	Doppler
	Spatial correlation
	V/H
	Power validation

	Apple
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	√
	√
	√
	√
	√ *

	CAICT
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	√
	√
	√
	√
	n5: √
n8: NA

	CMCC&BUPT
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	√
	√
	√
	√
	√

	MediaTek
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	√
	√
	√
	√
	√

	Xiaomi
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	√
	√
	√
	√
	√

	OPPO
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	NA
	NA
	NA
	NA
	NA

	*Moderator’s note: According to TS 38.151 Table C.3.1-2, power validation should be conducted at the center frequency of each, i.e., 881.5MHz for band n5, 942.5MHz for n8.



For bands <1GHz, the current status of each Rel-17 aligned lab is as below:
	Lab
	Band and
Channel model 
	PDP
	Doppler
	Spatial correlation
	V/H
	Power validation

	Apple
	n1 CDL-C UMi
	√
	√
	√
	√
	√ *

	
	n1 CDL-C UMa
	NA
	NA
	NA
	NA
	NA

	CAICT
	n1 CDL-C UMi
	√
	√
	√
	√
	√

	
	n1 CDL-C UMa
	√
	√
	√
	√
	√

	CMCC&BUPT
	n1 CDL-C UMi
	√
	√
	√
	√
	√

	
	n1 CDL-C UMa
	√
	√
	√
	√
	√

	Huawei
	n1 CDL-C UMi
	NA
	NA
	NA
	NA
	NA

	
	n1 CDL-C UMa
	NA
	NA
	NA
	NA
	NA

	MediaTek
	n1 CDL-C UMi
	√
	√
	√
	√
	√

	
	n1 CDL-C UMa
	NA
	NA
	NA
	NA
	NA

	Xiaomi
	n1 CDL-C UMi
	√
	√
	√
	√
	√

	
	n1 CDL-C UMa
	NA
	NA
	NA
	NA
	NA

	*Moderator’s note: According to TS 38.151 Table C.3.1-2, power validation should be conducted at the center frequency of each, i.e., 2140MHz for band n1.



Topic #2: FR2 MIMO OTA
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2405469
	CAICT, SAICT
	On remaining issues on FR2 MIMO OTA
Proposal 1: For FR2 MIMO OTA, confirm the maximum downlink RS-EPRE as -79.1dBm/120kHz. 
[bookmark: _Hlk163581238]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. 

	R4-2404599
	Samsung
	Discussion on Rel-18 MIMO OTA campaign regarding device provision
Proposal 1:	volunteer has the flexibility to deliver the volunteered device(s) to any aligned lab(s), and the exact test lab information is not disclosed.

	R4-2405463 
	CAICT
	Measurement results for FR2 MIMO OTA Lab Alignment Activity

	R4-2405312
	CMCC
	CMCC measurement results for  FR2 MIMO OTA Lab Alignment

	R4-2405460 (revised before meeting)
	Huawei,HiSilicon
	Measurement results for FR2 MIMO OTA Lab Alignment Activity

	R4-2405464 (reserved; Draft was uploaded before meeting)
	CAICT
	Analysis of 3GPP Rel-18 FR2 MIMO OTA lab alignment results
Observation 1: Four volunteer labs provided their measurement results for FR2 MIMO OTA lab alignment in the 1st round. The maximum deviation between different labs is 4.69 dB, which is within one preliminary MU. No outlier value is observed. 
Observation 2: The average value of each PAD is derived by the linear average (in dB) of all the 1st round measurement results. The maximum deviation between measurement results and average values is -2.87 dB, which is about 0.57*preliminary MU. 
Observation 3: The performance rankings of the PADs are consistent across different labs. 



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 FoM and criteria for FR2 MIMO OTA
Issue 2-1-1: The maximum downlink RS-EPRE for FR2 MIMO OTA testing
· Proposals 
· Proposal 1 (CAICT): For FR2 MIMO OTA, confirm the maximum downlink RS-EPRE as -79.1dBm/120kHz.
· Recommended WF
· Agree to P1. This issue is expected to be non-controversial.

Ad-hoc agreement: 
· For FR2 MIMO OTA, confirm the maximum downlink RS-EPRE as -79.1dBm/120kHz.


Issue 2-1-2: Additional criteria for PC3 UE
· Proposals 
· Proposal 1 (CAICT): 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.
· Recommended WF
· Agree to P1. This issue is expected to be non-controversial.

Ad-hoc agreement: 
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.

Issue 2-1-3: Additional criteria for PC1 UE
Background: At the last meeting, the FoM for PC1 UE was agreed as below: 
	[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.



· Proposals 
· Proposal 1 (CAICT): 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.
· Recommended WF
· Agree to P1.  The principle is the same as that for PC3 UE. 

Ad-hoc discussion: 

Ad-hoc agreement: 
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.

Issue 2-1-4: Other criteria for FR2 MIMO OTA
· Proposals 
· Proposal 1 (CAICT): 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 2 (CAICT):  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.  
· Recommended WF
· Companies are invited to share views.

Ad-hoc discussion: 
Samsung: Due to the directional radiation pattern, the range for peak TP is limited. Not necessary to define additional criteria for 90% TP.
Qualcomm: Support the proposals. It a good opportunity to see the measurement results. We can FFS the additional criteria. 
Apple: Support QC proposal. 

Ad-hoc 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.

Sub-topic 2-2 FR2 MIMO OTA Lab Alignment Activity
[bookmark: OLE_LINK1]Background: As agreed at the last meeting (WF R4-2402876), the target is to conclude the 1st round 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.
· Return the PADs to ETS-L by RAN4 #110bis (Apr. 2024).
· All labs can submit data for Measurement Campaign, whether the data can be included in the data pool for specifying requirements depends on lab alignment outcome.
· The deadline to submit lab alignment results and the data for Measurement Campaign is RAN4 #111 (May 2024).



Issue 2-2-1: Pass/fail criteria for FR2 MIMO OTA lab alignment 
· Proposals 
· Proposal 1 (CAICT): 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.
· Proposal 2 (CAICT): Define the pass/fail limit for FR2 MIMO OTA lab alignment as ± [0.75-1]*preliminary MU, i.e., ± [3.79-5.05] dB.
· Recommended WF
· P1 is agreeable.  
· Define the same pass/fail limit as that for FR1 lab alignment, i.e., 0.75*preliminary MU. 
· Make an early decision on this issue, based on which we could conclude the 1st round lab alignment activity (Issue 2-2-2). 

Ad-hoc discussion: 
Apple: Support the same pass/fail limit as FR1. 
Qualcomm: Support the same pass/fail limit as FR1. 

Ad-hoc agreement: 
· 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.
· Define the same pass/fail limit as that for FR1 lab alignment, i.e., 0.75*preliminary MU.

Issue 2-2-2: FR2 MIMO OTA lab alignment results
Moderator: 4 volunteer labs submitted measurement results of PADs in the 1st round lab alignment activity (R4-2400194 Apple, R4-2405463 CAICT, R4-2405312 CMCC, Rev of R4-2405460 Huawei). 
R4-2405464 provides the summary of the 1st round measurement results, also shown in Table 2-1 and Figs. 2-1~2-2 below. 
Table 2-1.  Summary of the 1st round FR2 lab alignment results
	Device
	Band
	MASC70 measurement result [dBm/120kHz]
	Average
approach
	Average
value
	Max-Min
deviation

	
	
	Lab A
	Lab B
	Lab C
	Lab D
	Lab E
	
	
	

	PAD 1
	n261
	-104.97
	-101.79
	-100.64
	　
	　
	Linear
average (in dB)
	-102.47
	4.33

	PAD 2
	n261
	-108.56
	-104.92
	-103.87
	　
	-105.41
	
	-105.69
	4.69

	PAD 3
	n261
	-105.40
	-101.92
	-101.22
	　
	-103.31
	
	-102.96
	4.18

	PAD 4
	n257
	-108.76
	-105.80
	-104.59
	　
	-106.01
	
	-106.29
	4.17

	Device
	Band
	 TRMS offset [dBm/120kHz]
	Pass/fail limit

	
	
	Lab A
	Lab B
	Lab C
	Lab D
	Lab E
	

	PAD 1
	n261
	-2.51
	0.68
	1.83
	　
	　
	± [0.5-1]*preliminary MU, i.e., ± [2.525-5.05] dB

	PAD 2
	n261
	-2.87
	0.77
	1.82
	　
	0.28
	

	PAD 3
	n261
	-2.44
	1.04
	1.74
	　
	-0.35
	

	PAD 4
	n257
	-2.47
	0.49
	1.70
	　
	0.28
	

	Lab alignment conclusion 
	[Pass]
	[Pass]
	[Pass]
	TBA
	[Pass]
	
	
	





Fig. 2-1  The 1st round FR2 MIMO OTA lab alignment measurement results


Fig. 2-2  Deviation between each measurement result and the average value

· Proposals
· Proposal 1 (Moderator): Conclude the 1st round FR2 MIMO OTA lab alignment activity at this meeting with the following outcome: 
· XX labs are aligned at 28-GHz band. (Pending the pass/fail criteria)
· Proposal 2 (Moderator): Remaining labs 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. 
· Recommended WF
· Agree to P1 and P2. Make decision on the lab alignment outcome. 

Ad-hoc discussion: 

Ad-hoc agreement: 
· Conclude 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. 

Sub-topic 2-3 FR2 MIMO OTA Measurement Campaign 
Issue 2-3-1: Devices provision for FR2 MIMO OTA Measurement Campaign
· Proposals
· Proposal 1 (Samsung, CAICT): To avoid disclosing the performance data of the volunteered FR2 devices, volunteer companies have the flexibility to deliver the volunteered device(s) to any aligned lab(s), and the specific test lab information shall not be disclosed. 
· Proposal 2 (CAICT): 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

	
	
	

	
	
	

	
	
	



· Recommended WF
· Agree to P1 and P2. 
· Further collect the information during this meeting: 
	[bookmark: OLE_LINK4]Company Name
	How many FR2 devices are provided before/during RAN4#110bis
	Contact

	Keysight
	3
	Thorsten Hertel <thorsten.hertel@keysight.com>

	Samsung
	1
	Bozhi Li bozhi.li@samsung.com
Jeongheum Lee <jh0413.lee@samsung.com>

	Google
	2
	Clement Huang <clementhuang@google.com>

	
	
	



	[bookmark: OLE_LINK5]Lab Name
	How many FR2 devices can be received (the measurement data are expected to be submitted at RAN4#111, May 2024) 
	Contact

	CAICT
	6
	Xuan Yi, yixuan@caict.ac.cn

	
	
	

	
	
	



Issue 2-3-2: How to process the PAD measurement results to be included into the data pool
· Proposals
· Proposal 1 (CAICT): Take the average values of PAD measurement results from aligned labs into the data pool for specifying FR2 MIMO OTA requirements.
· Recommended WF
· Companies are invited to share views. 

Ad-hoc discussion: 
Samsung: the variation across labs is large. Is it possible to treat this issue together with the requirements definition? We previously have a proposal to take all the PAD results from all labs. 

Ad-hoc agreement: 

Sub-topic 2-4 FR2 MIMO OTA Test tolerance 
Issue 2-4: Test tolerance for FR2 MIMO OTA
Moderator’s note: Based on shared risk principle, TT can be defined as 0.5 MU. 
· Options 
· Option 1 (CAICT): 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.
· Others
· Recommended WF
· Companies are invited to share views. 

Ad-hoc discussion: 
OPPO: Consider the same TT of FR1 TRP TRS, 0.62*MU.
Samsung: Support OPPO. 
Apple: Support OPPO. 
CACIT: Consider the same TT of FR1 MIMO, 0.6MU.

Ad-hoc tentative agreement: 
· Define the recommended TT for FR2 MIMO OTA as [0.5-0.62]*preliminary MU budget, i.e., [2.525-3.131] dB for 26.5GHz≤f≤29.5GHz.

Topic #3: draft CRs to TS 38.151 and TR 38.761
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404598
	Samsung
	Draft CR to TS 38.151 on introduction of FR2 PC1 MIMO OTA performance metric
Summary: Capture the agreed performance metric of FR2 PC1 MIMO OTA into TS 38.151.

	R4-2405174
	OPPO
	Draft CR 38151 Clarification of UE positioning for FR1 MIMO OTA
Summary: Add discription of the alignment of the three coordinate systems.

	R4-2405173
	OPPO
	draft CR for TR 38.761 on Lab 7 noise impact evaluation for n28
Summary: Add noise impact evaluation for n28 of Lab 7.

	R4-2405461
	CAICT, SAICT
	Draft CR to 38.761 on FR1 channel model validation results
Summary: Add CDL-C UMi channel model validation results for bands n1, n5, n8 submitted by volunteer labs in R4-2400195 (Apple), R4-2301048 (CAICT), R4-2320068(CAICT), R4-2313899 (CMCC, BUPT), R4-2307506 (MediaTek), R4-2311064 (MediaTek), R4-2401184 (Xiaomi).



Recommendations to the draft CRs
	Draft CR
	Moderator’s comments
	Recommendations

	R4-2404598 
	The draft CR is based on the agreement of the last RAN4 meeting, the content is non-controversial. 
	To be endorsed

	R4-2405174
	The draft CR is based on the agreement of the last RAN4 meeting, the content is non-controversial.
	To be endorsed

	R4-2405173
	The draft CR is to add noise impact evaluation results to the TP, the content is non-controversial.
	To be endorsed

	R4-2405461
	The draft CR is to add channel model validation results to the TP, the content is non-controversial.
	To be endorsed




MIMO OTA lab alignment — TRMS measurement results [dBm/15kHz] 

Lab 1	
-89.335536622705703	-86.460683066170191	-86.264031982180441	Lab 2	
-90.119283182904411	-87.927845833139003	-89.339100222940203	Lab 3	
-90.431071452895225	-87.907984473351192	-89.230307981318703	Lab 4	
-88.261838549307441	-85.495954832680241	-86.185098204791871	Lab 5	
-89.222227737098194	-85.859368678910201	-86.491549801606908	Lab 6	
-91.75	-87.74	-88.36	


MIMO OTA lab alignment — TRMS offset [dBm/15kHz]

Lab 1	
0.51778963477944728	0.43795641453827727	1.3809827166259083	Lab 2	
-0.26595692541926041	-1.0292063524305348	-1.6940855241338539	Lab 3	
-0.57774519541007407	-1.009344992642724	-1.5852932825123531	Lab 4	
1.5914877081777092	1.4026846480282273	1.4599164940144789	Lab 5	
0.63109852038695635	1.039270801798267	1.1534648971994415	Lab 6	
-1.8966737425148494	-0.841360519291527	-0.71498530119365	


FR2 MIMO OTA lab alignment — MASC measurement results [dBm/120kHz] 

Lab A	
PAD 1	PAD 2	PAD 3	PAD 4	-104.9721	-108.5609	-105.4038	-108.76439999999999	Lab B	
PAD 1	PAD 2	PAD 3	PAD 4	-101.78655554493864	-104.92033925020669	-101.91801825529259	-105.79888698362301	Lab C	
PAD 1	PAD 2	PAD 3	PAD 4	-100.6407	-103.86620000000001	-101.2193	-104.5942	Lab E	
-105.41200000000001	-103.30800000000001	-106.006	



FR2 MIMO OTA lab alignment — MASC offset [dBm/120kHz] 

Lab A	
PAD 1	PAD 2	PAD 3	PAD 4	-2.5056481516871258	-2.8710401874483296	-2.4415204361768446	-2.4735282540942478	Lab B	
PAD 1	PAD 2	PAD 3	PAD 4	0.67989630337423534	0.76952056234497945	1.0442613085305652	0.49198476228274046	Lab C	
PAD 1	PAD 2	PAD 3	PAD 4	1.8257518483128763	1.8236598125516679	1.7429795638231553	1.6966717459057463	Lab E	
0.27785981255166803	-0.34572043617684756	0.28487174590574682	



