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Introduction
Contributions submitted to AI 8.1 NR MIMO OTA WI and AI 5.1.6.5 MIMO OTA SI maintenance are captured in this email discussion.
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: agree draft CR in AI 5.1.6.5, finalize the time plan of FR1 lab alignment, and discuss open issues of NR MIMO OTA WI.
· 2nd round: agree TPs, make decisions on the open issues.
Topic #1: General and Testing methodologies
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2118302
	vivo
	TP to TS 38.151 on updated structure

	R4-2119379

	Keysight Technologies UK Ltd, Spirent Communications, CMCC, CAICT

	[bookmark: _Hlk86257560]Beam Specific Reference Channel Emulation Curves for Validation Purposes for FR1 CDL-C UMa
[bookmark: _Ref79511606]Proposal 1: Adopt the averaged beam specific CDL-C UMa PDP and TCF curves as reference channel emulation curves for validation purposes.
Proposal 2: Omit the combined beam curves for PDP and TCF in R4-2115759.

	R4-2118903

	OPPO

	The reference curves of channel model validation

Proposal 1: The reference channel model curves for UMa CDL-C with beam specific approach should be introduced for channel model validation.
Proposal 2: adopt the following beam usage criteria for channel model validation.
	
	Beam specific
	Beam simultaneous

	Power Delay Profile (PDP)
	√
	

	Temporal Correlation Function (TCF)
	√
	

	Spatial Correlation Function (SCF)
	√
	√

	V/H Ratio
	√
	




	R4-2119093

	Spirent Communications

	Channel Model Spatial Validation Pass/Fail limits 

Proposal 1. Use the limits presented in this contribution for the different spatial channel model parameters validation.

	R4-2118587

	CAICT, CMCC
	[bookmark: OLE_LINK20]Validation limits for FR1 CDL-C UMa channel model

Observation 1: 5ns time resolution is not enough to resolve individual taps with similar delay values, i.e. #cluster2-5 and #cluster 6-9.
Proposal 1: #Cluster 2-5 and #Cluster 6-9 should be integrated when comparing the measurement results and theoretical ones, and adopt Table 1-4 as reference X2V PDP values for CDL-C UMa channel model.
Proposal 2: Pass/Fail limits for CDL-C UMa PDP is cluster power ±0.85dB and excess delay ±11ns.
Proposal 3: Pass/Fail limits for CDL-C UMa Temporal Correlation:
0.25λ, [+/- 0.05, capped at 1]
0.5λ, [ +/- 0.05]
1 λ, [ +/- 0.075]
1.5λ, [ +/- 0.1]
2λ, [ +/- 0.1]
2.5λ and greater, [ +/- 0.2]

Proposal 4: Adopt Table5 and Table6 as the pass/fail limits for CDL-C UMa 2.45GHz and 3.6GHz, respectively.
Proposal 5: Pass/ fail limits for V/H ratio: +/- 0.9 dB


	R4-2119541

	Huawei, HiSilicon
	initial channel validation results

Observation 1: for PDP measurement, the given reference in R4-2115759 is not consistent with the measurement setting of 200MHz frequency sweeping signal (5ns time resolution). 
Proposal 1: for PDP measurement, propose to clarify the inconsistence between given reference in R4-2115759 and the measurement setting of 200MHz frequency sweeping signal (5ns time resolution) in TR 38.827.
[bookmark: OLE_LINK22]Proposal 2: select either beam specific or beam simultaneous approach for each measurement of Power Delay Profile (PDP), Temporal Correlation Function (TCF), Spatial Correlation Function (SCF) and V/H Ratio, i.e. only one approach for each measurement 


	R4-2119052

	Huawei, HiSilicon

	Discussion on FR2 channel model validation

Proposal 1:  RAN4 to clarify “frequent re-positioning”. When a directional antenna is used, for each position of the antenna on the measurement array configuration in the test zone, keep the phase centre and polarization of the antenna unchanged, and rotate the antenna so that its maximum gain direction points to 
	Option1: z axis in channel model coordinate system.
Option2: Probe 1.
Option3: Probe 2.


	R4-2119377
	Keysight Technologies UK Ltd
	Clarification of NF Compensation for FR2 PSP
Proposal 1: Approve the draft text below for inclusion in [1]


	R4-2117682
	MediaTek Beijing Inc.
	FR2 MIMO OTA test points clarification
Proposal1: Clarify FR2 MIMO OTA test point definition is needed. 
Proposal2: Confirm FR2 MIMO OTA test point definition concept is “Alt2 by the example”, and further clarify it in TR38.827 by some manners. 


	R4-2119558
(reserved)

	CAICT

	FR1 MIMO OTA channel model validation results


	[bookmark: _Hlk87539948]R4-2119253
[bookmark: OLE_LINK1](reserved)

	Xiaomi

	On MIMO channel validation results


	R4-2118299
(reserved)
	vivo
	3GPP TS 38.151 v0.6.0



Open issues summary
[bookmark: OLE_LINK40]Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
[bookmark: OLE_LINK53][bookmark: OLE_LINK43]Sub-topic 1-1 Channel model validation for FR1
Issue 1-1-1: Beam specific reference curves for FR1 CDL-C UMa channel model validation
[bookmark: OLE_LINK45]Moderator’s note: In RAN4#100e, the FR1 reference curves were approved, however, the beam specific reference curves for UMa CDL-C PDP and TCF are missing in R4-2115759. Based on the discussions in the previous RAN4 meetings, the common understanding is that the beam simultaneous approach is for Spatial correlation only and the beam specific approach is for others.
Some details of the previous discussions are as follows. 
· In the WF of RAN4 #98-e (R4-2103913), the beam specific approach was agreed as baseline.
· In RAN4 #98-bis-e meeting, R4-2106567 proposed to consider the beam simultaneous approach for Spatial Correlation validation, and this issue has been discussed (R4-2106144). During the discussion, adopting the beam specific approach for PDP validation was always a consensus.
Therefore, after an offline discussion between the Moderator and the source companies of the reference curves, the aligned beam specific PDP and TCF curves are provided in this meeting.
· Proposals
· Proposal 1: Adopt the averaged beam specific CDL-C UMa PDP and TCF curves in R4-2119379 as reference channel emulation curves for validation purposes.
· Proposal 2: Omit the combined beam curves for PDP and TCF in R4-2115759.
· Proposal 3: The reference channel model curves for UMa CDL-C with beam specific approach should be introduced for channel model validation. (R4-2118903)
· Recommended WF
· [bookmark: OLE_LINK44]Approve the beam specific CDL-C UMa PDP and TCF curves in R4-2119379 as reference channel curves for FR1 channel model validation, and omit the combined beam curves for PDP and TCF in R4-2115759.

Issue 1-1-2: Approaches for FR1 CDL-C UMa channel model validation
Moderator’s note: The reference curves in issue 1-1-1 should be consistent with the agreed validation approaches (issue 1-1-2).
· Proposals
· [bookmark: OLE_LINK21]Proposal 1: adopt the following beam usage criteria for channel model validation. (R4-2118903)
	
	Beam specific
	Beam simultaneous

	Power Delay Profile (PDP)
	√
	

	Temporal Correlation Function (TCF)
	√
	

	Spatial Correlation Function (SCF)
	√
	√

	V/H Ratio
	√
	



· Proposal 2: select either beam specific or beam simultaneous approach for each measurement of Power Delay Profile (PDP), Temporal Correlation Function (TCF), Spatial Correlation Function (SCF) and V/H Ratio, i.e. only one approach for each measurement. (R4-2119541)
· Proposal 3 (moderator): based on the discussions and agreements of the previous meetings, it is proposed to adopt the beam specific approach for PDP, TCF, and V/H Ratio, and adopt the beam simultaneous approach for SCF.
· Recommended WF
· It is encouraged to conclude this issue in the 1st round. 

Issue 1-1-3: Inconsistence between PDP reference and measurement setting
· Proposals
· Proposal 1: clarify the inconsistence between given reference in R4-2115759 and the measurement setting of 200MHz frequency sweeping signal (5ns time resolution) in TR 38.827. (R4-2119541)
· [bookmark: OLE_LINK58]Proposal 2: #Cluster 2-5 and #Cluster 6-9 should be integrated when comparing the measurement results and reference ones and adopt Tables 1-4 in R4-2118587 as reference X2V PDP values for CDL-C UMa channel model. (R4-2118587)
· Proposal 3: Others
· Recommended WF
· TBA

Issue 1-1-4: PDP pass/fail limits for FR1 CDL-C UMa channel model validation
· Proposals
· Option 1: Based on the reference X2V PDP values in Issue 1-1-3 Proposal 2, pass/fail limits for CDL-C UMa PDP is cluster power ±0.85dB and excess delay ±11ns. (R4-2118587)
· Option 2: Adopt the PDP pass/fail limits presented in R4-2119093.
· Option 3: others
· Recommended WF
· TBA

Issue 1-1-5: Temporal Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
· Proposals
· Option 1: R4-2118587 
0.25λ, [+/- 0.05, capped at 1]
0.5λ, [ +/- 0.05]
1 λ, [ +/- 0.075]
1.5λ, [ +/- 0.1]
2λ, [ +/- 0.1]
2.5λ and greater, [ +/- 0.2]
· Option 2: Pass/Fail limits are formed as bands of [±10%] of correlation capped at 100% from the target. Additionally, when the upper bound reaches [30%], the limit stays at [30%] and the lower limit drops to 0%. (R4-2119093)
· Option 3: others
· Recommended WF
· TBA

Issue 1-1-6: Spatial Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
· Proposals
· Option 1: Adopt the Spatial Correlation pass/fail limits presented in R4-2118587.
· Option 2: Pass/Fail limits are formed as bands of [±10%] of correlation capped at 100% for the upper limit for target correlation of 35% and above. For target correlations below 35%, the band is widened to [±20%] capped at 0%. (R4-2119093)
· Option 3: others
· Recommended WF
· TBA

Issue 1-1-7: V/H ratio pass/fail limits for FR1 CDL-C UMa channel model validation
· Proposals
· Option 1: ±0.9dB (R4-2118587).
· [bookmark: _Hlk86332750]Option 2: [±1dB] (R4-2119093).
· Option 3: others
· Recommended WF
· TBA

[bookmark: OLE_LINK79][bookmark: _Hlk86324754]Sub-topic 1-2 FR2 channel model validation
Issue 1-2-1: Clarification on “frequent re-positioning” for FR2 PSP
· Proposals (R4-2119052)
· RAN4 to clarify “frequent re-positioning”. When a directional antenna is used, for each position of the antenna on the measurement array configuration in the test zone, keep the phase centre and polarization of the antenna unchanged, and rotate the antenna so that its maximum gain direction points to 
-	Option1: z axis in channel model coordinate system.
-	Option2: Probe 1.
-	Option3: Probe 2.
· Recommended WF
· TBA

Issue 1-2-2: Clarification of NF Compensation for FR2 PSP
· Proposals
· Approve the draft text in R4-2119377 for inclusion in TS 38.151 V0.5.0.
· Recommended WF
· TBA

[bookmark: OLE_LINK14]Sub-topic 1-3 FR2 MIMO OTA test points clarification
[bookmark: OLE_LINK69]Issue 1-3: FR2 MIMO OTA test points clarification
· Proposals (R4-2117682)
· Proposal 1: Clarify FR2 MIMO OTA test point definition is needed. 
· [bookmark: OLE_LINK73]Proposal 2: Confirm FR2 MIMO OTA test point definition concept is “Alt2 by the example”, and further clarify it in TR38.827 by some manners.
· Alt1 is the result equal to “probe antennas are rotated to test point #2”
· Alt2 is the result equal to “DUT is rotated to test point #2”
· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 
One of the two formats, i.e. either example 1 or 2 can be used by moderators.
Sub topic 1-1 Channel model validation for FR1
	Company
	Comments

	Huawei, Hisilicon
	Issue 1-1-2: Approaches for FR1 CDL-C UMa channel model validation
We proposed Option 2, i.e. only one approach for each measurement, to reduce the workload of validation
Issue 1-1-4  PDP pass/fail limits for FR1 CDL-C UMa channel model validation
We prefer Option 3 i.e. FFS. There are not enough measurement results, it is premature to decide the limits in this meeting. It is important to allow volunteer labs to have more test based on the proposed limits in this meeting.
· Question to option 1 of R4-2118587
What is the theory behind the proposed limits e.g. 0.85dB? Is it from test result of this one single lab? 
· Question to option 2 of R4-2119093
About the first column of table 1, power of the paths, how can they be matched to respective paths? e.g which paths in table 1 of R4-2115759 are “paths from 0dB to 10dB”? 
 [image: ]
[image: ]
Issue 1-1-5: Temporal Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
We prefer Option 3 i.e. FFS.
Issue 1-1-6: Spatial Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
We prefer Option 3 i.e. FFS.
Issue 1-1-7: V/H ratio pass/fail limits for FR1 CDL-C UMa channel model validation
We prefer Option 3 i.e. FFS.

	Spirent

	Issue 1-1-3: Inconsistence between PDP reference and measurement setting
A few notes:
It is not practical to achieve a resolution of 100ps to exactly match the PDP. The proposed excess delay pass fail criteria is set according to the 5ns resolution of the system (±(5ns +1ns of margin))
Issue 1-1-4: PDP pass/fail limits for FR1 CDL-C UMa channel model validation
Answer to Huawei: Since the system does not have enough resolution, different clusters tend to add up together. After that clustering process is defined, the table in R4-2119093 is applied. Your contribution R4-2119541 already proposes such clustering procedure. Though in reality, the clustering should be more elaborate to account for the slight difference in delay, and how the different sinc pulses (caused by the rectangular window of the VNA+CE) interact with each other.
Issue 1-1-5: Temporal Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
This comment applies to all parameters: The targets in R4-2115759 (RAN4#100e), and R4-2119379 (RAN4#101e) are the product averaging among 3 participants (Spirent, Keysight, and CMCC). Therefore, the limits should be wider than the max-min for each parameter (PDP, TCF,SCF, V/H) to prevent an unfair treatment for any of the 3 participants. This is why the limits in R4-2119093 are wide enough to accommodate this.
Issue 1-1-6: Spatial Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
This comment applies to all parameters: The targets in R4-2115759 (RAN4#100e), and R4-2119379 (RAN4#101e) are the product averaging among 3 participants (Spirent, Keysight, and CMCC). Therefore, the limits should be wider than the max-min for each parameter (PDP, TCF,SCF, V/H) to prevent an unfair treatment for any of the 3 participants. This is why the limits in R4-2119093 are wide enough to accommodate this.

Issue 1-1-7: V/H ratio pass/fail limits for FR1 CDL-C UMa channel model validation
This comment applies to all parameters: The targets in R4-2115759 (RAN4#100e), and R4-2119379 (RAN4#101e) are the product averaging among 3 participants (Spirent, Keysight, and CMCC). Therefore, the limits should be wider than the max-min for each parameter (PDP, TCF,SCF, V/H) to prevent an unfair treatment for any of the 3 participants. This is why the limits in R4-2119093 are wide enough to accommodate this.


	CAICT
	Issue 1-1-1: Beam specific reference curves for FR1 CDL-C UMa channel model validation
We agree to approve the beam specific CDL-C UMa PDP and TCF curves in R4-2119379 as reference channel curves for FR1 channel model validation, and omit the combined beam curves for PDP and TCF in R4-2115759, which are aligned with the approaches for channel model validation as Proposal 3 in Issue 1-1-2.

Issue 1-1-2: Approaches for FR1 CDL-C UMa channel model validation
We support Proposal 3, i.e., adopt the beam specific approach for PDP, TCF, and V/H Ratio, and adopt the beam simultaneous approach for SCF. Because based on the discussions in the previous RAN4 meetings, the common understanding is that the beam simultaneous approach is for Spatial correlation only and the beam specific approach is for others. Details have also been provided in the moderator notes of Issue 1-1-1.

[bookmark: OLE_LINK55]Issue 1-1-3: Inconsistence between PDP reference and measurement setting
We support that 5ns resolution of the test system is not enough to distinguish individual taps with similar delays. We have pointed out such inconsistence in R4-2016561 in RAN4#97e when we are still using UMi CDL-A for 4x4. Based on the measurement result in R4-2016561, 200MHz bandwidth limited measurement system is not able to differentiate between all taps and therefore multiple taps are summed up in some of the peaks of the measured impulse response. Similar conclusions also apply to the PDP measurement of the CDL-C model.
[bookmark: OLE_LINK54]The PDP pass/fail limits should be determined based on this fact. 
[image: ]
PDP measurement results from CAICT in RAN4#97-e
[bookmark: OLE_LINK57]Therefore, an appropriate method needs to be discussed to use the measured PDP to correctly verify the reference value.
Considering the history of LTE MIMO OTA, one possible solution is to integrate the clusters with similar delays to generate new reference PDP values, for example, integrate #Cluster 2-5 and #Cluster 6-9 (in proposal 2). However, this integration method is not rigorous enough, it can only obtain approximate reference PDP values. So the pass/fail limits should be appropriately wider based on the new reference PDP values. 

Issue 1-1-4: PDP pass/fail limits for FR1 CDL-C UMa channel model validation
Response to Huawei: 
[bookmark: OLE_LINK56]The value of 0.85dB is adopted from the PDP pass/fail limits for LTE MIMO OTA channel model validation. 
[bookmark: OLE_LINK63]For option 2 (as the table below), generally speaking, we agree to set different power tolerances for the clusters with different power values. In LTE MIMO OTA stage, the dynamic range of different clusters of SCME UMa is within 10dB, while for the CDL-C model in the NR MIMO OTA stage, this value has been expanded to more than 40dB. In this case, we believe it is reasonable to set a larger power margin for weaker clusters, because the same MU value will cause a larger deviation value in dB when a cluster is weaker. (E.g., the absolute deviation between 0dB and -10dB is 0.9, but the absolute deviation between -10dB and -20dB is 0.09.)
For delay tolerance, we think ±6ns is too tight considering the resolution of the system is 5ns.
[image: ]
[bookmark: OLE_LINK98]Based on the proposals in R4-2118587 and R4-2119093, we suggest the following PDP pass/fail limits as a starting point, where the square brackets can be retained. 
PDP Pass/Fail Limits
	
	Power Tolerance
	Delay Tolerance

	Paths from 0dB to -10dB
	[±1dB]
	[±11ns]

	Paths from -10dB to -20dB
	[±2.5dB]
	[±11ns]

	Paths from -20dB to -30dB
	[±5dB]
	[±11ns]

	Paths from -30dB to -40dB
	[±10dB]
	[±11ns]





	vivo
	Issue 1-1-1: Beam specific reference curves for FR1 CDL-C UMa channel model validation
We support the recommended WF from moderator.
Issue 1-1-2: Approaches for FR1 CDL-C UMa channel model validation
We prefer proposal 3.
Issue 1-1-4: PDP pass/fail limits for FR1 CDL-C UMa channel model validation
Regarding the clusters lower than 40dB, we are not sure whether there is still benefit to define the pass/fail limits. Especially, the ±10dB value, i.e. 20dB variation…
Issue 1-1-7: V/H ratio pass/fail limits for FR1 CDL-C UMa channel model validation
Prefer Option 2.

	Qualcomm
	Issue 1-1-1: Beam specific reference curves for FR1 CDL-C UMa channel model validation
Ok with recommended WF 

	OPPO
	Issue 1-1-1: Beam specific reference curves for FR1 CDL-C UMa channel model validation
Support all the proposals. As previous consensus, beam simultaneous approach is proposed for spatial correlation validation. Therefore, beam specific reference curves for PDP and TCF should be adopted.
Issue 1-1-2: Approaches for FR1 CDL-C UMa channel model validation
Support Proposal 3. When discussing beam simultaneous approach in previous meetings, there are concerns about beam simultaneous approach because of not used before. And the consensus was that keeping both of beam specific and beam simultaneous approaches for channel model validation during lab alignment stage to evaluate the effectiveness of beam simultaneous approach. So if it’s mature to use beam simultaneous approach for SC validation, we share positive view on it.
Issue 1-1-3: Inconsistence between PDP reference and measurement setting
Support Proposal 1 and Proposal 2. However, considering the target of concluding the pass/fail limits for channel model validation in this meeting, it is strongly recommended to finalize the integrated PDP values ASAP in this meeting.
Issue 1-1-4: PDP pass/fail limits for FR1 CDL-C UMa channel model validation
From the perspective of  getting better aligned PADs performance, we prefer tight limits for channel model validation.
Issue 1-1-5: Temporal Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
From the perspective of  getting better aligned PADs performance, we prefer tight limits for channel model validation.
Issue 1-1-6: Spatial Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
From the perspective of  getting better aligned PADs performance, we prefer tight limits for channel model validation.
Issue 1-1-7: V/H ratio pass/fail limits for FR1 CDL-C UMa channel model validation
From the perspective of  getting better aligned PADs performance, we prefer tight limits for channel model validation.

	Keysight
	[bookmark: _Hlk86820969][bookmark: _Hlk86821365]Issue 1-1-2: Approaches for FR1 CDL-C UMa channel model validation
We prefer to select the beam specific approach for each of the channel model validation items (PDP and TCF). SC should remain beam simultaneous. 
Issue 1-1-3: Inconsistence between PDP reference and measurement setting
The reference PDP should be filtered to the BW of 200 MHz to compare the measurement results with the reference. Otherwise, some of the clusters would require quite loose tolerances limits.
Issue 1-1-4: PDP pass/fail limits for FR1 CDL-C UMa channel model validation
The best way of finding the tolerances would be to have example measurement campaigns in a few independent chambers and find the max. errors from their data.
Issue 1-1-5: Temporal Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
Same comment as for item 1-1-4.
Issue 1-1-6: Spatial Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
Same comment as for item 1-1-4.
Issue 1-1-7: V/H ratio pass/fail limits for FR1 CDL-C UMa channel model validation
Same comment as for item 1-1-4.

	Huawei, Hisilicon
	Issue 1-1-3: Inconsistence between PDP reference and measurement setting
Many thanks to the clarification from Keysight. Could someone please provide the values of “the reference PDP filtered to the BW of 200 MHz”? as also strongly recommended by OPPO :)
Issue 1-1-4~7
Many thanks to CAICT about 0.85dB sourcing from E-UTRA MIMO OTA. I notice an associated statement in TR 37.977 “These tolerances are based on what can practically be measured for each metric in order that pass/fail limits can be defined for validation of acceptable channel model implementation. Studies of the impact on non-ideal channel model implementation have not been carried out and therefore it may be necessary in the future when a better understanding of the impact of the channel model implementation on throughput measurements is found, that these tolerance values may need to be revised.” . In other words, it was from example measurement campaigns as commented by Keysight.
Take PDP as example, there is only 1 of 7 volunteer labs providing measurements in this meeting. For the time being, it is premature to define the limits.

	Xiaomi
	Issue 1-1-1: Beam specific reference curves for FR1 CDL-C UMa channel model validation
Support moderator recommended WF.
Issue 1-1-2: Approaches for FR1 CDL-C UMa channel model validation
Support proposal 3 to reduce the validation time.
Issue 1-1-3: Approaches for FR1 CDL-C UMa channel model validation
At least the common understanding is 5ns resolution is not enough. But integrating the result is not precise enough and we prefer further discuss how to handle this problem.
Issue 1-1-4: PDP pass/fail limits for FR1 CDL-C UMa channel model validation
Agree with Keysight that to have more test results before making the limit decision.
Issue 1-1-5: Temporal Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
Same as issue 1-1-4.
Issue 1-1-6: Spatial Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
Same as issue 1-1-4.
Issue 1-1-7: V/H ratio pass/fail limits for FR1 CDL-C UMa channel model validation
Same as issue 1-1-4.

	Apple
	Issue 1-1-4: PDP pass/fail limits for FR1 CDL-C UMa channel model validation
We support a measurement campaign on aligned labs to collect reliable data defining pass/fail limits.
Issue 1-1-5: Temporal Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
Same comment as for item 1-1-4.
Issue 1-1-6: Spatial Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
Same comment as for item 1-1-4.
Issue 1-1-7: V/H ratio pass/fail limits for FR1 CDL-C UMa channel model validation
Same comment as for item 1-1-4.

	CAICT
	Issue 1-1-3: Inconsistence between PDP reference and measurement setting
[bookmark: OLE_LINK59][bookmark: OLE_LINK61][bookmark: OLE_LINK60]We recommend an alternative approach to compare the measured and reference PDPs. For the taps with similar delays, only consider the strongest tap while omit the other weaker taps. Take the measured PDP in R4-2118587 as an example, #Cluster 6-8 are with similar delays, so only consider  #Cluster 6 and omit #Cluster 7&8, the same rule applies to #Cluster 2-5. This way is straightforward and easy to use. 
[image: ]
Measured PDP results in R4-2118587

Issue 1-1-4: PDP pass/fail limits for FR1 CDL-C UMa channel model validation
We think example measurement results from 2~3 labs are sufficient to conclude the pass/fail limits. 

Issue 1-1-5: Temporal Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
The measured Temporal Correlation in R4 -2119052, R4-2119558, and R4-2118587 can match well with the reference values. We think there’s no need to collect more measurement data to determine the pass/fail limits for Temporal Correlation. 
We support Option 1 as the Temporal Correlation pass/fail limits.

Issue 1-1-6: Spatial Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
[bookmark: OLE_LINK47]The measured Spatial Correlation values have been shared in R4 -2119052, R4-2119558, and R4-2118587. It can be seen that the Spatial Correlation pass/fail limits in R4-2118587 are reasonable. We think there’s no need to collect more measurement data to determine the pass/fail limits for Spatial Correlation. 
We support Option 1 as the Spatial Correlation pass/fail limits.



 
Sub topic 1-2 FR2 channel model validation
	Company
	Comments

	XXX
	Issue 1-2-1: Clarification on “frequent re-positioning” for FR2 PSP
[bookmark: OLE_LINK65]Issue 1-2-2: Clarification of NF Compensation for FR2 PSP

	Huawei, Hisilicon
	[bookmark: OLE_LINK64]Issue 1-2-1: Clarification on “frequent re-positioning” for FR2 PSP
Option 2/3 are fine.
Slightly prefer Option 3, because the signal power from probe 6 is greater than the signal power from probe 3.
Issue 1-2-2: Clarification of NF Compensation for FR2 PSP
Support. Thanks for Keysight contribution.

	Qualcomm
	Issue 1-2-1: Clarification on “frequent re-positioning” for FR2 PSP
Clarifications on the beam width of the typical directional antenna is needed. If it is the case of 40°, we are fine with Option 2 or Option 3.

	Keysight
	Issue 1-2-1: Clarification on “frequent repositioning” for FR2 PSP 
[bookmark: OLE_LINK67]We feel confident, based on preliminary PSP validation measurements, that no repositioning is needed with commercially available antennas. While using directive antennas is possible, this approach is not recommended.

	Apple
	Issue 1-2-1: Clarification on “frequent repositioning” for FR2 PSP 
Based on Keysight comment, perhaps an alternative approach would be contributions with validation measurements adopting commercially available antennas

	Huawei, Hisilicon
	Issue 1-2-1: Clarification on “frequent re-positioning” for FR2 PSP
To Qualcomm, as we known, the typical directional antenna with 12dB gain have 1 dB beam width of about 40 degrees.
To Keysight, “commercially available antennas” means an omnidirectional antenna, but we are not sure if the gain of this antenna is high enough. In addition, the directive antenna captured in TS 38.151 is also an alternative solution, and we believe it would be useful to further clarify “frequent repositioning”.

	Keysight
	Issue 1-2-1: Clarification on “frequent repositioning” for FR2 PSP
To Apple: We are planning to present validation measurements without re-positioning next year
To Huawei: Based on our preliminary measurements, the gain is sufficient to validate PSP. The number of times you need to re-position the reference antenna depends on the beam width of the antennas. We currently cannot estimate or further clarify the “frequent repositioning” as this is not our default approach at this time.


 
Sub topic 1-3 FR2 MIMO OTA test points clarification
	Company
	Comments

	Keysight
	First of all, the 3D MPAC probes are fixed with respect to the global/test system coordinate system as defined in Table B.2.1-1, i.e., “The exact probe locations with respect to the OTA test system coordinate system are tabulated in Table B.2.1-1.” Rotating the probes and keeping the DUT in a fixed position is therefore not really an option.
In the following, we go over the device rotations step by step to outline that the device rotation of theta=90deg, phi=90deg will yield the same orientation as Alt1. These illustrations have the system rotated slightly differently, i.e., z axis to the right instead of top, in the example system shown.
For the #1 point, i.e., theta=0, phi=0, this is what how the device is positioned in the sample system.
[image: ]
This matches up with the schematic drawing of DUT and probes in R4-2117682 as follows (P3, P1 and P6 were added in the red rectangle for some more clarity).
[image: ]
With theta=0 & phi=0, the test point is at the pole, i.e., the +z axis of the DUT is pointing towards the +z axis of the test system coordinate system (location of “test point”). 
When I rotate the device in theta by 90deg first (with the turntable on the bottom), this is what I get for theta=90, phi=0. 
[image: ]
As you can see, this 90deg rotation around the test system y axis now has the z axis of the test system coordinate system come out of the screen, i.e., the x axis of the DUT matches up with the z axis of the test system). This is exactly what a theta=90/phi=0 rotation is supposed to do, i.e., the test point moves from the z axis (test system coordinate system) towards the x axis (of the DUT). 
When I now apply the phi=90 rotation on top of the theta=90 rotation, this is what I get with the rotation of 90deg (applied with the roll positioner on the mast). 
[image: ]
[bookmark: OLE_LINK70]The z axis of the test system is now pointing out of the right side of the DUT which is the DUT’s y axis. This is exactly what you expect, as the theta=90/phi=90 test point is along the y axis in a spherical coordinate system. In other words, if this was a SISO measurement with the just P1 probe, this P1 probe would measure along the y axis of the DUT. The relative positioning of probes and DUT is matching up with what is drawn in Alt1
[image: ] 
The Alt2 configuration is not a theta=90, phi=90 device rotation as the z axis of the system coordinate system is aligned with the -x axis of the DUT.
[image: ]
This particular orientation (DUT and probes) is not possible with a 2-axis positioning system we defined and which is commonly used in OTA:
[image: ]
To get to (something similar to) Alt2, it seems that the DUT is first rotated by 90deg around the y axis (just as shown in the example above) and then rotated around the fixed test system z axis. However, the two-axis positioner (with rotation axes around the DUT y axis and the DUT z axis) cannot support the second rotation around the test system z axis as the roll motor has rotated with the DUT by theta=90. The second rotation is shown in yellow below and as you can see, this is just not possible unless it is done by hand instead of the 2-axis positioning system. 
[image: ]
For some reason, there still seems to be some discrepancy since my manual device rotation below has the screen pointing towards the probes while the Alt2 orientation has the back of the phone point towards the probes. 
As shown above, the proper device rotations of theta=90&phi=90 will yield the Alt1 configuration that was achieved in R4-2117682 “when rotating the probes”. Alt2 is not a practical orientation and does not correspond to theta=90, phi=90 as the P1 probe is along the -x direction of the DUT instead of the y direction of the DUT. 
[bookmark: OLE_LINK71]From our point of view, there are no positioning ambiguities at this point any more, i.e., the test points do not need further clarification (P1). 
[image: ]


	Samsung
	Agree with Keysight that Alt-1 of proposal 2 is equivalent to the actual test point orientation while Alt-2 is not a practical one for the FR2 MIMO OTA coordinate system.

	vivo
	Thanks to MTK and Keysight for initiating the discussion on FR2 testing points clarification. It is valuable to clarify the rotation of FR2 UE in the OTA test system coordinate system. We are wondering whether some example UE orientation diagrams in the test system (similar as some of the above figures) for specific testing points can be added into TR/TS, as the examples, to make the test procedure being easier to understand for readers. 

	Qualcomm
	Thank MTK and Keysight to provide the illustrations. Share the similar view as vivo. To avoid the confusion, we’d better to capture the illustrations for some of test directions.   

	OPPO
	Echo with Keysight’s view. The test points for FR2 MIMO OTA defined in TR38.827 follow the global coordinate system.

	Keysight
	[bookmark: OLE_LINK72]We can provide illustrations of device/positioner/probe configurations&orientations based on the above sample system for various test points in a TP in the next meeting.

	MediaTek
	Thanks for Keysight’s professional illustration and analysis step-by-step, and other companies’ inputs. Our intention is just to clarify it, and we don't have concern on define Alt1 or Alt2. Also thanks for Keysight’s preparation on TP for this topic to make it clearer.




CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2118302
	Company A

	
	Company B

	
	



[bookmark: OLE_LINK41]Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic 1-1 Channel model validation for FR1
	Issue 1-1-1: Beam specific reference curves for FR1 CDL-C UMa channel model validation
[bookmark: OLE_LINK50]5 companies commented this issue and all of them are supportive to the proposals.  
Agreements:
o	Approve the beam specific CDL-C UMa PDP and TCF curves in R4-2119379 as reference channel curves for FR1 channel model validation, and omit the combined beam curves for PDP and TCF in R4-2115759.
[bookmark: OLE_LINK52]Recommendations for 2nd round:
None.

Issue 1-1-2: Approaches for FR1 CDL-C UMa channel model validation
6 companies commented this issue. All the companies support to adopt only one approach for each measurement. 4 companies are supportive to adopt the beam specific approach for PDP, TCF, and adopt the beam simultaneous approach for SCF.
Agreements:
o	Adopt the beam specific approach for PDP, TCF, and V/H Ratio, and adopt the beam simultaneous approach for SCF.
Recommendations for 2nd round:
None.

Issue 1-1-3: Inconsistence between PDP reference and measurement setting
6 companies commented this issue. A common understanding is that the practical 5ns resolution is not enough to distinguish individual taps with similar delays (Spirent, CAICT, OPPO, Xiaomi). Xiaomi prefers further discussion how to handle this problem. CAICT points out that the PDP pass/fail limits should be determined based on this fact and an appropriate method needs to be discussed to use the measured PDP to correctly verify the reference value. 
For the method to compare the reference and measured PDPs, OPPO supports Proposal 2 (to integrate #Cluster 2-5 and #Cluster 6-9), Keysight proposes that the reference PDP should be filtered to the BW of 200 MHz, CAICT recommends an alternative approach (For the taps with similar delays, to consider the strongest tap while omit the other weaker taps). Besides, OPPO strongly recommends to finalize the integrated PDP values ASAP in this meeting. Huawei asks someone to provide the values of “the reference PDP filtered to the BW of 200 MHz”.
Candidate options:
· Option 1: #Cluster 2-5 and #Cluster 6-9 should be integrated when comparing the measurement results and reference ones and adopt Tables 1-4 in R4-2118587 as reference X2V PDP values for CDL-C UMa channel model. (R4-2118587) (The original Proposal 2)
· Option 2: The reference PDP should be filtered to the BW of 200 MHz to compare the measurement results with the reference. (Keysight)
· Option 3: For the taps with similar delays, only consider the strongest tap while omit the other weaker taps. (CAICT)
· Option 4: others
Recommendations for 2nd round:
Further discuss this topic in 2nd round. Agreement should be captured in the WF on NR MIMO OTA.

Issue 1-1-4: PDP pass/fail limits for FR1 CDL-C UMa channel model validation
[bookmark: _Hlk87262820]7 companies commented this issue. 4 companies (Huawei, Keysight, Xiaomi, Apple) propose to have example measurement campaigns in a few chambers. CAICT thinks example measurement results from 2~3 labs are sufficient. 
For specific PDP pass/fail limits, vivo questions whether there is still benefit to define the pass/fail limits regarding the clusters lower than 40dB, OPPO prefers tight limits, CAICT believes it is reasonable to set a larger power margin for weaker clusters, and suggests a set of PDP pass/fail limits as a starting point. 
Recommendations for 2nd round:
Further discuss this topic in 2nd round. Theory analysis from CE vendors and measurement results from test labs are encouraged to facilitate the discussion. 

Issue 1-1-5: Temporal Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
7 companies commented this issue. 3 companies (Keysight, Xiaomi, Apple) propose to have example measurement campaigns in a few chambers. CAICT thinks there’s no need to collect more measurement data considering the measured Temporal Correlation in R4 -2119541, R4-2119558, and R4-2118587 can match well with the reference values.
For specific Temporal Correlation pass/fail limits, Huawei prefers to FFS, Spirent thinks the limits should be wider than the max-min for each parameter to prevent an unfair treatment for any of the 3 participants (Spirent, Keysight, and CMCC), OPPO prefers tight limits, and CAICT supports Option 1. 
Recommendations for 2nd round:
Considering that several contributions have provided the validation results of temporal correlation, it is encouraged to discuss the initial value of pass/fail limit in the 2nd round as a starting point.  Theory analysis from CE vendors and measurement results from other test labs are also encouraged to facilitate the discussion. 

Issue 1-1-6: Spatial Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
[bookmark: OLE_LINK80]7 companies commented this issue. 3 companies (Keysight, Xiaomi, Apple) propose to have example measurement campaigns in a few chambers. CAICT thinks there’s no need to collect more measurement data considering the measured Spatial Correlation values have been shared in R4 - R4 -2119541, R4-2119558, and R4-2118587.
For specific Spatial Correlation pass/fail limits, Huawei prefers to FFS, Spirent thinks the limits should be wider than the max-min for each parameter to prevent an unfair treatment for any of the 3 participants (Spirent, Keysight, and CMCC), OPPO prefers tight limits, and CAICT supports Option 1. 
Recommendations for 2nd round:
Considering that several contributions have provided the validation results of spatial correlation, it is encouraged to discuss the initial value of pass/fail limit in the 2nd round as a starting point. Theory analysis from CE vendors and measurement results from other test labs are also encouraged to facilitate the discussion. 

Issue 1-1-7: V/H ratio pass/fail limits for FR1 CDL-C UMa channel model validation
7 companies commented this issue. 3 companies (Keysight, Xiaomi, Apple) propose to have example measurement campaigns in a few chambers.
For specific V/H ratio pass/fail limits, Huawei prefers to FFS, Spirent thinks the limits should be wider than the max-min for each parameter to prevent an unfair treatment for any of the 3 participants (Spirent, Keysight, and CMCC), OPPO prefers tight limits, and vivo supports Option 2. 
Recommendations for 2nd round:
Further discuss this topic in 2nd round. Theory analysis from CE vendors and measurement results from test labs are encouraged to facilitate the discussion.


	Sub-topic 1-2 FR2 channel model validation
	Issue 1-2-1: Clarification on “frequent re-positioning” for FR2 PSP
[bookmark: OLE_LINK68]4 companies shared views on this issue. 1 company (Huawei) believes it is useful to further clarify “frequent repositioning” since the directive antenna is also an alternative solution in the spec.1 company (Keysight) is confident that no repositioning is needed with commercially available antennas and declares they currently cannot estimate or further clarify the “frequent repositioning”. No obvious consensus was reached in the 1st round.
Recommendations for 2nd round:
Further discuss if it is needed to clarify “frequent re-positioning” for FR2 PSP.

Issue 1-2-2: Clarification of NF Compensation for FR2 PSP
1 company (Huawei) commented this issue and supports the proposal. There is no objection from companies. 
Agreements:
o	Endorse the draft text in R4-2119377 for inclusion in TS 38.151 V0.5.0.
Recommendations for 2nd round:
Prepare and approve the corresponding TP. Please the sourcing company submit the TP in this meeting. 


	Sub-topic 1-3 FR2 MIMO OTA test points clarification
	Issue 1-3: FR2 MIMO OTA test points clarification
Keysight provided illustrations to clarify, and agreed to provide such illustrations in a TP in the next meeting. There is no objection from other companies to Keysight’s proposals. 
Agreements:
o	Provide illustrations of device/positioner/probe configurations & orientations based on the sample system for various test points in a TP in the next meeting.
Recommendations for 2nd round:
None.





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2118302
	agreeable



Discussion on 2nd round
Sub-topic 1-1 Channel model validation for FR1
Issue 1-1-3: Inconsistence between PDP reference and measurement setting
· Proposals
· Option 1: #Cluster 2-5 and #Cluster 6-9 should be integrated when comparing the measurement results and reference ones and adopt Tables 1-4 in R4-2118587 as reference X2V PDP values for CDL-C UMa channel model. (R4-2118587) (The original Proposal 2)
· Option 2: The reference PDP should be filtered to the BW of 200 MHz to compare the measurement results with the reference. (Keysight)
· Option 3: For the taps with similar delays, only consider the strongest tap while omit the other weaker taps. (CAICT)
· Option 4: others
· [bookmark: _Hlk87214983]Recommended WF
· Further discuss how to compare the reference and measured PDPs. The target is to conclude this issue in this meeting.

Issue 1-1-4: PDP pass/fail limits for FR1 CDL-C UMa channel model validation
· Proposals
· [bookmark: OLE_LINK111][bookmark: OLE_LINK110]Proposal 1: More example measurement results from a few chambers are needed. (Huawei, Keysight, Xiaomi, Apple)
· [bookmark: OLE_LINK113][bookmark: OLE_LINK112]Proposal 2: Based on Proposal 1, set a check point before Jan. 2022 to collect the measurement results from labs in the NR MIMO OTA email reflector. (from the moderator)
· Proposal 3: Use the following PDP pass/fail limits as a starting point, where the square brackets can be retained. (CAICT)
PDP Pass/Fail Limits
	
	Power Tolerance
	Delay Tolerance

	Paths from 0dB to -10dB
	[±1dB]
	[±11ns]

	Paths from -10dB to -20dB
	[±2.5dB]
	[±11ns]

	Paths from -20dB to -30dB
	[±5dB]
	[±11ns]

	Paths from -30dB to -40dB
	[±10dB]
	[±11ns]



· Others
· Recommended WF
· Further discuss PDP pass/fail limits. 
· [bookmark: OLE_LINK114]Theory analysis from CE vendors is encouraged. 
· Set a check point before Jan. 2022 to collect the measurement results from labs in the NR MIMO OTA email reflector.

Issue 1-1-5: Temporal Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
· Proposals
· Proposal 1: R4-2118587 
0.25λ, [+/- 0.05, capped at 1]
0.5λ, [ +/- 0.05]
1 λ, [ +/- 0.075]
1.5λ, [ +/- 0.1]
2λ, [ +/- 0.1]
2.5λ and greater, [ +/- 0.2]
· Proposal 2: Pass/Fail limits are formed as bands of [±10%] of correlation capped at 100% from the target. Additionally, when the upper bound reaches [30%], the limit stays at [30%] and the lower limit drops to 0%. (R4-2119093)
· Proposal 3: FFS. (Huawei)
· Others
· Recommended WF
· Considering that several contributions have provided the validation results of temporal correlation, it is encouraged to discuss the initial values of pass/fail limits as a starting point in this meeting. 
· Theory analysis from CE vendors and measurement results from other test labs are also encouraged.  

Issue 1-1-6: Spatial Correlation pass/fail limits for FR1 CDL-C UMa channel model validation
· Proposals
· Proposal 1: Adopt the Spatial Correlation pass/fail limits presented in R4-2118587.
· Proposal 2: Pass/Fail limits are formed as bands of [±10%] of correlation capped at 100% for the upper limit for target correlation of 35% and above. For target correlations below 35%, the band is widened to [±20%] capped at 0%. (R4-2119093)
· Proposal 3: FFS. (Huawei)
· Others
· Recommended WF
· Considering that several contributions have provided the validation results of spatial correlation, it is encouraged to discuss the initial values of pass/fail limits as a starting point in this meeting. 
· Theory analysis from CE vendors and measurement results from other test labs are also encouraged.  

Issue 1-1-7: V/H ratio pass/fail limits for FR1 CDL-C UMa channel model validation
· Proposals
· Proposal 1: More example measurement results from a few chambers are needed. (Huawei, Keysight, Xiaomi, Apple)
· Proposal 2: Based on Proposal 1, set a check point before Jan. 2022 to collect the measurement results from labs in the NR MIMO OTA email reflector. (from the moderator)
· Others.
· Recommended WF
· Further discuss V/H ratio pass/fail limits. 
· Theory analysis from CE vendors is encouraged. 
· Set a check point before Jan. 2022 to collect the measurement results from labs in the NR MIMO OTA email reflector.

	Company
	Comments

	
	

	
	

	
	

	
	

	
	




Sub-topic 1-2 FR2 channel model validation
Issue 1-2-1: Clarification on “frequent re-positioning” for FR2 PSP
· [bookmark: _Hlk87198065]If it is needed to clarify “frequent re-positioning” for FR2 PSP.
· Option 1 (R4-2119052): Yes. RAN4 to clarify “frequent re-positioning”. When a directional antenna is used, for each position of the antenna on the measurement array configuration in the test zone, keep the phase centre and polarization of the antenna unchanged, and rotate the antenna so that its maximum gain direction points to 
· Option 1-a: z axis in channel model coordinate system.
· Option 1-b: Probe 1.
· Option 1-c: Probe 2.
· Option 2: No. 
· Others
· Recommended WF
· TBA. 

	[bookmark: OLE_LINK87]Company
	Comments

	
	

	
	

	
	

	
	

	
	




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

	R4-2118604
	CAICT, OPPO
	[bookmark: _Hlk86304324]Updated time plan for FR1 lab alignment and requirement development
Proposal: Adopt the above updated time plan and corresponding actions for FR1 MIMO OTA lab alignment and performance requirement development, and update the progress in the following RAN4 meetings.

	R4-2117972
	Apple
	Discussion on FR1 MIMO OTA Lab Alignment Timeline
Proposal 1: Postpone the Performance Alignment Result Review  activity to RAN #103-e  
Proposal 2: Postpone the FR1 MIMO OTA measurement data collection activity to RAN#104
[bookmark: _Hlk86306864]Proposal 3: Consider transfer PADs initially among labs located in China, then Taiwan, the final PADs destination should be the USA located lab.

	R4-2118607
	CAICT
	PAD candidates information for FR1 MIMO OTA lab alignment
Proposal: Decide the PAD list for FR1 MIMO OTA lab alignment from the above PAD candidates.

	R4-2118904
	OPPO
	Views on PAD management
Proposal: Adopt the above updated PADs roaming scheme.

	R4-2117849
	Samsung
	[bookmark: OLE_LINK16]Discussion on FR1 MIMO OTA test campaign
Proposal 1:	for each candidate PAD, up to two devices can be provided (only one as reference, another as backup).
Proposal 2:	It is not necessary to perform conduction test for the devices in test campaign.
Observation 1:	it is necessary to discuss how to handle performance alignment under the fact that RAN4#102-bis-e meeting is cancelled.
Proposal 3:	early discussion on commercial device preparation and handling is needed to fulfil the WI performance part objectives.

	R4-2118303
	vivo
	Views on lab alignment activity
Observation 1: The lab alignment activity will be in parallel with UE measurement data collection activity. 
Proposal 1: Additional test labs to join the lab alignment activity as 2nd phase is allowed, but should not impact the whole progress of defining MIMO OTA requirements. 
Proposal 2: RAN4 should make decision on how to process the lab alignment results. The above two options can be considered as starting point for down selection.
Proposal 3: RAN4 should select which value is used for alignment comparison, i.e. Smode value or TRMS, or both of them.
Proposal 4: RAN4 should define the pass/fail limit for lab alignment, based on MU value of MPAC system.

	R4-2118902
	OPPO
	For lab alignment
Proposal 1: discuss the method of how to decide which measurement PAD data is satisfied and which one is not.
Proposal 2: If the consensus on Option 1 can not be reached, adopt Option 3 to derive the reference value of the PAD.

	R4-2118300
	vivo
	Discussion on FR1 MIMO OTA performance
Proposal 1: update the NR MIMO OTA measurement procedure, state clearly how to handle the non-linear TP behaviour and how to choose the sensitivity level from achieve target throughput at multiple RF power levels.
Observation 1: For normal MIMO OTA testing, the sensitivity level searching can be stopped as long as 70%TP point is reached. But for non-linear TP cases, setting a lower cut-off TP is better to find the lower sensitivity level at target throughput.
Proposal 2: For normal MIMO OTA testing, the sensitivity level searching can be stopped when 70% point is got, e.g cut-off point at 65%TP. But for non-linear case, lower cut-off power is allowed to find the lowest sensitivity level at target throughput.

	R4-2118142
	Qualcomm Incorporated
	[bookmark: OLE_LINK31]On FR2 MIMO OTA performance requirements
Proposal 1: RAN4 to agree -79.1dBm/120kHz as FR2 maximum downlink power for the frequency up to 43.5GHz.
Proposal 2: RAN4 to agree on the pass criterion for PC3 UE to be 18 or more test points meeting or greater than 70% and 90% maximum throughput. 
Proposal 3: RAN4 to start to collect the simulation results for 36 test directions in RAN4#101-bis-e meeting. 
Proposal 4: TE/CE vendors to share the variation range for AoA/ZoA, PAS, power, delay, etc., those impacted by 6 probes for FR2 simulation in RAN4#101-bis-e. 

	R4-2118143
	Qualcomm Incorporated
	Summary results for alignment of FR2 MIMO OTA

	R4-2118301
	vivo
	Discussion on preliminary FR1 MIMO OTA MU assessment
Proposal 1: Developing the preliminary Measurement Uncertainty (MU) assessment for FR1 as 1st priority.
Proposal 2: Select the proposed value in Table 1 as the baseline for FR1 MU assessment.

	R4-2119540
	Huawei, HiSilicon
	on FR1 measurement uncertainty
Observation 1: all non-zero MU contributors of E-UTRA MPAC have been considered in NR UE FR1 MIMO OTA.
Proposal 1: for frequency range of 410MHz<f≤3GHz, use previous MU study in E-UTRA as reference for preliminary MU assessment of NR UE FR1 MIMO OTA, i.e. ±2.65 dB. While the impact of higher frequency range (3GHz <f≤7.125GHz) needs further study.

	R4-2119378
	Keysight Technologies UK Ltd
	Maximum DL Power for NR FR2 MIMO

Observation 1: Previous maximum DL power discussions used TR38.810 as a baseline.
Proposal 1: For the maximum DL power definition, leverage the same 8dB cable loss assumption as in TR38.810.
Proposal 2: Use the RAN5 assumption of -17.7dB backoff for faded signals.
Proposal 3: Define the maximum DL power in the centre of the QZ for the NR FR2 MIMO OTA system to be -79.1dBm/120kHz with the assumption that all 6 probes are used.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
[bookmark: OLE_LINK15][bookmark: OLE_LINK78]Sub-topic 2-1 Time plan for FR1 lab alignment and requirement development
[bookmark: OLE_LINK5]In contribution R4-2118604, the time plan for FR1 lab alignment and requirement development is updated according to the new RAN timeline and meeting planning endorsed in RAN#93-e plenary.
	Lab alignment & requirement development activities
	Action required
	Action deadline
	Note

	Lab volunteer application
	Rapporteur initiate the lab alignment activity in the NR MIMO OTA reflector, and Lab volunteers submit application
	2021/10/15
	

	PAD candidates information provided
	Interested companies share volunteered devices for alignment activity in the NR MIMO OTA reflector.
	2021/10/22
	

	PAD list frozen
	RAN4 decides PAD list from PAD candidates
	
RAN4#101-e
	PAD providers are encouraged to deliver the PAD(s) to permitted lab volunteer(s) as early as possible, if any labs are permitted.

	[bookmark: _Hlk79076748][bookmark: OLE_LINK2]Channel model validation
	Lab volunteers submit channel model validation results to RAN4 for review
	
RAN4#101-bis-e
	[bookmark: OLE_LINK18]Before submitting the results to RAN4#101-bis-e meeting, the lab volunteer can judge whether it can be permitted by itself according to the pass/fail limits. If yes, the lab volunteer can share the channel model validation results in the NR MIMO OTA reflector, and then participate in the performance alignment activity. (Whether the lab volunteer is permitted or not still needs to be decided in RAN4#101-bis-e meeting.)

	Performance alignment start
	PADs arrive at lab volunteers
	RAN4#101-bis-e 1. Performance alignment can start before RAN4#101-bis-e once the lab volunteer is permitted/judges itself can be permitted and shares the channel model validation results in the NR MIMO OTA reflector.
[bookmark: OLE_LINK9]2. Delivery the PADs to permitted test labs, the progress in each lab should be shared in the NR MIMO OTA reflector for easy tracing, when PAD comes in and testing is finalized.

	1st round performance alignment finish
	[bookmark: OLE_LINK28][bookmark: OLE_LINK27][bookmark: OLE_LINK35][bookmark: OLE_LINK34][bookmark: OLE_LINK37][bookmark: OLE_LINK36]Lab volunteers should finish the PADs measurement in 7 workdays and submit the measurement results to RAN4 #102- e meeting
	
RAN4#102-e
	[bookmark: OLE_LINK24][bookmark: OLE_LINK23]The PAD measurement results should NOT be shared to anyone, before submitting to RAN4 #102 -e meeting.

	[bookmark: OLE_LINK10][bookmark: _Hlk80457533][bookmark: _Hlk85121162]1st round performance alignment results review
	RAN4 reviews the performance alignment results and declares 1st round aligned labs
	[bookmark: OLE_LINK33][bookmark: OLE_LINK26][bookmark: OLE_LINK25]RAN4#102 -e
	1. Comparison and alignment analyses should only be done in RAN4 meeting.
2. The aligned labs can start to collect measurement data of commercial devices on the selected bands.

	2nd round performance alignment finish
	Lab volunteers that fail to complete PAD measurement and/or reach alignment in the 1st round, if any, have a chance to submit the PAD measurement results to RAN4#103-e meeting
	[bookmark: OLE_LINK12]RAN4#103-e
	[bookmark: OLE_LINK17]These labs can also collect measurement data of commercial devices before RAN4#103-e meeting. If these labs are declared as aligned labs in the 2nd round, the measurement data can also be shared into MIMO OTA data pool. 

	2nd round performance alignment results review
	RAN4 reviews the performance alignment results and declares 2nd round aligned labs
	RAN4#103-e
	

	FR1 MIMO OTA measurement data collection
	Aligned labs share results into data pool
	[bookmark: OLE_LINK11]RAN4#103-e
	Measurement data submitted later than this meeting shall not be considered when defining requirements.



[image: ]

How to select the device for final measurement results collection, avoid that the same UE model is measured in several test labs should be concluded in RAN4#102-e meeting or before.

Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
· Proposals
· Proposal 1: Adopt the above updated time plan and corresponding actions for FR1 MIMO OTA lab alignment and performance requirement development, and update the progress in the following RAN4 meetings. (R4-2118604)
· Proposal 2: Postpone the Performance Alignment Result Review activity to RAN #103-e (R4-2117972)
· [bookmark: OLE_LINK76]Proposal 3: Postpone the FR1 MIMO OTA measurement data collection activity to RAN#104 (R4-2117972)
· Proposal 4: others
· Recommended WF
· TBA

Issue 2-1-2: Participation of FR1 lab alignment activity
· Proposals
· Additional test labs to join the lab alignment activity as 2nd phase is allowed, but should not impact the whole progress of defining MIMO OTA requirements. (R4-2118303)
· Recommended WF
· TBA

[bookmark: OLE_LINK8]Sub-topic 2-2 Performance alignment devices (PADs) for FR1 lab alignment
In contribution R4-2118607, the PAD candidates’ information is collected for RAN4 to decide the PAD list for FR1 MIMO OTA lab alignment as below. 
Besides, some companies shared their views on PAD management and roaming scheme (R4-2118904, R4-2117972, R4-2117849). 

	[bookmark: _Hlk87264156]Company
	PAD candidate
	IMEI
	Supported SA bands
	PAD current location
	Contact Info.

	OPPO
	PAD candidate_OPPO
	Reference PAD: 866781059853679
Backup PAD: 866781059241313
	n41/n78/n79/n28
	Beijing, China
	Qifei Liu, 
liuqifei@oppo.com, 
+86 139 1090 9282

	vivo
	PAD_ candidate _vivo
	 866247059527192
	n28/n41/n77/n78/n79
	Beijing, China
	Ruixin Wang,
Ruixin.wang@vivo.com,
+8615116984386

	SAMSUNG1
	PAD candidate_SAMSUNG
	351852150714318
351852150714193
351852150714391
351852150714276
	n2/n5/n12/n25/n30
n41/n48/n66/n71/n77/n78
	Suwon, Korea
	Bozhi Li,
bozhi.li@samsung.com,
+86-13466545805;
Jeongheum Lee,
jh0413.lee@samsung.com,
+82-10-7260-5745

	Xiaomi2
	PAD candidate_Xiaomi
	IMEI1: 861102053128650
IMEI2: 861102053128668
	n1/n3/n28/n41/n77/n78/n79
	Beijing, China
	Rui Zhou,
zhourui1@xiaomi.com,
+86 18825000288;
Zheng Zhang,
zhangzheng11@xiaomi.com,
+86 13537808085


Note: 
1. SAMSUNG indicated that the four devices are of the same model. Two of them will be used as a PAD and its backup respectively, if PAD candidate_SAMSUNG is selected as a PAD. 
2. PAD candidate_Xiaomi is for double sim card so two IMEIs are provided.

[bookmark: OLE_LINK82]As agreed in Framework on FR1 MIMO OTA requirements development (R4-2108617), the number of PADs required for each band is 3.

Issue 2-2-1: PAD selection
· [bookmark: OLE_LINK7]Proposals
· Decide the PAD list for FR1 MIMO OTA lab alignment from the above PAD candidates. (R4-2118607)
· Recommended WF
· Freeze the PAD list in this meeting. 

Issue 2-2-2: PAD management and roaming scheme
· [bookmark: OLE_LINK13]Proposals
· [bookmark: OLE_LINK84]Proposal 1: Adopt the updated PADs roaming scheme as below. (R4-2118904)
· Every PAD is better to be measured in all the lab volunteers, and should be measured in at least three lab volunteers.
· the labs are encouraged to select the most efficient way to deliver the PADs.
· Every PAD should have a backup sample. The couple of PAD samples should be marked as “reference PAD” and “backup PAD” individually. Every lab volunteer should measure reference PAD during the lab alignment activity. The backup PAD will be measured by some of the labs under the rapporteur’s instruction to make the backup PAD being measured in two Chinese labs before roaming abroad.
· The PAD measurement progress in each lab should be shared in the NR MIMO OTA reflector for easy tracing, e.g. when PAD comes in, testing is finalized and PAD delivers out.
· The rapporteur will decide PAD’s first roaming stop based on the labs’ channel model validation results.
· Proposal 2: Consider transfer PADs initially among labs located in China, then Taiwan, the final PADs destination should be the USA located lab. (R4-2117972)
· Proposal 3: for each candidate PAD, up to two devices can be provided (only one as reference, another as backup). (R4-2117849)
· Recommended WF
·  TBA

Sub-topic 2-3 FR1 lab alignment activity
Issue 2-3-1: How to process the lab alignment results
· [bookmark: OLE_LINK109]Proposals
· Option 1: Reference lab approach:
· Option 1-a: Select a reference test lab, all the other labs should be aligned with the reference lab within [X] dB tolerance (same as LTE MIMO OTA approach) (R4-2118303)
· Option 1-b: naming the Reference Lab for alignment activity, and PAD measurement result from the reference lab is the reference value of the PAD, and other labs should have their measurement results falling in the reference value +/- [XX]% as satisfied performance. (R4-2118902)
· Option 2: Statistical analysis approach: 
· Option 2-a: Data processing all the results by a statistical analysis approach, within [Y] dB, to identify the alignment outcome. (new approach needs more analysis and discussion) (R4-2118303)
· Option 2-b: the average of all the seven labs measurement results are treated as the reference value of the PAD. Exception point can be excluded before average data processing. The labs should have their measurement results falling in the reference value +/- [XX]% as satisfied performance. (reference value of the PAD cannot be calculated until all the seven labs finish the PAD measurement, and will probably affect the time plan of the lab alignment activity.) (R4-2118902)
· Option 3-b: as a compromised option, once the PAD is measured in four labs, i.e. over half of the participating labs, the averaging approach as Option 2 can be used to derive the reference value of the PAD. And other “late” PAD measurement results should respect the reference value. (R4-2118902)
· Recommended WF
·  TBA

Issue 2-3-2: Which value shall be used for alignment comparison
· Proposals
· RAN4 should select which value is used for alignment comparison, i.e. Smode value or TRMS, or both of them. (R4-2118303)
· Option 1: Smode value
· Option 2: TRMS
· Option 3: Both of Smode value and TRMS
· Recommended WF
·  TBA

Issue 2-3-3: Pass/fail limit for lab alignment
· Proposals
· RAN4 should define the pass/fail limit for lab alignment, based on MU value of MPAC system. (R4-2118303)
· Recommended WF
·  TBA

Sub-topic 2-4 FR1 MIMO OTA test campaign
Issue 2-4-1: Commercial devices preparation
· Proposals
· Proposal 1: Early discussion on commercial device preparation and handling is needed to fulfil the WI performance part objectives. (R4-2117849)
· Proposal 2: How to select the device for final measurement results collection, avoid that the same UE model is measured in several test labs is FFS should be concluded in RAN4#102-e meeting or before. (R4-2118604)
· Recommended WF
·  TBA

Issue 2-4-2: Commercial devices test
· Proposals
· [bookmark: OLE_LINK91]It is not necessary to perform conduction test for the devices in test campaign. (R4-2117849)
· Recommended WF
·  TBA

Sub-topic 2-5 FR1 MIMO OTA performance
Issue 2-5: How to handle non-linear TP behaviour
· Proposals
· [bookmark: OLE_LINK30]Proposal 1: Update the NR MIMO OTA measurement procedure, state clearly how to handle the non-linear TP behaviour and how to choose the sensitivity level from achieve target throughput at multiple RF power levels. (R4-2118300)
· Proposal 2: For normal MIMO OTA testing, the sensitivity level searching can be stopped when 70% point is got, e.g cut-off point at 65%TP. But for non-linear case, lower cut-off power is allowed to find the lowest sensitivity level at target throughput. (R4-2118300)
· Recommended WF
·  TBA

Sub-topic 2-6 FR2 MIMO OTA performance requirements
[bookmark: OLE_LINK38]Issue 2-6-1: Maximum downlink power for FR2 MIMO
· Proposals
· Proposal 1: For the maximum DL power definition, leverage the same 8dB cable loss assumption as in TR38.810. (R4-2119378)
· [bookmark: OLE_LINK93]Proposal 2: Use the RAN5 assumption of -17.7dB backoff for faded signals. (R4-2119378)
· [bookmark: OLE_LINK42]Proposal 3: Define the maximum DL power in the centre of the QZ for the NR FR2 MIMO OTA system to be -79.1dBm/120kHz with the assumption that all 6 probes are used. (R4-2119378)
· [bookmark: OLE_LINK32]Proposal 4: Agree -79.1dBm/120kHz as FR2 maximum downlink power for the frequency up to 43.5GHz. (R4-2118142)
· Recommended WF
·  TBA

Issue 2-6-2: Figure of Metric
· Proposals
· RAN4 to agree on the pass criterion for PC3 UE to be 18 or more test points meeting or greater than 70% and 90% maximum throughput. (R4-2118142)
· Recommended WF
·  TBA

[bookmark: OLE_LINK104]Issue 2-6-3: FR2 Simulation
· Proposals
· Proposal 1: RAN4 to start to collect the simulation results for 36 test directions in RAN4#101-bis-e meeting. (R4-2118142)
· Proposal 2: TE/CE vendors to share the variation range for AoA/ZoA, PAS, power, delay, etc., those impacted by 6 probes for FR2 simulation in RAN4#101-bis-e. (R4-2118142)
· [bookmark: OLE_LINK48]Recommended WF
·  TBA

Sub-topic 2-7 Summary results for alignment of FR2 MIMO OTA
Issue 2-7: Summary results for alignment of FR2 MIMO OTA
[bookmark: OLE_LINK46][bookmark: OLE_LINK49]Moderator’s note: after RAN4#100-e meeting, companies have had an email discussion to calibrate the simulator for FR2 MIMO OTA. Qualcomm provided a template for results collection. Qualcomm and Huawei have provided simulation results in R4-2118143.
· Proposals
· [bookmark: OLE_LINK90]For R4-2118143, comments and simulation inputs from companies are welcomed.
· Recommended WF
·  TBA

[bookmark: _Hlk86333328]Sub-topic 2-8 Preliminary MIMO OTA MU assessment
Issue 2-8-1: Priority of the preliminary MU assessment work
· [bookmark: OLE_LINK106]Proposals
· Developing the preliminary Measurement Uncertainty (MU) assessment for FR1 as 1st priority. (R4-2118301)
· Recommended WF
·  TBA

[bookmark: OLE_LINK19]Issue 2-8-2: Baseline/reference for FR1 MU assessment
· Proposals
· Proposal 1: Select the proposed value in Table 1 of R4-2118301 as the baseline for FR1 MU assessment. (R4-2118301)
· Proposal 2: for frequency range of 410MHz<f≤3GHz, use previous MU study in E-UTRA as reference for preliminary MU assessment of NR UE FR1 MIMO OTA, i.e. ±2.65 dB. While the impact of higher frequency range (3GHz <f≤7.125GHz) needs further study. (R4-2119540)
· [bookmark: OLE_LINK39]Recommended WF
·  TBA

Companies views’ collection for 1st round 
Open issues 

Sub topic 2-1 Time plan for FR1 lab alignment and requirement development
	Company
	Comments

	Samsung
	[bookmark: OLE_LINK74]Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
We are generally fine with the timeline in R4-2118604 but it is also noticed that there is only timeline for PAD while lack of timeline for test devices for performance test campaign.  It is not clear when devices for test campaign should be prepared and list frozen. Without this, it is a rush to skip to the final step to collect measurement result and define requirements. 

	CAICT
	Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
We support Proposal 1, i.e., adopt the updated time plan. The time plan is updated according to the new RAN timeline, it allows the channel model validation, lab alignment, and commercial devices measurement activities to be partly in parallel. The time plan is an efficient and flexible way to schedule all the activities in the limited R-17 timeline. 
Proposal 1 and Proposal 2 are not contradictory.
We cannot agree to Proposal 3. The target completion date of performance part of the WI is Sep/2022, it is almost impossible to complete this WI on time if postpone the FR1 OTA measurement data collection activity to the August RAN#104.

	XXX
	Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
Issue 2-1-2: Participation of FR1 lab alignment activity

	vivo
	Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
We support the updated workplan. We also share the similar view with Samsung, a revision is needed, high level guidance on performance related work can also be added in the workplan. 
 Issue 2-1-2: Participation of FR1 lab alignment activity
Support the proposal, to ensure that more interested companies can join the alignment activity but not delay the progress of performance requirements. We suggest to accommodate it in the updated workplan. 

	Qualcomm
	Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
OK with timeline. Share the similar view as Samsung and vivo. The timeline for the test campaign is not clear.

	OPPO
	Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
We support the time plan in R4-2118604 which taking the schedule of the following RAN4 e-meetings into account. About Samsung’s concern on PAD/test devices timeline, the rules for deciding the test device list is needed indeed.
Issue 2-1-2: Participation of FR1 lab alignment activity
Considering the lab alignment process management and PAD roaming plan, additional test labs to join the lab alignment activity is not encouraged.

	Huawei, Hisilicon
	Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
We added “proposal 4: others” for discussion, based on following observations
Beside the comments mentioned above, we also found some inconsistences, e.g.
1. At RAN4#101-e, “PAD providers are encouraged to deliver the PAD(s) to permitted lab volunteer(s) as early as possible, if any labs are permitted.”. How can we identify “the permitted lab” at this meeting? when “Whether the lab volunteer is permitted or not still needs to be decided in RAN4#101-bis-e meeting.?
2. The time plan may relate to the result of discussion in “Issue 2-3-1: How to process the lab alignment results”. e.g. what is the role of reference lab? How would it impact the validation and requirement process?
3. It may also relate to “Issue 2-3-3: Pass/fail limit for lab alignment”, i.e. “RAN4 should define the pass/fail limit for lab alignment, based on MU value of MPAC system.” It seems we need more time to reach agreement on MU first.

	Xiaomi
	Issue 2-1-1: 
Support the work plan.
Issue 2-1-2:
Agree with the proposal.

	MediaTek
	Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
Proposal1: It is basically fine for us, which reflects current RAN4 meetings arrangement. 
Proposal2: We think the two-round method in proposal1 would be okay to address the concern.
Proposal3: We think we can start collecting data in RAN4#103-e (May, 2022), and allow further data input in RAN4#104-e (Aug, 2022)

Issue 2-1-2: Participation of FR1 lab alignment activity
We don’t have concern on the proposal.

	Apple
	Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
As proponent of Proposals 1 and 2 , we understand that realistically PADs will circulate among labs averaging 10 business days, additionally not having a meeting in April most of the data post-processing work became compressed to the last meetings. Based on historical MIMO OTA lab alignment efforts, the data analysis is the most critical and time consuming phase therefore needs to be completed with extra care and refinement to produce reliable outcome. Apple supports extending the lab alignment effort to RAN4 #104-e to achieve a reliable outcome.
Issue 2-1-2: Participation of FR1 lab alignment activity
Due the already adequate number of volunteer labs that overcame logistic difficulties to be ready for this effort, and time constrain to reach reliable conclusions. We don’t support additional labs volunteering after the pre-determined timeline.

	CAICT
	Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
Response to Huawei:
Thanks for the discussion. 
The purpose of the proposal “PAD providers are encouraged to deliver the PAD(s) to permitted lab volunteer(s) as early as possible, if any labs are permitted.” is to start the PAD measurement earlier.  Our assumption is the pass/fail limits of channel model validation can be concluded in this meeting, and then the labs can judge whether it can be permitted by itself according to the pass/fail limits. 
[bookmark: OLE_LINK62]Considering the current discussion progress of the pass/fail limits, we suggest to allow to start the PAD measurement before deciding the pass/fail limits, as long as the lab shares the channel model validation results in the NR MIMO OTA reflector.
The role of the reference lab is as described in Option 1 of this issue. It can provide a target value at an earlier stage and make it easier to align all the labs. It is also time-saving because there is no need to wait all the 7 labs to complete the PAD measurement. 
The time plan can be further updated according to the progress of each meeting. 



 
Sub topic 2-2 Performance alignment devices (PADs) for FR1 lab alignment
	Company
	Comments

	Samsung
	Issue 2-2-1: PAD selection
Not sure if we can go with PAD from 4 volunteers. If it is mandatory to down-select to 3, we think that different supporting band number should be an important consideration. And PAD from different market should also be balanced.
Issue 2-2-2: PAD management and roaming scheme
Proposals 1 to 3 are not controversial to each other. We support these proposals. Especially for backup sample, we think it is necessary to be provided and even to be tested by some labs in case some unexpected issue occurs after the PAD has been delivered abroad.

	XXX
	Issue 2-2-1: PAD selection
Issue 2-2-2: PAD management and roaming scheme

	vivo
	Issue 2-2-1: PAD selection
[bookmark: OLE_LINK81]Similar to LTE lab alignment, we can select two bands for testing, 2~3 devices for each band. Then, no need to drop any PAD, in the meantime control the testing burden.
For example: PAD1, PAD 2, PAD3 for n41; PAD3, PAD4 for n78; total 5 test cases.
Issue 2-2-2: PAD management and roaming scheme
We support proposal 2. For the backup approach, we are not clear about the detailed procedure on how to handle it, more clarification is needed.

	OPPO
	Issue 2-2-1: PAD selection
We have the same concern with Samsung. Can we go with 4 PADs? Or what’s the criteria to down-select to PADs?
Issue 2-2-2: PAD management and roaming scheme
Support all the proposals. 

	Xiaomi
	Issue 2-2-1:
Agree with VIVO proposal. 
Issue 2-2-2:
We have question on the back-up method, this will increase the validation time. The result of back-up unit cannot be compared to previous unit.

	MediaTek
	Issue 2-2-1:
No strong position, because the PAD is for alignment. Enough band (frequency) coverage by PADS could be the first consideration, and also control the testing burden.

Issue 2-2-2:
These proposals are made sense for us. We may consider delivery time based on channel model validation results and also chamber geometry location.

	Apple
	Issue 2-2-2:
We don’t support Proposal 1 statement:
· Every PAD is better to be measured in all the lab volunteers, and should be measured in at least three lab volunteers.
We support that every PAD needs to be  measured in every volunteered lab, therefore should be measured in all seven volunteer labs.
We are the proponent of Proposal 2, it seems that all agreed that logistically it makes sense
We support Proposal 3

	CAICT
	Issue 2-2-1: PAD selection
Vivo’s proposal is a feasible approach to go with the 4 PADs.


 
Sub topic 2-3 FR1 lab alignment activity
	Company
	Comments

	Huawei, Hisilicon
	Issue 2-3-1: How to process the lab alignment results
We prefer Option 2 Statistical analysis approach. Each volunteer and validated lab should has the equal opportunity. 

	Keysight
	Issue 2-3-1: How to process the lab alignment results
Option 2(b) seems to be most reasonable approach, i.e., take the running average of all labs that submitted results. Defining one reference lab for a brand-new test campaign (new bands, new technology, new CMs, etc.) does not seem the best and fairest approach. For LTE MIMO, those systems were around for years when that campaign started and seemed more reasonable. The analysis for this Option 2 approach is pretty straightforward and should not result in any delays. It is suggested to remove the top and the bottom performing lab out of the averaging equation, i.e., the reference value is determined from the middle 5 labs in the end. 

	CMCC
	Issue 2-3-1: How to process the lab alignment results
Support Option2.

	Samsung
	Issue 2-3-1: How to process the lab alignment results
Support Option 1. Reference lab approach has been adopted in LTE MIMO OTA and it is natural to reuse it since NR FR1 MIMO OTA is desired to be compatible to LTE as much as possible. Moreover, reference lab approach is the most time saving approach, especially there is not plenty of time in Rel-17 for both lab alignment and performance derivation.
Issue 2-3-2: Which value shall be used for alignment comparison
We think at least Option 1 (Smode value) can be excluded. TRMS as the performance metric should be taken into account, either by TRMS only or by both TRMS and Smode.

	CAICT
	Issue 2-3-1: How to process the lab alignment results
We prefer Reference lab approach (Option 1). If adopting Option 2a or 2b, a reference value cannot be calculated until all the 7 labs finish the PAD measurement, the progress of each lab will affect the progress of the whole lab alignment activity and the follow-up requirement development. Any delay of labs and the PAD delivering process will slow down the whole progress of the WI. In contrast, the reference lab approach is more efficient and controllable, it will provide a target value at an earlier stage and make it easier to align all the labs.  
[bookmark: OLE_LINK51]The reference lab approach has been adopted for LTE MIMO OTA. Actually, we have not seen any essential differences between the testing methodology for NR FR1 MIMO OTA and that for LTE MIMO OTA, there is no difference in the structure of the chamber, only the number of probes used has changed. It is reasonable to learn from the experience of LTE MIMO OTA and apply the similar reference lab approach. 

Issue 2-3-3: Pass/fail limit for lab alignment
We support to take MU values of MPAC systems into account when defining the pass/fail limits for lab alignment. 


	vivo
	Issue 2-3-1: How to process the lab alignment results
We prefer option 1.  
Issue 2-3-2: Which value shall be used for alignment comparison
Given the final requirement is TRMS, we think using TRMS is sufficient. i.e. Option 2; Option 3 is also acceptable for us, if group interests.


	Qualcomm
	Issue 2-3-1: How to process the lab alignment results
Support option 2. For option 1, how to decide the reference lab? Seems option 2 is a fair to all the participated labs.
Issue 2-3-2: Which value shall be used for alignment comparison
Fine with option 2/3.

	OPPO
	Issue 2-3-1: How to process the lab alignment results
[bookmark: OLE_LINK85]We prefer Option 2, considering brand-new test campaign of FR1 MIMO OTA. Option 2-b may be the most proper way to process the lab alignment results. However, this option needs all the labs finish the test on time, which would probably affect the whole progress of alignment activity, especially considering lab abroad. In this case, Option 3-b (should be 2-c?) can be further discussed as a compromise.
Issue 2-3-2: Which value shall be used for alignment comparison
Support Option 1, Smode value.
Issue 2-3-3: Pass/fail limit for lab alignment
Support the proposal, it’s a good point to take MU value of MPAC system into account.

	Keysight
	Issue 2-3-1: How to process the lab alignment results
The reference results could be obtained based on a running average of labs that submitted data, i.e., there is no need to wait until all 7 labs have submitted data. 

	Xiaomi
	Issue 2-3-1: How to process the lab alignment results
Support Option 2.
Issue 2-3-2: Which value shall be used for alignment comparison
Support Option 2.

	MediaTek
	Issue 2-3-1
Support Option2, and share similar view as Huawei, Qualcomm, and Keysight.

	Apple
	Issue 2-3-1
Support Option 2, there’s no evidence that any volunteer lab can be considered as a reference lab at this point
Issue 2-3-2: Which value shall be used for alignment comparison
Support option 2
Issue 2-3-3: Pass/fail limit for lab alignment
Adopting MU value of MPAC system as criteria might require an additional parallel effort to generate reliable and effective results.

	
	Issue 2-3-1: How to process the lab alignment results
Issue 2-3-2: Which value shall be used for alignment comparison
Issue 2-3-3: Pass/fail limit for lab alignment



Sub topic 2-4 FR1 MIMO OTA test campaign
	Company
	Comments

	Samsung
	Issue 2-4-1: Commercial devices preparation
We support both proposals. To fulfill the objective of this WI, it is better to discuss commercial device preparation and handling aspect given only several meetings left in Rel-17.
Issue 2-4-2: Commercial devices test
As proponent of this proposal, we think it is not practical and not necessary to perform conduction test prior to OTA test in test campaign.

	vivo
	Issue 2-4-1: Commercial devices preparation
We need more time to discuss and conclude how to select commercial devices for performance requirement definition.


	OPPO
	Issue 2-4-1: Commercial devices preparation
Support Proposal 1 and Proposal 2. To fulfil the WI objectives in Rel-17, devices preparation work should be done in front.
Issue 2-4-2: Commercial devices test
Conduction test should be avoided in case the mechanical structure of the DUT being damaged accidentally.

	MediaTek
	Issue 2-4-1: Commercial devices preparation
Both proposals are made sense for us.
Issue 2-4-2: Commercial devices test
We support the proposal, and thanks OPPO to point out the potential issue.	

	Apple
	Issue 2-4-1: Commercial devices preparation
We support Proposal 1
We don’t support Proposal 2, based on the number of volunteer labs and average time for PAD handling, it doesn’t seems to be feasible to conclude all measurements by RAN4 #102-e
Issue 2-4-2: Commercial devices test
We understand that PAD integrity and stability is paramount for this effort success, however, if a conducted test prior to OTA is feasible while maintaining the PAD integrity, we support such activity as an additional alignment metric between volunteer labs.

	CAICT
	Issue 2-4-1: Commercial devices preparation
We support both proposals. It is helpful to discuss how to select, prepare, and handle the commercial devices earlier considering the limited R-17 timeline. 
Issue 2-4-2: Commercial devices test
We support the proposal. 


	XXX
	Issue 2-4-1: Commercial devices preparation
Issue 2-4-2: Commercial devices test



Sub topic 2-5 FR1 MIMO OTA performance
	Company
	Comments

	Samsung
	support

	vivo
	Issue 2-5: How to handle non-linear TP behavior
support

	OPPO
	Support the proposals.

	MediaTek
	Both proposals are made sense for us.

	Apple
	Issue 2-5: How to handle non-linear TP behavior
We don’t support Proposal 1, not knowing the root cause of PAD non-linear behavior might compromise the effort, there’s no technical reason to verify labs alignment adopting PADs that have non-linear behavior or might be unstable. During this phase the efforts should be on isolating MU related to the test system while minimizing uncertainty related to PADs.
We don’t support Proposal 2 as well, since we don’t support non-linear PADs to be included on this effort



Sub topic 2-6 FR2 MIMO OTA performance requirements
	Company
	Comments

	Keysight
	Issue 2-6-1: Maximum downlink power for FR2 MIMO
Agree on P1-P4

	Huawei, Hisilicon
	Issue 2-6-1: Maximum downlink power for FR2 MIMO
Agree on P1P2
For P3P4,
In the calculation, one parameter needs to be noted.
	Probe Antenna gain, dB
	12.0


Based on the probe parameters we collected, the current commercial probe gain is about 20 dB at 28 GHz, which may be even higher at 43.5 GHz. So we recommend
	Probe Antenna gain, dB
	20.0


-71.1dBm/120kHz as FR2 maximum downlink power.
Issue 2-6-2: Figure of Metric
According to WF of last e-meeting “The FoM will be further discussed after the max downlink power is finalized.” we recommend discussing Issue 2-6-1 first. 
Issue 2-6-3: FR2 Simulation
Without P2, how to simulate as P1 is confusing. So we recommend discussing P2 first.

	Samsung
	Issue 2-6-1: Maximum downlink power for FR2 MIMO
Both P3 and P4 give max DL power as -79.1dBm/120kHz, i.e. around -50dBm@100MHz. EIS spherical coverage of PC3 is in the range of [-66.7, -74.4]dBm@100MHz. At least for n259/262, the SNR headroom is lower than 20dB to achieve 70% throughput and 90% throughput. It is marginal if there is no polarization mismatch. Not clear the provided SNR by max DL power is enough in case polarization mismatch exist between TE and UE.
This parameter will affect the discussion of Figure of Merit. If a too low Max DL power specified, we are not sure if all 18 of 36 test points could achieve targeted TP.
Issue 2-6-2: Figure of Metric
Agree with HW that this issue depends on Issue 2-6-1.
Issue 2-6-3: FR2 Simulation
It is encouraged to simulate the effect of polarization mismatch.

	Keysight
	While there are commercial probes with 20dB gain available, those probes are not suitable for use in FR2 MIMO systems due to the very narrow beam width which results in poor quality of quiet zone performance. We cannot agree with a change of the assumed probe antenna gain from 12dB to 20dB.  

	vivo
	Issue 2-6-1: Maximum downlink power for FR2 MIMO
Support the proposals. But suggest to keep the value in square bracket for further checking based on real measurements.

	Qualcomm
	Issue 2-6-1: Maximum downlink power for FR2 MIMO
To Huawei, thanks for providing the information for antenna gain. Per feedback from Keysight and vivo, we can have -79.1dBm/120kHz in square bracket at this stage and further check if there is possibility to use higher probe antenna.
To Samsung, I guess your comments are for Issue 2-6-2. For the proposal of maximum DL power is calculated based on the agreed assumption in TR38810 and feedback from companies in last meeting. We can agree on the maximum DL power first and further discuss on whether 18 of 36 test points can be reached with the maximum DL power.
Issue 2-6-2: Figure of Metric
The estimation on the margin between achievable SINR and required SINR in our paper is based on the simulation results where polarization mismatch was not considered. Note that for 28GHz, it should have enough margin (over 10dB for 70% of maximum TP). Maybe we can agree on the FoM for 28GHz first and further discuss for other bands per further simulation or measurement.
Issue 2-6-3: FR2 Simulation
To Samsung, we are OK to consider the polarization mismatch in the further simulation.
To Huawei, P1 is to run the simulation with ideal channel model parameters specified in TR38827. With the simulation alignment on P1, we can further provide the simulation results with P2.
With above comments, we suggest revising the P1 as following:
· Proposal 1: RAN4 to start to collect the simulation results for 36 test directions in RAN4#101-bis-e meeting. (R4-2118142)
· Channel model parameters from TR38827 should be used 
· Polarization mismatch should be considered  


	Keysight
	Issue 2-6-1: Maximum downlink power for FR2 MIMO
We do not believe a higher gain antenna is feasible without significantly compromising the QoQZ performance; we should therefore align the antenna assumptions used previously. We performed empirical evaluations to confirm that this proposed maximum downlink power limit is feasible and do not believe square brackets are necessary. 

	MediaTek
	Issue 2-6-3: FR2 Simulation
No concern on start to collect simulation result. 

	Apple
	Issue 2-6-3: FR2 Simulation
Supports Proposal 2

	Huawei, Hisilicon
	Issue 2-6-1: Maximum downlink power for FR2 MIMO
As a UE vendor, we have the similar concerns as Samsung, specifically polarization mismatch.
To Keysight: How much 1dB beam width is recommended to ensure quality of quiet zone performance? At least 30°? In addition, what is the typical 1 dB beam width for the commercial probes with 12dB gain? About 40°?
Issue 2-6-3: FR2 Simulation
To Qualcomm: just for the simulation alignment again, we are OK for P1. But actually, we would like to focus on P2.

	XXX
	Issue 2-6-1: Maximum downlink power for FR2 MIMO
Issue 2-6-2: Figure of Metric
Issue 2-6-3: FR2 Simulation



Sub topic 2-7 Summary results for alignment of FR2 MIMO OTA
	Company
	Comments

	MediaTek
	Thanks for Qualcomm and Huawei’s contribution. We still work on this.



Sub topic 2-8 Preliminary MIMO OTA MU assessment
	Company
	Comments

	Keysight
	Issue 2-8-2: Baseline/reference for FR1 MU assessment
Comment on R4-2118301: while the QoQZ test procedure was defined in 38.827, it has not been defined yet how the QoQZ MU value is determined from those measurements. For that reason, the QoQZ MU cannot be estimated yet. It is suggested that all MU value proposals are accompanied with detailed justification, e.g., screenshots of TE datasheet values in an annex of a contribution. 
Proposal 2 seems to be a good compromise to define preliminary MU in RAN4 for <3GHz. 

	vivo
	Issue 2-8-1: Priority of the preliminary MU assessment work
support
Issue 2-8-2: Baseline/reference for FR1 MU assessment
For P1, All the values are in [] for further checking. For P2, given the gNB, channel emulator and high-power amplifiers have been changed, final LTE expanded MU value can not be reused directly. 

	Qualcomm
	Issue 2-8-1: Priority of the preliminary MU assessment work
FR1 and FR2 MU assessment work were added into WI from Sept. RAN plenary meeting. This is the first meeting to discuss this objective. We have concern to deprioritize FR2 MU assessment work at this stage. FR1 and FR2 MU assessment can be done in parallel. 

	MVG
	Issue 2-8-1: Priority of the preliminary MU assessment work
Issue 2-8-2: Baseline/reference for FR1 MU assessment
Issue 2-8-1: Priority of the preliminary MU assessment work
Issue 2-8-2: Baseline/reference for FR1 MU assessment
Comment on R4-2118301-   Many of the terms which have been included in brackets do not match that in 37.544   Table N.1-1:  Including the following: 
- Quality of the Quiet Zone for Measurement and Calibration was 0.5/0.29 dB in 37.544, where is 0.8 dB coming from?
-DUT sensitivity drift has not been considered.
-Where does 1.25 come from for signal flatness? 
-Why has the uncertainty of the absolute gain of the calibration antenna changed from 0.5 to 0.3 dB.  This value cannot come from a data sheet.  It must come from a traceable calibration report.
- Why has the uncertainty for the VNA changed from 0.5 to 0.3 dB? 
-The offset of the phase center cannot always be considered to be 0 when testing at 400 MHz, unless using a dipole for the calibration. This should be updated in 38.827 or 34.114.  In 34.114 it states: E.9.3	Phase curvature
This uncertainty originates from the finite far-field measurement distance, which causes phase curvature across the DUT. If the measurement distance is > 10λ, this error is assumed to be negligible. At 2 GHz λ is 0.15 m, thus 10λ is 1.5 m. at 400 MHz the distance is not greater than 10 lambda.
In response to vivo: For P1, All the values are in [] for further checking. For P2, given the gNB, channel emulator and high-power amplifiers have been changed, final LTE expanded MU value can not be reused directly.   There is no amplifier change required in the MVG MPAC system to support FR1 NR.  The same amplifiers used for 4G are used for 5G FR1.

Comment on R4-2119540:
Offset of the Phase Center of the Reference Antenna – the same comment as above.  This cannot be considered 0 when testing at 400 MHz unless using a dipole for the calibration.


	Huawei, Hisilicon
	Issue 2-8-2: Baseline/reference for FR1 MU assessment
Many thanks to MVG for very professional analysis. The proposal in R4-2119540 to reuse LTE values is for the sake of WI progress, i.e “preliminary” assessments to facilitate the requirement discussion and leave more accurate discussion to RAN5 as agreed previously.
Certainly, we are looking forward to your expertise and contributions in this area :)

	Apple
	Issue 2-8-2: Baseline/reference for FR1 MU assessment
Agreed with MVG, the expanded MU can’t be reused directly. Also agree with Huawei Hisilicon to the point that preliminary MU assessment should be done in RAN4 enabling a more accurate assessment on RAN5. However, a preliminary reused MU might not be considered as feasible RAN5 starting point.

	CAICT
	Issue 2-8-1: Priority of the preliminary MU assessment work
Support the proposal. 



CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic 2-1 Time plan for FR1 lab alignment and requirement development
	Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
For the update time plan, 7 companies (Samsung, CAICT, vivo, Qualcomm, OPPO, Xiaomi, MediaTek) are supportive. 4 companies suggest to revise this time plan to add timeline and guidance of the test campaign. 1 company (Huawei) points out some inconsistences of the time plan and other issues. 
[bookmark: OLE_LINK77]For the proposal “Postpone the FR1 MIMO OTA measurement data collection activity to RAN#104”, Apple is the proponent but CAICT cannot agree. MediaTek proposed a compromised approach (to start collecting data in RAN4#103-e (May, 2022), and allow further data input in RAN4#104-e (Aug, 2022)).
[bookmark: OLE_LINK75]Recommendations for 2nd round:
[bookmark: OLE_LINK101]Revise the time plan to address the comments collected. Target is to agree the time plan in this meeting.

Issue 2-1-2: Participation of FR1 lab alignment activity
5 companies shared views on this issue. 3 companies (vivo, Xiaomi, MediaTek) are supportive to this proposal to allow additional test labs to join the lab alignment activity as 2nd phase, while 2 companies (OPPO, Apple) don’t support this proposal.
Recommendations for 2nd round:
Further discuss this topic in 2nd round.


	Sub-topic 2-2 Performance alignment devices (PADs) for FR1 lab alignment
	Issue 2-2-1: PAD selection
Vivo proposes a method to avoid drop any PAD candidate, which is to select two bands for testing, 2~3 devices for each band. Companies are supportive to this proposal. 
[bookmark: _Hlk87254282]Tentative Agreements: 
All the 4 PAD candidates are remained as PADs. 
Recommendations for 2nd round:
Further discuss how to arrange the 4 PADs to 2 test bands (n41, n78). Note that as agreed in Framework on FR1 MIMO OTA requirements development (R4-2108617), the number of PADs required for each band is 3.

Issue 2-2-2: PAD management and roaming scheme
[bookmark: OLE_LINK83]6 companies share views on this issue. 4 companies are supportive to the back-up method. Vivo asks more clarification about the detailed procedure on how to handle it. Xiaomi questions the back-up method will increase the validation time. Apple supports that every PAD needs to be measured in every volunteered lab, which is contradictory to a statement in Proposal 1.
4 companies support Proposal 2 and no company opposite it. 
Tentative agreements: 
Consider transfer PADs initially among labs located in China, then Taiwan, the final PADs destination should be the USA located lab.
Recommendations for 2nd round:
Further discuss the detailed procedure of the back-up method. Revise the PADs roaming scheme (R4-2118904) to address the comments. 


	Sub-topic 2-3 FR1 lab alignment activity
	Issue 2-3-1: How to process the lab alignment results
[bookmark: OLE_LINK86]11 companies shared views on this issue. 8 companies prefer Option 2 (Statistical analysis approach) and 3 companies support Option 1(Reference lab approach). The proponents of Option 2 think it is a fair and straightforward way. 3 companies (CAICT, Samsung, OPPO) have the concern that Option 2 would probably affect the whole progress of the WI. 
Keysight proposes that reference results could be obtained based on a running average of labs that submitted data. OPPO suggests to further discuss Option 3-b as a compromise.
Recommendations for 2nd round:
Further discuss this issue in 2nd round. Agreements should be captured in the WF on NR MIMO OTA.

Issue 2-3-2: Which value shall be used for alignment comparison
6 companies shared views on this issue. 5 companies are fine with Option 2 or both Options 2 & 3. 1 company (OPPO) supports Option 1. 
Considering TRMS is the performance metric and the majority views support option2, the moderator suggests going with the following tentative agreement:
Tentative agreement:
TRMS value is used for alignment comparison.
Recommendations for 2nd round:
Further check if the above tentative agreement is agreeable.

Issue 2-3-3: Pass/fail limit for lab alignment
3 companies shared views on this issue. 2 companies support the proposal. 1 company (Apple) considers that adopting MU value of MPAC system as criteria might require an additional parallel effort to generate reliable and effective results.
Tentative agreement:
RAN4 should define the pass/fail limit for lab alignment, based on MU value of MPAC system.
Recommendations for 2nd round:
Further check if the above tentative agreement is agreeable.


	Sub-topic 2-4 FR1 MIMO OTA test campaign
	Issue 2-4-1: Commercial devices preparation
6 companies shared views on this issue. 4 companies support both proposals. Apple supports Proposal 1 but doesn’t support Proposal 2. Vivo deems we need more time to discuss and conclude how to select commercial devices for performance requirement definition.
Tentative agreement:
Early discussion on commercial device preparation and handling is needed to fulfil the WI performance part objectives.
Recommendations for 2nd round:
Further check if the above tentative agreement is agreeable.
Further discuss Proposal 2 and target to conclude in 2nd round. Agreements should be captured in the WF on NR MIMO OTA.

Issue 2-4-2: Commercial devices test
[bookmark: OLE_LINK88]5 companies shared views on this issue. 4 companies support the proposal. Apple supports conducted test activity as an additional alignment metric between volunteer labs, if a conducted test prior to OTA is feasible while maintaining the PAD integrity.
[bookmark: OLE_LINK89]Considering it is important to avoid the mechanical structure of the PAD being damaged accidentally, the moderator suggests going with the following tentative agreement:

[bookmark: OLE_LINK92]Tentative agreement:
It is not necessary to perform conduction test for the devices in test campaign.
Recommendations for 2nd round:
[bookmark: OLE_LINK96]Further check if the above tentative agreement is agreeable.


	Sub-topic 2-5 FR1 MIMO OTA performance
	Issue 2-5: How to handle non-linear TP behaviour
5 companies shared views on this issue. 4 companies support the proposals. Apple doesn’t support Proposal 1, because not knowing the root cause of PAD non-linear behavior might compromise the effort, and there’s no technical reason to verify labs alignment adopting PADs that have non-linear behavior or might be unstable. Apple also doesn’t support Proposal 2, because they don’t support non-linear PADs to be included on this effort.
Recommendations for 2nd round:
Further discuss and target to conclude this issue in 2nd round. Agreements should be captured in the WF on NR MIMO OTA.


	Sub-topic 2-6 FR2 MIMO OTA performance requirements
	Issue 2-6-1: Maximum downlink power for FR2 MIMO
5 companies shared views on this issue. 3 companies agree on Proposals 1&2. Keysight agree on Proposals 3&4, but Huawei recommend -71.1dBm/120kHz as FR2 maximum downlink power because the current commercial probe gain is about 20 dB. Keysight further oppose a change of the assumed probe antenna gain from 12dB to 20dB. Vivo and Qualcomm suggest to have -79.1dBm/120kHz in square bracket at this stage. Keysight doesn’t believe square brackets are necessary. Besides, Huawei and Samsung have concerns on polarization mismatch. No consensus achieved in 1st round. 
Tentative agreement:
For the maximum DL power definition, leverage the same 8dB cable loss assumption as in TR38.810.
Use the RAN5 assumption of -17.7dB backoff for faded signals.
Recommendations for 2nd round:
Further discuss Proposals 3&4 in 2nd round. Agreements should be captured in the WF on NR MIMO OTA.

Issue 2-6-2: Figure of Metric
[bookmark: OLE_LINK94]3 companies shared views on this issue. All of them agree to discuss Issue 2-6-1 first. Qualcomm also suggests to agree on the FoM for 28GHz first and further discuss for other bands.
[bookmark: OLE_LINK95]Recommendations for 2nd round:
Discuss Issue 2-6-1 first. Agreements should be captured in the WF on NR MIMO OTA.

Issue 2-6-3: FR2 Simulation
5 companies shared views on this issue. Apple supports Proposal 2. Huawei recommends to discuss Proposal 2 first. Qualcomm then suggest revising Proposal 1 to address the comment, and no company opposes the revised Proposal 1. MediaTek has no concern on starting to collect simulation results. Besides, Samsung encouraged to simulate the effect of polarization mismatch, and Qualcomm is OK with this proposal. 
Tentative agreement:
RAN4 to start to collect the simulation results for 36 test directions in RAN4#101-bis-e meeting. 
o	Channel model parameters from TR38827 should be used 
o	Polarization mismatch should be considered  
TE/CE vendors to share the variation range for AoA/ZoA, PAS, power, delay, etc., those impacted by 6 probes for FR2 simulation in RAN4#101-bis-e.
Recommendations for 2nd round:
Further check if the above tentative agreement is agreeable.


	Sub-topic 2-7 Summary results for alignment of FR2 MIMO OTA
	Issue 2-7: Summary results for alignment of FR2 MIMO OTA
MediaTek mentions they still work on this.
Recommendations for 2nd round:
Comments and simulation inputs from companies are welcomed.


	Sub-topic 2-8 Preliminary MIMO OTA MU assessment
	Issue 2-8-1: Priority of the preliminary MU assessment work
3 companies shared views on this issue. 2 companies support the proposal, 1 company suggests not to deprioritize FR2 MU assessment work at this stage.
Recommendations for 2nd round:
Further discuss this issue in 2nd round. Agreements should be captured in the WF on NR MIMO OTA.

[bookmark: OLE_LINK105]Issue 2-8-2: Baseline/reference for FR1 MU assessment
5 companies shared views on this issue. Keysight suggests that all MU value proposals are accompanied with detailed justification, and deems Proposal 2 to be a good compromise. Vivo proposes to further check the values in [] for Proposal 1. MVG provides detailed analysis. 3 companies agree that LTE expanded MU value cannot be reused directly. 2 companies agree that preliminary MU assessment should be done in RAN4 enabling a more accurate assessment on RAN5.
Tentative agreement:
LTE expanded MU value cannot be reused directly.
Recommendations for 2nd round:
Further check if the above tentative agreement is agreeable.
[bookmark: OLE_LINK107][bookmark: OLE_LINK97]More professional analysis for FR1 MU assessment is encouraged. 





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
Sub-topic 2-1 Time plan for FR1 lab alignment and requirement development

Issue 2-1-1: Time plan for FR1 lab alignment and requirement development
· Background
· A revised time plan will be provided by CAICT and OPPO. So R4-2118604 will be revised to R4-2120683 to address companies’ comments.
· Recommended WF
· Comments to the Draft of R4-2120683 are encouraged. The target is to approve the time plan in R4-2120683 in this meeting.

Issue 2-1-2: Participation of FR1 lab alignment activity
· Proposals
· [bookmark: OLE_LINK102]Proposal 1: Additional test labs to join the lab alignment activity as 2nd phase is allowed, but should not impact the whole progress of defining MIMO OTA requirements. (R4-2118303)
· Proposal 2: Additional test labs are not allowed to join the lab alignment activity.
· Recommended WF
· Further discuss this issue and target to conclude in this meeting.

	Company
	Comments

	
	

	
	

	
	

	
	

	
	



Sub-topic 2-2 Performance alignment devices (PADs) for FR1 lab alignment

Issue 2-2-1: PAD selection
· Proposals
· Proposal 1: Arrange the 4 PADs to 2 test bands (n41, n78) as follows. (from the moderator based on the 1st round discussion)
	Test band
	PAD candidate

	n41
	1. PAD candidate_SAMSUNG
2. PAD candidate_Xiaomi
3. PAD candidate_OPPO

	n78
	1. PAD candidate_SAMSUNG
2. PAD candidate_Xiaomi
3. PAD candidate_vivo


· Others
· Recommended WF
· Further discuss if Proposal 1 is feasible. The target is to conclude in this meeting.

Issue 2-2-2: PAD management and roaming scheme
· Background
· [bookmark: OLE_LINK118]A revised PADs roaming scheme will be provided by OPPO. So R4-2118904 will be revised to address companies’ comments.
· [bookmark: OLE_LINK117]A tentative agreement is “Consider transfer PADs initially among labs located in China, then Taiwan, the final PADs destination should be the USA located lab”. It is suggested to capture the tentative agreement into the revised PADs roaming scheme.
· Recommended WF
· Comments to the Revision of R4-2118904 are encouraged. The target is to approve the revised PADs roaming scheme in this meeting.

	Company
	Comments

	
	

	
	

	
	

	
	

	
	



Sub-topic 2-3 FR1 lab alignment activity
Issue 2-3-1: How to process the lab alignment results
· Proposals
· Option 1: Reference lab approach:
· Option 1-a: Select a reference test lab, all the other labs should be aligned with the reference lab within [X] dB tolerance (same as LTE MIMO OTA approach) (R4-2118303)
· Option 1-b: naming the Reference Lab for alignment activity, and PAD measurement result from the reference lab is the reference value of the PAD, and other labs should have their measurement results falling in the reference value +/- [XX]% as satisfied performance. (R4-2118902)
· Option 2: Statistical analysis approach: 
· Option 2-a: Data processing all the results by a statistical analysis approach, within [Y] dB, to identify the alignment outcome. (new approach needs more analysis and discussion) (R4-2118303)
· [bookmark: OLE_LINK121][bookmark: OLE_LINK123]Option 2-b: the average of all the seven labs measurement results are treated as the reference value of the PAD. Exception point can be excluded before average data processing. The labs should have their measurement results falling in the reference value +/- [XX]% as satisfied performance. (reference value of the PAD cannot be calculated until all the seven labs finish the PAD measurement, and will probably affect the time plan of the lab alignment activity.) (R4-2118902)
· [bookmark: OLE_LINK120][bookmark: OLE_LINK122]Option 2-c: as a compromised option, once the PAD is measured in four labs, i.e. over half of the participating labs, the averaging approach as Option 2 can be used to derive the reference value of the PAD. And other “late” PAD measurement results should respect the reference value. (R4-2118902)
· Option 2-d: Based on Option 2-b, the reference results be obtained based on a running average of labs that submitted data, i.e., there is no need to wait until all 7 labs have submitted data. (Keysight)
· Option 3: Compromised approach (from the moderator):
· To guarantee a timely progress of the WI, the average of the PAD measurement results submitted on or before RAN4#102-e will be treated as the reference value of the PAD. Exception point can be excluded before average data processing. The labs should have their measurement results falling in the reference value +/- [XX]% as satisfied performance. 
· Recommended WF
· Further discuss this issue in 2nd round (Note that Option 2-d and Option 3 are newly proposed). 

Issue 2-3-2: Which value shall be used for alignment comparison
· If the tentative agreement “TRMS value is used for alignment comparison” is agreeable
· Option 1: Yes, agreeable
· Option 2: No, not agreeable.
· [bookmark: OLE_LINK100]Recommended WF
· TBA.

Issue 2-3-3: Pass/fail limit for lab alignment
· If the tentative agreement “RAN4 should define the pass/fail limit for lab alignment, based on MU value of MPAC system” is agreeable
· Option 1: Yes, agreeable
· Option 2: No, not agreeable.
· Recommended WF
· TBA.

	Company
	Comments

	MediaTek
	Issue 2-3-1: How to process the lab alignment results
We support “statistical analysis approach”. Moreover, for the detailed difference, below options are preferred for us.
· Option 2-a
· Option 2-b
· Option 2-d
· Option 3
Issue 2-3-2: Which value shall be used for alignment comparison
Option 1
Issue 2-3-3: Pass/fail limit for lab alignment
Option 1

	
	

	
	

	
	

	
	



Sub-topic 2-4 FR1 MIMO OTA test campaign
Issue 2-4-1: Commercial devices preparation
· Proposals
· Proposal 1: Early discussion on commercial device preparation and handling is needed to fulfil the WI performance part objectives (Tentative Agreement based on the 1st round discussion)
· Proposal 2: How to select the device for final measurement results collection, avoid that the same UE model is measured in several test labs is FFS should be concluded in RAN4#102-e meeting or before. (R4-2118604)
· Recommended WF
· Proposal 1 is agreeable.
· Further discuss Proposal 2 and target to conclude in 2nd round.

Issue 2-4-2: Commercial devices test
· If the tentative agreement “It is not necessary to perform conduction test for the devices in test campaign” is agreeable
· Option 1: Yes, agreeable
· Option 2: No, not agreeable.
· Recommended WF
· TBA.

	[bookmark: OLE_LINK103]Company
	Comments

	MediaTek
	Issue 2-4-1: Commercial devices preparation
Both Proposa1&2 are agreeable for us.
Issue 2-4-2: Commercial devices test
Option 1.

	
	

	
	

	
	

	
	



Sub-topic 2-5 FR1 MIMO OTA performance
Issue 2-5: How to handle non-linear TP behaviour
· Proposals
· Proposal 1: Update the NR MIMO OTA measurement procedure, state clearly how to handle the non-linear TP behaviour and how to choose the sensitivity level from achieve target throughput at multiple RF power levels. (R4-2118300)
· Proposal 2: For normal MIMO OTA testing, the sensitivity level searching can be stopped when 70% point is got, e.g cut-off point at 65%TP. But for non-linear case, lower cut-off power is allowed to find the lowest sensitivity level at target throughput. (R4-2118300)
· Recommended WF
· Further discuss and target to conclude this issue in 2nd round.

	Company
	Comments

	vivo
	Feedback to Apple 1st round comments: the provide statement is the supplement of NR MIMO OTA test procedure, same as LTE, to ensure FR1 device with non-linear TP behavior can also be correctly measured.
There must be some misunderstanding, this proposal is not related to PADs. The paper is not proposing PAD with non-linear behavior.


	Apple
	Feedback to vivo, thank you for clarifying that proposal is not related to accepting PADs with non-linear behavior during the lab alignment phase. Is understood that such UE behavior might be found during the performance requirement phase, however, in our understanding non-linear devices should not be adopted as reference PAD  during the lab alignment

	
	

	
	

	
	



Sub-topic 2-6 FR2 MIMO OTA performance requirements
Issue 2-6-1: Maximum downlink power for FR2 MIMO
· Proposals
· Proposal 1: Define the maximum DL power in the centre of the QZ for the NR FR2 MIMO OTA system to be -79.1dBm/120kHz with the assumption that all 6 probes are used. (R4-2119378)
· Proposal 2: Agree -79.1dBm/120kHz as FR2 maximum downlink power for the frequency up to 43.5GHz. (R4-2118142)
· Recommended WF
· [bookmark: OLE_LINK108]Further discuss and target to conclude in this meeting.

Issue 2-6-2: Figure of Metric
· Proposals
· Proposal 1: Discuss Issue 2-6-1 first.
· Recommended WF
· TBA.

Issue 2-6-3: FR2 Simulation
· If the following tentative agreements are agreeable:
Tentative agreement 1: RAN4 to start to collect the simulation results for 36 test directions in RAN4#101-bis-e meeting. 
o	Channel model parameters from TR38827 should be used 
o	Polarization mismatch should be considered  
Tentative agreement 2: TE/CE vendors to share the variation range for AoA/ZoA, PAS, power, delay, etc., those impacted by 6 probes for FR2 simulation in RAN4#101-bis-e.
· Option 1: Yes, agreeable
· Option 2: No, not agreeable.
· Recommended WF
· TBA.

	Company
	Comments

	MediaTek
	Issue 2-6-3: FR2 Simulation
Option 1. Simulation method is one of the important approaches for requirement discussion. We are working on it, and it’s good to start to collect results next meeting.

	
	

	
	

	
	

	
	



Sub-topic 2-8 Preliminary MIMO OTA MU assessment
Issue 2-8-1: Priority of the preliminary MU assessment work
· Proposals
· Developing the preliminary Measurement Uncertainty (MU) assessment for FR1 as 1st priority. (R4-2118301)
· Recommended WF
· Further discuss the proposal and target to conclude in this meeting.

Issue 2-8-2: Baseline/reference for FR1 MU assessment
· If the tentative agreement “LTE expanded MU value cannot be reused directly.” is agreeable
· Option 1: Yes, agreeable
· Option 2: No, not agreeable.
· Recommended WF
· More professional analysis for FR1 MU assessment is encouraged.

	Company
	Comments

	vivo
	Though the target is not to finalize any value for the FR1MU element, some clarification feedback to MVG 1st round comment is necessary:
(- Quality of the Quiet Zone for Measurement and Calibration was 0.5/0.29 dB in 37.544, where is 0.8 dB coming from?) vivo feedback: 0.8 dB is from real test value with some margin considered
(-DUT sensitivity drift has not been considered.) vivo feedback: This element should be considered, just value for NR device is not clear, currently. 
(-Where does 1.25 come from for signal flatness?) vivo feedback: this is from system provider’s amplifier datasheet, will provide details next meeting.
(-Why has the uncertainty of the absolute gain of the calibration antenna changed from 0.5 to 0.3 dB.  This value cannot come from a data sheet.  It must come from a traceable calibration report.) vivo feedback: correct, this is from antenna calibration report, the 0.3db is a real value, we can accept reuse 0.5, as a consideration of margin.
(- Why has the uncertainty for the VNA changed from 0.5 to 0.3 dB? ) vivo feedback: similar comment, this is real value from measurement, we can accept reuse 0.5, as a consideration of margin. 
（-The offset of the phase center cannot always be considered to be 0 when testing at 400 MHz, unless using a dipole for the calibration. This should be updated in 38.827 or 34.114.  In 34.114 it states: E.9.3	Phase curvature
This uncertainty originates from the finite far-field measurement distance, which causes phase curvature across the DUT. If the measurement distance is > 10λ, this error is assumed to be negligible. At 2 GHz λ is 0.15 m, thus 10λ is 1.5 m. at 400 MHz the distance is not greater than 10 lambda.）vivo feedback: in general, assuming dipole is used for calibration, so 0dB is used. encourage proponent to provide CR/TP to update this element next meeting. 
(In response to vivo: For P1, All the values are in [] for further checking. For P2, given the gNB, channel emulator and high-power amplifiers have been changed, final LTE expanded MU value can not be reused directly.   There is no amplifier change required in the MVG MPAC system to support FR1 NR.  The same amplifiers used for 4G are used for 5G FR1.) vivo feedback: for sure, we believe some system provider need to update the amplifier to cover 3~6GHz.



	
	

	
	

	
	

	
	



Topic #3: TR38.827 maintance
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2118313
	vivo
	Draft CR to TR38.827:Measurement procedure update



Open issues summary
No open issues. Please comment to section 3.3.2 directly.

Companies views’ collection for 1st round 
Open issues 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2118313
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2118313
	agreeable



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on NR MIMO OTA
	vivo, CAICT
	

	TP to TS 38.151 on Clarification of NF Compensation for FR2 PSP
	Keysight Technologies
	

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2117682
	FR2 MIMO OTA test points clarification
	MediaTek Beijing Inc.
	Noted
	discussion

	R4-2117849
	Discussion on FR1 MIMO OTA test campaign
	Samsung
	Noted
	discussion

	R4-2117972
	Discussion on FR1 MIMO OTA Lab Alignment Timeline
	Apple
	Noted
	discussion

	R4-2118142
	On FR2 MIMO OTA performance requirements
	Qualcomm Incorporated
	Noted
	discussion

	R4-2118143
	Summary results for alignment of FR2 MIMO OTA
	Qualcomm Incorporated
	Noted
	discussion

	R4-2118299
	3GPP TS 38.151 v0.6.0
	vivo
	Return to
	draft TS

	R4-2118300
	Discussion on FR1 MIMO OTA performance
	vivo
	Noted
	discussion

	R4-2118301
	Discussion on preliminary FR1 MIMO OTA MU assessment
	vivo
	Noted
	discussion

	R4-2118302
	TP to TS 38.151 on updated structure
	vivo
	Agreeable
	pCR

	R4-2118303
	Views on lab alignment activiy
	vivo
	Noted
	discussion

	R4-2118313
	Draft CR to TR38.827:Measurement procedure update
	vivo
	Agreeable
	draftCR

	R4-2118587
	Validation limits for FR1 CDL-C UMa channel model
	CAICT, CMCC
	Noted
	discussion

	R4-2118604
	Updated time plan for FR1 lab alignment and requirement development
	CAICT, OPPO
	Revised
	discussion

	R4-2118607
	PAD candidates information for FR1 MIMO OTA lab alignment
	CAICT
	Noted
	discussion

	R4-2118902
	For lab alignment
	OPPO
	Noted
	discussion

	R4-2118903
	The reference curves of channel model validation
	OPPO
	Noted
	discussion

	R4-2118904
	Views on PAD management
	OPPO
	Revised
	discussion

	R4-2119052
	Discussion on FR2 channel model validation
	Huawei, HiSilicon
	Noted
	discussion

	R4-2119093
	Channel Model Spatial Validation Pass/Fail limits 
	Spirent Communications
	Noted
	other

	R4-2119253
	On MIMO channel validation results
	Xiaomi
	Return to
	discussion

	[bookmark: OLE_LINK99]R4-2119377
	Clarification of NF Compensation for FR2 PSP
	Keysight Technologies UK Ltd
	Agreeable
	pCR

	R4-2119378
	Maximum DL Power for NR FR2 MIMO
	Keysight Technologies UK Ltd
	Noted
	discussion

	R4-2119379
	Beam Specific Reference Channel Emulation Curves for Validation Purposes for FR1 CDL-C UMa
	Keysight Technologies UK Ltd, Spirent Communications, CMCC, CAICT
	Agreeable
	discussion

	R4-2119540
	on FR1 measurement uncertianty
	Huawei, HiSilicon
	Noted
	other

	R4-2119541
	initial channel validation results
	Huawei, HiSilicon
	Noted
	other

	R4-2119558
	FR1 MIMO OTA channel model validation results
	CAICT
	Noted
	discussion



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	[bookmark: OLE_LINK115]Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2120684
	WF on NR MIMO OTA
	vivo, CAICT
	Agreeable
	

	[bookmark: _Hlk87541423]R4-2118299
	3GPP TS 38.151 v0.6.0
	vivo
	For email approval
	draft TS

	R4-2120683
	Updated time plan for FR1 lab alignment and requirement development
	CAICT, OPPO
	Agreeable

	

	R4-2120753
	Views on PAD management
	OPPO
	Noted
	

	R4-2119253
	On MIMO channel validation results
	Xiaomi
	Withdrawn
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
Annex 
Contact information
	Company
	Name
	Email address

	OPPO
	Qifei LIU
	liuqifei@oppo.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
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Figure B.2.1-2: Channel Model Coordinate Axes in FR2 3D-MPAC system
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