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Introduction
Contributions submitted to AI 9.1 NR MIMO OTA WI and AI 4.1.7 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: discuss open issues and draft CRs.
· 2nd round: agree draft CRs, 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

	R4-2208670
	Qualcomm Incorporated
	Handling of FR2 MIMO OTA

Proposal 1: To define a relatively wide pass/fail limits for FR2 channel model validation in RAN4#103-e. The limits can be further refined in future RAN4 meetings.
Observation 1: It is not possible to complete the FR2 MIMO OTA requirements in Rel-17 if measurement approach is considered.
Proposal 2: RAN4 to use the pure simulation approach to develop FR2 MIMO OTA requirements in Rel-17. The measurement results could be taken into account to refine the requirements in future release.


	R4-2209331
	[bookmark: _Hlk101988265]CAICT, OPPO, Huawei, HiSilicon, MediaTek Inc.
	Proposal on concluding the Rel-17 NR MIMO OTA WI

Observation 1: RAN4 #103-e meeting is the last meeting to complete the remaining core part open issues for Rel-17 NR MIMO OTA WI. However, there is a practical risk that the core part work cannot be 100% completed at this meeting. 
Observation 2: The FR2 performance part objective cannot be completed without the completion of the FR2 core part work. 
Observation 3: The FR1 part in NR MIMO OTA WI is not impacted by the uncompleted FR2 work. 
Proposal 1: If RAN4 cannot complete the remaining core part work by the end of RAN4 #103-e meeting, revise the NR MIMO OTA WID at RAN #96 plenary by removing all FR2 parts that are not completed, including FR2 channel model validation pass/fail limits and FR2 MIMO OTA requirements.
Observation 4: Rel-17 OTA leftovers and follow-up work for ongoing Rel-17 SISO OTA and MIMO OTA will be revisited in future RAN plenaries. The Rel-17 FR2 MIMO OTA leftovers, if any, have a chance to continue in potential Rel-18 new WI(s). 


	R4-2208317
	MediaTek Beijing Inc.
	Review on FR2 MIMO OTA progress and proposal on simulation formula
Proposal1: Revisit FR2 MIMO OTA workplan is needed, because of the observations on current progress.
Proposal2: Apply above simulation formula for FR2 MIMO OTA simulation approach.


	R4-2208622
	vivo
	Views on FR2 MIMO OTA requirements
Observation 1: Due to unsettled channel model validation pass/fail limit and unlikely follow-up FR2 MIMO OTA lab alignment activity, it would be impossible to finalize the FR2 MIMO OTA requirement work based on measurement results within quite limited timeline.
Proposal 1: RAN4 should finalize FR2 channel model validation pass/fail limits work in RAN4#103-e meeting, otherwise this objective would be dropped. 
Proposal 2: RAN4 should discuss and make decision whether FR2 MIMO OTA requirements can be defined only based on simulation results.


	R4-2209435
	OPPO
	Views on performance requirement of FR2 MIMO OTA
Observation 1: The simulation assumptions of the DUT and the test system may be not well aligned with the true state of the UE and the test system.
Observation 2: Some factors which may involve deviations could not be well considered or simulated in the simulation campaign.
Proposal: if the simulation results are used for deriving performance requirement together with the measurement results, a relatively adequate margin on the performance requirement is needed to overcome the deviation from unpredictable factors in true measurement system and DUT.

	R4-2208285
	Spirent Communications
	FR2 Channel validation targets and pass/fail limits

Proposal 1. Accept the theoretical targets and pass/fail limits in this contribution.


	R4-2209578
	Keysight Technologies UK Ltd
	FR2 Channel Model Validation Reference and Pass/Fail Limits
Proposal 1: Adopt the temporal correlation function reference values for CDL-C UMi model according to Table 2 as reference data for TCF validation measurement.
Proposal 2: Adopt the 200 MHz filter with Hanning window for 5 ns quantized reference PDP for generating the filtered reference PDP data.
Proposal 3: Adopt the delay and power sample values for CDL-C UMi model according to Table 3 as reference data for PDP validation measurement.
Proposal 4: Adopt the PDP pass/fail limits from Table 4.
Proposal 5: Pass/Fail limits for theoretical TCF above [0.3] are formed as bands of [±10]% of correlation capped at 1 at the high end. Additionally, when the theoretical TCF drops below [0.3], the limits are formed at bands of [±30]% of correlation capped at 0 at the low end
Proposal 6: Set the minimum acceptable PSP value to TBD.
Proposal 7: Further refine the CM validation limits when more practical/empirical data is available.


	R4-2207689
	Apple
	FR1 MIMO Channel Model Validation
This contribution provide the channel model validation factual evidences to fulfil the 3GPP FR1 MIMO OTA lab alignment requirements.


	R4-2208623
	vivo
	[bookmark: OLE_LINK2]Discussion on UE mechanical mode for foldable smartphones

Proposal 1: For foldable smartphones, RAN4 should decide whether mechanical mode with full expanded screen should be declared as the primary mechanical mode for NR MIMO OTA testing.
Proposal 2: For each device to verify NR MIMO OTA performance, the same primary mechanical mode should be declared to each test lab.


	R4-2208624
	vivo
	[bookmark: _Hlk101987618]draft CR to TS38.151 on UE mechanical mode

	R4-2208625
	vivo
	draft CR to TR38.827 on UE mechanical mode



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 Proposals on concluding the NR MIMO OTA WI
[bookmark: OLE_LINK31][bookmark: _Hlk102031495]Moderator’s note: The Rel-17 NR MIMO OTA Work Item is scheduled to conclude at the RAN #97 plenary in Sep. 2022. The following FR2 objectives in the current WID (RP-213101) are not finalized:
· Objective of Core part WI
· [bookmark: OLE_LINK25]Define the pass/fail limit for FR2 channel model validation.
· Objective of Performance part WI
· Specify the FR2 MIMO OTA requirements.
The target completion date for Core part WI has been extended to Jun. 2022, this is the last meeting to make the Core part WI 100% completed. 
Companies have brought some proposals and views towards concluding the WI in Rel-17 timeline (R4-2208670, R4-2209331, R4-2208317, R4-2208622, R4-2209435).

[bookmark: OLE_LINK80]Issue 1-1-1: Proposal on concluding the Rel-17 NR MIMO OTA WI
· Proposals
· Proposal 1: RAN4 should finalize FR2 channel model validation pass/fail limits work in RAN4#103-e meeting, otherwise this objective would be dropped. (vivo)
· [bookmark: OLE_LINK106]Proposal 2: If RAN4 cannot complete the remaining core part work by the end of RAN4 #103-e meeting, revise the NR MIMO OTA WID at RAN #96 plenary by removing all FR2 parts that are not completed, including FR2 channel model validation pass/fail limits and FR2 MIMO OTA requirements. (CAICT, OPPO, Huawei, HiSilicon, MediaTek)
· [bookmark: OLE_LINK33]Recommended WF
· Companies are invited to share views.

Issue 1-1-2: Review on FR2 MIMO OTA progress
· Proposal (MediaTek): 
· Revisit FR2 MIMO OTA workplan is needed, because of the observations on current progress.
· Recommended WF
· Companies are invited to share views.

Issue 1-1-3: General views on FR2 channel model validation pass/fail limits
· [bookmark: OLE_LINK32]Proposal (Qualcomm):
· [bookmark: OLE_LINK96]To define a relatively wide pass/fail limits for FR2 channel model validation in RAN4#103-e. The limits can be further refined in future RAN4 meetings. 
· Recommended WF
· Companies are invited to share views.

Issue 1-1-4: General views on FR2 MIMO OTA requirements
· Proposal:
· Proposal 1: RAN4 should discuss and make decision whether FR2 MIMO OTA requirements can be defined only based on simulation results. (vivo)
· Proposal 2: RAN4 to use the pure simulation approach to develop FR2 MIMO OTA requirements in Rel-17. The measurement results could be taken into account to refine the requirements in future release. (Qualcomm)
· Proposal 3: if the simulation results are used for deriving performance requirement together with the measurement results, a relatively adequate margin on the performance requirement is needed to overcome the deviation from unpredictable factors in true measurement system and DUT. (OPPO)
· Recommended WF
· Companies are invited to share views.

[bookmark: _Hlk102046587]Sub-topic 1-2 Reference values for FR2 channel model validation 
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]Moderator’s note: CE vendors provided reference values and pass/fail limits for FR2 channel model validation at 28GHz, in R4-2209578 (Keysight) and R4-2208285 (Spirent). The two Tdocs have been revised by the source companies before the meeting, and the following proposals are according to the revisions of  R4-2209578 and R4-2208285.
Issue 1-2-1: PDP reference values for FR2 channel model validation
· Proposals
· Proposal 1a: Accept the theoretical reference PDP according to the following Tables 1 and 2. (Keysight)
[bookmark: _Hlk102115167]Table 1. Theoretical reference PDP of UMi CDL-C with BS beam 1.
	[bookmark: _Hlk102815473]Cluster #
	Delay [ns]
	Power [dB]

	1
	0
	-25.0

	2
	13
	-18.0

	3
	13
	-29.6

	4
	13
	-21.0

	5
	14
	-25.2

	6
	38
	0.0

	7
	39
	-2.6

	8
	39
	-4.0

	9
	40
	-38.8

	10
	48
	-35.2

	11
	49
	-34.4

	12
	56
	-40.2

	13
	74
	-29.2

	14
	78
	-35.8

	15
	130
	-38.2

	16
	163
	-38.6

	17
	256
	-40.4

	18
	276
	-42.0

	19
	329
	-46.7

	20
	336
	-50.5

	21
	378
	-50.3

	22
	398
	-43.1

	23
	423
	-51.5

	24
	519
	-58.8



[bookmark: _Hlk102815924]Table 2. Theoretical reference PDP of InO CDL-A with BS beam 1.
	Cluster #
	Delay [ns]
	Power [dB]

	1
	0
	-93.3

	2
	11
	0.0

	3
	12
	-5.9

	4
	14
	-58.0

	5
	16
	-57.2

	6
	17
	-72.6

	7
	18
	-5.3

	8
	20
	-67.2

	9
	23
	-60.2

	10
	46
	-94.6

	11
	57
	-60.3

	12
	65
	-76.8

	13
	67
	-79.6

	14
	75
	-94.2

	15
	75
	-71.5

	16
	92
	-72.6

	17
	122
	-77.6

	18
	134
	-94.9

	19
	137
	-83.7

	20
	144
	-91.1

	21
	150
	-85.2

	22
	159
	-81.1

	23
	290
	-69.9



· Proposal 1b: Adopt the 200 MHz filter with Hanning window for 5 ns quantized reference PDP for generating the filtered reference PDP data. (Keysight)
· Proposal 1c: Adopt the delay and power sample values according to the following Tables 5 and 6 as reference data for PDP validation measurement. (Keysight)
Table 5. Target delay and power values for the measured CDL-C UMi PDP.
	Original clusters 
	Delay [ns] 
	Power [dB] 

	2-5 
	15
	-18.4

	6-9
	40
	0.0 

	13-14
	75
	-31.6

	15
	130
	-41.1

	16 
	165
	-41.5


Table 6. Target delay and power values for the measured CDL-A InO PDP.
	Original clusters 
	Delay [ns] 
	Power [dB] 

	2-4 
	10
	0

	5-7
	20
	-6.3



· [bookmark: OLE_LINK34][bookmark: OLE_LINK92]Proposal 2: Accept the PDP theoretical targets according to the following Tables 2 and 4. (Spirent)
Table 2. PDP Strongest Beam FR2 CDL-C-UMi, X2+, fc=28 GHz
	 Delay (ns)  
	 X2V  
	H11   
	H21   
	H12    
	H22 

	0 
	-24.9201
	-25.061
	-24.8242
	-25.1858
	-25.4438

	12.5940 
	-17.801
	-17.6985
	-18.0142
	-18.3323
	-17.9934

	13.0560 
	-29.4597
	-29.1791
	-29.0508
	-30.2067
	-30.3749

	13.3140 
	-20.9498
	-20.3695
	-20.3318
	-22.1087
	-22.1656

	13.9740 
	-25.0122
	-25.2624
	-25.428
	-25.1681
	-25.012

	38.1960        
	0
	0
	-0.0068
	-0.4156
	-0.4081

	38.6880 
	-2.5868
	-3.5732
	-2.0849
	-2.1261
	-3.6313

	39.3600  
	-4.0264
	-4.102
	-3.8089
	-4.3602
	-4.6946

	39.5040 
	-38.7139
	-38.6565
	-37.7899
	-39.1936
	-40.4425

	47.6100 
	-35.1414
	-34.9143
	-35.0909
	-35.8215
	-35.6133

	49.2780 
	-34.3635
	-34.8678
	-34.1437
	-34.2844
	-35.0345

	56.0160 
	-40.2129
	-Inf
	-Inf
	-Inf
	-Inf

	73.7100 
	-29.1825
	-30.0736
	-28.7163
	-28.7913
	-30.1765

	78.4980 
	-35.7024
	-35.3939
	-35.6428
	-36.4848
	-36.1845

	130.2240 
	-38.2426
	-39.1649
	-37.7595
	-37.8283
	-39.2603

	162.6300 
	-38.5096
	-38.7915
	-38.3696
	-38.6347
	-39.0846

	255.5340 
	-40.3429
	-Inf
	-Inf
	-Inf
	-Inf

	276.0180 
	-42.0005
	-Inf
	-Inf
	-Inf
	-Inf

	329.4120 
	-46.6712
	-Inf
	-Inf
	-Inf
	-Inf

	336.4620 
	-50.4918
	-Inf
	-Inf
	-Inf
	-Inf

	378.3900 
	-50.1961
	-Inf
	-Inf
	-Inf
	-Inf

	398.2440 
	-43.0714
	-Inf
	-Inf
	-Inf
	-Inf

	422.5620 
	-51.4438
	-Inf
	-Inf
	-Inf
	-Inf

	519.1380 
	-58.7794
	-Inf
	-Inf
	-Inf
	-Inf



Table 4. PDP Strongest Beam FR2 CDLA-InO, X2+, fc=28 GHz
	 Delay (ns)  
	 X2V  
	H11   
	H21   
	H12    
	H22 

	0 
	-93.2547
	-Inf
	-Inf
	-Inf
	-Inf

	11.4570        
	0
	-0.0208
	0
	-0.4064
	-0.4293

	12.0750  
	-5.8682
	-7.1857
	-6.6817
	-5.1955
	-5.5474

	13.8300 
	-58.0711
	-Inf
	-Inf
	-Inf
	-Inf

	16.1250 
	-57.1247
	-Inf
	-Inf
	-Inf
	-Inf

	17.2500 
	-72.6082
	-Inf
	-Inf
	-Inf
	-Inf

	17.6040 
	-5.3289
	-5.3175
	-5.5453
	-5.7708
	-5.5312

	20.1240 
	-67.2358
	-Inf
	-Inf
	-Inf
	-Inf

	22.8540 
	-60.2097
	-Inf
	-Inf
	-Inf
	-Inf

	46.1250 
	-94.3956
	-Inf
	-Inf
	-Inf
	-Inf

	56.9340 
	-60.3016
	-Inf
	-Inf
	-Inf
	-Inf

	65.1540 
	-76.7888
	-Inf
	-Inf
	-Inf
	-Inf

	66.7260 
	-79.5658
	-Inf
	-Inf
	-Inf
	-Inf

	74.8260 
	-94.402
	-Inf
	-Inf
	-Inf
	-Inf

	75.3570 
	-71.5111
	-Inf
	-Inf
	-Inf
	-Inf

	91.7460 
	-72.6349
	-Inf
	-Inf
	-Inf
	-Inf

	122.4300 
	-77.5789
	-Inf
	-Inf
	-Inf
	-Inf

	133.7370 
	-95.1216
	-Inf
	-Inf
	-Inf
	-Inf

	137.0850 
	-83.5902
	-Inf
	-Inf
	-Inf
	-Inf

	143.8980 
	-91.193
	-Inf
	-Inf
	-Inf
	-Inf

	150.1980 
	-85.1779
	-Inf
	-Inf
	-Inf
	-Inf

	159.1290 
	-81.1754
	-Inf
	-Inf
	-Inf
	-Inf

	289.7580 
	-69.816
	-Inf
	-Inf
	-Inf
	-Inf



· Recommended WF
· Companies are invited to share views. 

Issue 1-2-2: Temporal Correlation reference values for FR2 channel model validation
· Proposals
· Proposal 1: Adopt the temporal correlation function reference values according to the following Tables 3 and 4 as reference data for TCF validation measurement. (Keysight)
Table 3. Theoretical reference TCF of UMi CDL-C with BS beam 1.
	Distance []
	Corr.
	Distance []
	Corr.
	Distance []
	Corr.
	Distance []
	Corr.
	Distance []
	Corr.

	0.00
	1.000
	1.00
	0.522
	2.00
	0.175
	3.00
	0.122
	4.00
	0.004

	0.05
	0.998
	1.05
	0.492
	2.05
	0.172
	3.05
	0.116
	4.05
	0.003

	0.10
	0.992
	1.10
	0.463
	2.10
	0.169
	3.10
	0.108
	4.10
	0.005

	0.15
	0.983
	1.15
	0.435
	2.15
	0.167
	3.15
	0.100
	4.15
	0.008

	0.20
	0.970
	1.20
	0.408
	2.20
	0.166
	3.20
	0.092
	4.20
	0.013

	0.25
	0.954
	1.25
	0.382
	2.25
	0.165
	3.25
	0.083
	4.25
	0.018

	0.30
	0.935
	1.30
	0.358
	2.30
	0.164
	3.30
	0.074
	4.30
	0.025

	0.35
	0.913
	1.35
	0.335
	2.35
	0.163
	3.35
	0.065
	4.35
	0.032

	0.40
	0.889
	1.40
	0.313
	2.40
	0.162
	3.40
	0.056
	4.40
	0.039

	0.45
	0.862
	1.45
	0.293
	2.45
	0.161
	3.45
	0.047
	4.45
	0.047

	0.50
	0.834
	1.50
	0.274
	2.50
	0.160
	3.50
	0.038
	4.50
	0.055

	0.55
	0.805
	1.55
	0.257
	2.55
	0.158
	3.55
	0.030
	4.55
	0.063

	0.60
	0.774
	1.60
	0.242
	2.60
	0.156
	3.60
	0.023
	4.60
	0.071

	0.65
	0.743
	1.65
	0.229
	2.65
	0.154
	3.65
	0.016
	4.65
	0.078

	0.70
	0.711
	1.70
	0.217
	2.70
	0.151
	3.70
	0.011
	4.70
	0.086

	0.75
	0.679
	1.75
	0.206
	2.75
	0.148
	3.75
	0.006
	4.75
	0.092

	0.80
	0.647
	1.80
	0.197
	2.80
	0.144
	3.80
	0.004
	4.80
	0.098

	0.85
	0.615
	1.85
	0.190
	2.85
	0.139
	3.85
	0.003
	4.85
	0.103

	0.90
	0.583
	1.90
	0.184
	2.90
	0.134
	3.90
	0.004
	4.90
	0.108

	0.95
	0.552
	1.95
	0.179
	2.95
	0.129
	3.95
	0.004
	4.95
	0.111

	
	
	
	
	
	
	
	
	5.00
	0.113


[bookmark: _Ref102741831]Table 4. Theoretical reference TCF of InO CDL-A with BS beam 1.
	Distance []
	Corr.
	Distance []
	Corr.
	Distance []
	Corr.
	Distance []
	Corr.
	Distance []
	Corr.

	0.00
	1.000
	1.00
	0.784
	2.00
	0.368
	3.00
	0.155
	4.00
	0.108

	0.05
	0.999
	1.05
	0.764
	2.05
	0.349
	3.05
	0.152
	4.05
	0.105

	0.10
	0.998
	1.10
	0.744
	2.10
	0.332
	3.10
	0.149
	4.10
	0.102

	0.15
	0.995
	1.15
	0.723
	2.15
	0.315
	3.15
	0.147
	4.15
	0.099

	0.20
	0.990
	1.20
	0.702
	2.20
	0.299
	3.20
	0.145
	4.20
	0.096

	0.25
	0.985
	1.25
	0.681
	2.25
	0.284
	3.25
	0.143
	4.25
	0.093

	0.30
	0.979
	1.30
	0.660
	2.30
	0.269
	3.30
	0.142
	4.30
	0.091

	0.35
	0.971
	1.35
	0.638
	2.35
	0.255
	3.35
	0.140
	4.35
	0.089

	0.40
	0.962
	1.40
	0.616
	2.40
	0.242
	3.40
	0.138
	4.40
	0.087

	0.45
	0.952
	1.45
	0.595
	2.45
	0.230
	3.45
	0.137
	4.45
	0.086

	0.50
	0.941
	1.50
	0.573
	2.50
	0.219
	3.50
	0.135
	4.50
	0.086

	0.55
	0.930
	1.55
	0.551
	2.55
	0.209
	3.55
	0.133
	4.55
	0.086

	0.60
	0.917
	1.60
	0.530
	2.60
	0.200
	3.60
	0.131
	4.60
	0.087

	0.65
	0.903
	1.65
	0.508
	2.65
	0.191
	3.65
	0.128
	4.65
	0.089

	0.70
	0.888
	1.70
	0.487
	2.70
	0.184
	3.70
	0.126
	4.70
	0.091

	0.75
	0.872
	1.75
	0.466
	2.75
	0.177
	3.75
	0.123
	4.75
	0.094

	0.80
	0.856
	1.80
	0.445
	2.80
	0.171
	3.80
	0.121
	4.80
	0.097

	0.85
	0.839
	1.85
	0.425
	2.85
	0.166
	3.85
	0.118
	4.85
	0.101

	0.90
	0.821
	1.90
	0.405
	2.90
	0.162
	3.90
	0.115
	4.90
	0.105

	0.95
	0.803
	1.95
	0.386
	2.95
	0.158
	3.95
	0.112
	4.95
	0.110

	
	
	
	
	
	
	
	
	5.00
	0.115


· Proposal 2: Accept the temporal correlation theoretical targets according to the following Tables 1 and 3 (Spirent)
Table 1. CDL-C-UMi, X2+, fc=28 GHz Autocorrelation for 1st Beam.
	Lambda
	X2V
	H11
	H21
	H12
	H22

	0
	1
	1
	1
	1
	1

	0.1000
	0.9928
	0.9948
	0.9911
	0.9909
	0.9948

	0.2000
	0.9716
	0.9794
	0.965
	0.9641
	0.9796

	0.3000
	0.9379
	0.9551
	0.9235
	0.9213
	0.9554

	0.4000
	0.8936
	0.9232
	0.8689
	0.8651
	0.9236

	0.5000
	0.8412
	0.8855
	0.8044
	0.7985
	0.8859

	0.6000
	0.7833
	0.8439
	0.7333
	0.7248
	0.8439

	0.7000
	0.7221
	0.7999
	0.6588
	0.6471
	0.799

	0.8000
	0.6598
	0.7547
	0.5836
	0.5682
	0.7523

	0.9000
	0.598
	0.7093
	0.5104
	0.4906
	0.7044

	1.0000
	0.5381
	0.6641
	0.441
	0.4163
	0.6558

	1.1000
	0.481
	0.6196
	0.3772
	0.347
	0.6067

	1.2000
	0.4276
	0.5761
	0.3205
	0.2839
	0.5573

	1.3000
	0.3788
	0.534
	0.2721
	0.2285
	0.5079

	1.4000
	0.3353
	0.4937
	0.2329
	0.1816
	0.459

	1.5000
	0.2976
	0.4557
	0.2037
	0.1441
	0.411

	1.6000
	0.2661
	0.4203
	0.1847
	0.1165
	0.3646

	1.7000
	0.2409
	0.388
	0.1757
	0.099
	0.3202

	1.8000
	0.2217
	0.3589
	0.176
	0.0912
	0.2783

	1.9000
	0.2077
	0.333
	0.1841
	0.0917
	0.2391

	2.0000
	0.1981
	0.3104
	0.1982
	0.0985
	0.2028

	2.1000
	0.1917
	0.2909
	0.2163
	0.1091
	0.1693

	2.2000
	0.1874
	0.2746
	0.2361
	0.1215
	0.1387

	2.3000
	0.184
	0.2612
	0.2557
	0.1336
	0.1112

	2.4000
	0.1807
	0.2507
	0.2732
	0.1439
	0.0876

	2.5000
	0.1768
	0.2428
	0.2872
	0.1512
	0.0689

	2.6000
	0.1716
	0.2368
	0.2966
	0.1545
	0.0567

	2.7000
	0.1648
	0.232
	0.3006
	0.1534
	0.0523

	2.8000
	0.1561
	0.2277
	0.299
	0.1477
	0.0547

	2.9000
	0.1454
	0.2231
	0.2917
	0.1376
	0.0611

	3.0000
	0.1325
	0.2174
	0.2787
	0.1238
	0.069

	3.1000
	0.1175
	0.2102
	0.2607
	0.1078
	0.0771

	3.2000
	0.1006
	0.2012
	0.2382
	0.0919
	0.0846

	3.3000
	0.0823
	0.1903
	0.2123
	0.08
	0.0912

	3.4000
	0.0632
	0.1778
	0.1844
	0.0765
	0.0965

	3.5000
	0.0443
	0.164
	0.1559
	0.0829
	0.1003

	3.6000
	0.0267
	0.1499
	0.1285
	0.0956
	0.1022

	3.7000
	0.0116
	0.1364
	0.1038
	0.1097
	0.1018

	3.8000
	0.002
	0.1248
	0.0833
	0.1215
	0.0986

	3.9000
	0.0083
	0.1163
	0.0677
	0.1288
	0.0926

	4.0000
	0.011
	0.1119
	0.057
	0.1305
	0.0837

	4.1000
	0.009
	0.1119
	0.0506
	0.1264
	0.0721

	4.2000
	0.0029
	0.1156
	0.0483
	0.1175
	0.0584

	4.3000
	0.0092
	0.1219
	0.051
	0.1062
	0.0433

	4.4000
	0.0233
	0.1294
	0.0595
	0.0961
	0.0285

	4.5000
	0.0396
	0.1373
	0.0729
	0.0924
	0.0183

	4.6000
	0.0568
	0.1446
	0.0894
	0.0982
	0.022

	4.7000
	0.0737
	0.1509
	0.1066
	0.1125
	0.0346

	4.8000
	0.089
	0.1556
	0.1226
	0.1311
	0.0485

	4.9000
	0.1017
	0.1585
	0.1355
	0.1497
	0.0615

	5.0000
	0.1108
	0.1593
	0.1439
	0.1656
	0.0729



Table 3. CDLA-InO, X2+, fc=28 GHz Autocorrelation for 1st Beam.
	Lambda
	X2V
	H11
	H21
	H12
	H22

	0   
	1
	1
	1
	1
	1

	0.1000   
	0.9976
	0.9981
	0.9972
	0.9971
	0.9981

	0.2000   
	0.9905
	0.9925
	0.9887
	0.9885
	0.9925

	0.3000   
	0.9786
	0.9833
	0.9746
	0.9743
	0.9832

	0.4000   
	0.9623
	0.9705
	0.9553
	0.9547
	0.9703

	0.5000   
	0.9417
	0.9542
	0.9309
	0.93
	0.954

	0.6000   
	0.917
	0.9347
	0.9018
	0.9004
	0.9344

	0.7000   
	0.8885
	0.9121
	0.8683
	0.8666
	0.9116

	0.8000   
	0.8567
	0.8867
	0.8311
	0.8288
	0.8859

	0.9000   
	0.8219
	0.8588
	0.7905
	0.7876
	0.8575

	1.0000 
	0.7844
	0.8285
	0.7471
	0.7435
	0.8267

	1.1000   
	0.7449
	0.7962
	0.7015
	0.6972
	0.7938

	1.2000   
	0.7036
	0.7622
	0.6542
	0.6492
	0.759

	1.3000   
	0.6611
	0.7269
	0.606
	0.6001
	0.7226

	1.4000   
	0.6179
	0.6906
	0.5574
	0.5506
	0.685

	1.5000   
	0.5744
	0.6536
	0.5089
	0.5011
	0.6464

	1.6000   
	0.5311
	0.6162
	0.4614
	0.4523
	0.6071

	1.7000   
	0.4885
	0.5788
	0.4152
	0.4048
	0.5674

	1.8000   
	0.447
	0.5418
	0.3712
	0.3589
	0.5276

	1.9000   
	0.4071
	0.5055
	0.3299
	0.3153
	0.488

	2.0000   
	0.369
	0.4702
	0.292
	0.2743
	0.4487

	2.1000   
	0.3333
	0.4362
	0.2583
	0.2364
	0.4101

	2.2000   
	0.3002
	0.4038
	0.2296
	0.2019
	0.3723

	2.3000   
	0.2702
	0.3734
	0.2068
	0.1711
	0.3354

	2.4000   
	0.2434
	0.3452
	0.1903
	0.1446
	0.2997

	2.5000   
	0.22
	0.3194
	0.1806
	0.1224
	0.2653

	2.6000   
	0.2003
	0.2964
	0.1771
	0.1049
	0.2323

	2.7000   
	0.1841
	0.2762
	0.1789
	0.092
	0.2008

	2.8000   
	0.1712
	0.259
	0.1846
	0.0833
	0.1708

	2.9000   
	0.1614
	0.2448
	0.1926
	0.0779
	0.1425

	3.0000   
	0.154
	0.2335
	0.2018
	0.0747
	0.1161

	3.1
	0.1486
	0.2248
	0.2113
	0.0724
	0.0917

	3.2000   
	0.1443
	0.2186
	0.2202
	0.0701
	0.0698

	3.3000   
	0.1408
	0.2144
	0.2282
	0.0671
	0.0518

	3.4000   
	0.1374
	0.2117
	0.2347
	0.063
	0.0405

	3.5000   
	0.1339
	0.2103
	0.2396
	0.0574
	0.0398

	3.6000   
	0.1299
	0.2096
	0.2425
	0.0502
	0.0487

	3.7000   
	0.1253
	0.2094
	0.2434
	0.0414
	0.0622

	3.8000 
	0.1201
	0.2093
	0.2422
	0.031
	0.0772

	3.9000   
	0.1143
	0.2091
	0.2388
	0.0194
	0.0925

	4.0000   
	0.1082
	0.2087
	0.2332
	0.0087
	0.1076

	4.1000   
	0.102
	0.2079
	0.2255
	0.014
	0.1222

	4.2000   
	0.0961
	0.2066
	0.2157
	0.0295
	0.1362

	4.3000   
	0.0912
	0.2048
	0.2041
	0.0472
	0.1494

	4.4000   
	0.0877
	0.2025
	0.191
	0.0661
	0.1619

	4.5000   
	0.0864
	0.1997
	0.1767
	0.086
	0.1736

	4.6000   
	0.0876
	0.1963
	0.1617
	0.1065
	0.1844

	4.7000   
	0.0915
	0.1924
	0.1467
	0.1275
	0.1941

	4.8000   
	0.0976
	0.1881
	0.1325
	0.1484
	0.2029

	4.9000   
	0.1056
	0.1833
	0.12
	0.1692
	0.2104

	5.0000   
	0.1147
	0.178
	0.1106
	0.1893
	0.2168



· Recommended WF
· Companies are invited to share views. 

Issue 1-2-3: Cross-polarization (V/H) reference values for FR2 channel model validation
· Proposal 
· Accept the V/H theoretical targets as below (Spirent)
· V/H FR2 CDL-C-UMi, X2+, fc=28 GHz
· Beam 1, Input 1:  V/H = -0.45231 dB
· Beam 1, Input 2:  V/H = 0.48972 dB
· Beam 1, Input 1+2:  V/H = 0 dB
· V/H FR2 CDLA-InO, X2+, fc=28 GHz
· Beam 1, Input 1:  V/H = -0.0388 dB
· Beam 1, Input 2:  V/H = 0.0392 dB
· Beam 1, Input 1+2:  V/H = 0 dB
· Recommended WF
· Companies are invited to share views. 

[bookmark: OLE_LINK37]Sub-topic 1-3 Pass/fail limits for FR2 channel model validation 
[bookmark: OLE_LINK39]Moderator’s note: CE vendors provided reference values and pass/fail limits for FR2 channel model validation at 28GHz, in R4-2209578 (Keysight) and R4-2208285 (Spirent). The two Tdocs have been revised by the source companies before the meeting, and the following proposals are according to the revisions of  R4-2209578 and R4-2208285.
[bookmark: OLE_LINK35]Issue 1-3-1: PDP pass/fail limits for FR2 channel model validation
· Proposals
· Proposal 1: Adopt the PDP pass/fail limits from the following Table 7. (Keysight)
Table 7. Pass/fail acceptance limits for PDP validation specified as path categories with respect to the power of a delay bin relative to the maximum power of the PDP.
	 
	Power Tolerance 
	Delay Tolerance 

	Paths from 0 dB to 10 dB below the peak
	[±1 dB]
	[±6 ns] 

	Paths from 10 dB to 30 dB below the peak
	[±5 dB]
	[±6 ns] 



· Proposal 2: Accept the PDP pass/fail limits as below. (Spirent)
	
	Power Tolerance
	Delay Tolerance

	Paths from 0dB to 10dB
	±1dB
	±6ns

	Paths from 10dB to 20dB
	±2.5dB
	±6ns

	Paths from 20dB to 30dB
	±5dB
	±6ns

	Paths from 30dB to 40dB
	±10dB
	±6ns



· [bookmark: OLE_LINK100]Proposal 3: Further refine the CM validation limits when more practical/empirical data is available. (Keysight)

· Recommended WF
· Companies are invited to share views. 

Issue 1-3-2: Temporal Correlation pass/fail limits for FR2 channel model validation
· Proposals
· Proposal 1: Pass/Fail limits for theoretical TCF above [0.3] are formed as bands of [±10]% of correlation capped at 1 at the high end. Additionally, when the theoretical TCF drops below [0.3], the limits are formed at bands of [±30]% of correlation capped at 0 at the low end. (Keysight)
· Proposal 2: The pass/fail limits for temporal correlation 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%. (Spirent)
· Proposal 3: Further refine the CM validation limits when more practical/empirical data is available. (Keysight)
· Recommended WF
· Companies are invited to share views. 

Issue 1-3-3: Cross-polarization (V/H) pass/fail limits for FR2 channel model validation
· Proposals
· Proposal 1: The cross-polarization ratio pass/fail limit is specified as ±1.5dB. (Spirent)
· Proposal 2: Further refine the CM validation limits when more practical/empirical data is available. (Keysight)
· Recommended WF
· Companies are invited to share views. 

Issue 1-3-4: PSP pass/fail limits for FR2 channel model validation
· Proposals
· Proposal 1: Set the minimum acceptable PSP value to [84%]. (Keysight)
· [bookmark: OLE_LINK36]Proposal 2: Further refine the CM validation limits when more practical/empirical data is available. (Keysight)
· [bookmark: OLE_LINK38]Recommended WF
· Companies are invited to share views. 

Sub-topic 1-4 FR1 channel model validation results
Issue 1-4: FR1 channel model validation results
Moderator’s note: Apple provided updated FR1 channel model validation results in R4-2207689.
· Recommended WF
· Comments are welcome. 

[bookmark: OLE_LINK41]Sub-topic 1-5 UE mechanical mode for foldable smartphones
Issue 1-5-1: UE mechanical mode for foldable smartphones
· Proposals (vivo): 
· Proposal 1: For foldable smartphones, RAN4 should decide whether mechanical mode with full expanded screen should be declared as the primary mechanical mode for NR MIMO OTA testing.
· Proposal 2: For each device to verify NR MIMO OTA performance, the same primary mechanical mode should be declared to each test lab.
· Recommended WF
· Companies are invited to share views. 

Issue 1-5-2: Draft CRs on UE mechanical mode
Moderator: Companies are invited to comment directly in the CR comments collection part, i.e., section 1.3.2. The draft CRs can be updated according to discussion outcomes of Issue 1-5-1.

Companies views’ collection for 1st round 
Open issues 
Sub-topic 1-1 Proposals on concluding the NR MIMO OTA WI
	Company
	Comments

	XXX
	Issue 1-1-1: Proposal on concluding the Rel-17 NR MIMO OTA WI
Issue 1-1-2: Review on FR2 MIMO OTA progress
Issue 1-1-3: General views on FR2 channel model validation pass/fail limits
Issue 1-1-4: General views on FR2 MIMO OTA requirements


	Spirent
	Issue 1-1-3: General views on FR2 channel model validation pass/fail limits
R4-2208285 uses the general framework of allowing wide limits as a starting point.

	Huawei,
Hisilicon
	Issue 1-1-1: Proposal on concluding the Rel-17 NR MIMO OTA WI
Proposal 2, it is hasty that the FR2 channel model validation pass/fail limits work are finalized by only one RAN4 meeting.
Issue 1-1-2: Review on FR2 MIMO OTA progress
Since some works on FR2 MIMO OTA may not be done in R17, revisiting the workplan is a good way for R18.
Issue 1-1-3: General views on FR2 channel model validation pass/fail limits
In our views, a relatively wide pass/fail limits may be also difficult due to the first time to discuss them by some simulations
Issue 1-1-4: General views on FR2 MIMO OTA requirements
Proposal 3, a relatively adequate margin on the performance requirement is necessary.


	Keysight
	Issue 1-1-1: Proposal on concluding the Rel-17 NR MIMO OTA WI
We support the proposals and believe that the CM validation limits can be agreed this meeting given the alignment and overall agreement
Issue 1-1-3: General views on FR2 channel model validation pass/fail limits
R4-2209578 defines relatively wide pass/fail limits for PDP, TCF and PSP and we propose to adopt those as preliminary agreement for pass/fail limits, since R4-2209578 seems to be the only contribution that evaluates the pass/fail limits based on measurement data.

	MediaTek
	Issue 1-1-1: Proposal on concluding the Rel-17 NR MIMO OTA WI
Core part is the base to furtehr discss performance part. If RAN4 cannot finish core part on time, performacne part can be dropped. 
Issue 1-1-2: Review on FR2 MIMO OTA progress
Prior workplan is not valid based on current situation and shall be revisited.
Issue 1-1-4: General views on FR2 MIMO OTA requirements
We don’t have strong view on what approaches are necessary; however, confidence-level on simulation result is a critical issue. For example:
· How to judge simulator alignment pass/fail?
· Shall we align simulation formula and make each factor definition clear?
· How to make the estimation on “effect due to non-ideal factors” generic enough?
· How many quantities of simulation results are needed?
· How to precisely implement the UE assumption agreement concept?


	Xiaomi
	Issue 1-1-1: Proposal on concluding the Rel-17 NR MIMO OTA WI
Agree on proposal 2.
Issue 1-1-2: Review on FR2 MIMO OTA progress
Agree to revisit the work plan and to see potential work can be done in R18.
Issue 1-1-3: General views on FR2 channel model validation pass/fail limits
We suggest not to define such a limit. It is hard to say a limit is relax or not.
Issue 1-1-4: General views on FR2 MIMO OTA requirements
Proposal 3. We believe the requirement should not be purely based on simulation result.


	Qualcomm
	Issue 1-1-1: 
In our understanding, how to conclude the Rel-17 NR MIMO OTA WI should be discucuded in RAN-P ranther than in RAN4. RAN4 could not make the decision on whether we should drop the remianing core part or performance part.
Issue 1-1-3:
The limits would be defined based on the measuremnet data. Keysight, Sprient, CMCC and CAICT  have submitted the measurement data in this meeting. The submited data looks aligned and we beleive we could define the limits in this meeting.
Issue 1-1-4:
We support Propsoal 2.
We still think RAN4 should define the requirements based on the simulation appraoch which is the tranditoanl way to specify requirements in RAN4 such as Rel-15  FR2 RF requirements. We are open to discuss how to consider the margin. It should be contribution driven though.

	Keysight
	Issue 1-1-4:
Support Proposal 2 as many FR2 requirements were defined based on simulations and previous meeting agreement that NR MIMO requirements can be defined based on simulations or measurements. 

	vivo
	Issue 1-1-1: 
Agree with QC, the scope discussion would be finally decided by RAN plenary. For Proposal 2, before the deadline of performance part WI, we do not belive it is reasonable to claim some objective for performance part should be dropped.
Overall, we would like to encourage CE vendors to reach consensus on pass/fail limit for FR2 channle model validation in this meeting, even if just part of criteria with [ ]. 
Issue 1-1-2: Review on FR2 MIMO OTA progress
[bookmark: OLE_LINK108]Appreciate the proposal regarding workplan. Unfortunately, RAN4 work is impacted by RAN plenary project management and RAN4 discussion progress, the actual status would be always a bit behind schedule, but seems we do not need to review and update the workplan every meeting. Our proposal is that RAN4 do not need to update the whole WI workplan, but capture new agreements for FR2 working handling in the WF. 
Issue 1-1-3:
Generally, we agree that the pass/fail limits can be further revisited in the future. But a reasonable value should be defined this meeting, based on the inputs from companies.
Issue 1-1-4:
If FR2 pass/fail limits can be defined this meeting and measurement results are considered. Then, for FR2 performance part, we suggest to adopt the same approach as FR1, i.e. channel model validation results submission, FR2 lab alignment, FR2 measurement data collection…


	CAICT
	Issue 1-1-1: Proposal on concluding the Rel-17 NR MIMO OTA WI
Support Proposal 2 as a proponent. We understand that the final decision should be made by RAN planery, but it would be beneficial for the group to reach a preliminary consensus on how to conclude the Rel-17 WI prior to RAN plenary. 
Issue 1-1-2: Review on FR2 MIMO OTA progress
Support to revisit the FR2 MIMO OTA work plan based on current progress. Agree with vivo that the there is no need to update the whole WI work plan, the agreements on handling FR2 remaining work can be captured in WF. 
[bookmark: OLE_LINK59]Issue 1-1-3: General views on FR2 channel model validation pass/fail limits
More measurement results are needed to avoid any hasty decisions on the pass/fail limits. 
To Qualcomm: It seems that only Keysight submitted measurement results for FR2 channel model validation. 
Issue 1-1-4: General views on FR2 MIMO OTA requirements
[bookmark: OLE_LINK110]Support Proposal 1. We also agree with MediaTek that confidence-level on simulation result is a critical issue. 


	OPPO
	Issue 1-1-1: Proposal on concluding the Rel-17 NR MIMO OTA WI
The work of the performance part will be carried on based on the core part outcomes. So, currently we support to encourage CE vendors to reach consensus on pass/fail limit. If the consensus can not be reached in this meeting, the objective in core part should be dropped. Thus, the objective in performance part can not be finished accordingly. Of course, the decision should be made by RAN plenary.
Issue 1-1-3: General views on FR2 channel model validation pass/fail limits
Wide pass/fail limit for FR2 channel model validation will necessarily leads to more MU. And total MU of FR2 MIMO OTA should be controlled under acceptable level.
Issue 1-1-4: General views on FR2 MIMO OTA requirements
We echo vivo’s view. FR2 MIMO OTA performance requirement definition should follow the procedure of deriving OTA performance requirement, i.e. FR1 SISO OTA and FR1 MIMO OTA, etc.



Sub-topic 1-2 Reference values for FR2 channel model validation
	Company
	Comments

	XXX
	Issue 1-2-1: PDP reference values for FR2 channel model validation
Issue 1-2-2: Temporal Correlation reference values for FR2 channel model validation
Issue 1-2-3: Cross-polarization (V/H) reference values for FR2 channel model validation


	Spirent
	Issue 1-2-1: PDP reference values for FR2 channel model validation
These are the comparisons:
[image: ] [image: ]

	Spirent
	Issue 1-2-2: Temporal Correlation reference values for FR2 channel model validation
These are the comparisons:
[image: ][image: ]

	CMCC
	Sorry for CMCC&CAICT’s late contribution about FR2 channel model validation reference results, CMCC&CAICT also want to join the 1st discussion above FR2 reference values. We also did some comparisons among the three companies. 
PDP Umi CDL-C
[image: ]
PDP InO CDL-A
[image: ]
Issue 1-2-2: Temporal Correlation reference values for FR2 channel model validation
TC Umi CDL-C

[image: ]
TC InO CDL-A
[image: ]
Issue 1-3-1: PDP pass/fail limits for FR2 channel model validation
Issue 1-3-2: Temporal Correlation pass/fail limits for FR2 channel model validation
Issue 1-3-3: Cross-polarization (V/H) pass/fail limits for FR2 channel model validation
Considering the experience in FR1 channel model validation, we support that pass/fail limits can be defined after more practical/measurement data is available.
Issue 1-3-4: PSP pass/fail limits for FR2 channel model validation
Here are Umi CDL-C reference PAS results provided by three companies:
KS:
[image: ]
Spirent:
[image: ]
CMCC & CAICT:
[image: ]
We found that CMCC & CAICT’s reference PAS is same as Spirent’s, and we can also produce the plot as KS’s as Spirent has commented. We highly propose that the EOA or ZOA (minus or plus application) should be clarified in this meeting to get the reference PAS alignment.
As for the pass/fail limits for PSP, only KS has the measurement result, considering the complexity of PSP testing and data processing, we propose that it can be determined later.


	CAICT
	Issue 1-2-1: PDP reference values for FR2 channel model validation
[bookmark: OLE_LINK75][bookmark: OLE_LINK58]The theoretical PDP reference values from different CE vendors should be harmonized first before discussing how to generate reference data for PDP validation measurement. 
For theoretical PDP reference values, a possible approach is to average the data from different CE vendors. 
Issue 1-2-2: Temporal Correlation reference values for FR2 channel model validation
The harmonization among different CE vendors should be achieved. A possible approach to generate reference values is to average the data from different CE vendors. 
Issue 1-2-3: Cross-polarization (V/H) reference values for FR2 channel model validation
The harmonization among different CE vendors should be achieved.

	Huawei,
Hisilicon
	Issue 1-2-1: PDP reference values for FR2 channel model validation
Thanks for CMCC providing the comparison results. It seems that the results from three companies are aligned. For Proposal 1b and 1c, it needs further discussion.
Issue 1-2-2: Temporal Correlation reference values for FR2 channel model validation
It can be seen from Umi CDL-C results that there is a little difference between the three curves. The factors that might have led to such a result, e.g. different random seeds, need further analysis. Since this is only theoretical, the difference may be magnified if it is a test result. 
Issue 1-2-3: Cross-polarization (V/H) reference values for FR2 channel model validation
Similar views with CAICT.

	Keysight
	Issue 1-2-1: PDP reference values for FR2 channel model validation
As a proponent, we support proposals 1a, b, and c
Issue 1-2-2: Temporal Correlation reference values for FR2 channel model validation
As a proponent, support proposal 1. Offline harmonization with Spirent is on-going including Doppler offset investigations.
Issue 1-2-3: Cross-polarization (V/H) reference values for FR2 channel model validation
Support Spirent’s proposal

	[bookmark: OLE_LINK93]Qualcomm
	Issue 1-2-1:
Based on the compassion summarized by Spirent and CMCC (Thanks for the great effort!). It looks the results are aligned well. For the theoretical PDP reference values, we support CAICT’s proposal to do the average from different companies.
For proposal 1b, we don’t have strong view but since we did not consider Hanning window for FR1, the easier way to move forward is not to use Hanning window for FR2 either.
Issue 1-2-2:
Further offline harmonization is encouraged.
Issue 1-2-3:
We support the proposal.

	Keysight
	Issue 1-2-2: Temporal Correlation reference values for FR2 channel model validation
After offline discussions with Spirent, the TCF results are fully aligned.
[image: ]
Issue 1-2-3: Cross-polarization (V/H) reference values for FR2 channel model validation
Support Spirent’s proposal

	Keysight
	Issue 1-2-1: PDP reference values for FR2 channel model validation
[bookmark: OLE_LINK94]We are open to considering the FR1 approach based on the integrated clusters. The comparison for CDL-C UMi is shown in the figure below
[image: ]
And the revised PDP target powers are as follows based on integrated clusters approach
Table 5. Target delay and power values for the measured CDL-C UMi PDP (integrated clusters approach).
	Original clusters 
	Delay [ns] 
	Power [dB] 

	1-5 
	15
	-17.8

	6-11
	40
	0.0 

	13-14
	75
	-31.2

	15
	130
	-41.1

	16 
	165
	-41.4






Sub-topic 1-3 Pass/fail limits for FR2 channel model validation
	Company
	Comments

	XXX
	Issue 1-3-1: PDP pass/fail limits for FR2 channel model validation
Issue 1-3-2: Temporal Correlation pass/fail limits for FR2 channel model validation
Issue 1-3-3: Cross-polarization (V/H) pass/fail limits for FR2 channel model validation
Issue 1-3-4: PSP pass/fail limits for FR2 channel model validation


	Spirent
	Issue 1-3-1: PDP pass/fail limits for FR2 channel model validation
Based on the comparisons in issue 1-2-1 above, the group can decide if the targets can be harmonized, then the group can discuss on the BW limitation scheme and final target values.
As in FR1, we do not think the Hanning window is appropriate, rather, the CE BW and shape are more appropriate.

	Spirent
	Issue 1-3-4: PSP pass/fail limits for FR2 channel model validation
First Plot below is from KS: Draft (Rev of R4-2209578).  Second plot is from Spirent:  (Rev 2 of R4-2208285)
These two plots are quite different.  

[image: ][image: ]

Spirent is able to produce the following plot, which appears to match the KS plot when EoA is substituted for ZoA without distributing the minus sign in the ray ordering procedure given in 38.827.
Thus, it appears that this plot needs to be corrected by distributing the minus sign, which would produce the above plot from Spirent.  Test vectors and equations were sent offline to KS for clarification and alignment. 
Alignment on this is needed before pass/fail limits can be discussed.
  [image: ]


	Huawei,
Hisilicon
	Since this is the first time to discuss the FR2 channel model validation, reference values for FR2 channel model validation should be aligned firstly before discussing pass/fail limits.

	Keysight
	Issue 1-3-1: PDP pass/fail limits for FR2 channel model validation
As a proponent, support proposals 1 and 3.
Issue 1-3-2: Temporal Correlation pass/fail limits for FR2 channel model validation
As a proponent, support proposal 1. Proposal 2 seems to be aligned with proposal 1 but worded differently. There seems to be some confusion between the actual TCF levels, which should be in range from 0 to 1 and percentages in proposal 2.
Issue 1-3-3: Cross-polarization (V/H) pass/fail limits for FR2 channel model validation
Support proposals 1 and 2.
Issue 1-3-4: PSP pass/fail limits for FR2 channel model validation
As a proponent, support proposals 1 and 2.
Comment to Spirent: We agree that the reference PAS in R4-2209578 must be updated and indicated that in the revision of our contribution. For information, below is the comparison of the corrected PAS plots; clearly, good agreement is reached. 
[image: ]Our measurement result example is based on old/incorrect angle references but we decided to leave those plots in the contribution to demonstrate alignment with the example measurement data. The ray offset sign change does not have any meaningful impact to the resulting PSP when the change is applied into the reference and the measurement model. Therefore, our PSP measurement example is valid and can be used as basis for determining the pass/fail limits for PSP.

	Qualcomm
	Issue 1-3-1:
We don’t see much difference between two proposals. We can go with proposal 1 which seems more relaxed.
Issue 1-3-2:
Proposal 1 and 2 look similar. We support both P1 and P2
Issue 1-3-3:
OK with P1 and P2
Issue 1-3-4:
OK with P1 and P2

	vivo
	For Issue 1-3-2 and Issue 1-3-3:
We encourage companies to conclude the pass/fail limits for TCF and cross-polarization ratio this meeting. Based on the agreements, core part can be closed in June RAN meeting.


	CAICT
	Issue 1-3-1: PDP pass/fail limits for FR2 channel model validation
According to the experience of FR1 PDP validation, we believe more measurement results are needed for defining reasonable PDP pass/fail limits for FR2 CM validation. 
Issue 1-3-4: PSP pass/fail limits for FR2 channel model validation
Thank CE vendors for the efforts towards achieving alignment.  But some differences can still be seen between the PAS plots from Spirent and Keysight. Further alignment among CE vendors is needed. 
[image: ]

The reference PAS from Spirent and CMCC&CAICT are in good agreement: 
	Spirent
	CMCC&CAICT
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We expect better alignment on reference PAS among CE venders, and believe that more measurement results are needed for discussing PSP pass/fail limits. 


	[bookmark: _Hlk103239210]Keysight
	Issue 1-3-4: PSP pass/fail limits for FR2 channel model validation
We believe the proposed PSP limit in [] should be an acceptable compromise given the measurements we provided and the current alignment. 



Sub-topic 1-4 FR1 channel model validation results
	Company
	Comments

	XXX
	Issue 1-4: FR1 channel model validation results


	Apple
	Issue 1-4: FR1 channel model validation results
[bookmark: OLE_LINK90]The original contribution fulfilling the requirement to be consider a volunteer lab was submitted on R4-2200906 (RAN4 #101 bis e), the contribution R4-2207689 was submitted with updated channel validation results while expecting for PADs to arrive in our lab



Sub-topic 1-5 UE mechanical mode for foldable smartphones
	Company
	Comments

	XXX
	Issue 1-5-1: UE mechanical mode for foldable smartphones



	MediaTek
	Issue 1-5-1: UE mechanical mode for foldable smartphones
We are fine for the two proposals

	Samsung
	Issue 1-5-1: UE mechanical mode for foldable smartphones
We support proposal 2.
For proposal 1, we think it is too early to fix the primary mechanical mode for foldable phone. As a novel UE form factor, the evolving is still ongoing and it is not sure the full expanded screen would always be the primary mechanical mode for data-centric use scenario for foldable phone from future-proof perspective. 

	vivo
	Issue 1-5-1: UE mechanical mode for foldable smartphones
As proponent we support proposal 1 and proposal 2. 

	OPPO
	Issue 1-5-1: UE mechanical mode for foldable smartphones
[bookmark: OLE_LINK89][bookmark: OLE_LINK88]The purpose of defining the primary mechanical mode is to make the OTA measurement performed under the same mechanical mode. Considering Samsung’s concern that it is hard to define primary mechanical mode for foldable phone currently, can we define a “test mechanical mode” for foldable phone to keep unified mechanical mode for OTA measurement, for example, define “full expanded screen” as test mechanical mode for foldable phone?

	Apple
	Issue 1-5-1: UE mechanical mode for foldable smartphones
Proposal 1, the primary mechanical mode should be defined through manufacturer declaration, there will be cases that such primary mechanical mode will be dependent on the UE unfolded aspect ratio. RAN4 has not enough information to make such decision.
Support proposal 2



CRs/TPs comments collection
[bookmark: OLE_LINK51]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.
	[bookmark: OLE_LINK125]CR/TP number
	Comments collection

	R4-2208624
	 Samsung: support. The CR reflects the agreement of last meeting.

	
	 Apple: support. The CR reflects our comments on issue 1-5-1

	
	

	R4-2208625
	 Samsung: support. The CR reflects the agreement of last meeting.

	
	 Apple: support. The CR reflects our comments on issue 1-5-1

	
	



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 Proposals on concluding the NR MIMO OTA WI
	Issue 1-1-1: Proposal on concluding the Rel-17 NR MIMO OTA WI
[bookmark: OLE_LINK81]9 companies commented on this issue. Some related comments from Issue 1-1-3 and Sub-topic 1-3 are also summarised here.
4 companies (Keysight, Qualcomm, vivo, and OPPO) encourage to reach consensus on FR2 CM validation pass/fail limits in this meeting. 4 companies (Xiaomi, Huawei, CMCC, CAICT) prefer not to define the limits in this meeting. 
5 companies (Huawei, Keysight, MediaTek, Xiaomi, CAICT) support Proposal 2. 4 companies (Qualcomm, vivo, OPPO, CAICT) believe the scope discussion should be decided by RAN plenary. CIACT deems it is still beneficial to reach a preliminary consensus on how to conclude the WI in RAN4. 
vivo and Qualcomm do not believe it is reasonable to claim some perf. part objectives should be dropped before the deadline of performance part WI. MediaTek and OPPO deem that core part is the base for perf. part, if the core part objective cannot be completed on time, the related perf. part would not be finished accordingly and can be dropped. 

Recommendations for 2nd round:
· Further discuss how to conclude the Rel-17 NR MIMO OTA WI according to the progress of the discussion on the FR2 CM validation pass/fail limits in Sub-topic 1-3. 
· Companies are invited to share views on the following proposals:
· [bookmark: OLE_LINK107]Proposal 1: If RAN4 cannot finalize FR2 channel model validation pass/fail limits work in RAN4#103-e meeting, RAN4 recommends to revise the NR MIMO OTA WID at RAN #96 plenary by removing the unfinished core part objective. Final decision should be made by RAN plenary. 
· Proposal 2: If the FR2 channel model validation pass/fail limits are removed from the WID, RAN4 recommends drop the perf. part objective “FR2 MIMO OTA requirements” accordingly. Final decision should be made by RAN plenary.

Issue 1-1-2: Review on FR2 MIMO OTA progress
5 companies commented this issue and all supported the proposal. vivo and CAICT prefer to capture new agreements in the WF rather than update the whole WI work plan. 
Tentative agreements:
· Revisit FR2 MIMO OTA workplan is needed.
· RAN4 do not need to update the whole WI workplan, but capture new agreements for FR2 working handling in the WF.
Recommendations for 2nd round:
· Further check if the tentative agreements are agreeable. 
· Companies are encouraged to revisit FR2 MIMO OTA workplan, views on how to handling FR2 work are welcome. 

[bookmark: OLE_LINK97]Issue 1-1-3: General views on FR2 channel model validation pass/fail limits
8 companies commented on this issue and hold different views. Some related comments from Issue 1-1-1 and Sub-topic 1-3 are also summarised here. 
Regarding whether to define the pass/fail limits in this meeting: 4 companies (Keysight, Qualcomm, vivo, OPPO) support/encourage to define the pass/fail limits in this meeting; 4 companies (Xiaomi, Huawei, CMCC, CAICT) prefer not to define the limits in this meeting. 
Regarding whether to define relatively wide pass/fail limits: CE vendors (Spirent, Keysight) claimed that their proposed pass/fail limits are relatively wide; vivo and OPPO prefer reasonable pass/fail limits. 
Regarding whether the pass/fail limits (if defined in this meeting) can be further refined in future RAN4 meetings: Keysight and vivo are supportive, and there’s no objections. 
[bookmark: OLE_LINK99]Specific discussions on the pass/fail limits are on-going in Sub-topic 1-3, it is recommended to continue the discussion in Sub-topic 1-3 in 2nd round, with the following tentative agreements:
· [bookmark: OLE_LINK98]The pass/fail limits for FR2 channel model validation should be technically reasonable. 
· The pass/fail limits for FR2 channel model validation, if are defined in this meeting, can be further refined in future RAN4 meetings when more practical/empirical data is available.
[bookmark: OLE_LINK104]Recommendations for 2nd round:
· [bookmark: OLE_LINK109]Further check if the tentative agreements are agreeable. 
· Furter discuss the specific pass/fail limits in Sub-topic 1-3.

Issue 1-1-4: General views on FR2 MIMO OTA requirements
8 companies commented on this issue and hold different views. 
Consensus has not been reached on whether to use the pure simulation approach to develop FR2 MIMO OTA requirements. Qualcomm and Keysight support to define the requirements based on simulations, while Xiaomi, vivo, and OPPO oppose the pure simulation approach. vivo and OPPO support to adopt the same approach as FR1 if FR2 CM validation pass/fail limits can be defined in this meeting.
MediaTek and CAICT believe confidence-level on simulation results is a critical issue. Huawei deems that a relatively adequate margin on the performance requirement is necessary, if the simulation results are used for deriving performance requirement together with the measurement results; Qualcomm is open to discuss how to consider the margin. 

Recommendations for 2nd round:
· Further discuss and try to make decision on the approach to define FR2 MIMO OTA requirements.
· Option 1: Pure simulation approach
· Option 2: Same procedures for defining FR1 MIMO OTA requirements, i.e., FR2 channel model validation, FR2 lab alignment, FR2 measurement data collection…
· Option 3: Others 
· Further discuss how to improve the confidence-level on simulation results, if the simulation results will be used for defining FR2 MIMO OTA requirements. 
· Further discuss how to consider the margin on the performance requirements, if the simulation results will be used for defining FR2 MIMO OTA requirements. 


	Sub-topic #1-2 Reference values for FR2 channel model validation
	Issue 1-2-1: PDP reference values for FR2 channel model validation
Regarding PDP theoretical targets, good alignment has been achieved among the three CE venders with very small gaps.  CAICT and Qualcomm propose to adopt the average of the three CE venders as the PDP theoretical targets. 
Regarding reference data for PDP validation measurement, Spirent and Qualcomm don’t support to adopt Hanning window. Huawei deems further discussion is needed. Keysight is open to consider the FR1 approach based on the integrated clusters, and provided revised PDP validation targets as well as a comparison figure of different approaches.
[bookmark: OLE_LINK82]To move forward and treat the CE vendors equally, the following tentative agreement is recommended:
· Adopt the average of the data from Keysight, Spirent, and CMCC&CAICT as PDP theoretical targets for FR2 channel model validation.
Recommendations for 2nd round:
· Further check if the tentative agreement is agreeable. 
· Furter discuss the reference data for PDP validation measurement
· [bookmark: OLE_LINK95]Proposal 1: Accept the target delay and power values for the measured CDL-C UMi PDP as follows based on integrated clusters approach.
Table 5. Target delay and power values for the measured CDL-C UMi PDP (integrated clusters approach).
	Original clusters 
	Delay [ns] 
	Power [dB] 

	1-5 
	15
	-17.8

	6-11
	40
	0.0 

	13-14
	75
	-31.2

	15
	130
	-41.1

	16 
	165
	-41.4



Issue 1-2-2: Temporal Correlation reference values for FR2 channel model validation
Good alignment has been achieved among the three CE venders with very small gaps. CAICT proposes to adopt the average of the three CE venders as the TCF theoretical targets. 
To move forward and treat the CE vendors equally, the following tentative agreement is recommended:
· Adopt the average of the data from Keysight, Spirent, and CMCC&CAICT as temporal correlation reference values for FR2 channel model validation.
Recommendations for 2nd round:
· Further check if the tentative agreement is agreeable. 

Issue 1-2-3: Cross-polarization (V/H) reference values for FR2 channel model validation
The proposal is supported by Spirent, Keysight, and Qualcomm. No objection was received. 
Tentative agreement:
· Accept the V/H theoretical targets as below
· V/H FR2 CDL-C-UMi, X2+, fc=28 GHz
· Beam 1, Input 1:  V/H = -0.45231 dB
· Beam 1, Input 2:  V/H = 0.48972 dB
· Beam 1, Input 1+2:  V/H = 0 dB
· V/H FR2 CDLA-InO, X2+, fc=28 GHz
· Beam 1, Input 1:  V/H = -0.0388 dB
· Beam 1, Input 2:  V/H = 0.0392 dB
· Beam 1, Input 1+2:  V/H = 0 dB
Recommendations for 2nd round:
· Further check if the tentative agreement is agreeable. 


	Sub-topic #1-3 Pass/fail limits for FR2 channel model validation
	Issue 1-3-1: PDP pass/fail limits for FR2 channel model validation
[bookmark: OLE_LINK102]Companies hold different views on pass/fail limits. Some related comments from Sub-topic 1 are also summarized here. 
Keysight and Qualcomm support Proposal 1, while several companies (Xiaomi, Huawei, CMCC, CAICT) prefer not to define the pass/fail limits in this meeting. vivo and OPPO encourage to conclude the pass/fail limits in this meeting. 
Recommendations for 2nd round:
· Further discuss PDP pass/fail limits in 2nd round 
· Option 1:  Define PDP pass/fail limits in this meeting, further refine the limits when more practical/empirical data is available.
· Proposal 1: Adopt the PDP pass/fail limits from the following Table 7. (Keysight, Qualcomm)
Table 7. Pass/fail acceptance limits for PDP validation specified as path categories with respect to the power of a delay bin relative to the maximum power of the PDP.
	 
	Power Tolerance 
	Delay Tolerance 

	Paths from 0 dB to 10 dB below the peak
	[±1 dB]
	[±6 ns] 

	Paths from 10 dB to 30 dB below the peak
	[±5 dB]
	[±6 ns] 



· Proposal 2: Accept the PDP pass/fail limits as below. (Spirent)
	
	Power Tolerance
	Delay Tolerance

	Paths from 0dB to 10dB
	±1dB
	±6ns

	Paths from 10dB to 20dB
	±2.5dB
	±6ns

	Paths from 20dB to 30dB
	±5dB
	±6ns

	Paths from 30dB to 40dB
	±10dB
	±6ns



· Option 2: Define PDP pass/fail limits after more practical/empirical data is available.

[bookmark: OLE_LINK86]Issue 1-3-2: Temporal Correlation pass/fail limits for FR2 channel model validation
[bookmark: OLE_LINK101]Companies hold different views on pass/fail limits. Some related comments from Sub-topic 1 are also summarized here. 
Proposals 1 and 2 are basically the same. Keysight and Qualcomm support the proposals, while several companies (Xiaomi, Huawei, CMCC, CAICT) prefer not to define the pass/fail limits in this meeting. vivo and OPPO encourage to conclude the pass/fail limits in this meeting. 
 Recommendations for 2nd round:
· Further discuss Temporal Correlation pass/fail limits in 2nd round 
· Option 1:  Define Temporal Correlation pass/fail limits as follows, further refine the limits when more practical/empirical data is available.
· Pass/Fail limits for theoretical TCF above [0.3] are formed as bands of [±10]% of correlation capped at 1 at the high end. Additionally, when the theoretical TCF drops below [0.3], the limits are formed at bands of [±30]% of correlation capped at 0 at the low end.
· Option 2: Define Temporal Correlation pass/fail limits after more practical/empirical data is available.

Issue 1-3-3: Cross-polarization (V/H) pass/fail limits for FR2 channel model validation
Companies hold different views on pass/fail limits. Some related comments from Sub-topic 1 are also summarized here. 
Keysight and Qualcomm support the proposals, while several companies (Xiaomi, Huawei, CMCC, CAICT) prefer not to define the pass/fail limits in this meeting. vivo and OPPO encourage to conclude the pass/fail limits in this meeting. 
 Recommendations for 2nd round:
· Further discuss V/H pass/fail limits in 2nd round 
· Option 1:  Define V/H pass/fail limits as [±1.5dB], further refine the limits when more practical/empirical data is available.
· Option 2: Define V/H pass/fail limits after more practical/empirical data is available.

Issue 1-3-4: PSP pass/fail limits for FR2 channel model validation
Companies hold different views on pass/fail limits. Some related comments from Sub-topic 1 are also summarized here. 
Keysight and Qualcomm support the proposals, while several companies (Xiaomi, Huawei, CMCC, CAICT) prefer not to define the pass/fail limits in this meeting. vivo and OPPO encourage to conclude the pass/fail limits in this meeting. 
[bookmark: OLE_LINK103]Companies (Spirent, CMCC, CAICT, Huawei) believe the reference values should be aligned first before discussing the pass/fail limits. CAICT points out that the alignment on reference PAS among CE vendors is not good enough, Keysight deems the proposed PSP limit should be an acceptable compromise.
 Recommendations for 2nd round:
· The reference values should be aligned first before discussing the pass/fail limits Encourage the CE vendors to achieve better alignment on reference PAS
· Further discuss PSP pass/fail limits in 2nd round 
· Option 1:  Define PSP pass/fail limit as [84%], further refine the limit when more practical/empirical data is available.
· Option 2: Define PSP pass/fail limit after more practical/empirical data is available.


	Sub-topic #1-4 Pass/fail limits for FR2 channel model validation
	Issue 1-4: FR1 channel model validation results
Thanks for Apple’s updated channel validation results. R4-2207689 is noted. 
Recommendations for 2nd round:
· None


	Sub-topic #1-5 UE mechanical mode for foldable smartphones
	[bookmark: OLE_LINK105]Issue 1-5-1: UE mechanical mode for foldable smartphones
5 companies commented on this issue. All the companies support Proposal 2.
Proposal 1 is still controversial. 2 companies (vivo, MediaTek) support the proposal, while 2 companies (Samsung, Apple) don’t think it’s time to make decision on primary mechanical mode for foldable phone. OPPO proposes a compromise: to define a “test mechanical mode” instead of “primary mechanical mode” for foldable phone to keep unified mechanical mode for OTA measurement. 
Agreement: 
· For each device to verify NR MIMO OTA performance, the same primary mechanical mode should be declared to each test lab.
[bookmark: OLE_LINK91]Recommendations for 2nd round:
· Further discuss this issue in 2nd round. 
· Is the following proposal agreeable?
· For foldable smartphones, RAN4 should decide whether mechanical mode with full expanded screen should be declared as the test mechanical mode for NR MIMO OTA testing.

[bookmark: OLE_LINK120]Issue 1-5-2: Draft CRs on UE mechanical mode
It is recommended to update the draft CRs according to the discussion outcomes of Issue 1-5-1.
Recommendations for 2nd round:
· Further review and approve the draft CRs. 





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  

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



Discussion on 2nd round
Sub-topic 1-1 Proposals on concluding the NR MIMO OTA WI

Issue 1-1-1: Proposal on concluding the Rel-17 NR MIMO OTA WI
· Further discuss how to conclude the Rel-17 NR MIMO OTA WI according to the progress of the discussion on the FR2 CM validation pass/fail limits in Sub-topic 1-3. 
· Companies are invited to share views on the following proposals:
· Proposal 1: If RAN4 cannot finalize FR2 channel model validation pass/fail limits work in RAN4#103-e meeting, RAN4 recommends to revise the NR MIMO OTA WID at RAN #96 plenary by removing the unfinished core part objective. Final decision should be made by RAN plenary. 
· Proposal 2: If the FR2 channel model validation pass/fail limits are removed from the WID, RAN4 recommends to drop the perf. part objective “FR2 MIMO OTA requirements” accordingly. Final decision should be made by RAN plenary.
· Recommended WF
· TBA

	Company
	Comments

	MediaTek
	Support both Proposal 1 and 2.

	Huawei,
Hisilicon
	Support further discussion, Also support both Proposal 1 and 2.

	Keysight
	We feel confident that FR2 CM limits can be agreed this meeting

	Qualcomm
	We should focus on the technical discussion on the FR2 CM limits in RAN4. Need further discussion on the P1 and P2 in RAN-P depending on the status after this RAN4 meeting. We encourage companies to conclude the CM limits in this meeting otherwise there will be no FR2 outcome after a whole release discussion.

	Xiaomi
	Support both Prop 1 and 2.

	OPPO
	We support Proposal 1 and Proposal 2.

	vivo
	We share similar view as Qualcomm, to complete core part, FR2 pass fail limits should be defined.



Issue 1-1-2: Review on FR2 MIMO OTA progress
· Are the following tentative agreements agreeable?
· Revisit FR2 MIMO OTA workplan is needed.
· RAN4 do not need to update the whole WI workplan, but capture new agreements for FR2 working handling in the WF.
· Companies are encouraged to revisit FR2 MIMO OTA workplan, views on how to handling FR2 work are welcome. 
· [bookmark: OLE_LINK84]Recommended WF
· Companies are invited to share views. 

	Company
	Comments

	MediaTek
	We are fine for both tentative agreements. First one is the principle, and second one may reduce the effort. Be more specific and for example, about FR2 MIMO OTA requirement, we think below two shall be updated, and the exact time plan could be TBD based on corresponding issues.
· RAN4 #103-e (2022 May) TBD
· Finalize the FR2 simulation results collection
· RAN4 #104-e (2022 Aug) TBD
· Finalize the requirement for FR2

	Huawei,
Hisilicon
	Similar view with MediaTek.

	OPPO
	Agree with MeidaTek.

	vivo
	To be more specific, the target for FR2 should be Aug RAN4 meeting (i.e. deadline of Pef. WI), for both simulation results collection and requirement. 

	
	



Issue 1-1-3: General views on FR2 channel model validation pass/fail limits
· Are the following tentative agreements agreeable?
· The pass/fail limits for FR2 channel model validation should be technically reasonable. 
· The pass/fail limits for FR2 channel model validation, if are defined in this meeting, can be further refined in future RAN4 meetings when more practical/empirical data is available.
· Furter discuss the specific pass/fail limits in Sub-topic 1-3.
· Recommended WF
· TBA

	Company
	Comments

	MediaTek
	An open question for discussion. If the pass/fail limits for FR2 channel model validation may be further updated, how RAN4 conducts lab alignment and following activities?

	Huawei, HiSilicon
	Given limited measurement data on FR2 channel model validation, decisions on pass/fail limits should be deferred to RAN-104e.

	Keysight
	The 2nd agreement is in line with what we agreed for FR1. We believe that the pass/fail limits for FR2 CM can be agreed this meeting given the input from various companies including measurements we provided. 

	Qualcomm
	We are fine with the tentative agreements. And we share the same view as Keysight.

	OPPO
	We support the first agreement, furthermore, we don’t think wide pass/fail limit for channel model validation is reasonable considering even more MU brought.
For the second agreement, we have similar concern with MediaTek. If the pass/fail limits of channel model validation are tentative values, how can they be used for verifying the lab’s capability of FR2 MIMO OTA?

	vivo
	Support to define the pass fail limits with square bracket this meeting, and further revisit should be allowed. With the precondition that, before using for lab related confirmation (e.g. FR2 lab alignment activity), the pass fail limits should be finally concluded.



Issue 1-1-4: General views on FR2 MIMO OTA requirements
· Further discuss and try to make decision on the approach to define FR2 MIMO OTA requirements.
· Option 1: Pure simulation approach
· Option 2: Same procedures for defining FR1 MIMO OTA requirements, i.e., FR2 channel model validation, FR2 lab alignment, FR2 measurement data collection…
· Option 3: Others 
· Further discuss how to improve the confidence-level on simulation results, if the simulation results will be used for defining FR2 MIMO OTA requirements. 
· Further discuss how to consider the margin on the performance requirements, if the simulation results will be used for defining FR2 MIMO OTA requirements. 
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF. 

	[bookmark: OLE_LINK85]Company
	Comments

	MediaTek
	Sub-topic 1 (approach):
We don’t prefer to do simple decision currently and share our view on each one.
· About Option1: We don’t have confidence on current simulation result so far. However, we also don’t think it is impossible.
· About Option2: It’s a mature approach, that we have experiences in FR1 OTA. However, the FR2 commercial devices and FR2 MIMO OTA chamber may be not mature enough currently.

Sub-topic 2 (confidence-level on simulation):
· We disclosed our calculation formula for discussion, and thanks for the good and friendly online/offline discussions. Although align all term definitions maybe not must, however, wish the discussion can make companies consider more factors.

Sub-topic 3 (margin):
· We are open for this. Currently, try to consider more complete factors would be the first step.

	Huawei, HiSilicon
	Sub-topic 1 (approach): we support option 2 because a pure simulation approach may not take into account factors impacting real products.


	Keysight
	Support Option 1; similar to all other FR2 OTA requirements so far. 

	Qualcomm
	Support Option 1.
As we explained in our paper, FR2 MIMO OTA is different from FR1 TRP/TRS and FR1 MIMO OTA since TRP/TRS and FR1 MIMO OTA is quite mature. For FR2 MIMO OTA, it should follow the traditional way, i.e., simulation approach to specify the requirement. The industry will be ready after RAN5 specifying the conformance test spec.
But we are not to say the measurement data should be excluded. But it should be data driven, i.e., companies are encouraged to submit the measurement data. RAN4 could further discuss how to develop the requirements based on the simulation and measurement if any. Note that 3GPP is contribution driven. If there is no measurement data submitted by companies, it is not possible to take measurement into account.

	CMCC
	Sub-topic 1 (approach):
We support option2, considering CE vendors have given the channel model validation reference and measurement results in this meeting, we think that the testing method and hardware equipment would be mature to a certain extent, and we believe that with the experience in FR1 MIMO OTA, option2 is a more mature approach to test the real performance of FR2 terminals.

	Xiaomi
	Sub-topic 1 (approach): 
Support option 2, based on the FR1 CM discussion, we see some difference between the simulation result and the test result so directly use the simulation result for reference and the limit is not appropriate.


	OPPO
	We support Option 2. 
As Keysight and Qualcomm commented, FR2 requirements are specified by simulation approach. However, please note the difference between FR2 MIMO OTA and other FR2 OTA requirements. As Qualcomm said, other FR2 requirements is specified before the test spec specified, which means the test methodology is designed with the goal of getting the simulation/reference requirement. But for FR2 MIMO OTA, the test methodology is ready, including test system implementation, channel model validation method, and so on. If the FR2 MIMO OTA requirement is specified by simulation results, can we come back to revise the test methodology, including but not limited to test system implementation, channel model validation method, and so on?

	Apple
	We support Option 2
Simulation approach is a valid method to make progress, however a simulation model requires a baseline correlation with fundamental theoretical values and measurement results.



Sub-topic 1-2 Reference values for FR2 channel model validation 

Issue 1-2-1: PDP reference values for FR2 channel model validation
· Is the following tentative agreement agreeable?
· Adopt the average of the data from Keysight, Spirent, and CMCC&CAICT as PDP theoretical targets for FR2 channel model validation.
· Furter discuss the reference data for PDP validation measurement
· Proposal 1: Accept the target delay and power values for the measured CDL-C UMi PDP as follows based on integrated clusters approach.
Table 5. Target delay and power values for the measured CDL-C UMi PDP (integrated clusters approach).
	Original clusters 
	Delay [ns] 
	Power [dB] 

	1-5 
	15
	-17.8

	6-11
	40
	0.0 

	13-14
	75
	-31.2

	15
	130
	-41.1

	16 
	165
	-41.4


· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF. 
	Company
	Comments

	CAICT
	Support the tentative agreement. 

	Keysight
	Support proposal as proponent

	Qualcomm
	Support the tentative agreement.

	CMCC
	We support the tentative agreement and to move forward the progress, PDP theoretical target values are provided below by averaging data from Keysight, Spirent, and CMCC&CAICT. It is noted that we round the power to 0.1 dB accuracy to get consistent with FR1.
Table 1. Reference PDP values of UMi CDL-C with BS beam 1.
	Cluster #
	Delay [ns]
	Power [dB]

	1
	0
	-24.9 

	2
	13
	-17.9 

	3
	13
	-29.5 

	4
	13
	-21.0 

	5
	14
	-25.1 

	6
	38
	0.0 

	7
	39
	-2.6 

	8
	39
	-4.0 

	9
	40
	-38.7 

	10
	48
	-35.2 

	11
	49
	-34.4 

	12
	56
	-40.2 

	13
	74
	-29.2 

	14
	78
	-35.7 

	15
	130
	-38.2 

	16
	163
	-38.5 

	17
	256
	-40.4 

	18
	276
	-42.0 

	19
	329
	-46.7 

	20
	336
	-50.5 

	21
	378
	-50.2 

	22
	398
	-43.1 

	23
	423
	-51.5 

	24
	519
	-58.8 



Table 2. Reference PDP values of InO CDL-A with BS beam 1.

	Cluster #
	Delay [ns]
	Power [dB]

	1
	0
	-93.2698

	2
	11
	0

	3
	12
	-5.8788

	4
	14
	-58.0474

	5
	16
	-57.1498

	6
	17
	-72.6055

	7
	18
	-5.3193

	8
	20
	-67.2239

	9
	23
	-60.2065

	10
	46
	-94.4637

	11
	57
	-60.3011

	12
	65
	-76.7925

	13
	67
	-79.5772

	14
	75
	-94.3347

	15
	75
	-71.5074

	16
	92
	-72.6233

	17
	122
	-77.5859

	18
	134
	-95.0477

	19
	137
	-83.6268

	20
	144
	-91.162

	21
	150
	-85.1853

	22
	159
	-81.1503

	23
	290
	-69.844



About the target delay and power values for the measured, we support the integrated cluster approach as FR1, we update the value based on the averaging reference value and we recommend that clusters below -40dB are not considered as determined in FR1. We also propose that the delay of the first integrated cluster can be defined in the form of [], due to the original first cluster delay is slightly off 15ns, and the specific value can be determined based on further measurement data.
Table 3. Target delay and power values for the measured CDL-C UMi PDP 
	Original clusters 
	Delay [ns] 
	Power [dB] 

	1-5 
	[15]
	-17.9

	6-11
	40
	0.0 

	13-14
	75
	-31.2




	OPPO
	Support the tentative agreement regarding the aligned results between CE venders. Thanks CMCC for providing the averaged reference.

	Huawei, HiSilicon
	Regarding the values in Table 1 and 2, as adopted in FR1, would it be possible to only take values above -40dB?

	Keysight
	Below, we are showing the differences between the filtered and the integrated clusters approach for CDL-A InO
[image: ]
The target values are the same as proposed earlier
[image: ]



Issue 1-2-2: Temporal Correlation reference values for FR2 channel model validation
· Is the following tentative agreement agreeable?
· Adopt the average of the data from Keysight, Spirent, and CMCC&CAICT as temporal correlation reference values for FR2 channel model validation.
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	CAICT
	Support the tentative agreement.

	Keysight
	Support the average 

	Qualcomm
	Support the tentative agreement.

	CMCC
	We support the tentative agreement and to move forward the progress, TC theoretical target values are provided below by averaging data from Keysight, Spirent, and CMCC&CAICT. It is noted that we keep 0.001 accuracy to get consistent with FR1.
Table 4. Reference Autocorrelation values of CDL-C Umi with BS beam 1.
	Distance [λ]
	X2V Corr.
	Distance [λ]
	X2V Corr.

	0
	1.0000 
	2.5
	0.1769 

	0.1
	0.9929 
	2.6
	0.1717 

	0.2
	0.9717 
	2.7
	0.1649 

	0.3
	0.9379 
	2.8
	0.1564 

	0.4
	0.8937 
	2.9
	0.1456 

	0.5
	0.8414 
	3
	0.1327 

	0.6
	0.7834 
	3.1
	0.1177 

	0.7
	0.7223 
	3.2
	0.1011 

	0.8
	0.6601 
	3.3
	0.0829 

	0.9
	0.5986 
	3.4
	0.0638 

	1
	0.5387 
	3.5
	0.0449 

	1.1
	0.4817 
	3.6
	0.0272 

	1.2
	0.4284 
	3.7
	0.0121 

	1.3
	0.3796 
	3.8
	0.0023 

	1.4
	0.3362 
	3.9
	0.0079 

	1.5
	0.2984 
	4
	0.0104 

	1.6
	0.2667 
	4.1
	0.0083 

	1.7
	0.2416 
	4.2
	0.0026 

	1.8
	0.2221 
	4.3
	0.0095 

	1.9
	0.2081 
	4.4
	0.0235 

	2
	0.1987 
	4.5
	0.0397 

	2.1
	0.1921 
	4.6
	0.0572 

	2.2
	0.1879 
	4.7
	0.0738 

	2.3
	0.1844 
	4.8
	0.0890 

	2.4
	0.1812 
	4.9
	0.1018 

	
	
	5
	0.1109 



Table 5. Reference Autocorrelation values of CDL-A InO with BS beam 1.
	Distance [λ]
	X2V Corr.
	Distance [λ]
	X2V Corr.

	0
	1.0000 
	2.5
	0.2197 

	0.1
	0.9977 
	2.6
	0.2002 

	0.2
	0.9903 
	2.7
	0.1841 

	0.3
	0.9787 
	2.8
	0.1711 

	0.4
	0.9622 
	2.9
	0.1616 

	0.5
	0.9415 
	3
	0.1543 

	0.6
	0.9170 
	3.1
	0.1487 

	0.7
	0.8883 
	3.2
	0.1445 

	0.8
	0.8565 
	3.3
	0.1412 

	0.9
	0.8216 
	3.4
	0.1376 

	1
	0.7843 
	3.5
	0.1343 

	1.1
	0.7446 
	3.6
	0.1303 

	1.2
	0.7031 
	3.7
	0.1255 

	1.3
	0.6607 
	3.8
	0.1204 

	1.4
	0.6173 
	3.9
	0.1145 

	1.5
	0.5739 
	4
	0.1081 

	1.6
	0.5307 
	4.1
	0.1020 

	1.7
	0.4880 
	4.2
	0.0961 

	1.8
	0.4463 
	4.3
	0.0911 

	1.9
	0.4064 
	4.4
	0.0875 

	2
	0.3687 
	4.5
	0.0863 

	2.1
	0.3329 
	4.6
	0.0874 

	2.2
	0.2998 
	4.7
	0.0913 

	2.3
	0.2698 
	4.8
	0.0974 

	2.4
	0.2429 
	4.9
	0.1054 

	
	
	5
	0.1148 




	OPPO
	Support the tentative agreement regarding the aligned results between CE venders. Thanks CMCC for providing the averaged reference.

	vivo
	Many thanks to CMCC for sharing the averaged value. We support



Issue 1-2-3: Cross-polarization (V/H) reference values for FR2 channel model validation
· Is the following tentative agreement agreeable?
· Accept the V/H theoretical targets as below
· V/H FR2 CDL-C-UMi, X2+, fc=28 GHz
· Beam 1, Input 1:  V/H = -0.45231 dB
· Beam 1, Input 2:  V/H = 0.48972 dB
· Beam 1, Input 1+2:  V/H = 0 dB
· V/H FR2 CDLA-InO, X2+, fc=28 GHz
· Beam 1, Input 1:  V/H = -0.0388 dB
· Beam 1, Input 2:  V/H = 0.0392 dB
· Beam 1, Input 1+2:  V/H = 0 dB
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	CAICT
	Support the tentative agreement.

	Keysight
	We suggest to limit the targets to 0.1dB increments

	Qualcomm
	Support the tentative agreement. And We are OK with Keysight’s suggestion.

	OPPO
	Support the tentative agreement. And support Keysight’s suggestion.

	
	



Sub-topic 1-3 Pass/fail limits for FR2 channel model validation 

Issue 1-3-1: PDP pass/fail limits for FR2 channel model validation
· Candidate options and Proposals
· Option 1:  Define PDP pass/fail limits in this meeting, further refine the limits when more practical/empirical data is available.
· Proposal 1: Adopt the PDP pass/fail limits from the following Table 7. (Keysight, Qualcomm)
Table 7. Pass/fail acceptance limits for PDP validation specified as path categories with respect to the power of a delay bin relative to the maximum power of the PDP.
	 
	Power Tolerance 
	Delay Tolerance 

	Paths from 0 dB to 10 dB below the peak
	[±1 dB]
	[±6 ns] 

	Paths from 10 dB to 30 dB below the peak
	[±5 dB]
	[±6 ns] 



· Proposal 2: Accept the PDP pass/fail limits as below. (Spirent)
	
	Power Tolerance
	Delay Tolerance

	Paths from 0dB to 10dB
	±1dB
	±6ns

	Paths from 10dB to 20dB
	±2.5dB
	±6ns

	Paths from 20dB to 30dB
	±5dB
	±6ns

	Paths from 30dB to 40dB
	±10dB
	±6ns



· Option 2: Define PDP pass/fail limits after more practical/empirical data is available.
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	Huawei, HiSilicon
	Issue 1-3-1: PDP pass/fail limits for FR2 channel model validation
Pass/fail limits should be decided in RAN4-104e.

	CAICT
	Support Option 2. 

	Keysight
	Support Option 1 and Proposal 1 as proponent, no need to defer. The proposed pass/fail limits were shown to realistic with empirical measurement data.

	Qualcomm
	We support option 1 and Proposal 1 as the starting point. It could be agreed with []. Further check is allowed for the companies who plan to submit the more data.

	CMCC
	We prefer Option 2.

	OPPO
	We support Option 2.



Issue 1-3-2: Temporal Correlation pass/fail limits for FR2 channel model validation
· Candidate options
· Option 1:  Define Temporal Correlation pass/fail limits as follows, further refine the limits when more practical/empirical data is available.
· Pass/Fail limits for theoretical TCF above [0.3] are formed as bands of [±10]% of correlation capped at 1 at the high end. Additionally, when the theoretical TCF drops below [0.3], the limits are formed at bands of [±30]% of correlation capped at 0 at the low end.
· Option 2: Define Temporal Correlation pass/fail limits after more practical/empirical data is available.
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	Huawei, HiSilicon
	Issue 1-3-2: We support option 2.

	Keysight
	Support Option 1, there is no need to defer

	Qualcomm
	Support option 1. For temporal correlation, we don’t see much difference between FR1 and FR2. Based on the experience in FR1, option 1 is reasonable. Further check is allowed for the companies who plan to submit the more data.

	CMCC
	We prefer Option 2.

	OPPO
	We support Option 2.

	vivo
	Support option 1



Issue 1-3-3: Cross-polarization (V/H) pass/fail limits for FR2 channel model validation
· Candidate options
· Option 1:  Define V/H pass/fail limits as [±1.5dB], further refine the limits when more practical/empirical data is available.
· Option 2: Define V/H pass/fail limits after more practical/empirical data is available.
· [bookmark: OLE_LINK87]Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	Huawei, HiSilicon
	Issue 1-3-3: we support option 2.

	Keysight
	We support Option 1, no need to defer

	Qualcomm
	Support option 1. For temporal correlation, we don’t see much difference between FR1 and FR2. Based on the experience in FR1, option 1 is reasonable. Further check is allowed for the companies who plans to submit the more data.

	CMCC
	We prefer Option 2.

	OPPO
	We support Option 2.

	vivo
	Support option 1



Issue 1-3-4: PSP pass/fail limits for FR2 channel model validation
· Proposal
· The reference values should be aligned first before discussing the pass/fail limits. Encourage the CE vendors to achieve better alignment on reference PAS.
· Candidate options
· Option 1:  Define PSP pass/fail limit as [84%], further refine the limit when more practical/empirical data is available.
· Option 2: Define PSP pass/fail limit after more practical/empirical data is available.
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	Huawei, HiSilicon
	Issue 1-3-4: we support option 2.

	CAICT
	Support Option 2. 

	Keysight
	After further review of the PAS, we are now aligned with the Spirent PAS (see comparison below). We are confident with the PSP pass/fail limit regarding the model aspects and the small change does not impact this.
[image: ]We support Option 1 given the alignment on reference PAS. 

	Qualcomm
	Thanks Keysight and Spirent’s offline coordination. The reference PAS looks well aligned. We are support option 1 and agree the limits with [] in this meeting. Further check is allowed for the companies who plans to submit the more data.

	OPPO
	We support Option 2.

	vivo
	Support option 1 in []. 



Sub-topic 1-5 UE mechanical mode for foldable smartphones
Issue 1-5-1: UE mechanical mode for foldable smartphones
· Is the following proposal agreeable?
· For foldable smartphones, RAN4 should decide whether mechanical mode with full expanded screen should be declared as the test mechanical mode for NR MIMO OTA testing.
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	MediaTek
	Although this one sounds reasonable, and we don’t have concern before. However, if we also consider the ongoing SISO discussion, it seems that let UE makers declare the primary mechanical mode for test is also reasonable. To align SISO and MIMO on this topic is also preferred.

	OPPO
	We share similar view with MediaTek. To align SISO and MIMO on this topic is preferred.

	Samsung
	Agree with MediaTek that the primary mechanical mode aspects is better to be aligned with SISO as much as possible. One difference from SISO is that SISO has both voice-centric talk mode and data-centric browsing mode. For MIMO, unique primary mechanical mode for data usage is enough. So there is no further revision needed for this alignment.

	Apple
	Foldable smartphones might have the primary mechanical mode defined by the unfolded aspect ratio, RAN4 don’t have enough information to make such definition on individual basis. The definition of primary or test mechanical mode for foldable smartphones should be done by manufacturer declaration.

	
	



Issue 1-5-2: Draft CRs on UE mechanical mode
Companies are invited to comment directly in the below CRs comments collection section.

CRs/TPs comments collection
	CR/TP number
	Comments collection

	Revision of R4-2208624 (on UE mechanical mode)
	MediaTek: based on Issue 1-5-1 consensus.

	
	

	
	

	Revision of R4-2208625 (on UE mechanical mode)
	MediaTek: based on Issue 1-5-1 consensus.

	
	

	
	



[bookmark: OLE_LINK7]Topic #2: FR1 Performance requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2207653
	SGS Wireless
	Our Status (SGS TW) Update for the 3GPP RAN4 5G FR1 SA MIMO OTA Lab Alignment Activity
[bookmark: _Hlk101971070]Proposal: Our updated plan is as follows. We plan to have the setup ready in June, test it in July, and submit the test results to 3GPP RAN4 in August (3GPP RAN4#104). After discussing and reviewing our channel model validation test results at the 3GPP RAN4 meeting (3GPP RAN4#104), if everyone agrees, SGS TW can be arranged to test the Performance Alignment Devices (PADs) in the last labs. (The shipping order for these PADs will be Beijing, China  Shanghai, China  Cupertino, USA  New Taipei City, Taiwan)


	R4-2207690
	Apple
	Discussion on FR1 MIMO Lab Alignment Timeline
Proposal 1: Postpone the final decision on Lab alignment and  Performance data Results to RAN4 #104e.  
Proposal 2: To alleviate the workload on RAN4 #104e, schedule a MIMO OTA lab alignment off-line conference call this summer (prior to August meeting) to review the lab alignment data including all results.
Proposal 3: Consider labs that produced channel model validation results as aligned.


	R4-2209329
	CAICT, SAICT
	Views on FR1 MIMO OTA lab alignment
Observation 1: Due to the COVID lockdown, the last lab (Apple) is unable to submit PAD measurement results before 30 Apr. 2022, while the other 5 labs have completed the PAD measurement and are expected to submit the results at RAN4 #103-e meeting. 
Proposal 1: The reference values for FR1 MIMO OTA lab alignment are calculated based on the PAD measurement results submitted before 30 Apr. 2022. Later submission of PAD measurement results should not impact the reference values. 
Proposal 2: RAN4 allows Apple to submit PAD measurement results after RAN4#103-e meeting. Apple can be confirmed as an aligned lab at RAN4#104 meeting according to the approved reference values and pass/fail limits. 
Observation 2: RAN4#104 meeting in Aug. 2022 is the last meeting before the target completion date of the NR MIMO OTA WI.
[bookmark: OLE_LINK8]Proposal 3: RAN4 closes FR1 MIMO OTA Lab Alignment Activity at RAN4#104 meeting in Aug. 2022. Submission of PAD measurement results after RAN4#104 meeting shall not be treated.
Proposal 4: Adopt linear average in dBm as the approach to calculate the reference values for MIMO OTA lab alignment. 
[bookmark: OLE_LINK21]Proposal 5: If a value differs from all other values less than one MU, it should not be identified as an “apparent outlier” in the average processing to derive reference values for MIMO OTA lab alignment.


	R4-2208621
	vivo
	Discussion on FR1 MIMO OTA lab alignment activity
Proposal 1: The reference value should be derived by linear average with dBm directly. 
[bookmark: _Hlk101969560]Proposal 2: RAN4 should confirm the pass/fail limit for FR1 MIMO OTA lab alignment as +/- 0.75MU, i.e. +/- 2.25 dB for band <3GHz and +/- 2.55 dB for band >3GHz.
Proposal 3: RAN4 can further discuss whether a more tightened limit, e.g., 2dB for all FR1 bands, is helpful or not, to provide a reasonable guidance for MIMO OTA industry.
Proposal 4: Apparent outlier (if identified) should be removed out of the average processing for reference value. The value deviates over 2*0.75MU from all the other lab’s results should be identified as apparent outlier.
[bookmark: OLE_LINK27]Proposal 5: Latter submission of PAD results after RAN4#103-e via RAN4 reflector is also allowed, and can be tentatively confirmed based on the agreed reference value and pass/fail criteria. With that, this will also allow those test labs (if aligned) to join FR1 MIMO OTA Performance test activity and submit UE results in RAN4#104-e meeting to define final requirements.



	R4-2207654
	Huawei Tech.(UK) Co.. Ltd
	MIMO OTA lab alignment results

	R4-2208319
	MediaTek Beijing Inc.
	PAD test results for NR FR1 MIMO OTA lab alignment

	R4-2208320
	CAICT
	CAICT FR1 MIMO OTA lab alignment results

	R4-2208412
	CMCC
	PAD testing results of CMCC & BUPT joint lab

	R4-2209514
	Xiaomi
	3GPP NR FR1 MIMO OTA Lab Alignment result from Xiaomi Lab

	R4-2208321 (reserved)
	CAICT
	Summary of FR1 MIMO OTA lab alignment results

	R4-2208118
	Huawei Tech.(UK) Co.. Ltd
	on data processing for FR1 MIMO OTA lab alignment
Proposal 1: either average TRMS in decibels or take the mean of linear and inverse average values to avoid unintended bias
Proposal 2: measurement values can be considered as outliers and excluded from further data processing if the absolute differences relative to the mean are larger than 1.5 x MU.

	R4-2208480
	Samsung
	Discussion on reference value for FR1 MIMO OTA lab alignment

Observation 1:	The average method in mW unit (linear scale) will lead to average value dominated by extreme data. The average method in dBm unit (dB scale) is more like arithmetic average which treats the measurement data from different labs more fairly.
Proposal 1:	it is proposed to adopt linear average in dBm unit (dB scale) to derive the reference value to guarantee that each lab is fairly treated.



	R4-2209433
	OPPO
	Reference value for FR1 MIMO OTA Lab alignment

[bookmark: _Hlk101968838]Proposal 1: It is proposed to identify the apparent outliers based on the below table.
[image: ]
Proposal 2: For TRMS, the reference values of PADs are derived with the linear averaging approach in dBm.


	R4-2209512
	Xiaomi
	on remaining issue for FR1 Lab alignment

[bookmark: OLE_LINK20]Proposal 1: For the method to process the average, use inverse average with mW metrics (transform the dBm to mW).
Proposal 2: Apply the +/- 0.75MU for lab alignment pass/fail limit.


	R4-2208322
	CAICT
	3GPP NR FR1 MIMO OTA Performance Test Campaign Template

	R4-2209330
	CAICT
	TRMS measurement results for bands n41, n78

	R4-2209513
	Xiaomi
	initial test result for FR1 performance requirement

	[bookmark: OLE_LINK13]R4-2208413
	CMCC
	Commercial terminal testing results of CMCC & BUPT joint lab



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_LINK42][bookmark: OLE_LINK40]Sub-topic 2-1 FR1 MIMO OTA lab alignment results
[bookmark: OLE_LINK45]Moderator’s note: 6 labs have submitted channel model validation results, and participated in the FR1 MIMO OTA lab alignment activity. 5 labs have submitted PAD measurement results for lab alignment, in R4-2208320 (CAICT), R4-2208412 (CMCC&BUPT), R4-2207654 (Huawei), R4-2208319 (MediaTek), R4-2209514 (Xiaomi). The last lab (Apple) has not received the PADs yet due to COVID. Draft R4-2208321 provides a summary and analysis of the submitted lab alignment results. 

PAD measurement results from the 5 labs are briefly summarized as below: 
[image: ]
Figure 1. TRMS measurement results submitted by 5 labs
[image: ]
Figure 2. Deviations between TRMS measurement values and linear average values

Issue 2-1: FR1 MIMO OTA lab alignment results

· Recommended WF
· Analysis and comments from companies are welcome. 
· Preliminary decisions can be made after 1st round, based on discussion outcomes of Sub-topics 2-2, 2-3, and 2-4.

[bookmark: OLE_LINK47][bookmark: OLE_LINK16]Sub-topic 2-2 Framework for FR1 MIMO OTA lab alignment
[bookmark: OLE_LINK26][bookmark: OLE_LINK24]Moderator’s note: regarding the reference values for FR1 MIMO OTA lab alignment, the agreement in the WF [R4-2203063] is as below:
Agreement:
· The reference value of each PAD should be the average of the PAD measurement results submitted on or before 12:00 UTC 30th April 2022, based on the condition at least 3 labs’ results collected. Submission with measurement data after 12:00 UTC 30th April can be considered for lab alignment, but will not change the reference TRMS value.
However, due to COVID lockdown, the PADs have not been able to be shipped to the last lab (Apple) yet. Consequently, Apple is unable to submit PAD measurement results before 30 Apr. 2022.

Issue 2-2-1: How to treat late submission of PAD measurement results due to COVID?
· Proposals:
· Proposal 1a: Postpone the final decision on Lab alignment and Performance data Results to RAN4 #104e.  (Apple)
· Proposal 1b: To alleviate the workload on RAN4 #104e, schedule a MIMO OTA lab alignment off-line conference call this summer (prior to August meeting) to review the lab alignment data including all results. (Apple)
· Proposal 2a: The reference values for FR1 MIMO OTA lab alignment are calculated based on the PAD measurement results submitted before 30 Apr. 2022. Later submission of PAD measurement results should not impact the reference values. (CAICT)
· Proposal 2b: RAN4 allows Apple to submit PAD measurement results after RAN4#103-e meeting. Apple can be confirmed as an aligned lab at RAN4#104 meeting according to the approved reference values and pass/fail limits. (CAICT)
· Proposal 3: Latter submission of PAD results after RAN4#103-e via RAN4 reflector is also allowed, and can be tentatively confirmed based on the agreed reference value and pass/fail criteria. With that, this will also allow those test labs (if aligned) to join FR1 MIMO OTA Performance test activity and submit UE results in RAN4#104-e meeting to define final requirements. (vivo)
· [bookmark: OLE_LINK44]Recommended WF
· Companies are invited to share views. It is encouraged to conclude this issue in the 1st round.

Issue 2-2-2: Pass/fail criteria for FR1 MIMO OTA lab alignment
· Proposal: 
· [bookmark: OLE_LINK123]Consider labs that produced channel model validation results as aligned. (Apple)
· Recommended WF
· Companies are invited to share views. 

[bookmark: OLE_LINK28][bookmark: OLE_LINK68]Issue 2-2-3: Further work plan for FR1 MIMO OTA Lab Alignment Activity
Moderator’s note: The target completion date for the NR MIMO OTA WI is Sep. 2022. RAN4#104 meeting in Aug. 2022 is the last meeting to conclude the WI. 
· Proposals: 
· Proposal 1: RAN4 closes FR1 MIMO OTA Lab Alignment Activity at RAN4#104 meeting in Aug. 2022. Submission of PAD measurement results after RAN4#104 meeting shall not be treated. (CAICT)
· Proposal 2: Our updated plan is as follows. We plan to have the setup ready in June, test it in July, and submit the test results to 3GPP RAN4 in August (3GPP RAN4#104). After discussing and reviewing our channel model validation test results at the 3GPP RAN4 meeting (3GPP RAN4#104), if everyone agrees, SGS TW can be arranged to test the Performance Alignment Devices (PADs) in the last labs. (The shipping order for these PADs will be Beijing, China  Shanghai, China  Cupertino, USA  New Taipei City, Taiwan)
· Recommended WF
· [bookmark: OLE_LINK11]Companies are invited to share views. 

Sub-topic 2-3 Reference values for FR1 MIMO OTA lab alignment 
Moderator’s note: this sub-topic has been discussed in the last RAN4 meeting, the agreements in the WF [R4-2207300] are as below: 
Agreements:
· Removal of apparent outlier (if identified) should be considered in the average processing to derive reference value.
· Define the reference and pass/fail limit of lab alignment together. 
· FFS the average approach of the measurement results submitted by test labs to derive reference value.
· Inverse average 
· linear average
· FFS how to identify/treat the “apparent outlier” in the average processing to derive reference value.

Issue 2-3-1: Which averaging approach should be adopted to derive the reference values?
· [bookmark: OLE_LINK22]Proposals:
· [bookmark: OLE_LINK19]Proposal 1: Linear average in dBm (CAICT, vivo, Samsung, OPPO)
· Proposal 2: Inverse average with mW metrics (transform the dBm to mW) (Xiaomi)
· Proposal 3: Either average TRMS in decibels or take the mean of linear and inverse average values to avoid unintended bias. (Huawei)
· [bookmark: OLE_LINK23]Recommended WF
· Companies are invited to share views. The target is to conclude this issue in 1st round.

Issue 2-3-2: How to identify apparent outliers in the average processing to derive reference values?
· Proposals:
· Proposal 1: Apparent outlier (if identified) should be removed out of the average processing for reference value. The value deviates over 2*0.75MU from all the other lab’s results should be identified as apparent outlier. (vivo)
· Proposal 2: measurement values can be considered as outliers and excluded from further data processing if the absolute differences relative to the mean are larger than 1.5 x MU. (Huawei)
· Proposal 3: If a value differs from all other values less than one MU, it should not be identified as an “apparent outlier” in the average processing to derive reference values for MIMO OTA lab alignment. (CAICT)
· [bookmark: OLE_LINK115]Proposal 4: It is proposed to identify the apparent outliers based on the below table. (OPPO)
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· Recommended WF
· Companies are invited to share views. The target is to conclude this issue in 1st round. 
[bookmark: OLE_LINK17]
[bookmark: _Hlk102054054]Sub-topic 2-4 Pass/fail limit for FR1 MIMO OTA lab alignment 
Moderator’s note: this sub-topic has been discussed in the last RAN4 meeting, the agreements in the WF [R4-2207300] are as below: 
Agreements:
The pass/fail limit for lab PAD alignment: the maximum deviation of TRMS between each performance alignment lab and Reference Value
· [bookmark: OLE_LINK46]Starting point: +/- 0.75MU, i.e., +/- 2.25 dB for band <3GHz and +/- 2.55 dB for band >3GHz. 
· RAN4 aims to minimize the limit into reasonable range based on the collected lab alignment data
· Further check is allowed after having some PAD test results next RAN4 meeting.

Issue 2-4: Pass/fail limit for FR1 MIMO OTA lab alignment
· Proposals:
· [bookmark: OLE_LINK117]Proposal 1: RAN4 should confirm the pass/fail limit for FR1 MIMO OTA lab alignment as +/- 0.75MU, i.e. +/- 2.25 dB for band <3GHz and +/- 2.55 dB for band >3GHz. (vivo)
· Proposal 2: Apply the +/- 0.75MU for lab alignment pass/fail limit. (Xiaomi)
· Proposal 3: RAN4 can further discuss whether a more tightened limit, e.g., 2dB for all FR1 bands, is helpful or not, to provide a reasonable guidance for MIMO OTA industry. (vivo)
· Recommended WF
· Companies are invited to share views. The target is to conclude this issue in 1st round. 

[bookmark: OLE_LINK43]Sub-topic 2-5 FR1 MIMO OTA performance test campaign

[bookmark: OLE_LINK14]Issue 2-5-1: TRMS measurement data for defining FR1 MIMO OTA performance requirements
Moderator’s note: CAICT (R4-2209330), Xiaomi (R4-2209513), and CMCC (R4-2208413) submitted some measurement data for FR1 MIMO OTA performance requirements. 
The submitted TRMS measurement data and CDF curves are presented as below:
	No.
	Band
	TRMSaverage,70
	TRMSaverage,90
	Test lab

	1
	n41
	-101.23 
	-99.68 
	CMCC&BUPT

	2
	n41
	-100.54 
	-98.70 
	CMCC&BUPT

	3
	n41
	-99.99 
	-98.43 
	CMCC&BUPT

	4
	n41
	-99.69 
	-98.15 
	CMCC&BUPT

	5
	n41
	-99.31 
	-97.16 
	CAICT 

	6
	n41
	-99.00 
	-97.51 
	CMCC&BUPT

	7
	n41
	-98.14 
	-95.95 
	CAICT 

	8
	n41
	-97.42 
	-95.28 
	CAICT 

	9
	n41
	-97.05 
	-94.94 
	CAICT 

	10
	n41
	-96.98 
	-95.05 
	CMCC&BUPT

	11
	n41
	-96.80 
	-94.59 
	CAICT 

	12
	n41
	-95.87 
	-93.73 
	CAICT 

	13
	n41
	-95.06 
	-92.90 
	CAICT 

	14
	n41
	-95.00 
	-92.92 
	CAICT 

	15
	n41
	-94.64 
	-93.00 
	Xiaomi

	16
	n41
	-94.37 
	-92.79 
	Xiaomi

	17
	n41
	-93.68 
	-92.07 
	Xiaomi



	No.
	Band
	TRMSaverage,70
	TRMSaverage,90
	Test lab

	1
	n78
	-101.43 
	-99.61 
	CMCC&BUPT

	2
	n78
	-101.04 
	-98.99 
	CAICT

	3
	n78
	-100.42 
	-98.24 
	CAICT

	4
	n78
	-100.37 
	-98.82 
	CMCC&BUPT

	5
	n78
	-100.13 
	-98.31 
	CMCC&BUPT

	6
	n78
	-98.93 
	-96.85 
	CAICT

	7
	n78
	-98.77 
	-96.62 
	CAICT

	8
	n78
	-98.34 
	-96.18 
	CAICT

	9
	n78
	-98.04 
	-95.60 
	CMCC&BUPT

	10
	n78
	-97.05 
	-94.88 
	CAICT

	11
	n78
	-96.86 
	-94.79 
	CAICT

	12
	n78
	-96.79 
	-95.14 
	CMCC&BUPT

	13
	n78
	-94.79 
	-92.70 
	CAICT
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· Recommended WF
· Preliminary discussions on TRMS requirements are welcome. 
· [bookmark: OLE_LINK15]Labs are encouraged to input more measurement data for defining FR1 MIMO OTA performance requirements.

[bookmark: OLE_LINK48][bookmark: OLE_LINK10][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Issue 2-5-2: Template for FR1 MIMO OTA performance test campaign
Moderator’s note: A Template for FR1 MIMO OTA performance test campaign is provided in R4-2208322 for approval. 
· Recommended WF
· Companies are invited to share views. The target is to approve the template. 

Companies views’ collection for 1st round 
Open issues 

Sub topic 2-1 FR1 MIMO OTA lab alignment results
	Company
	Comments

	XXX
	Issue 2-1: FR1 MIMO OTA lab alignment results


	CAICT
	Issue 2-1: FR1 MIMO OTA lab alignment results
The PAD measurement results achieved good alignment among the 5 labs. The maximum deviations between TRMS measurement values and linear average values are 1.54 dB for band n41 and 1.51 dB for band n78, respectively. 
As analysed in R4-2208321, the alignment among the 5 labs can be confirmed based on the following conditions: 
•	The reference value of each PAD at each band is the linear average (in dB) of the PAD measurement results submitted by the 5 labs.
•	The pass/fail limit for lab PAD alignment is +/- 0.75MU, i.e., +/- 2.25 dB for band <3GHz and +/- 2.55 dB for band >3GHz. 
On the other hand, to guarantee the WI can be completed in Rel-17 timeline, a target of this meeting is to confirm some aligned labs for collecting TRMS measurement data to define performance requirements. 
[bookmark: OLE_LINK114]Thus, we propose to confirm 3GPP FR1 MIMO OTA lab alignment among the 5 labs, i.e., CAICT, CMCC&BUPT, Huawei, MediaTek, and Xiaomi at this meeting.


	Huawei, HiSilcon
	Issue 2-1: FR1 MIMO OTA lab alignment results
We agree with the views from CAICT

	MediaTek
	Issue 2-1: FR1 MIMO OTA lab alignment results
Thanks for CAICT’s analysis, we are fine for the comments.

	Xiaomi
	Issue 2-1: FR1 MIMO OTA lab alignment results
Thanks CAICT for the data analysis, we agree with CAICT proposal.

	Samsung
	Issue 2-1: FR1 MIMO OTA lab alignment results
We agree with CAICT.

	[bookmark: OLE_LINK113]vivo
	Issue 2-1: FR1 MIMO OTA lab alignment results
Thanks for the good analysis and summary. We support the proposal from CAICT. 
Just one thing is that considering the excellent aligned performance, there is no reason to define a quite relaxed lab-alignment criteria in 3GPP, which would present a bad example for the whole OTA industry outside 3GPP. So we suggest the group to consider a more reasonable pass/fail limit (with the precondition that the conclusion of successful alignment among labs is not impacted), e,g. 2dB.  

	OPPO
	Issue 2-1: FR1 MIMO OTA lab alignment results
We support CAICT’s proposal.


 
Sub topic 2-2 Framework for FR1 MIMO OTA lab alignment
	Company
	Comments

	XXX
	Issue 2-2-1: How to treat late submission of PAD measurement results due to COVID?
Issue 2-2-2: Pass/fail criteria for FR1 MIMO OTA lab alignment
Issue 2-2-3: Further work plan for FR1 MIMO OTA Lab Alignment Activity


	CAICT
	[bookmark: OLE_LINK63]Issue 2-2-1: How to treat late submission of PAD measurement results due to COVID?
We prefer Proposals 2 and 3. 
The Rel-17 NR MIMO OTA Work Item is scheduled to conclude at the in Sep. 2022, there are only two RAN4 meetings left to complete the remaining work. A target of this meeting is to confirm some aligned labs for collecting TRMS measurement data to define performance requirements. It is necessary to determine reference values and pass/fail limits for lab alignment at this meeting. 
Up to now, 5 labs have submitted PAD measurement results and achieved good alignment. 3 labs also submitted TRMS measurement data of commercial devices for specifying performance requirements. Proposals 2 and 3 provide good solutions that ensure that the progress of the WI is not affected by the delay due to COVID, and that the last lab can also participate in the lab alignment activity and the test campaign. 

Issue 2-2-2: Pass/fail criteria for FR1 MIMO OTA lab alignment
[bookmark: OLE_LINK65]We do not support the proposal. MIMO OTA channel model validation is a procedure to ensure that the channel models are correctly implemented and hence capable of generating the propagation environment within the test zone. It is a prerequisite rather than a sufficient condition for valid lab alignment. PAD round-robin measurement among different labs cannot be omitted.
 
Issue 2-2-3: Further work plan for FR1 MIMO OTA Lab Alignment Activity
P1: Support as proponent. All activities/remaining open issues should be closed before the target completion date of the WI. 
[bookmark: OLE_LINK66][bookmark: OLE_LINK60]P2: Thank SGS for the interest in the lab alignment activity, SGS is welcome to submit channel model validation results at RAN4#104. However, RAN4#104 is the last meeting to complete the WI, all activities and issues are expected to be finalized. So we support to conclude the lab alignment activity at RAN4#104, and return the PADs to their providers after Apple has completed the PAD test. 

	MediaTek
	Issue 2-2-1: How to treat late submission of PAD measurement results due to COVID?
We prefer proposal 2a & 2b. Further add [] to the reference value is also okay.

Issue 2-2-2: Pass/fail criteria for FR1 MIMO OTA lab alignment
PAD measurement result is still needed to consider comprehensive impacts.

Issue 2-2-3: Further work plan for FR1 MIMO OTA Lab Alignment Activity
Solid deadline is fine to meet the WID objective and target.

	vivo
	Issue 2-2-1: How to treat late submission of PAD measurement results due to COVID?
We support Proposal 2 and Proposal 3, these are not conflict.

Issue 2-2-2: Pass/fail criteria for FR1 MIMO OTA lab alignment
As we commented in topic 2-1 that pass/fail limit as +/- 0.75MU is acceptable for us, however, we encourage group further discuss a more reasonable limit to provide a good guidance/example for OTA industry, e.g. 2dB.
Issue 2-2-3: Further work plan for FR1 MIMO OTA Lab Alignment Activity
We are OK with the proposals to manage the project timeline.

	OPPO
	Issue 2-2-1: How to treat late submission of PAD measurement results due to COVID?
Support Proposal 2 & 3.
Issue 2-2-2: Pass/fail criteria for FR1 MIMO OTA lab alignment
[bookmark: OLE_LINK121]Only channel model validation results can not be the pass/fail criteria for FR1 MIMO OTA lab alignment. Round-robin measurement is necessary activity.
Issue 2-2-3: Further work plan for FR1 MIMO OTA Lab Alignment Activity
We echo CAICT’s view. The WI timeline should be guaranteed.

	Apple
	Issue 2-2-1: How to treat late submission of PAD measurement results due to COVID?
P1a/b: As a proponent and company impacted by the PADs delivery delays due COVID (the PADs didn’t reach our office in Beijing yet), we support Proposal 1a and 1b.
P2a: We don’t fully agree with P2a. Considering that P1b can be agreed, Apple receiving those PADs will produce the measurement results and would like to participate on the definition of reference values.
P2b: We partially agree with P2b, as long as Apple is offered the same alignment criteria adopted for all 5 labs that receive PADs on time.
P3: We partially agree with P3, as long as Apple is offered the same alignment criteria adopted for all 5 labs that receive PADs on time.
Issue 2-2-2: Pass/fail criteria for FR1 MIMO OTA lab alignment
[bookmark: OLE_LINK111][bookmark: OLE_LINK122]As a proponent of this proposal, and in face of the data presented by the 5 labs that had the opportunity to the PADs. There are factual evidence that the channel model validation can be used to fulfil the requirement to consider a lab aligned. Therefore we support this proposal.
Issue 2-2-3: Further work plan for FR1 MIMO OTA Lab Alignment Activity
[bookmark: OLE_LINK112]We support Proposal 2, that being said the PADs must be delivered to Apple with enough time to be tested than delivered to SGS in Taiwan in time to provide data prior to RAN4 #104.




Sub topic 2-3 Reference values for FR1 MIMO OTA lab alignment
	Company
	Comments

	XXX
	Issue 2-3-1: Which averaging approach should be adopted to derive the reference values?
Issue 2-3-2: How to identify apparent outliers in the average processing to derive reference values?


	CAICT
	Issue 2-3-1: Which averaging approach should be adopted to derive the reference values?
Support Proposal 1: Linear average in dBm. It can generate unbiased reference values for different labs. 
[bookmark: OLE_LINK69]Issue 2-3-2: How to identify apparent outliers in the average processing to derive reference values?
[bookmark: OLE_LINK70][bookmark: OLE_LINK74]The apparent outliers should be identified (if any) at first and then excluded from the average processing for reference values. The proposals do not seem to conflict with each other. 
We slightly prefer the wording in Proposal 1, but support that the value deviates over one MU from all the other lab’s results should be identified as apparent outlier.

	Huawei, HiSilicon
	Issue 2-3-1: Which averaging approach should be adopted to derive the reference values?
Support Proposal 1: Linear average in dBm. 
Issue 2-3-2: How to identify apparent outliers in the average processing to derive reference values?
Support proposal 2 as a proponent. Essentially proposal 1 and 2 are the same.

	MediaTek
	Issue 2-3-1: Which averaging approach should be adopted to derive the reference values?
Proposal1 is okay.

	Xiaomi
	Issue 2-3-1: Which averaging approach should be adopted to derive the reference values?
Considering the results are quite aligned, we can accept linear average method,


	Samsung
	Issue 2-3-1: Which averaging approach should be adopted to derive the reference values?
Support Proposal 1 as proponent.

	vivo
	Issue 2-3-1: Which averaging approach should be adopted to derive the reference values?
Support Proposal 1 as proponent. 
Issue 2-3-2: How to identify apparent outliers in the average processing to derive reference values?
We prefer proposal 1 as proponent, further updated wording can be “Apparent outlier  (if identified) should be removed out of the average processing for reference value. The value deviates over 2*defined-limit from all the other lab’s results should be identified as apparent outlier.”

	OPPO
	Issue 2-3-1: Which averaging approach should be adopted to derive the reference values?
Support Proposal 1 as the proponent.
Issue 2-3-2: How to identify apparent outliers in the average processing to derive reference values?
[bookmark: OLE_LINK61]Firstly, there are no apparent outliers in this lab alignment activity with any proposed approach. Then, if we talk about identifying apparent outliers, we should consider more comprehensive situations. Proposal 1 and Proposal 2 can cover Case 1/2/3 in Proposal 4, but Case 4 is not clearly identified in Proposal 1/2, i.e. if the leftmost value deviates over 2*defined-limit from all the other lab’s results, meanwhile, the rightmost value also deviates over 2*defined-limit from all the other lab’s results, are the leftmost value and the rightmost value both are identified as apparent outliers, or they are treated as normal values?

	Apple
	Issue 2-3-1: Which averaging approach should be adopted to derive the reference values?
Support Proposal 1



Sub topic 2-4 Pass/fail limit for FR1 MIMO OTA lab alignment
	Company
	Comments

	XXX
	Issue 2-4: Pass/fail limit for FR1 MIMO OTA lab alignment


	CAICT
	Support Proposals 1, 2, 3.

	Huawei, HiSilicon
	Support Proposals 1 and 2.

	MediaTek
	Proposal 1 and 2 are same and fine. 
[bookmark: OLE_LINK116][bookmark: OLE_LINK118]About proposal 3, we understand the intention, more accurate test facility is always welcomed. However, how we treat/used the new value, while we have defined MU, and value (ex: 0.75 MU) for RAN4 lab alignment pass/fail limit purpose.

	Xiaomi
	Support Proposal 1 and 2 as 0.75MU.

	Samsung
	We support proposal 1, 2, 3.
+/-0.75MU seems the value which can be agreed for now. On the other hand it still means there could be up to 5dB deviations among labs. It is no harm to further check if this value could be further reduced.

	vivo
	We support proposal 3. We encourage group select 2dB instead of 0.75 MU as a more reasonable limit to provide a good guidance/example for OTA industry.

	OPPO
	Issue 2-4: Pass/fail limit for FR1 MIMO OTA lab alignment
We support Proposal 1 & 2.

	Apple
	Support Proposal 1 and 2, understanding that the limits can’t be disassociated from MU.



Sub topic 2-5 FR1 MIMO OTA performance test campaign
	Company
	Comments

	XXX
	Issue 2-5-1: TRMS measurement data for defining FR1 MIMO OTA performance requirements
Issue 2-5-2: Template for FR1 MIMO OTA performance test campaign


	CAICT
	Issue 2-5-1: TRMS measurement data for defining FR1 MIMO OTA performance requirements
[bookmark: OLE_LINK119]Considering the labs have achieved good alignment, we recommend to include the measurement results in R4-2209330, R4-2209513, and R4-2208413 into FR1 MIMO OTA data pool for defining performance requirements. 
In addition, percentile of the CDF curves for defining requirements should be determined. We propose [85%] percentile of the CDF as starting point. 


	Huawei, HiSilicon
	Issue 2-5-1: TRMS measurement data for defining FR1 MIMO OTA performance requirements
We propose to use 95%-ile because 85%-ile point implies 15% failure rate, which is too high.

	Xiaomi
	Issue 2-5-1: TRMS measurement data for defining FR1 MIMO OTA performance requirements
Thanks CAICT for the curve. We agree to consider the submitted results for requirement and wait for more test results submitted.
For the percentile, we prefer [80%] as starting point but can further discuss in Aug meeting.


	Samsung
	Issue 2-5-1: TRMS measurement data for defining FR1 MIMO OTA performance requirements
Thanks moderator and test labs. For the percentile, we agree with Huawei that 95% is reasonable. Higher failure rate applies to commercial certified UEs is not appropriate.

	vivo
	Issue 2-5-2: Template for FR1 MIMO OTA performance test campaign
Thanks for the efforts on the good template to collect FR1 MIMO OTA measurement results. Just one minor suggestion, is it better to add one line in the general page to show the number of low/mid/high end devices? Something like this:
[image: ]
We believe this information would be helpful for next-step’s requirement discussion. 

	CAICT
	Issue 2-5-2: Template for FR1 MIMO OTA performance test campaign
Thank vivo for the good suggestion. We are fine to revise the template by adding one line in the general page to show the number of low/mid/high end devices as optional information. 



[bookmark: OLE_LINK1]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

	
	Company A

	
	Company B

	
	



[bookmark: OLE_LINK6]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 FR1 MIMO OTA lab alignment results
	Issue 2-1: FR1 MIMO OTA lab alignment results

7 companies (CAICT, Huawei, MediaTek, Xiaomi, Samsung, vivo, OPPO) commended on this issue and all support to confirm the alignment among the 5 labs. 
[bookmark: OLE_LINK73]Based on the lab alignment outcome, vivo suggests to consider a tightened pass/fail limit (with the precondition that the conclusion of successful alignment among labs is not impacted), e,g. 2dB.
Agreement:
· Confirm 3GPP FR1 MIMO OTA lab alignment among the 5 labs, i.e., CAICT, CMCC&BUPT, Huawei, MediaTek, and Xiaomi.
Recommendations for 2nd round:
· Capture the agreement in WF


	Sub-topic#2-2 Framework for FR1 MIMO OTA lab alignment
	Issue 2-2-1: How to treat late submission of PAD measurement results due to COVID?
5 companies commented on this issue. 4 companies (CAICT, MediaTek, vivo, OPPO) prefer Proposal 2/3. Apple supports Proposal 1 and would like to participate on the definition of reference values.
To move forward, it is recommended to agree with the compromised proposals as below.
Recommendations for 2nd round:
· [bookmark: OLE_LINK126]Are the following compromised proposals agreeable? 
· [bookmark: OLE_LINK57]Proposal 2a: Confirm the reference values for FR1 MIMO OTA lab alignment at RAN4 #103-e meeting as linear average (in dBm) of the PAD measurement results submitted before 30 Apr. 2022. If Apple submits PAD measurement results at RAN4#104 meeting and the results are not identified as apparent outliers, consider to update the reference values as the average of the PAD measurement results from the 6 labs (Apple and the 5 labs that already submitted the PAD measurement results).
· Proposal 2b: RAN4 allows Apple to submit PAD measurement results after RAN4#103-e meeting. Apple can be confirmed as an aligned lab at RAN4#104 meeting according to the reference values and pass/fail limits.


Issue 2-2-2: Pass/fail criteria for FR1 MIMO OTA lab alignment
4 companies commented on this proposal. 3 companies (CAICT, MediaTek, OPPO) do not support the proposal and believe that PAD round-robin measurement is necessary. Apple supports the proposal as the proponent. 
Considering previous experience of 3GPP OTA lab alignment, the following tentative agreement is recommended:
· PAD measurement results are necessary for FR1 MIMO OTA lab alignment. 
Recommendations for 2nd round:
· [bookmark: OLE_LINK124]Further check if the tentative agreement is agreeable. 


Issue 2-2-3: Further work plan for FR1 MIMO OTA Lab Alignment Activity
5 companies commented on this issue. 
Proposal 1: 4 companies are supportive, and no objections were received. 
Agreement:
· RAN4 closes FR1 MIMO OTA Lab Alignment Activity at RAN4#104 meeting in Aug. 2022. Submission of PAD measurement results after RAN4#104 meeting shall not be treated.
[bookmark: OLE_LINK83]Proposal 2: There are two kinds of different views. CAICT and OPPO don’t agree with the proposal, and support to return the PADs to their providers after Apple has completed the PAD test. vivo and Apple are OK with the proposal. Apple also emphasized that PADs must be delivered to Apple with enough time to be tested than delivered to SGS in Taiwan in time to provide data prior to RAN4 #104.
Recommendations for 2nd round:
· Further discuss and make decision on the following options: 
· Option 1: Disagree with Proposal 2. Return the PADs to their providers after Apple has completed the PAD test.
· Option 2: Agree with Proposal 2. Send the PADs to SGS in Taiwan after Apple has completed the PAD test.


	Sub-topic#2-3 Reference values for FR1 MIMO OTA lab alignment
	Issue 2-3-1: Which averaging approach should be adopted to derive the reference values?
Agreement: 
· Adopt linear average in dBm as the averaging approach to derive the reference values for FR1 MIMO OTA lab alignment. 
Recommendations for 2nd round:
· Capture the agreement in WF

Issue 2-3-2: How to identify apparent outliers in the average processing to derive reference values?
4 companies commented on this issue. Proposals 1 and 2 are essentially the same; between the two proposals, more companies prefer the wording in Proposal 1. Proposal 1/2 can cover Case 1/2/3 in Proposal 4; the only difference is Case 4 in Proposal 4. If Proposal 4 is adopted, there’s no apparent outliers in Case 4; if Proposal 1/2 is adopted, the rightmost and leftmost values in Case 4 will be identified as apparent outliers. 
[bookmark: OLE_LINK67]Regarding how wide the criteria should be, 2*defined-limit seems to be acceptable. 
Recommendations for 2nd round:
· If the leftmost and rightmost values in Case 4 in Proposal 4 should be identified as apparent outliers? 
· [bookmark: OLE_LINK64]Option 1: Yes. Then choose Proposal 1 “Apparent outlier (if identified) should be removed out of the average processing for reference value. The value deviates over 2*defined-limit from all the other lab’s results should be identified as apparent outlier.”
· Option 2: No. Then choose Proposal 4, and revise “one MU” to “2*defined-limit”. 
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	Sub-topic#2-4 Pass/fail limit for FR1 MIMO OTA lab alignment
	Issue 2-4: Pass/fail limit for FR1 MIMO OTA lab alignment
8 companies commended on this issue and all supported Proposals 1 and 2. 
For Proposal 3, 3 companies (CAICT, Samsung, vivo) are supportive. MediaTek understands the intension but has a question on how to use the new value. Apple thinks the limits can’t disassociated from MU. 
Tentative agreements:
· RAN4 confirm the pass/fail limit for FR1 MIMO OTA lab alignment as +/- 0.75MU, i.e. +/- 2.25 dB for band <3GHz and +/- 2.55 dB for band >3GHz.
· RAN4 further discuss whether a more tightened limit, is helpful or not, to provide a reasonable guidance for MIMO OTA industry.
[bookmark: OLE_LINK76]Recommendations for 2nd round:
· Further check if the tentative agreements are agreeable. 
· Further discuss if more tightened pass/fail limits can be applied for FR1 MIMO OTA lab alignment. Consider the following options: 
· Option 1: 2dB for all FR1 bands
· Option 2: smaller values associate with MU, e.g., +/- 0.6MU
· Option 3: Others



	Sub-topic#2-5 FR1 MIMO OTA performance test campaign
	Issue 2-5-1: TRMS measurement data for defining FR1 MIMO OTA performance requirements
4 companies commented on this issue and hold different views on the percentile of the CDF curves for defining requirements. 
Besides, CAICT and Xiaomi support to include the measurement results in R4-2209330, R4-2209513, and rev. of R4-2208413 into FR1 MIMO OTA data pool for defining performance requirements.
Tentative agreements:
· Include the measurement results in R4-2209330, R4-2209513, and rev. of R4-2208413 into FR1 MIMO OTA data pool for defining performance requirements.
Recommendations for 2nd round:
· Further check if the tentative agreements are agreeable. 
· Further discuss the percentile of the CDF curves for defining requirements. 
· Option 1: 95% (Huawei, Samsung)
· Option 2: 85% (CAICT)
· Option 3: 80% (Xiaomi)
· Option 4: Others 

Issue 2-5-2: Template for FR1 MIMO OTA performance test campaign
The template will be revised according to the suggestion received from 1st round. 
Recommendations for 2nd round:
· Furter review and approve the template. 



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
Sub-topic 2-2 Framework for FR1 MIMO OTA lab alignment
Issue 2-2-1: How to treat late submission of PAD measurement results due to COVID?
· Are the following compromised proposals agreeable? 
· Proposal 2a: Confirm the reference values for FR1 MIMO OTA lab alignment at RAN4 #103-e meeting as linear average (in dBm) of the PAD measurement results submitted before 30 Apr. 2022. If Apple submits PAD measurement results at RAN4#104 meeting and the results are not identified as apparent outliers, consider to update the reference values as the average of the PAD measurement results from the 6 labs (Apple and the 5 labs that already submitted the PAD measurement results).
· Proposal 2b: RAN4 allows Apple to submit PAD measurement results after RAN4#103-e meeting. Apple can be confirmed as an aligned lab at RAN4#104 meeting according to the reference values and pass/fail limits.
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	MediaTek
	We are fine for both proposals.

	CAICT
	We are fine for both proposals.

	OPPO
	Support the proposals.

	Apple
	Support both proposals

	
	



Issue 2-2-2: Pass/fail criteria for FR1 MIMO OTA lab alignment
· Is the following tentative agreement agreeable?
· PAD measurement results are necessary for FR1 MIMO OTA lab alignment. 
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	MediaTek
	Support the proposal.

	Huawei, HiSilicon
	Support the proposal.

	CAICT
	Support the proposal.

	OPPO
	Support the proposal.

	
	



Issue 2-2-3: Further work plan for FR1 MIMO OTA Lab Alignment Activity
· Further discuss and make decision on the following options: 
· Option 1: Disagree with Proposal 2. Return the PADs to their providers after Apple has completed the PAD test.
· Option 2: Agree with Proposal 2. Send the PADs to SGS in Taiwan after Apple has completed the PAD test.
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	CAICT
	We insist on Option 1 for the following reasons:
(1) To manage the WI timeline. All the open issues/activities should be finalized before the target completion date. 
(2) [bookmark: OLE_LINK141][bookmark: OLE_LINK140]To avoid presenting a bad example for other/future 3GPP-organized activities. By default, any company that applies to attend an activity should try its best to follow the pre-defined time plan and framework. 
Note: according to the time plan (R4-2115758) approved at RAN4 #100-e in Aug. 2021, the submission deadline for channel model validation is Jan. 2022. [image: C:\Users\Exuan\AppData\Local\Temp\WeChat Files\480919849864759489.png]

	OPPO
	We support Option 1. The purpose of lab alignment is to provide commercial device test result by the aligned labs. It’s meaningless that we only recognize a lab as aligned lab without commercial device test result contribution.

	
	

	
	

	
	



Sub-topic 2-3 Reference values for FR1 MIMO OTA lab alignment 
Issue 2-3-2: How to identify apparent outliers in the average processing to derive reference values?
· If the leftmost and rightmost values in Case 4 in Proposal 4 should be identified as apparent outliers? 
· Option 1: Yes. Then choose Proposal 1 “Apparent outlier (if identified) should be removed out of the average processing for reference value. The value deviates over 2*defined-limit from all the other lab’s results should be identified as apparent outlier.”
· Option 2: No. Then choose Proposal 4, and revise “one MU” to “2*defined-limit”. 
[image: ]
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	Huawei, HiSilicon
	Support option 1 as the initial stage should be inclusive where possible.

	CAICT
	We prefer Option 1, to be aligned with the criterion for TRP TRS lab alignment. 

	OPPO
	As the proponent, our intention is to identify the apparent outliers with limited measurement data, for example 4 or 5. In this case, if the leftmost and the rightmost values are identified as apparent outliers, then only 2-3 values left for reference value processing. Clearly, it is not a reasonable way for reference value processing. If the condition is that the number of  measurement data is sufficient, we can also support Option 1.

	Samsung
	Okay with option 1. Just for clarification, if there are values deviate over 2*defined-limit from all the other lab’s results, there should be lowermost one and upper most one, which one should be considered as apparent outlier? Lowermost one or uppermost one or both? In such case, the figures in option2 seems helps to identify the true outlier.

	
	



Sub-topic 2-4 Pass/fail limit for FR1 MIMO OTA lab alignment 
Issue 2-4: Pass/fail limit for FR1 MIMO OTA lab alignment
· Are the following tentative agreements agreeable?
· RAN4 confirm the pass/fail limit for FR1 MIMO OTA lab alignment as +/- 0.75MU, i.e. +/- 2.25 dB for band <3GHz and +/- 2.55 dB for band >3GHz.
· RAN4 further discuss whether a more tightened limit, is helpful or not, to provide a reasonable guidance for MIMO OTA industry.
· Further discuss if more tightened pass/fail limits can be applied for FR1 MIMO OTA lab alignment. Consider the following options: 
· Option 1: 2dB for all FR1 bands
· Option 2: Smaller values associate with MU, e.g., +/- 0.6MU
· Option 3: Others
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	MediaTek
	We are okay for both tentative agreements. 
We share further view on “tightened limit to provide a reasonable guidance for MIMO OTA industry”. In our understanding, RAN5 defines “MTSU (Maximum Test System Uncertainty)” to judge FR2 SISO OTA chamber quality, maybe similar framework and WG work split can be applied to FR1 MIMO OTA chamber? Moreover, about the value, use “MU with ratio” seems more technically reasonable. But we are open for this topic currently.

	Huawei, HiSilicon
	Lab alignment should use 0.75*MU as agreed in the previous meeting. Given the time limit on this WI, we should continue to use this limit.

	Xiaomi
	0.75MU can be agreed.

	OPPO
	We support the tentative agreements.

	Vivo
	We prefer Option 1

	Apple 
	We support the tentative agreements.



Sub-topic 2-5 FR1 MIMO OTA performance test campaign
Issue 2-5-1: TRMS measurement data for defining FR1 MIMO OTA performance requirements
· Are the following tentative agreements agreeable?
· Include the measurement results in R4-2209330, R4-2209513, and Rev. of R4-2208413 into FR1 MIMO OTA data pool for defining performance requirements.
· Further discuss the percentile of the CDF curves for defining requirements. 
· Option 1: 95% (Huawei, Samsung)
· Option 2: 85% (CAICT)
· Option 3: 80% (Xiaomi)
· Option 4: Others 
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	MediaTek
	Could someone share prior experience on which %-tile is selected for LTE SISO OTA before?

	Huawei, HiSilicon
	Support option 1. 
Responding to the question from Mediatek, LTE SISO OTA did not reach any agreement in RAN4.

	Xiaomi
	We don’t see the urgency to agree on the percentile at this meeting. As starting point, we propose 80% and we don’t see the need for such high as 95%

	OPPO
	Support the tentative agreement.

	Samsung
	Support Option 1



Issue 2-5-2: Template for FR1 MIMO OTA performance test campaign
· Further review and share comments on Rev. of R4-2208322.
	Company
	Comments

	
	

	
	

	
	

	
	

	
	



Topic #3: FR2 Performance requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2208317

	MediaTek Beijing Inc.
	Review on FR2 MIMO OTA progress and proposal on simulation formula
Proposal1: Revisit FR2 MIMO OTA workplan is needed, because of the observations on current progress.
[bookmark: OLE_LINK55]Proposal2: Apply above simulation formula for FR2 MIMO OTA simulation approach.


	R4-2208671
	Qualcomm Incorporated
	FR2 MIMO OTA requirements
Proposal 1: RAN4 to consider the way of normalizing individually for 36 test points.
Proposal 2: It is encouraged companies to align the simulation results considering the factors of channel normalization approach and antenna assumptions.
Observation 1: The traditional way of specifying requirements in RAN4 is simulation approach. Before the conformance spec is completed in RAN5, it is unmatured to request the commercial test setup to do the measurement for FR2 MIMO OTA requirements development.
Proposal 3: The simulation approach should be the baseline to specify FR2 MIMO OTA requirements in RAN4. 
Proposal 4: RAN4 to consider the following approach as the baseline to emulate the non-ideal factors in the channel parameters:
· Power offset: In each slot, apply the power offset by α * Power Tolerance, e.g., ±1dB for path from 1dB to 10dB, where α is a random number with uniform distribution
· Delay offset: In each slot, apply the power offset by β * Power Tolerance, e.g., ±6ns for path from 1dB to 10dB, where β is a random number with uniform distribution
· AoA/ZoA offset: For AoA/ZoA, if we can have the offsets (The maximum offset can be assumed as the worst case) compared with ideal parameters defined in TR38.827, then we can consider the offsets when doing the simulation to get the gap/impact on the required SNR. Note that the AoA/ZoA offset is only related with the probe layout, therefore it could be a fixed value.
Observation 2: Per the formula of MACS defined in TS38.151, the MASC of meeting 70% maximum throughput is calculated as -141.2dBm/Hz based on the latest simulation results.
Proposal 5: To take the simulation results in Figure 1 into account when specifying the FR2 MIMO OTA requirements.

	R4-2209144
	Huawei,HiSilicon
	Discussion FR2 MIMO OTA performance requirements
Observation 1: According to the formula defined in TS38.151, the MASC of meeting 70% maximum throughput is calculated as -136.2dBm/Hz.

	R4-2208673
	Qualcomm Incorporated
	Draft CR on TS 38.151 for MU of FR2 MIMO OTA

	R4-2208672 (reserved)
	Qualcomm Incorporated
	Summary results for FR2 MIMO OTA



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_LINK52][bookmark: OLE_LINK18]Sub-topic 3-1 FR2 MIMO OTA simulation
Issue 3-1-1: How to develop the requirements for FR2 MIMO OTA
· Proposals (Qualcomm)
· Proposal 1: RAN4 to consider the way of normalizing individually for 36 test points.
· Proposal 2: It is encouraged companies to align the simulation results considering the factors of channel normalization approach and antenna assumptions.
· [bookmark: OLE_LINK72]Proposal 3: The simulation approach should be the baseline to specify FR2 MIMO OTA requirements in RAN4. 
· [bookmark: OLE_LINK54]Recommended WF
· Companies are invited to share views. 

Issue 3-1-2: How to evaluate the offset of equivalent SNR due to the non-ideal factors 
· Proposal (Qualcomm)
· [bookmark: OLE_LINK77]RAN4 to consider the following approach as the baseline to emulate the non-ideal factors in the channel parameters:
· Power offset: In each slot, apply the power offset by α * Power Tolerance, e.g., ±1dB for path from 1dB to 10dB, where α is a random number with uniform distribution
· Delay offset: In each slot, apply the power offset by β * Power Tolerance, e.g., ±6ns for path from 1dB to 10dB, where β is a random number with uniform distribution
· AoA/ZoA offset: For AoA/ZoA, if we can have the offsets (The maximum offset can be assumed as the worst case) compared with ideal parameters defined in TR38.827, then we can consider the offsets when doing the simulation to get the gap/impact on the required SNR. Note that the AoA/ZoA offset is only related with the probe layout, therefore it could be a fixed value.
· [bookmark: OLE_LINK53]Recommended WF
· Companies are invited to share views. 

Issue 3-1-3: Simulation formula for FR2 MIMO OTA simulation approach
· Proposal (MediaTek): 
· [bookmark: OLE_LINK132]Apply above simulation formula for FR2 MIMO OTA simulation approach.For beam peak direction:

[image: ]

[image: ]

For direction X:
[image: ]
[image: ]

[image: ]

· Recommended WF
· Companies are invited to share views. 

Sub-topic 3-2 FR2 MIMO OTA performance requirements
[bookmark: OLE_LINK56]Issue 3-2: FR2 MIMO OTA simulation results for 36 test directions
[bookmark: OLE_LINK62]Moderator’s note: Qualcomm (R4-2208671) and Huawei (R4-2209144) provided their simulation results for 36 test points, based on which the MASC of meeting 70% maximum throughput is calculated as -141.2dBm/Hz and -136.2dBm/Hz, respectively.
· Proposal (Qualcomm)
· To take the simulation results in Figure 1 (in R4-2208671) into account when specifying the FR2 MIMO OTA requirements.
· Recommended WF
· Companies are invited to share views. 

[bookmark: OLE_LINK29]Sub-topic 3-3 Preliminary MU of FR2 MIMO OTA
[bookmark: OLE_LINK30]Issue 2-5: Preliminary MU of FR2 MIMO OTA
Moderator: Qualcomm provided a Draft CR on TS 38.151 for MU of FR2 MIMO OTA (R4-2208673). Companies are invited to comment directly in the CR comments collection part, i.e., section 3.3.2.

Companies views’ collection for 1st round 
Open issues 
Sub topic 3-1 FR2 MIMO OTA simulation
	Company
	Comments

	Huawei,
Hisilicon
	Issue 3-1-1: How to develop the requirements for FR2 MIMO OTA
Issue 3-1-2: How to evaluate the offset of equivalent SNR due to the non-ideal factors 
We fully understand the intention of the proposal, but whether such simulations can approximate the real results remains a question. 
Issue 3-1-3: Simulation formula for FR2 MIMO OTA simulation approach
A clarification question to MediaTek: What are the advantages of the new simulation formula over the below formula from Qualcomm?
MIMO sensitivity at beam peak direction= REFSENS + required SNR at baseband -(-1) (reference SNR for REFSENS) + 3dB (diversity gain)
MIMO sensitivity at test direction X = MIMO sensitivity at beam peak direction + (required SNR at test direction X - required SNR at peak direction)

	Qualcomm
	Issue 3-1-1:
[bookmark: OLE_LINK71]We encourage companies who submitted the results to clarify how to do the normalization for the 36 test points since we found that companies are align well on the results for peak directions but we see the misalignment for the 36 test directions. The normalization approach should have impact on this.
Issue 3-1-2:
As the proponent, we support the proposals.
Issue 3-1-3:
Thanks MTK for providing the detailed formula. In general, we think all the formula could be a reference for companies to calibrate the simulation results. But we don’t think it is necessary for companies to provide all the results for each term in the formula since it depends on many factors. It might be difficult to align for all the terms among the companies.
For more details,
What’s the difference between the term [image: ]  in the formula of beam peak direction and the term [image: ] in the formula of direction X. Should they be the same?
In addition, how to run the simulation for SNR (Es) in the simulator is not clear. More clarifications are needed. 

	MediaTek
	Issue 3-1-1:
About proposal 1 & 2:
We understand the intention but would like to clarify “channel normalization approach” firstly.
About proposal 3:
Define “baseline” may be too strong currently; we still need to work for evaluation approach(s) with good confidence-level.

Issue 3-1-2:
We think it could be an approach but may no need to define it as the baseline.

Issue 3-1-3:
As proponent.
Response to Huawei: Our formula further consider the SNR difference between SISO (LOS) and MIMO (multi-path). 

Response to Qualcomm:
Align formula may be helpful for alignment, but we understand different formulas could also be correct. 
[image: ] : To reflect the difference between LOS (SISO) and multi-path (MIMO).
[image: ]: to reflect the gain amplitude difference between beam peak and direction X, under multi-path condition, 

	Apple
	Issue 3-1-1:
Support Proposal 2
On Proposal 3, we understand that a simulation can be used as baseline as long as the simulation model demonstrates good correlation with reality. In other words, minimum simulation/measurement correlation needs to be demonstrated.



 
Sub topic 3-2 FR2 MIMO OTA performance requirements
	Company
	Comments

	XXX
	Issue 3-2: FR2 MIMO OTA simulation results for 36 test directions


	Qualcomm
	Issue 3-2
We updated the simulation results for 70% max T-put and suggest to capturing the results in the simulation summary t-doc.

	vivo
	Issue 3-2
Thanks for the efforts. Before adopting specific simulation results into FR2 data pool, we would like to see some “alignment results” from companies, similar to lab alignment activity.

	MediaTek
	Issue 3-2
Thanks for Qualcomm’s effort, we do know it’s big effort. It’s better that we reserve a flexibility for companies still can update their value, because current confidence-level may be not high enough.


 
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

	R4-2208673

	vivo: Thanks for the TP. Seems only state 2 is presented in the table, besides, the final expanded MU value should be added.

	
	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#3-1 FR2 MIMO OTA simulation
	[bookmark: OLE_LINK128]Issue 3-1-1: How to develop the requirements for FR2 MIMO OTA
3 companies commented on the proposals from Qualcomm. No obvious consensus was achieved. 
Proposals 1&2: Qualcomm encourages companies to clarify how to do the normalization for the 36 test points. MediaTek prefers to clarify “channel normalization approach” firstly. Apple supports Proposal 2. 
[bookmark: OLE_LINK131]Proposal 3: MediaTek believes the group still need to work for evaluation approach(s) with good confidence-level. Apple deems that a simulation can be used as baseline as long as the simulation model demonstrates good correlation with reality, and minimum simulation/measurement correlation needs to be demonstrated.
Recommendations for 2nd round:
· Further discuss this issue in 2nd round. 
· Companies who submitted the results are encouraged to clarify how to do the normalization for the 36 test points. 
· Clarify “channel normalization approach” in Proposal 2. 

Issue 3-1-2: How to evaluate the offset of equivalent SNR due to the non-ideal factors 
3 companies shared views on the proposal from Qualcomm. No obvious consensus was achieved. 
Qualcomm supports the proposal as the proponent. Huawei questions whether such simulations can approximate the real results. MediaTek think it could be an approach but may no need to define it as the baseline.
Recommendations for 2nd round:
· Further discuss this issue in 2nd round. 

[bookmark: OLE_LINK130][bookmark: OLE_LINK78]Issue 3-1-3: Simulation formula for FR2 MIMO OTA simulation approach
3 companies discussed the simulation formula from MediaTek. No obvious consensus was achieved. 
Qualcomm deems it might be difficult to align for all the terms in the formula among the companies. 
Recommendations for 2nd round:
· Further discuss this issue in 2nd round. 


	Sub-topic#3-2 FR2 MIMO OTA performance requirements
	Issue 3-2: FR2 MIMO OTA simulation results for 36 test directions
vivo and MediaTek shared views on the proposal from Qualcomm. vivo would like to see some “alignment results” from companies before adopting specific simulation results into FR2 data pool. MediaTek prefers to reserve a flexibility for companies still can update their value, because current confidence-level may be not high enough.
Recommendations for 2nd round:
· Further discuss this issue in 2nd round. 
· [bookmark: OLE_LINK79]Proposal 1: Alignment should be reached among companies before adopting specific simulation results into FR2 data pool.
· Proposal 2: Reserve a flexibility for companies still can update their simulation results.


	Sub-topic#3-3 Preliminary MU of FR2 MIMO OTA
	Issue 3-3: Preliminary MU of FR2 MIMO OTA
It is recommended to revise the draft CR to address the comments received in 1st round. 
Recommendations for 2nd round:
· Further review and approve the draft CR. 




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
Sub-topic 3-1 FR2 MIMO OTA simulation
Issue 3-1-1: How to develop the requirements for FR2 MIMO OTA
· Proposals 
· Proposal 1: RAN4 to consider the way of normalizing individually for 36 test points. Companies who submitted the results are encouraged to clarify how to do the normalization for the 36 test points.
· Proposal 2: Clarify “channel normalization approach” firstly, and encourage companies to align the simulation results considering the factors of channel normalization approach and antenna assumptions. 
· Proposal 3: RAN4 continue to work for evaluation approach(s) with good confidence-level before defining baseline to specify FR2 MIMO OTA requirements.
· Proposal 4: The simulation approach can be used as baseline to specify FR2 MIMO OTA requirements, as long as the simulation model demonstrates good correlation with reality, and minimum simulation/measurement correlation needs to be demonstrated.
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	MediaTek
	About Proposal 1 & 2:
Does “normalization approach” mean “approach to calculate direction X based on beam peak”? We are fine on this if it is just conceptual meaning as above. 

About Proposal 3 & 4:
We believe how to enhance simulation model confidential level is needed no matter by which approach, and RAN4 may discuss what’s baseline later.

	Huawei,
Hisilicon
	OK with all proposals.
For our simulations, the approach of normalizing individually for 36 test points is used. Considering the gaps between companies, further alignment of how the normalization factor is calculated may also be needed.

	Qualcomm
	In general, we are OK with all the proposals.
For P1&P2, agree with Huawei’s comments, companies should align with the normalization factors, i.e., how to normalize the SNR for 36 test points. We are doing some offline check and will give the update once it is aligned.
For P3, considering the there are so many influencing factors, it would be difficult to align on the results, e.g., alignments for all the 36 test directions. And we need to consider how to tread the simulation results, e.g., do the average per dBm or dBw, etc.
For P4, measurement data could be taken into account if any. 3GPP is contribution driven. But there is no measurement data submitted from companies, it is not possible to agree on the details.

	Apple
	We support proposals 2, 3 and 4. As previously mentioned a fundamental simulation/measurement correlation is required to validate the model, therefore align results and make progress

	
	



Issue 3-1-2: How to evaluate the offset of equivalent SNR due to the non-ideal factors 
· Further discuss whether the following approach can be used to emulate the non-ideal factors in the channel parameters:
· Power offset: In each slot, apply the power offset by α * Power Tolerance, e.g., ±1dB for path from 1dB to 10dB, where α is a random number with uniform distribution
· Delay offset: In each slot, apply the power offset by β * Power Tolerance, e.g., ±6ns for path from 1dB to 10dB, where β is a random number with uniform distribution
· AoA/ZoA offset: For AoA/ZoA, if we can have the offsets (The maximum offset can be assumed as the worst case) compared with ideal parameters defined in TR38.827, then we can consider the offsets when doing the simulation to get the gap/impact on the required SNR. Note that the AoA/ZoA offset is only related with the probe layout, therefore it could be a fixed value.
· [bookmark: OLE_LINK133]Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	MediaTek
	We have no concern on this as one of approaches.

	Huawei,
Hisilicon
	Power and Delay offsets seem fine. How to define the fixed value need to be specified. This may be a simple way to replace the angle of all the clusters with the angle of the probe.

	Qualcomm
	Support the proposal as the proponent. Huawei’s suggestion on the AoA/ZoA is a also feasible way.

	
	

	
	



Issue 3-1-3: Simulation formula for FR2 MIMO OTA simulation approach
· Further discuss if it is necessary to align all the terms in the simulation formula among companies for FR2 MIMO OTA simulation. 
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	Company
	Comments

	MediaTek
	We don't have strong view on this. As commented, align formula may be helpful for alignment, but we understand different formulas could also be correct. 

	Huawei,
Hisilicon
	We have no strong views on it

	Qualcomm
	Thanks MTK’s contribution and offline discussion on the simulation formula. It could be a good reference for companies to align the simulation results. Meanwhile, we think it might be difficult to align all the terms since some of the terms are not explicitly reflected in the simulation. 

	
	

	
	



Sub-topic 3-2 FR2 MIMO OTA performance requirements
Issue 3-2: FR2 MIMO OTA simulation results for 36 test directions
· Proposals
· Proposal 1: Alignment should be reached among companies before adopting specific simulation results into FR2 data pool.
· Proposal 2: Reserve a flexibility for companies that they still can update their simulation results.
· Recommended WF
· Companies are invited to share views. Capture the agreements in the WF.

	[bookmark: OLE_LINK134]Company
	Comments

	MediaTek
	Both proposals are okay for us.

	Huawei,
Hisilicon
	OK with two proposals.

	Qualcomm 
	We are OK with the proposal. But the question here is what’s the metric for the alignment. For example, less than 10dB on the MIMO sensitivity gap would be OK (10dB was widely used in previous RAN4 simulation campaign)? We should have a metric here.

	Apple
	We support proposal 1, and agree with Qualcomm comment. The alignment methodology must be defined. The baseline simulation model still requires a minimum correlation with reality to be considered valid. Such correlation metric also needs proper deffinition.

	
	



Sub-topic 3-3 Preliminary MU of FR2 MIMO OTA
Issue 3-3: Preliminary MU of FR2 MIMO OTA
Companies are invited to comment directly in the below CRs comments collection section.

CRs/TPs comments collection
	CR/TP number
	Comments collection

	Revision of R4-2208673 (on MU of FR2 MIMO OTA)
	Qualcomm: the revisions has been uploaded here: 
Draft R4-2210937 (Rev of R4-2208673) CR on TS 38.151 for MU of FR2 MIMO OTA

	
	

	
	



Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on NR MIMO OTA
	vivo, CAICT
	

	
	Reference curves for FR2 channel model validation
	CMCC, CAICT
	

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2207653
	
	Our Status (SGS TW) Update for the 3GPP RAN4 5G FR1 SA MIMO OTA Lab Alignment Activity
	SGS Wireless
	Noted
	discussion

	R4-2207654
	
	MIMO OTA lab alignment results
	Huawei Tech.(UK) Co.. Ltd
	Noted
	discussion

	R4-2207689
	
	FR1 MIMO Channel Model Validation
	Apple
	Noted
	discussion

	R4-2207690
	
	Discussion on FR1 MIMO Lab Alignment Timeline
	Apple
	Noted
	discussion

	R4-2208118
	
	on data processing for FR1 MIMO OTA lab alignment
	Huawei Tech.(UK) Co.. Ltd
	Noted
	discussion

	R4-2208285
	
	FR2 Channel validation targets and pass/fail limits
	Spirent Communications
	Revised
	other

	R4-2208317
	
	Review on FR2 MIMO OTA progress and proposal on simulation formula
	MediaTek Beijing Inc.
	Noted
	discussion

	R4-2208319
	
	PAD test results for NR FR1 MIMO OTA lab alignment
	MediaTek Beijing Inc.
	Noted
	discussion

	R4-2208320
	
	CAICT FR1 MIMO OTA lab alignment results
	CAICT
	Noted
	discussion

	R4-2208321
	
	Summary of FR1 MIMO OTA lab alignment results
	CAICT
	Noted
	discussion

	[bookmark: OLE_LINK127]R4-2208322
	
	3GPP NR FR1 MIMO OTA Performance Test Campaign Template
	CAICT
	Revised
	discussion

	R4-2208412
	
	PAD testing results of CMCC & BUPT joint lab
	CMCC
	Noted
	discussion

	R4-2208413
	
	Commercial terminal testing results of CMCC & BUPT joint lab
	CMCC
	Revised
	discussion

	R4-2208480
	
	Discussion on reference value for FR1 MIMO OTA lab alignment
	Samsung
	Noted
	discussion

	R4-2208621
	
	Discussion on FR1 MIMO OTA lab alignment activity
	vivo
	Noted
	other

	R4-2208622
	
	Views on FR2 MIMO OTA requirements
	vivo
	Noted
	other

	R4-2208623
	
	Discussion on UE mechanical mode for foldable smartphones
	vivo
	Noted
	discussion

	R4-2208624
	
	draft CR to TS38.151 on UE mechanical mode
	vivo
	Revised
	draftCR

	R4-2208625
	
	draft CR to TR38.827 on UE mechanical mode
	vivo
	Revised
	draftCR

	R4-2208670
	
	Handling of FR2 MIMO OTA
	Qualcomm Incorporated
	Noted
	discussion

	R4-2208671
	
	FR2 MIMO OTA requirements
	Qualcomm Incorporated
	Noted
	discussion

	R4-2208672
	
	Summary results for FR2 MIMO OTA
	Qualcomm Incorporated
	Return to
	discussion
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	Qualcomm Incorporated
	Revised
	draftCR
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	Huawei,HiSilicon
	Noted
	discussion

	R4-2209329
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	CAICT, SAICT
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	discussion
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	TRMS measurement results for bands n41, n78
	CAICT
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	discussion
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	Proposal on concluding the Rel-17 NR MIMO OTA WI
	CAICT, OPPO, Huawei, HiSilicon, MediaTek Inc.
	Noted
	discussion
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	Reference value for FR1 MIMO OTA Lab alignment
	OPPO
	Noted
	discussion

	R4-2209435
	
	Views on performance requirement of FR2 MIMO OTA
	OPPO
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	discussion

	R4-2209512
	
	on remaining issue for FR1 Lab alignment
	Xiaomi
	Noted
	discussion

	R4-2209513
	
	initial test result for FR1 performance requirement
	Xiaomi
	Noted
	discussion

	R4-2209514
	
	3GPP NR FR1 MIMO OTA Lab Alignment result from Xiaomi Lab
	Xiaomi
	Noted
	discussion
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	FR2 Channel Model Validation Reference and Pass/Fail Limits
	Keysight Technologies UK Ltd
	Revised 
	discussion
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	CAICT
	Xuan Yi
	yixuan@caict.ac.cn

	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)

image35.png
(SNR(ES)55 beampeakbirection — SNR(ES) s irection x)




image36.jpeg
(SNR(Es )BB.beamPeakDirection — SNR(Es )BB.direcn'on x)




image1.png
KS-5Pitap ortor [46]

CDLANO, POP Tap Deta, X2V

5 o &

=]

) B
Tap number




image2.png
KS-5Pitap ortor [46]

‘COL.CUM, PDP Tap Delta, X2V

oos

8

2

) B
Tap number




image3.png
0s

08

CDLC-um, TCF, X2V

ambda

3

s





image4.png
0s

08

CDLAINO, TCF, X2V

ambda

B

I





image5.emf
-60

-50

-40

-30

-20

-10

0

M

a

g

n

i

t

u

d

e

 

[

d

B

]

Umi CDL-C PDP comparison among three companies

0 100 200 300 400 500

Delay[ns]

KS X2V

Spirent X2V

CMCC X2V


image6.emf
-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

M

a

g

n

i

t

u

d

e

 

[

d

B

]

InO CDL-A PDP comparison among three companies

0 100 200 300 400 500

Delay[ns]

KS X2V

Spirent X2V

CMCC X2V


image7.emf
0 1 2 3 4 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Umi CDL-C TC comparison among three companies

KS X2V

Spirent X2V

CMCC X2V


image8.emf
0 1 2 3 4 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

InO CDL-A TC comparison among three companies

KS X2V

Spirent X2V

CMCC X2V


image9.png
Elevation [deg]

80

Reference vs. Measured, CDL-C UM, PSP = 90.9%
Ref PAS seen by DUT

-50

0
Azimuth [deg]

50

Meas. PAS seen by DUT

-50 0 50
Azimuth [deg]

80
60

40

Elevation [deg]




image10.png
CDL-C-UMi fc=28GHz, Beam 1 Reference Channel response

Zenith [deg]

0

20

40

60

80

180

80

50

40

40

20 0 2
Azimuth [deg]

60 80

40




image11.emf
-80 -60 -40 -20 0 20 40 60 80

-80

-60

-40

-20

0

20

40

60

80

UMi CDL-C Reference Channel response fc=28GHz

-40

-35

-30

-25

-20

-15

-10

-5

0


image12.png
Correlation

Reference X2V Temporal auto-correlation
yMi CDL-C FR2, BS Array 8x16, Beam 1, fc = 28 GHz, DoT = 74.11°

Keysight
091 = Spirent

0.4

0.3

0.2

0.1

0 .
0 1 2 3 4 5
Distance [\]




image13.png
Magnitude [dB]

PDP, CDL-C_UMi @ 28 GHz

Measured

—© Theoretical

BW filtered theoretical

8 Hanning filtered reference
Integrated clusters

-100

100

200

Delay [ns]

300

400

500 600




image14.jpeg
Elevation [deg]

» & N N OB O @
& S S o &S 8. 8

&
o

Ref PAS seen by DUT

-50 0 50

Azimuth [deg]




image15.png
Zenith

CDL-C-UMi fc=28GHz, Beam 1 Reference Channel response

0
20

a0

180
80 60

40

20

0
Azimuth

20

40

60 80

40




image16.jpeg
CDL-C-UMi fc=28GHz, Beam 1 Reference Channel response |

=l sp ;

)

Ew
i 0
£ 00
§
2
s
o
™ 2
100 ©
0 60 9 2 0 2 0 0 ©
Azimuth (deg]
CDLAIN fo=28GHz, Boam 1 Reference Channel response
%
n
-u
- 0
£ 0
§
2
120
%
1o
™ as
™ 0
@ 6 40 2 0 2 0 © ®

Azimuth [deg]

CDL-C UMi PAS.

Elevation [deg]

Azimuth [deg]

CDL-A InO PAS

Elevation [deg]

50 0 50
Azimuth [deg)





image17.png
CDL-A4nO fo=28GHz, Beam 1 Reference Channel response |

[ —

60*

80

100

T2 ————

140

160 _

180
80 60 40 20 0 20 40
Azimuth [deg]

Zenith [deg]




image18.emf
-80 -60 -40 -20 0 20 40 60 80

-80

-60

-40

-20

0

20

40

60

80

InO CDL-A Reference Channel response fc=28GHz

-40

-35

-30

-25

-20

-15

-10

-5

0


image19.png
Magnitude [dB]

8

3

PDP, CDL-A_InO @ 28 GHz

Weasured
—o Theoretical

BW fitered theoretical
O integrated clusters

0 50

100

Delay [ns]

150

200 250

300




image20.png
Table 6. Target delay and power values o the measured CDL-A InO PDP.

[ Qg ety tns) [ Power 48]

24 0 0
57 2 53





image21.png
CDL C-UMi fc=28GHz, Beam 1 Reference Channel response

Zenith [deg]

CDL-A-InO fc=28GHz, Beam 1 Reference Channel respnnse0

Zenith [deg]

20

60

2
&8

3
3

]
S

2
S

160

180

2
8

3
5

N
S

2
5

160

180

SP
o

-80

-80

60

60

-40

-40

20 0 20
Azimuth [deg]

20 0 20
Azimuth [deg]

40

40

-40

40

Elevation [deg]
& N s
8 o 8 8

s

Elevation [deg]
o 3 8

H

40

Ref PAS seen by DUT

-20 0 20
Azimuth [deg]

Ref PAS seen by DUT

20 0 20
Azimuth [deg]

40

40

60

80




image22.png
Distribution of P,
Descri Proposal
Measurement results

Case 1

Case 2

Case 3

Case 4

[ PPN ] Maximum deviation is less than one MU

After one measurement result(the smallest or
E‘ PP ] o the biggest) removed, the maximum deviation
of the rest data is less than one MU

After two measurement results removed, the
E oo ] s Mmaximum deviation of the rest data is less
than one MU

|; | |:. oo I I il This is special case for Case 2 and Case 3.

No apparent
outlier

The removed
data is apparent
outlier

No apparent
outlier

No apparent
outlier




image23.png
-98.20

9761297 45
-96.88
96AI I I

PAD_n41_1

MIMO OTA lab alignment — TRMS measurement results [dBm/30kHz]

—100.0929 Qg
99.30 -99.62
I978 | |

PAD_n41_2

-97.81
-97-39

6.74
96.:‘;I I965§I

PAD_nd1_3

Hlab1 Hlab2

-96.0.

Hlab3

96.54

- -96.53
‘ 96'466.10I

PAD_n78_1

Wlab4

Hlab5

-96.66
-95.9‘26'1_?6'48

-BSAI I I

PAD_n78_2

-99.53 -99.54
-99.06 -99.08

|974| I |

PAD_n78_3




image24.png
2.0

15

1.0

0.5

0.0

0.88

0.43

|
-0.14

-0.89

PAD_nd1_1

MIMO OTA lab alignment — TRMS offset [dBm/30kHz]

1.54

0.04

- |
0.28

-0.62
-0.68

PAD_nd1_2

HMlab1

0.65
0.43
I 0.22
- L™
-0.43

-0.86

PAD_nd1_3

M lab2

Hlab3

0.31 0.23

|
T, .
-0.21 -0.20

PAD_n78_1

Wlab4 ®lab5

PAD_n78_2

151

|| ||
-0.13 0.15]

-0.60 -0.61

PAD_n78_3




image25.emf
-102 -101 -100 -99 -98 -97 -96 -95 -94 -93 -92

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

 

 n41, TRMS_70

 n41, TRMS_90

 Percentile

 

TRMS (dBm/30kHz)

TRMS CDF (n41)


image26.emf
-102 -101 -100 -99 -98 -97 -96 -95 -94 -93 -92

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

 

 n78, TRMS_70

 n78, TRMS_90

 Percentile

 

TRMS (dBm/30kHz)

TRMS CDF (n78)


image27.png
UE information





image28.png
RAN4 RAN4
#100-e #101-e

2021/10/15  2021/10/22

Performance alignment

2021/11/12  2022/1/14

Deadline of Lab

PAD list frozen

volunteer application

RAN4
#10:

PAD candidates
information provided

Deadline of Channel model
validation results submission

RAN4
#10;
2022/3/25

RAN4
#10;

Performance alignment
result review

FR MIMO OTA
data collection





image29.emf

image30.png
MIMOSEN S;247 = REFSENS +

beamPeakDirection

SNRTE™7® _ SNRSISO 4 A, vors




image31.emf

image32.emf

image33.emf

image290.emf

image300.png
MIMOSEN S;247 = REFSENS +

beamPeakDirection

SNRTE™7® _ SNRSISO 4 A, vors




image310.emf

image320.emf

image330.emf

image34.png
Bpackorf




