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1 Topic #1: General and Testing methodologies
1.1 Sub-topic 1-1 Proposals on concluding the NR MIMO OTA WI
Issue 1-1-2: Review on FR2 MIMO OTA progress

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 WF, if any.

Issue 1-1-3: General views on FR2 channel model validation pass/fail limits

Agreements:

· The pass/fail limits for FR2 channel model validation should be technically reasonable, and can be further refined in future RAN4 meetings when more practical/empirical data is available.

Issue 1-1-4: General views on FR2 MIMO OTA requirements
Agreements:

RAN4 can further discuss the following aspects in RAN4#104-e meeting:

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

Issue 1-2-1: PDP reference values for FR2 channel model validation

Agreement:

· Adopt the average of the data from Keysight, Spirent, and CMCC&CAICT as PDP theoretical targets, as shown in Tables 1 and 2.

Table 1. PDP theoretical targets for 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. PDP theoretical targets for 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
	-57.1 

	6
	17
	-72.6 

	7
	18
	-5.3 

	8
	20
	-67.2 

	9
	23
	-60.2 

	10
	46
	-94.5 

	11
	57
	-60.3 

	12
	65
	-76.8 

	13
	67
	-79.6 

	14
	75
	-94.3 

	15
	75
	-71.5 

	16
	92
	-72.6 

	17
	122
	-77.6 

	18
	134
	-95.0 

	19
	137
	-83.6 

	20
	144
	-91.2 

	21
	150
	-85.2 

	22
	159
	-81.2 

	23
	290
	-69.8 


· Generate the final PDP reference values for FR2 channel model validation with integrated clusters approach based on above agreed theoretical values, in the following Tables 3 and 4.
Table 3. Updated Target delay and power values for the measured CDL-C UMi PDP (integrated clusters approach).

	Original clusters 
	Delay [ns] 
	Power [dB] 

	1-5 
	15
	-17.9

	6-11
	40
	0.0 

	13-14
	75
	-31.2


Table 4. Target delay and power values for the measured CDL-A InO PDP (integrated clusters approach).

	Original clusters 
	Delay [ns] 
	Power [dB] 

	2-4 
	10
	0

	5-7
	20
	-6.3


Issue 1-2-2: Temporal Correlation reference values for FR2 channel model validation

Agreement:

· Adopt the average of the data from Keysight, Spirent, and CMCC&CAICT as temporal correlation reference values for FR2 channel model validation, as shown in Tables 5 and 6. 
Table 5. Temporal correlation reference values for 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 6. Temporal correlation reference values for 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 


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

Agreement:

· Accept the V/H theoretical targets for FR2 channel model validation as below

· V/H FR2 CDL-C-UMi, X2+, fc=28 GHz
· Beam 1, Input 1:  V/H = -0.45 dB

· Beam 1, Input 2:  V/H = 0.49 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 = -0.04 dB
· Beam 1, Input 2:  V/H = 0.04 dB

· Beam 1, Input 1+2:  V/H = 0 dB

1.3 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

Agreements:

· Define PDP pass/fail limits as follows, further refine the limits when more practical/empirical data is available.
	 
	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] 

	Paths from 30dB to 40dB
	[±10 dB]
	[±6 ns]


Issue 1-3-2: Temporal Correlation pass/fail limits for FR2 channel model validation

Agreements:

· 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.

Issue 1-3-3: Cross-polarization (V/H) pass/fail limits for FR2 channel model validation

Agreements:

· Define V/H pass/fail limits as [±1.5dB], further refine the limits when more practical/empirical data is available.

Issue 1-3-4: PSP pass/fail limits for FR2 channel model validation

Agreements:

· Define PSP pass/fail limit as [84%], further refine the limit when more practical/empirical data is available.
1.4 Sub-topic 1-5 UE mechanical mode for foldable smartphones

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

Agreements:

· For each device to verify NR MIMO OTA performance, the same primary mechanical mode should be declared to each test lab.
2 Topic #2: FR1 Performance requirements
2.1 Sub-topic 2-1 FR1 MIMO OTA lab alignment results
Issue 2-1: FR1 MIMO OTA lab alignment results
Agreement:

· 3GPP FR1 MIMO OTA lab alignment among the 5 labs, i.e., CAICT, CMCC&BUPT, Huawei, MediaTek, and Xiaomi, is confirmed. 
2.2 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?

Agreement:

· Confirm the reference values for FR1 MIMO OTA lab alignment as linear average (in dBm) of the PAD measurement results submitted before 30 Apr. 2022 as baseline. If the unfinished volunteer lab submits PAD measurement results before 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 all the labs.

· RAN4 allows the unfinished volunteer lab to submit PAD measurement results after RAN4#103-e meeting, before RAN4#104-e meeting. 
· Labs who submitted data to RAN4#103-e are confirmed as the aligned labs according to the currently agreed reference values and pass/fail limits.
Issue 2-2-2: Pass/fail criteria for FR1 MIMO OTA lab alignment

Agreement:

· PAD measurement results meet pass/fail limit are necessary to confirm FR1 MIMO OTA lab alignment. 

Issue 2-2-3: Further work plan for FR1 MIMO OTA Lab Alignment Activity

Agreement:

· Return the PADs to their providers after Apple has completed the PAD test and close the lab alignment activity.
2.3 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. 

Issue 2-3-2: How to identify apparent outliers in the average processing to derive reference values?
Agreement:

· Apparent outlier (if identified) should be removed out of the average processing for reference value. The value deviates over 1.5 MU from all the other labs’ results should be identified as apparent outlier.
2.4 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

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 a more tightened limit at RAN4#104 meeting, to provide a reasonable guidance for MIMO OTA industry.

2.5 Sub-topic 2-5 FR1 MIMO OTA performance test campaign

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

Agreement:

· Include the measurement results in R4-2209330, R4-2209513, and R4-2210934 into FR1 MIMO OTA data pool for defining performance requirements.

Issue 2-5-2: Template for FR1 MIMO OTA performance test campaign

Agreement:

· The Template for FR1 MIMO OTA performance test campaign in R4-2210933 is agreed. 
3 Topic #3: FR2 Performance requirements

3.1 Sub-topic 3-1 FR2 MIMO OTA simulation
Issue 3-1-1: How to develop the requirements for FR2 MIMO OTA

Agreements:

RAN4 can further discuss the following proposals on how to define FR2 MIMO OTA requirements, other proposals are not precluded:

· 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.

Issue 3-1-2: How to evaluate the offset of equivalent SNR due to the non-ideal factors

Agreements:
· The following approach can be considered 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.

Issue 3-1-3: Simulation formula for FR2 MIMO OTA simulation approach

Agreements:
· Alignment on the simulation formula among companies may be helpful but not mandatory for FR2 MIMO OTA simulation. Different formulas can all be correct.
3.2 Sub-topic 3-2 FR2 MIMO OTA performance requirements

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

Agreements:
· Alignment should be reached among companies before adopting specific simulation results into FR2 data pool. The metric for results alignment is FFS
· Reserve a flexibility for companies that they still can update their simulation results.

3.3 Sub-topic 3-3 Preliminary MU of FR2 MIMO OTA

Issue 2-5: Preliminary MU of FR2 MIMO OTA

· Draft CR on TS 38.151 for preliminary MU of FR2 MIMO OTA in R4-2210937 is agreed. 
