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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
The summary is to summarize the open issues for Rel-18 SI on NR FR2 OTA testing enhancements. The summary covers the contributions submitted under the following agendas:
· 5.2	Study on NR FR2 OTA testing enhancements
· 5.2.1 General aspects
· 5.2.2 Test methods for RF requirements 
· 5.2.3 Test methods for RRM requirements 
· 5.2.4 Test methods for Demodulation requirements 
· 5.2.5 Test uncertainty assessments
Topic #1: Test method for UE RF
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315554
	Samsung
	Proposal 1:	10deg step size is not necessary, 15deg step size can be considered as starting point and further check 30deg step size.
Proposal 2:	it is just necessary to focus on the MU at the concerned AoA offset(s) for each implementation, depending on RF core session progress.

	R4-2315817
	vivo
	Observation 1: The performance when measurement grid = 10° is closest to the baseline.
Proposal 1: Take 10° as the starting point for measurement grid if the test time will not increase significantly compared to 15°
Observation 2: The best orientation of UE may change with measurement grid.
Proposal 2: Further discuss how to deal with the UE orientation changes in measurement grid analysis.

	R4-2316507
	Qualcomm Incorporated
	Observation 1: The results with both Arithmetic mean and OR combining are convergent to the step size of 10deg. The difference of probability between 1/2/5/10deg step size is marginal. 
Proposal 1: Consider 10deg as the min number of grid points for 2AoA UE RF measurement.
Observation 2: The MU framework for legacy EIS spherical coverage could be the basis for the 2AoA MU analysis.
Proposal 2: The percentage value could be considered as the final metric for 2AoA UE RF MU analysis.
Observation 3: The uncertainty assessment for Stage 1 and Stage 2 defined in Table B.19.2-2 of TR 38.903 can be leveraged for 2AoA UE RF measurement MU analysis with conversion from power level to percentage.
Proposal 3: The MU framework of 2AoA RF testing shown in Table 1 and Table 2 should be adopted. 

	R4-2316703
	CAICT
	Proposal 1: Down select 10-degree step size as the starting point for the measurement grid, and further discuss whether a 15-degree step size can be used considering the benefits of reducing time.
Observation 1: There is no significant performance difference between the sin weighted and Clenshaw Curtis weighted measurement grid simulation results.
Proposal 2: The down selection of the measurement grid step size can be applied to both sin weighting and Clenshaw Curtis weighting.

	R4-2316222
	OPPO
	Moderator’s note: Move this paper here from AI:5.2.5
[bookmark: _Hlk146880649]Proposal 1: 10-degree and 15-degree step sizes can be considered as down-selected options for further discussion.
Proposal 2: It is proposed that RAN4 further study the phenomenon and impact of the non-monotonic measurement deltas with the increasing of step size.

	R4-2316221
	OPPO
	Proposal: Update the above ed test procedure for multi Rx RF performance

	R4-2316220
	OPPO
	TP for UE coordinate system



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1: Measurement grid
Sub-topic description:
Open issues and candidate options before meeting:
Issue 1-1-1: Step size of the measurement grid
· Proposals
· Proposal 1 (vivo, Qualcomm, CAICT): Take 10deg as the starting point of step size for measurement grid. Testing time comparison between 10deg and 15deg step size should be considered.
· Proposal 2 (Samsung):  15deg step size can be considered as starting point and further check 30deg step size.
· Proposal 3 (OPPO): 10-degree and 15-degree step sizes can be considered as down-selected options for further discussion.
· Recommended WF
· TBA 
Moderator’s notes: With 10deg step size, number of grid points is 614. With 15deg step size, number of grid points is 266. For multi-Rx RF testing, since UE is measured at the fixed power, i.e., legacy EIS spherical coverage, the testing time is shorter than legacy EIS testing under the same step size.
------------------------------------------------------------OR combination------------------------------------------------
	Adjacent modules 

	 
	 
	30
	60
	90
	120
	150
	180

	Samsung
	10deg
	0.00%
	-0.08%
	-0.27%
	0.32%
	0.17%
	0.16%

	Samsung
	15deg
	0.21%
	0.28%
	0.23%
	0.56%
	-0.08%
	-0.56%

	vivo
	10deg
	-0.30%
	-0.50%
	0.10%
	0.20%
	0.10%
	 

	vivo
	15deg
	-0.20%
	-1.00%
	-0.70%
	-1.10%
	-0.10%
	 

	QC
	10deg
	 
	0.10%
	0.20%
	0.80%
	0.60%
	0.00%

	QC
	15deg
	 
	1.60%
	0.30%
	2.60%
	2.60%
	1.50%

	OPPO
	10deg
	0.21%
	0.54%
	0.27%
	0.82%
	0.84%
	0.39%

	OPPO
	15deg
	0.97%
	0.26%
	1.47%
	0.38%
	0.20%
	0.53%

	
	
	
	
	
	
	
	

	Back-to-back modules 

	 
	 
	30
	60
	90
	120
	150
	180

	Samsung
	10deg
	0.04%
	-0.11%
	0.09%
	0.25%
	0.10%
	0.09%

	Samsung
	15deg
	-0.15%
	-0.43%
	-0.72%
	-0.35%
	-0.43%
	-0.41%

	vivo
	10deg
	0.20%
	-0.50%
	0.10%
	-0.20%
	-1.50%
	 

	vivo
	15deg
	0.60%
	1.30%
	0.50%
	0.20%
	1.20%
	 

	QC
	10deg
	 
	1.20%
	0.10%
	-1.10%
	-0.70%
	-1.30%

	QC
	15deg
	 
	1.50%
	0.40%
	-3.20%
	-2.80%
	-2.20%

	OPPO
	10deg
	2.93%
	3.48%
	0.16%
	2.74%
	0.81%
	1.29%

	OPPO
	15deg
	3.65%
	4.56%
	0.41%
	0.77%
	1.22%
	1.03%

	
	
	
	
	
	
	
	

	 
	 
	Same side modules 
	 
	 
	 
	 

	 
	 
	30
	60
	90
	120
	150
	180

	Samsung
	10deg
	-0.02%
	0.10%
	0.28%
	0.25%
	0.31%
	0.04%

	Samsung
	15deg
	-0.16%
	-0.35%
	-0.08%
	-0.23%
	0.07%
	-0.30%

	vivo
	10deg
	-1.20%
	0.50%
	0.10%
	1.00%
	0.50%
	 

	vivo
	15deg
	-0.40%
	-0.40%
	-0.20%
	0.40%
	-0.40%
	 

	OPPO
	10deg
	1.25%
	0.24%
	0.50%
	0.23%
	2.66%
	1.96%

	OPPO
	15deg
	0.24%
	1.74%
	2.08%
	0.25%
	1.35%
	1.10%






------------------------------------------------------------Arithmetic mean------------------------------------------------
	Adjacent modules 

	 
	 
	30
	60
	90
	120
	150
	180

	QC
	10deg
	 
	-0.10%
	0.10%
	0.40%
	0.20%
	0.00%

	QC
	15deg
	 
	1.20%
	0.10%
	1.30%
	1.90%
	1.50%

	
	
	
	
	
	
	
	

	Back-to-back modules 

	 
	 
	30
	60
	90
	120
	150
	180

	QC
	10deg
	 
	0.60%
	0.10%
	-0.20%
	-0.50%
	-1.30%

	QC
	15deg
	 
	0.70%
	0.30%
	-0.90%
	-1.90%
	-2.20%



Keysight: For multi-Rx, the number of test point would increase compared to the legacy measurement grid.
Samsung: Agree with Keysight. Test points should be considered multiple times. The test points should be larger thatn the number of test points in the moderator’s notes. Considering the testing time, prefer to use 15deg. 8*2 was used to derive the measurement grid for the legacy EIS measurement which could be reduced for the antenna configuration with less antenna.
OPPO: Agree with Keysight and Samsung. For the multi-Rx testing, the testing time from positioner rotating should also be considered. 
Keysight: The testing time from positioner rotating is not critical.
R&S: Understand the concern from the testing time. Premature to decide the measurement grid before the MU analysis.
Qualcomm: Optional position should be considered. Only coarseness is concerned.
Keysight: People did simulation for all the antenna configurations based on the worst case.
Samsung: In multi-Rx UE RF testing, we only care about the percentage not for the peak. The measurement grid for the spherical coverage is not so sensitive.
Agreement:
·  Take the 10deg and 15deg as the starting point of step size for measurement grid.
· Encourage companies to evaluate the antenna configuration such as 6*2 for further analysis.

Issue 1-1-2: MU framework of measurement grid
· Proposals
· Proposal 1 (Qualcomm): The percentage value could be considered as the final metric for 2AoA UE RF MU analysis. The MU framework of 2AoA RF testing shown in Table 1.2.1-1 and Table 1.2.1-2 should be adopted.
Table 1.2.1-1: Uncertainty assessment for wanted DL signal absolute power in 2AoA coverage measurement with IFF
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement

	1
	Positioning misalignment
	0.00
	Normal
	2.00
	0.00

	2
	Measure distance uncertainty
	0.00
	Rectangular
	1.73
	0.00

	3
	Quality of Quiet Zone (NOTE 7)
	0.6
	Actual
	1.00
	[0.6]->0.7

	4
	Mismatch
	1.30
	Actual
	1.00
	1.30

	5
	Standing wave between the DUT and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	6
	gNB uncertainty on absolute level
	2.9
	Normal
	2.00
	1.45

	7
	Phase curvature 
	0.00
	U-shaped
	1.41
	0.00

	8
	Amplifier uncertainties
	2.1
	Normal
	2.00
	1.05

	9
	Random uncertainty 
	0.50
	Normal
	2.00
	0.25

	10
	Influence of the XPD
	0.01
	U-shaped
	1.41
	0.00

	11
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	0.00
	Actual
	1.00
	0.00

	13
	Multiple measurement antenna uncertainty (NOTE 6)
	0.15
	Actual
	1.00
	0.15

	14
	DUT repositioning
	0.00
	Rectangular
	1.73
	0.00 

	15
	Influence of spherical coverage grid (NOTE 4)
	0.12
	Actual
	1
	0.12

	Stage 1: Calibration measurement

	16
	Mismatch 
	0.00
	U-shaped
	1.41
	0.00

	17
	Amplifier Uncertainties
	0.00
	Normal
	2.00
	0.00

	18
	Misalignment of positioning System
	0.00
	Normal
	2.00
	0.00

	19
	Uncertainty of the Network Analyzer
	1.50
	Normal
	2.00
	0.75

	20
	Uncertainty of the absolute gain of the calibration antenna
	0.60
	Normal
	2.00
	0.30

	21
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	0.01
	Rectangular
	1.73
	0.00

	22
	Phase centre offset of calibration antenna
	0.00
	Rectangular
	1.73
	0.00

	23
	Quality of quiet zone for calibration process (NOTE 7)
	0.4
	Actual
	1.00
	0.4

	24
	Standing wave between reference calibration antenna and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	25
	Influence of the calibration antenna feed cable
	0.14
	Normal
	2.00
	0.07

	26
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	
	Measurement uncertainty
	Value

	Wanted DL signal absolute power (1.96σ - confidence interval of 95 %) [dB]
	4.86



Table 1.2.1-2: Total uncertainty assessment for 2AoA coverage measurement with IFF
	Measurement uncertainty
	Value

	Wanted DL signal absolute power (1.96σ - confidence interval of 95 %) [%]
	X%

	Uncertainty related to measurement grid
	Y%

	Total Measurement uncertainty
	Value

	[2AoA spherical coverage] expanded uncertainty (1.96σ - confidence interval of 95 %) [%]
	X+Y%

	NOTE 1: X% is derived based on the simulations with different DL power vs percentage of 2AoA metric.
NOTE 2: Y% is derived based on the simulations with measurement step size vs percentage of 2AoA metric.



· Proposal 2: TBA
· Recommended WF
· Proposal 1 is agreed as the baseline.
Samsung: The approach looks good. The values of X and Y should be provided by RAN4 or RAN5?
Qualcomm: X and Y should be provided by RAN4 as the preliminary MU. RAN5 will make the final decision.
Keysight: Need to revisit some of the values considering the 2AoA.
Samsung: Not sure RAN4 can provide the results timely.

Agreement:
· Proposal 1 is agreed as the baseline of the Multi-Rx UE RF testing MU framework. The values in the table to keep in the [] and could be further revisited.

Issue 1-1-3: Other aspects of measurement grid analysis
· Proposals
· Proposal 1 (Samsung): Just focus on the MU at the concerned AoA offset(s) for each implementation, depending on RF core session progress.
· Proposal 2 (vivo): Further discuss how to deal with the UE orientation changes in measurement grid analysis.
· Proposal 3 (OPPO): RAN4 further study the phenomenon and impact of the non-monotonic measurement deltas with the increasing of step size.
· Recommended WF
· MU is derived assuming UE has the RF performance at specified AoA offset and UE orientation.

Agreement:
· MU is derived at candidate declared AoA offsets and UE orientations with the biggest delta compared to the 1deg step size.

Sub-topic 1-2: Test procedure
Issue 1-2-1: Test procedure
· Proposals
· Proposal 1 (OPPO): Update the above ed test procedure for multi Rx RF performance.
[image: ]

Figure 1.2.2-1: Test procedure from R4-2316221
Moderator’s note: Proposal 1 is depending on the conclusion of contribution R4-2316223 submitted to AI 5.7.1.2 in the RF session.
· Recommended WF
· Proposal is agreed as the baseline and the test procedure  should be updated according to the conclusion of connecting sequence of AoA1 and AoA2 in UE RF session. 

Qualcomm: Have not discussed in the UE RF. During the simulation, we don’t have the notation for the connectivity of AoA1 and AoA2. Need further discussion.
Samsung: Do not see the average from two pol. Need to optimize this part.
R&S: The updated test procedure is reflecting AoA+ and AoA-.
Chair note: Encourage company take offline discussions.

Sub-topic 1-3: TPs and TR 38.871
Issue 1-3-1: Is TP for UE coordinate system in R4-2316220 agreeable?
· Proposals
· Proposal 1: Yes
· Proposal 2: No, specify the comments if any
· Recommended WF
· TBA


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

	R4-2315569
	Anritsu
	Observation 1: A modification of connections in the RRM test system and an additional development with a system simulator are necessary.
Observation 2: To align the timing between two downlink signals, it is necessary to care the timing error of signals transmitted from the system simulator.
Observation 3: The system complexity increases with an order from option 3 (least) to option 1 (highest) while they increase a flexibility / coverage with the same order from a viewpoint of the AoA combinations.
Observation 4: The more the combination of AoA increases, the more measurement time might be required to find suitable measurement grid points with enough RSRP levels.
Observation 5: It has not been decided in the core requirement discussions on the angle of separation between 2 TRPs yet.
Observation 6: Trade-offs exist between test flexibility, test time and system complexity among options.

	R4-2316377
	Huawei, HiSilicon
	Observation 1: For TCI state addition, the unchanged TCI state need meet two spherical coverage requirements.
Observation 2: For TCI switching from one TCI state to two TCI states, there is not much restriction on the test directions. 
Proposal 1: Option 1 as TCI state addition is feasible and recommend replacing PBCH with SSB in the illustration of the WF to align the corresponding description in TS38.133.

	R4-2316508
	Qualcomm Incorporated
	Proposal 1: RAN4 to discuss the measurement setup of multi-Rx RRM testing with the following two Categories:
•	Category 1: All Multi-Rx RRM test cases expect Dual TCI switching
•	Category 2: Dual TCI switching test case for Multi-Rx RRM 
Proposal 2: The measurement setup with time and frequency multiplexed downlink transmission with 2AoA should be supported for Category 1 multi-Rx RRM test cases. 
Proposal 3: For Category 1 Multi-Rx RRM test cases, SINR control for non-overlapping case specified in section 6.2.1&6.2.1 of TR 38.871 can be applied.
Proposal 4: Option 3 should be excluded due to the testability issue of polarization alignment among the Dual TCI stages.
Proposal 5: For the Dual TCI switching test case, Option 1 which can fully verify the performance of dual TCI simultaneously switching is preferred.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1: Testing scenarios
Sub-topic description 
Open issues and candidate options before meeting:
Issue 2-1-1: RRM testing scenarios
· Proposals
· Proposal 1 (Qualcomm): RAN4 to discuss the measurement setup of multi-Rx RRM testing with the following two Categories:
· Category 1: All Multi-Rx RRM test cases expect Dual TCI switching
· Category 2: Dual TCI switching test case for Multi-Rx RRM 
· Proposal 2: TBA
· Recommended WF
· Proposal 1

Issue 2-1-2: Measurement setup for Category 1 scenario
Moderator’s note: The measurement setup of option 1 in Issue 2-1-1 of WF R4-2313888 is shown in the following figure.



Figure 2.2.1-1: Illustration of option 1 in Issue 2-1-1 in R4-2313888
· Proposals
· Proposal 1 (Qualcomm): The measurement setup shown in Figure 2.2.1-1 with time and frequency multiplexed downlink transmission with 2AoA should be supported for Category 1 multi-Rx RRM test cases. SINR control for non-overlapping case specified in section 6.2.1&6.2.1 of TR 38.871 can be applied.
· Proposal 2 (Huawei): Option 1 in Issue 2-1-1 of R4-2313888 as TCI state addition is feasible and recommend replacing PBCH with SSB in the illustration of the WF to align the corresponding description in TS38.133.
· Proposal 3 (Anritsu): A modification of connections in the RRM test system and an additional development with a system simulator are necessary to implement measurement setup shown in Figure 2.2.1-1. To align the timing between two downlink signals, it is necessary to care the timing error of signals transmitted from the system simulator.
· Recommended WF
· The measurement step shown in below figure is feasible for Category 1 scenario RRM testing. 



Issue 2-1-3: Measurement setup for Category 2 scenario (Dual TCI switching)
Moderator’s note: The measurement setup of three options in Issue 2-1-3 of WF R4-2313888 are shown below.
	Issue 2-1-3: Dual TCI switching
· Proposals: Companies to provide the views for the following options for dual TCI switching test
· Option 1 (Qualcomm): Dual TCI switches simultaneously, probe number for multiple AoA test system is at least 4


Figure 5: Illustration of Dual TCI switches simultaneously with 4 probes
For option 1, in the period of T1, DUT connects TCI state 0 and TCI state 1 via probe#1 and probe#2 respectively. Then in the period of T2, TCI state 0 switches to TCI state 3 via switching between probe#1 and probe#4, and in the meanwhile, TCI state 1 switches to TCI state 2 via switching between probe#2 and probe#3.
· Option 2: Dual TCI switches sequentially, probe number for multiple AoA test system is at least 
[image: ]
Figure 6: Illustration of Dual TCI switches simultaneously with 3 probes
For option 2, in the period of T1, DUT connects TCI state 0 via probe#1. In the period of T2, TCI state 0 (anchor TCI) firstly switches to TCI state 2 via switching between probe#1 and probe#3. Then the TCI state 1 is added via probe#2.
· Option 3: Dual TCI switches simultaneously, but the beam directions are not changed, probe number for multiple AoA test system is at least 2
 [image: ]
Figure 7: Illustration of Dual TCI switches simultaneously with 2 probes
For option 3, in the period of T1, DUT connects TCI state 0 and TCI state 1 via Pol.H of probe#1 and Pol.H of probe#2, respectively. Then in the period of T2, TCI state 0 switches to TCI state 3 via switching between Pol.H and Pol.V of probe 1, and in the meanwhile, TCI state 1 switches to TCI state 2 via switching between Pol.H and Pol.V of probe 2. Note that in option 3, different SSB IDs are transmitted from two polarizations in T1 and T2.  
· Option 4: TBA
· Agreement:
· Capture all three candidate options into TR38.871 listing pros and cons, and further discuss based on the conclusion from RRM session for introduced RRM requirements. 



Option 3a: Switching AoAs of the Rx beam from AoA1 to AoA2 or vice versa during the TCI switching test. Probe number for multiple AoA test system is at least 2.

[image: ]
· Proposals: 
· Proposal 1 (Qualcomm): Option 3 in Issue 2-1-3 of WF R4-2313888 should be excluded due to the testability issue of polarization alignment among the Dual TCI stages. 
· Proposal 2 (Qualcomm):  For the Dual TCI switching test case, Option 1 in Issue 2-1-3 of WF R4-2313888 which can fully verify the performance of dual TCI simultaneously switching is preferred.
· Proposal 3 (Anritsu): It has not been decided in the core requirement discussions on the angle of separation between 2 TRPs yet. Trade-offs exist between test flexibility, test time and system complexity among options.
· Recommended WF
· TBA

Issue 2-1-4: Pros and Cons of measurement setup for Category 2 scenario (Dual TCI switching)
· Proposals: 
· Proposal 1 (Qualcomm): Comparison of test setup options for dual TCI state switching. 
	
	[bookmark: OLE_LINK1]Pros
	Cons

	Option 1
	· The setup can fully verify the performance of dual TCI switching.
	· At least 4 physical probes are needed compared with the setup for Category 1 scenario.

	Option 2
	· The system complexity is lower than option 1.
	· The setup cannot verify the real performance of dual TCI switching such as Dual TCI does not switch simultaneously.
· At least 3 physical probes are needed compared with the setup for Category 1 scenario.

	Option 3
	· The setup for Category 1 scenario can be reused.
	· The setup cannot verify the real performance of dual TCI switching such as the beam directions are not changed from T1 to T2.
· Perfect polarization alignment is not feasible which will lead to the issue of selecting the test directions. 



· Proposal 2 (Anritsu):  Comparison of test setup options for dual TCI state switching.
	Option
	Pros
	Cons

	1
	Most flexible with a placement of antennae for both of TRPs.
	Most complex test system configuration. (High Cost)
Concern with the increase of test time to find a suitable measurement grid points and angular separation combinations.

	2
	Only one TCI state is switchable.
Less complexity compared to option 1.
	Still requires a rather complex test system configuration.
Concern with the increase of test time to find a suitable measurement grid points and angular separation combinations

	3
	Two TCI states can be switched with some limitations.
Simplest system configuration. (Low cost)
Shorter test time is expected than option 1 and 2.
	Less flexibility with the placement of antennae and choices of angular separation.
 



· Recommended WF
· TBA

Sub-topic 2-2: TPs and TR 38.871
Issue 2-2-1: Is TP for UE RRM testing in R4-2316511 agreeable?
· Proposals
· Proposal 1: Yes
· Proposal 2: No, specify the comments if any
· Recommended WF
· TBA
Topic #3: Test method for UE Demodulation
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2316509
	Qualcomm Incorporated
	Observation 1: X = 2 dB implies 1/5th of all legacy spherical coverage directions (or 10% of all directions) will qualify for ‘standard’ UEs used for UE RF requirement simulation (i.e., those that just meet the legacy spherical coverage requirements).
Observation 2: The UE assumptions used in the simulations fully align with the assumption agreed in [4] in UE RF session. And it is reasonable to reuse the same UE assumptions in the discussion for multi-Rx demodulation.
Observation 3: With 2dB, the number of AoA paris with at least 12dB isolation is at least 6 with 15⁰ step size grid.
Observation 4: With 2dB, the number of AoA paris with at least 12dB isolation is at least 23 with 10⁰ step size grid.
Observation 5: Only one pair is needed for multi-Rx demodulation testing, which can be based on UE declaration.
Observation 6: In practice, UEs far exceed the spherical coverage requirement, which has the effect of increasing the number of qualifying directions for any relevant value of X.
Observation 7: With a small value of X, it is easier to achieve the minimum isolation between polarizations.
Proposal 1: RAN4 to adopt X = 2 as the allowable degradation from legacy REFSENS requirements for Multi-Rx demodulation test directions selection.

	R4-2316378
	Huawei, HiSilicon
	Proposal 1: Recommend X=4 or 5. 
Observation 1: with the isolation range of [8dB, 20dB], the offset between reference SNR and required SNR is [0.1dB-1dB].

	R4-2316321
	Keysight Technologies UK Ltd
	Observation 1: The results presented here are in line with those presented in [6] and[7] when compare the SNR number @70%maximum throughput for ρ = [-15].
Proposal 1: Feedback is requested whether the current simulation assumptions are in line with expectations for the minimum isolation simulation and corresponding MU definition



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1: Test directions selection
Sub-topic description:
Open issues and candidate options before meeting:
Issue 3-1-1: X value in Noc level configuration
· Proposals
· Proposal 1 (Qualcomm): RAN4 to adopt X = 2 as the allowable degradation from legacy REFSENS requirements for Multi-Rx demodulation test directions selection.
· Proposal 2: (Huawei): Recommend X=4 or 5.
· Recommended WF
· RAN4 to adopt X = [3] as the allowable degradation from legacy REFSENS requirements for Multi-Rx demodulation test directions selection.

Huawei: X=3 is challenging from our simulation. But we are Ok as the compromise.
Agreement:
· RAN4 to adopt X = [3] as the allowable degradation from legacy REFSENS requirements for Multi-Rx demodulation test directions selection.

Sub-topic 3-2: Minimum isolation requirements
Sub-topic description:
Open issues and candidate options before meeting:
Issue 3-2-1: Assumptions for minimum isolation simulation
Moderator’s note: The following assumptions were agreed in WF R4-2313888.
	Issue 3-2-1: Assumptions for minimum isolation simulation and corresponding MU
· Agreement:
· The following assumptions are adopted for simulation of minimum isolation requirements.
· For the reference SNR, the following assumptions could be considered:
· Assume α = 0, β = 0, and =γ = good enough isolation, e.g., 100dB
· Channel model parameters
· TDLA30-75 is assumed for 100 MHz/120 kHz
· Time offset values: 0; Frequency offset: 0
· MCS: MCS17 with 1+1
· Receiver assumptions: Separate processing per Rx chain.
For comparison, to run the simulation with the isolation range of [8dB, 20dB] including both cross-polarizations and cross-talk and then compare the offset between reference SNR and required SNR with different isolation values.



· Proposals
· Proposal 1 (Keysight): Feedback is requested whether the current simulation assumptions are in line with expectations for the minimum isolation simulation and corresponding MU definition.
· Proposal 2: TBA
· Recommended WF
· TBA
[bookmark: OLE_LINK3]Keysight: We just started from the simulation. Our goal is to show the delta between -12 and -15 is marginal.
Chair note: From testing PoV, both -12dB and -15dB minimum isolation is feasible. But we need to wait for the simulation results to compare the delta among the candidate minimum isolation.
Sub-topic 3-3: TPs and TR 38.871
Issue 3-3-1: Is TP for UE demodulation testing in R4-2316512 agreeable?
· Proposals
· Proposal 1: Yes
· Proposal 2: No, specify the comments if any
· Recommended WF
· TBA

Topic #4: MU assessment
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2316510
	Qualcomm Incorporated
	Observation 1: The uncertainty budget of legacy EIS spherical coverage can be leveraged for 2AoA multi-Rx UE RF testing considering the 2AoA can be controlled independently.
Proposal 1: The MU assessment of 2AoA RF testing shown in Table 1 and Table 2 should be adopted for IFF measurement setup and captured in the TR 38.871.
Proposal 2: The MU assessment of 2AoA UE RRM testing shown in Table 3 should be adopted for IFF measurement setup and captured in the TR 38.871.
Proposal 3: The MU assessment of 2AoA demodulation testing shown in Table 4 should be adopted for IFF measurement setup and captured in the TR 38.871.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 4-1: MU assessment for UE RF testing
Sub-topic description:
Open issues and candidate options before meeting:
Issue 4-1-1: MU assessment for UE RF testing
· Proposals
· Proposal 1 (Qualcomm): The MU assessment of 2AoA RF testing shown in Table 4.2.1-1 and Table 4.2.1-2 should be adopted for IFF measurement setup and captured in the TR 38.871.
Table 4.2.1-1: Uncertainty assessment for wanted DL signal absolute power in 2AoA coverage measurement with IFF
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement

	1
	Positioning misalignment
	0.00
	Normal
	2.00
	0.00

	2
	Measure distance uncertainty
	0.00
	Rectangular
	1.73
	0.00

	3
	Quality of Quiet Zone (NOTE 7)
	0.6
	Actual
	1.00
	0.6

	4
	Mismatch
	1.30
	Actual
	1.00
	1.30

	5
	Standing wave between the DUT and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	6
	gNB uncertainty on absolute level
	2.9
	Normal
	2.00
	1.45

	7
	Phase curvature 
	0.00
	U-shaped
	1.41
	0.00

	8
	Amplifier uncertainties
	2.1
	Normal
	2.00
	1.05

	9
	Random uncertainty 
	0.50
	Normal
	2.00
	0.25

	10
	Influence of the XPD
	0.01
	U-shaped
	1.41
	0.00

	11
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	0.00
	Actual
	1.00
	0.00

	13
	Multiple measurement antenna uncertainty (NOTE 6)
	0.15
	Actual
	1.00
	0.15

	14
	DUT repositioning
	0.00
	Rectangular
	1.73
	0.00 

	15
	Influence of spherical coverage grid (NOTE 4)
	0.12
	Actual
	1
	0.12

	Stage 1: Calibration measurement

	16
	Mismatch 
	0.00
	U-shaped
	1.41
	0.00

	17
	Amplifier Uncertainties
	0.00
	Normal
	2.00
	0.00

	18
	Misalignment of positioning System
	0.00
	Normal
	2.00
	0.00

	19
	Uncertainty of the Network Analyzer
	1.50
	Normal
	2.00
	0.75

	20
	Uncertainty of the absolute gain of the calibration antenna
	0.60
	Normal
	2.00
	0.30

	21
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	0.01
	Rectangular
	1.73
	0.00

	22
	Phase centre offset of calibration antenna
	0.00
	Rectangular
	1.73
	0.00

	23
	Quality of quiet zone for calibration process (NOTE 7)
	0.4
	Actual
	1.00
	0.4

	24
	Standing wave between reference calibration antenna and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	25
	Influence of the calibration antenna feed cable
	0.14
	Normal
	2.00
	0.07

	26
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	
	Measurement uncertainty
	Value

	Wanted DL signal absolute power (1.96σ - confidence interval of 95 %) [dB]
	4.86



Table 4.2.1-2: Total uncertainty assessment for 2AoA coverage measurement with IFF
	Measurement uncertainty
	Value

	Wanted DL signal absolute power (1.96σ - confidence interval of 95 %) [%]
	X%

	Uncertainty related to measurement grid
	Y%

	Total Measurement uncertainty
	Value

	[2AoA spherical coverage] expanded uncertainty (1.96σ - confidence interval of 95 %) [%]
	X+Y%

	NOTE 1: X% is derived based on the simulations with different DL power vs percentage of 2AoA metric.
NOTE 2: Y% is derived based on the simulations with measurement step size vs percentage of 2AoA metric.


· 

· Proposal 2: TBA
· Recommended WF
· [bookmark: OLE_LINK2]Agree Proposal 1 as the baseline

Sub-topic 4-2: MU assessment for UE RRM testing
Issue 4-2-1: MU assessment for UE RRM testing
· Proposals
· Proposal 1 (Qualcomm): The MU assessment of 2AoA UE RRM testing shown in Table 4.2.2-1 should be adopted for IFF measurement setup and captured in the TR 38.871.
Table 4.2.2-1: Uncertainty assessment for Multi-Rx RRM testing with IFF
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement

	1
	Positioning misalignment
	0.00
	Normal
	2.00
	0.00

	2
	Measure distance uncertainty
	0.00
	Rectangular
	1.73
	0.00

	3
	Quality of Quiet Zone (NOTE 4)
	0.6
	Actual
	1.00
	0.6

	4
	Mismatch
	1.30
	Actual
	1.00
	1.30

	5
	Standing wave between the DUT and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	6
	gNB uncertainty on absolute level
	2.9
	Normal
	2.00
	1.45

	7
	Phase curvature
	0.00
	U-shaped
	1.41
	0.00

	8
	Amplifier uncertainties
	2.1
	Normal
	2.00
	1.05

	9
	Random uncertainty 
	0.50
	Normal
	2.00
	0.25

	10
	Influence of the XPD
	0.01
	U-shaped
	1.41
	0.00

	11
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	0.00
	Actual
	1.00
	0.00

	13
	Multiple measurement antenna uncertainty (NOTE 3)
	0.15
	Actual
	1.00
	0.15

	14
	DUT repositioning
	0.08
	Rectangular
	1.73
	0.05

	Stage 1: Calibration measurement

	15
	Mismatch
	0.00
	U-shaped
	1.41
	0.00

	16
	Amplifier Uncertainties
	0.00
	Normal
	2.00
	0.00

	17
	Misalignment of positioning System
	0.00
	Normal
	2.00
	0.00

	18
	Uncertainty of the Network Analyzer
	0.73
	Normal
	2.00
	0.37

	19
	Uncertainty of the absolute gain of the calibration antenna
	0.60
	Normal
	2.00
	0.30

	20
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	0.01
	Rectangular
	1.73
	0.00

	21
	Phase centre offset of calibration antenna
	0.00
	Rectangular
	1.73
	0.00

	22
	Quality of quiet zone for calibration process (NOTE 4)
	0.4
	Actual
	1.00
	0.4

	23
	Standing wave between reference calibration antenna and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	24
	Influence of the calibration antenna feed cable
	0.14
	Normal
	2.00
	0.07

	25
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	
	Systematic uncertainties (NOTE 2)
	Value

	26
	Systematic error related to beam peak search
	0.5

	Total measurement uncertainty
	Value

	DL AWGN absolute power expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	5.19

	NOTE 1:	The analysis was done only for the case of operating in-band, non-CA.
NOTE 2:	In order to obtain the total measurement uncertainty, systematic uncertainties have to be added to the expanded root sum square of the standard deviations of the Stage 1 and Stage 2 contributors.
NOTE 3:	Applies to the system which has a structure of mechanical feed antenna positioning.
NOTE 4:	Value based on procedure defined in Annex D.2 of TR 38.810 [13] for Quiet Zone size less or equal to 30 cm.
NOTE 5:	The values in this table have been derived for DL powers above and equal to REFSENS. The values might need to be revisited for power levels below REFSENS



· Proposal 2: TBA
· Recommended WF
· Agree Proposal 1 as the baseline


Sub-topic 4-3: MU assessment for UE demodulation testing
Issue 4-3-1: MU assessment for UE demodulation testing
· Proposals
· Proposal 1 (Qualcomm): The MU assessment of 2AoA UE RRM testing shown in Table 4.2.3-1 should be adopted for IFF measurement setup and captured in the TR 38.871.
Table 4.2.3-1: Uncertainty assessment for Multi-Rx demodulation testing with IFF
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	Signal-to-noise ratio uncertainty

	Stage 2: DUT measurement

	1
	Positioning misalignment
	
	[Normal]
	[2.00]
	

	2
	Measure distance uncertainty
	
	[Rectangular]
	[1.73]
	

	3
	Quality of Quiet Zone
	
	[Actual]
	[1.00]
	

	4
	Mismatch
	
	[Actual]
	[1.00]
	

	5
	Standing wave between the DUT and measurement antenna
	
	[U-shaped]
	[1.41]
	

	6
	gNB emulator SNR uncertainty
	
	[Normal]
	[2.00]
	

	7
	Phase curvature 
	
	[U-shaped]
	[1.41]
	

	8
	Amplifier uncertainties
	
	[Normal]
	[2.00]
	

	9
	Random uncertainty
	
	[Normal]
	[2.00]
	

	10
	Influence of the XPD
	
	[U-shaped]
	[1.41]
	

	11
	Insertion Loss Variation
	
	[Rectangular]
	[1.73]
	

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	
	[Actual]
	[1.00]
	

	13
	Multiple measurement antenna uncertainty
	
	[Actual] 
	[1.00]
	

	14
	DUT repositioning
	
	[Rectangular]
	[1.73]
	

	Stage 1: Calibration measurement

	15
	Mismatch 
	
	[U-shaped]
	[1.41]
	

	16
	Amplifier Uncertainties
	
	[Normal]
	[2.00]
	

	17
	Misalignment of positioning System
	
	[Normal]
	[2.00]
	

	18
	Uncertainty of the Network Analyzer
	
	[Normal]
	[2.00]
	

	19
	Uncertainty of the absolute gain of the calibration antenna
	
	[Normal]
	[2.00]
	

	20
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	
	[Rectangular]
	[1.73]
	

	21
	Phase centre offset of calibration antenna
	
	[Rectangular]
	[1.73]
	

	22
	Quality of quiet zone for calibration process 
	
	[Actual]
	[1.00]
	

	23
	Standing wave between reference calibration antenna and measurement antenna
	
	[U-shaped]
	[1.41]
	

	24
	Influence of the calibration antenna feed cable
	
	[Normal]
	[2.00]
	

	25
	Insertion Loss Variation
	
	[Rectangular]
	[1.73]
	

	
	Systematic uncertainties 
	Value

	26
	Impact on non-ideal isolation between branches for the wireless cable mode
	FFS (Note 1)

	Total Signal-to-Noise ratio uncertainty

	
	

	Other contributors affecting test result

	27
	gNB emulator fading model impairments
	
	[Normal]
	[2.00]
	

	28
	AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWConfig (Note 3)
	
	[Actual]
	1.00
	

	29
	Result variation due to finite test time
	
	[Actual] 
	[1.00]
	

	Note 1: FFS which is relying on the min. isolation requirements. 




· Proposal 2: TBA
· Recommended WF
· Agree Proposal 1 as the baseline
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