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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 for ad-hoc minutes for [108][329] FS_NR_FR2_OTA_enh. The summary covers the contributions submitted under the following agendas:
· 8.2	Study on NR FR2 OTA testing enhancements
· 5.2.5 OTA and TRP/TRS test aspects (R4-2311231)
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

	R4-2312507
	Samsung
	Observation 1:	the delta percentage is not perfectly but just roughly monotonically increasing along with the measurement grid step size increasing
Observation 2:	30deg step size will bring uncertainty up to 3% (sine weighting), even up to 4.x% (Clenshaw Curtis weighting)
Observation 3:	Clenshaw Curtis weighting does not show obvious advantage than sine weighting.
Observation 4:	Given the AoA offset pool would be {30⁰, 60⁰, 90⁰, 120⁰, 150⁰}, then the measurement grid step size should be divisible by 30, i.e., the measurement grid step size candidate could be {2⁰, 2.25⁰, 3⁰, 3.75⁰, 5⁰, 6⁰, 7.5⁰, 10⁰, 15⁰, 30⁰}.
Proposal 1:	15⁰ measurement grid step size is doable for 2AoA spherical coverage for both sine weighting and Clenshaw Curtis weighting.
Proposal 2:	the probe location should be on the measurement grid w.r.t UE coordination
Proposal 3:	clarification is needed regarding AoA1 and AoA2 in the test procedure to avoid misunderstanding

	R4-2312579
	vivo
	Observation 1：The difference between sinθ and Clenshaw-Curtis can be ignored.
Observation 2: Based on the simulation results, the maximum performance difference for 15° grid is 1.9% while for 30° grid is 5.0%.
Proposal 1: Either sin θ or Clenshaw-Curtis weighting can be used in measurement grid analysis, and further down selection is not needed.
Proposal 2: It is suggested to use 15° grid for multi-Rx RF test to balance test time and accuracy.
Proposal 3: It is suggested that TE vendor provide feedback on the whole test time of multi-Rx and the difference between 15° and 30° grid. 

	R4-2312886
	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: RAN4 should discuss what uncertainty mechanisms apply for MU analysis for multi-Rx, the parameters that need to change and range of change. For example, the change of  and  should be limited to +/- 0.5 step size along longitude and latitude.
Proposal 2: The minimum angular separation, i.e., 30°, should be an integer multiple of the step size of constant-step grid.

	R4-2312915
	OPPO
	Proposal 1: Update the test procedure diagram for multi-RX DL 2 AoA spherical coverage measurement with the above flow-chart figure. And further updates may be needed based on the core requirement outcomes.

	R4-2312916
	OPPO
	Observation 1: For fine measurement grid, the performance metrics derived under 5-degree step size have little difference with those results under 2-degree step size, i.e. less than 1%.
Observation 2: 30-degree step size causes obvious deviation, and the biggest deviation occurs at 180 AoA offset for Top-Left antenna module implementation, i.e. 6.1%.
Observation 3: 15-degree step size produces deviations from 0% to 2.4%.
Proposal 1: Take 15-degree step size for the measurement of multi-RX DL 2 AoA spherical coverage as the starting point.
Proposal 2: Whether 30-degree step size can be adopted for multi-RX DL 2 AoA spherical coverage measurement depends on further MU analysis and total permitted MU.

	R4-2313219
	Huawei, HiSilicon
	Observation 1:  For weighting, Clenshaw-Curtis and Sin are not much different.
Observation 2: Difference range between fine grids(5°) and coarse grids(30°)range is about [-1~7%], which depends on diferent AOA separations and UE implementations.
Proposal 1: Regarding different AOA separations, RAN4 consider to define unified MU.


	R4-2313781
	Keysight Technologies UK Ltd
	Proposal 1: Consider any 2 AoA RRM test system with 
- probes in the xz plane
- (absolute) probe locations being multiples of the spherical coverage grid step size
- relative angular offsets between probes for Multi-Rx testing 
suitable for Multi-Rx OTA spherical coverage test cases



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: Weighting of the measurement grid 
· Proposals
· [bookmark: _Hlk143536003]Option 1 (Samsung, vivo): Either sin θ or Clenshaw-Curtis weighting can be used in measurement grid analysis. No need for further down-selection.
· Option 2 (Agreements from RAN4#107): Clenshaw-Curtis weighting is recommended. sin θ weighting is not precluded
· Recommended WF
· TBA
Discussion:
Keysight: We still prefer option 2. If the UE orientation is changed, the results will be changed.
Samsung: Prefer option 1. We don’t see any difference between two weighting. We don’t consider the UE orientation in the RF testing. For 15deg, we are quite sure both weighting are applicable.
R&S: Clenshaw-Curtis shows better performance in TR38810. We need to analyze for both weighting.
Vivo: For multi-rx, the performance difference is quite small. We prefer to keep two options at this stage.
Samsung: For one AoA case, it is true the Clenshaw-Curtis is better. But for 2AoA case, the metric is based on go-no-go scheme which shows small difference.
Agreements:
· Both sin θ and Clenshaw-Curtis weighting can be used in measurement grid analysis. Clenshaw-Curtis weighting is recommended.


Issue 1-1-2: Constant step size of the measurement grid
· Proposals
· Option 1 (Samsung, vivo, OPPO): Take 15 degree step size for the measurement as the starting point and make the final decision based on the MU analysis and testing time analysis.
· Option 2 (Qualcomm):  The simulation results are convergent to 10 degree step size. The constant step size should be decided based on the MU analysis.
· Option 3 (Huawei): RAN4 to define the unified MU for all the feasible AoA separations.
· Recommended WF
· TBA

Issue 1-1-3: MU analysis of the measurement grid
· Proposals
· Option 1 (Qualcomm): RAN4 should discuss what uncertainty mechanisms apply for MU analysis for multi-Rx, the parameters that need to change and range of change. For example, the change of θ and φ should be limited to +/- 0.5 * step size along longitude and latitude. 
[image: ]
Figure 1.2.1-1: An example of the change for measurement grid analysis (R4-2312886)
· Option 2: TBA
· Recommended WF
· TBA
Samsung: Why we need to analyze the +/- 0.5 * step size?
Qualcomm: What’s the uncertainty mechanisms for mulit-Rx RF testing?
Samsung: Random UE orientations doesn’t apply for the multi-Rx due to lack of reference antenna design.
Keysight: It is feasible to use random UE orientations. 
Samsung: Agree with QC that the requirements is only based on the best UE orientation. We should not do the UE orientation in the MU analysis.
R&S: The grid analysis is to know how the beam configured by UE is effected by the measurement grid. We need the analysis for the random aspect.
Keysight: In RAN4, we can have a step size as the starting point and to make the decision in RAN5.
Qualcomm: In RAN4 UE RF session, the requirements will be derived based on the ideal grid.
Samsung: Agree with QC. 
Agreements:
· RAN4 to focus on analyzing the starting point of step size per the candidates of measurement step size as following
· The candidates of measurement step size include: 30deg, 15deg, 10deg.
· The reference step size for the simulation is 1deg as the basis to calculate the gap with candidates of measurement step size.
· The uncertainty mechanism is limited to coarseness of the grid and doesn’t depend on the UE random orientatiosn as legacy approach.

Sub-topic 1-2: Probe locations
Sub-topic description 
Open issues and candidate options before meeting:
Issue 1-2-1: Absolute probe locations
· Proposals
· Option 1(Samsung): The probe location should be on the measurement grid w.r.t UE coordination
· Option 2: (Qualcomm, Keysight): Probe locations should be multiples constant-step grid step size
· Recommended WF
· The probe location should be on the measurement grid, i.e., multiples constant-step grid step size

Agreement: 
· The probe location should be on the measurement grid, i.e., multiples constant-step grid step size

Sub-topic 1-3: Test procedure
Issue 1-3: Test procedure
· Proposals
· Option 1(Samsung): Clarification is needed regarding AoA1 and AoA2 in the test procedure to avoid misunderstanding
[image: ]
Figure 1.2.3-1: Test procedure for non-parametric test approach (R4-2312507)
· Option 2 (OPPO): Update the test procedure diagram for multi-RX DL 2 AoA spherical coverage measurement with the above flow-chart figure. And further updates may be needed based on the core requirement outcomes. 
Moderator’s note: Option 2 is relying on the conclusion of company contribution R4-2312918 in the RF session.


[image: ]

· Recommended WF
· TBA

Discussion:
OPPO: From test PoV, is it necessary to measure AoA pairs two times?
Qualcomm: RAN1 doesn’t have guidance on the multiple TRP assigning the SSB which will have impact on the UE performance.
R&S: From test PoV, no need to switch the probes for AoA- and AoA+ measurement.
Agreements:
· Update option 2 and capture in the WF.
Sub-topic 1-4: TPs and TR 38.871
Issue 1-4-1: Is TP in R4-2312889 agreeable?
· Proposals
· Option 1: Yes
· Option 2: No, specify the comments if any
· Recommended WF
· TBA
Agreements:
· R4-2312889 is agreed.

Issue 1-4-2: Is TP in R4-2312914 agreeable?
· Proposals
· Option 1: Yes
· Option 2: No, specify the comments if any
· Recommended WF
· TBA
Recommendation:
· To revise the TP 

Issue 1-4-3: 3GPP TR 38.871 v0.4.0
· Recommended WF
· For email approval


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

	R4-2312888
	Qualcomm Incorporated
	Observation 1: For 2AoAs based Multi-Rx RRM testing, SINR control for non-overlapping can be applied for most of the multi-Rx RRM test cases.
Proposal 1: Time and Frequency multiplexed downlink transmission should be supported by 2AoA measurement setup for multi-Rx RRM testing. 
Proposal 2: The spherical coverage requirements defined in the UE RF session should be taken as the baseline of test directions selection in multi-Rx RRM testing.
Proposal 3: For the Dual TCI switching test case, Option 1, i.e., Dual TCI switches simultaneously with at least probe 4 probes is preferred. 
Proposal 4: RAN4 to investigate the testability issue of option 1/2/3 for dual TCI switching.
Proposal 5: For rough beam, the lower bound of G1/G2 is the gain difference from legacy REFSENS and legacy EIS spherical coverage.



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: Scenarios of multi-Rx RRM testing
Sub-topic description 
Open issues and candidate options before meeting:
Issue 2-1-1: Testability analysis for the RRM testing scenarios
· Proposals
· Option 1: Time and Frequency multiplexed downlink transmission should be supported by 2AoA measurement setup for multi-Rx RRM testing. The Illustration is shown in the below figure.


Figure 2.2.1-1: Illustration of downlink transmission for 2AoA measurement setup (R4-2312888)
· Option 2: TBA
· Recommended WF
· TBA

Issue 2-1-2: Test directions for 2AoA measurement setup
· Proposals
· Option 1 (Qualcomm): The spherical coverage requirements defined in the UE RF session should be taken as the baseline of test directions selection in multi-Rx RRM testing.
· Option 2: TBA



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 2.2.1-2: 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 2.2.1-3: 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 2.2.1-4: 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
· Recommended WF
· TBA

Moderator’s note: The Pros and Cons listed in R4-2312888 for information.
Table 1: Pros and Cons Comparison
	
	[bookmark: OLE_LINK1]Pros
	Cons

	Option 1
	· The setup can fully verify the performance of dual TCI switching.
	· The legacy setup needs to be upgraded to support at least 4 probes.

	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.
· The legacy setup needs to be upgraded to support at least 3 probes.

	Option 3
	· The legacy setup 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.
· Polarization alignment needs to be done before the test (Need to be confirmed by TE vendor). 




Sub-topic 2-2: SINR control
Sub-topic description:
Open issues and candidate options before meeting:
Issue 2-2-1: SINR control for rough beam
· Proposals
· Option 1 (Qualcomm): For rough beam, the lower bound of G1/G2 is the gain difference from legacy REFSENS and legacy EIS spherical coverage
· Option 2: TBA
· Recommended WF
· Option 1

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

	R4-2312887
	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 [3] 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: As a baseline, RAN4 to use X = 2 for multi-Rx demodulation test directions selection.
Proposal 2: The following assumptions are adopt 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: {0.25us, -0.0625us}; Frequency offset: 600Hz
· MCS: MCS13 with 2+2
· Receiver assumptions: start from joint demodulation assumption.
· 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.


	R4-2313223
	Huawei, HiSilicon
	Observation 1:  Without regard to isolation between all active branches, it is difficult to find test directions for two AoAs with the condition of passing REFSENS+X when X<=4 in n257.
Proposal 1: Clarify the simulation assumptions before specifing X.

	R4-2313782
	Keysight Technologies UK Ltd
	[bookmark: _Ref142388593]Proposal 1: OEM/Chipset vendors to make multi-Rx SNR reference numbers together with the underlying system assumptions available. 



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:
Moderator’s note: The simulation assumptions were approved in UE RF session R4-2303708 could be the baseline:
UE simulation assumptions
· Proposals
· Proposal 1: simulation output
· Option 1: X dBm @50%-tile, and/or Y% @legacy EIS spherical coverage value (R4-2300987)
· Option 2: Other
· Proposal 2: antenna module assumptions
· Option 1 : table below (R4-2300987)
· Option 2: other
	Item
	Simulation assumption
	Note

	# of antenna module
	2 , dual polarized
	

	array of element antenna in each antenna module
	4x1
	

	Antenna location (front, back, top-side, left-side, right-side, bottom-side)
	combination of the lists
(e.g., left and right, Right and Top, Left and top, .etc.)
	Two antenna modules located at same side is not precluded



Agreement:
· Simulation output: Statistics per TRP (further combining not precluded from final requirement)
· Y% @legacy EIS spherical coverage value in dBm as baseline
· X dBm for legacy coverage fraction (example PC1 = 15%, PC3=50%) in 2TRP operation is encouraged based on contribution driven for the sake of comparison
· For mDCI, if any one of the two test directions in a pair fails, the result is a fail for the AoA pair. 
· antenna module assumptions.:
· table above
· company choice on bias, antenna module location, module count, antenna gain, but legacy spherical coverage requirement must be met.

UE RF simulation calibration step
· Proposals
· Option 1: It is proposed to calibrate the simulation baseline with legacy 1AoA measurement. (R4-2300987)
· Option 2: It is proposed to calibrate the simulation baseline with legacy peak EIS spec and legacy spherical EIS spec. (R4-2300987)
· Option 3: Other
Agreement:
· Option 2 as baseline
· Option 1 can also be considered.

Issue 3-1-1: X value in Noc level configuration
· Proposals
· Option 1 (Qualcomm): As a baseline, RAN4 to use X = 2 for multi-Rx demodulation test directions selection
· Option 2: (Huawei): Clarify the simulation assumptions before specifying X
Moderator's note: Simulation assumptions agreed in R4-2303708 should be considered as baseline
· Recommended WF
· TBA
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 and corresponding MU
· Proposals
· Option 1 (Qualcomm): 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: {0.25us, -0.0625us}; Frequency offset: 600Hz
· MCS: MCS13 with 2+2
· Receiver assumptions: start from joint demodulation assumption.
· 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.
· Option 2: TBA
· Recommended WF
· TBA

Issue 3-2-2: Reference value for minimum isolation simulation
· Proposals: companies to discuss how to provide the reference values
· Option 1 (Moderator): Leverage the calibrated simulation results in the multi-Rx demodulation session.
· Option 2 (Moderator): Wait for the demodulation requirements in the multi-Rx demodulation session.
· Option 3: TBA
· Recommended WF
· TBA


Topic #4: Measurement grids for Optional 6x2 PC3 Antenna Array
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311231
	Apple
	Proposal 1: It is proposed that measurement Grids for Optional 6x2 PC3 Antenna Array Configuration should also be considered for test time reduction and to accommodate UEs with different array config.
Proposal 2:  There is no reduction in measurement uncertainty budget if the OEM opts to use the measurement grid from Proposal 1.



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 4-1-1: Measurement grid for 6x2 PC3
Sub-topic description:
Open issues and candidate options before meeting:
Issue 4-1-1: Measurement Grids for Optional 6x2 PC3 
· Proposals
· Option 1 (Apple): RAN4 to introduce measurement Grids for Optional 6x2 PC3 Antenna Array Configuration
· Option 2: TBA
· Recommended WF
· TBA

Issue 4-1-2: MU for measurement Grids for 6x2 PC3
· Proposals
· Option 1 (Apple): No reduction in measurement uncertainty budget with new measurement grids in Issue 4-1-1
· Option 2: TBA
· Recommended WF
· TBA
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