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Topic #1: Test methods for RF/RRM/Demodulation
Sub-topic 1-1 UE RF test method
Issue 1-1-1: Baseline method for UE RF testing
· Proposals
· Option 1 (R&S): Enhanced IFF is selected as the baseline methodology (i.e., Option 2a) of multi AoA methodology for multi-Rx UEs
· Option 2: Specify other options if any
· Agreements:
· IFF based multi-AoA test system to be considered as baseline for the UE RF testing.
· DFF based multi-AoA test system is not precluded.

Issue 1-1-2: Maximum AoA angular separation for UE RF testing
· Proposals
· Option 1 (Keysight, OPPO, R&S): Limit the maximum angular separation between probes/AoAs to 150° 
· Option 2 (Samsung): Maximum 180º AoA angular separation is feasible. Whether 180º and other AoA angular separation values pending on UE RF core requirements discussion 
· Agreements:
· Consider 150 º as the maximum AoA angular separation as the baseline unless the UE RF session requires 180º separation to be tested and the testability of 180º is concluded in testing enhancements SI.

Issue 1-1-3: AoAs angular separations for UE RF testing
· Proposals
· Option 1a (QC, Keysight): Consider relative angular AoA separations: 30°, 60°, 90°, 120° and 150°. 
· Option 1b (R&S): Consider relative angular AoA separations: 30°, 60°, 90°, 120° and 150°. FFS whether only a subset of angular relationships can be defined for RF testing.
· Option 2 (Samsung): Consider relative angular AoA separations: 30°, 60°, 90°, 120°, 150° and 180°
· Option 3 (Apple): Constrain the possible choices of the OEM declaration to a discrete set of AoA angular separations. 
· Agreements:
· Consider the set of relative angular AoA separations S as {30°, 60°, 90°, 120° and 150°} as the baseline unless the UE RF session requires 180º separation to be tested and the testability of 180º is concluded in testing enhancements SI.
· FFS whether only a subset of angular relationships can be defined for RF testing.
· If the UE declaration approach is adopted, UE should declare AoA separations within the set S

Issue 1-1-4: Additional sources (probes) location
· Proposals
· Option 1 (QC, vivo, R&S, Keysight, Huawei): For an example positioner implemented as a roll motor (azimuth positioner) on a turn-table (elevation positioner), so called combined axes positioner, place the measurement probes in the plane containing the legacy source and perpendicular to the turn-table axis (elevation). For conventional OTA system nomenclature where the elevation axis corresponds to the y axis and the legacy source is in the z direction, place the probes in the xz axis as illustrated in Figure 1.2-1.
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Figure 1.2-1: Example implementation of proposed system
· Option 2: Specify other option if any
· Agreements: 
· Option 1 is agreed.

Issue 1-1-5: Turn-table and Roll motion
· Proposals
· Option 1 (QC): Apply a half rotation  (-90≤≤90), and ensure 180⁰ azimuth motion per scanned hemisphere 
· Option 2 (Keysight): Apply a full rotation in  and apply a half rotation in 
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Figure 1.2-2: Example implementation for Turn-table and Roll-motion (R4-2302520)
· Agreements:
· Option 2 is agreed

Issue 1-1-6: Grids for 3D scan
· Proposals
· Option 1 (QC, Keysight): Use constant step size grid
· Option 2: Specify other option if any
· Agreements:
· Option 1 is agreed

Issue 1-1-7: Blocking by Probes
· Proposals
· Option 1 (Keysight, QC): Consider the repositioning concept with the proposed test system setup for multi-AoA RX testing to reduce the effect of blocking. With 180⁰ azimuth motion per scanned hemisphere, the system becomes rotational symmetric about the azimuth axis and blockage by the positioner mechanism is not a problem.
· Option 2: Specify other option if any
· Agreements:
· Consider the repositioning concept with the proposed test system setup for multi-AoA RX testing to reduce the effect of blocking with the set of relative angular AoA separations S of {30°, 60°, 90°, 120° and 150°} 
· From MU perspective, the baseline is UE repositioning is applied.
· Encourage companies to analyze the MU for the cases with or without UE repositioning.

Issue 1-1-8: Comment on the directionality of the AoA1-AoA2 DL orientation vectors, e.g., whether reciprocity of the TRPs will tolerate the observed directionality
Moderator note: Discussion related to Annex B/Proposal 2 of R4-2302520.
· Proposals
· Option 1 (vivo, QC): Both +/- offset with same value need to be validated for complete verification of UE performance (Need to consider the directionality of the AoA1-AoA2 DL)
· Option 2: Specify other option if any
· Agreements:
· Option 1 is agreed.
· Complementary grid is feasible from testability PoV

Issue 1-1-9: Polarization combinations
· Proposals
· Option 1 (vivo, Apple, Keysight): Limit the polarization combinations for the multi-AoA
· Option 2 (QC): RAN5 to choose which combination(s) of DL polarization per TRP to test for compliance verification
· Agreement
· Option 1 agreed

Issue 1-1-10: Additional test function
· Proposals
· Option 1 (QC, vivo): No need to define the additional test function
· Option 2 (Anritsu): Enhancement of UBF command is not necessary for Rx spherical coverage test under multi-Rx reception condition. For Tx tests, the UBF command need to be enhanced to support the simultaneous control of the antenna panels in the UE regardless with the existence of SSB or CSI-RS #0 in the DL signal. Following functionalities for the enhanced UBF command are FFS.
· Whether to support the independent control of each UE antenna panel
· Maximum number of antenna panels to be controlled.
· Option 3 (Apple): Send an LS to RAN5 requesting feedback on the feasibility to extend test modes such as UBF to help test the 2AoA core requirements being discussed in RAN4.
· Agreement: 
· For DL part, no need to define the additional beam lock test function.

Issue 1-1-11: Test Procedure for Single-DCI Schemes 
· Proposals
· Option 1 (Keysight): The proposed spherical coverage measurement approach for single-DCI scheme is as follows (per grid point):
· Step 1 (Selection of best AoA2.m probe): The Total TP (TTP) for fixed DL power levels applied to AoA1 and each probe AoA2.m (with m = 1, …, M) is determined and the maximum JTP per grid point TTPAoA2,Pn is recorded. Subsequently, the 2nd DL (AoA2) is introduced on the AoA2 probe that yielded the maximum TTPAoA2 before the TJ2AS/J2AS is determined. 
· Step 2 (TJ2AS): Using the best AoA2 probe from step 1, perform a spherical coverage test similar to the legacy spherical coverage test, outlined in Clauses 7.3.4 and K.1.6 of [TS 38.521-2]. Instead of EIS metric, the single-DCI scheme spherical coverage test is based on the Total Joint 2 AoA Sensitivity, discussed in the previous section, TJ2AS.
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[bookmark: _Ref112743364]           Figure 1.2.1-3: Example single-DCI scheme measurement setup with three AoA2 probes. 
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[bookmark: _Ref113608620]Figure 1.2.1-4: Flow diagram of test sequences for single-DCI scheme using parametric approach. 
· Option 2: Specify other option if any
· WF
· RAN4 to further study the test procedure for single-DCI scheme in option 1 if parametric test approach is adopted in RF session.

Issue 1-1-12: Test Procedure for Multi-DCI Schemes
· Proposals
· Option 1(Keysight):  The proposed spherical coverage measurement approach for multi-DCI scheme is as follows (per grid point):
· Step 1 (Selection of best AoA2.m probe): The AoA2 TP for fixed DL power levels applied to AoA1 and each probe AoA2.m (with m = 1, …, M) is determined and the maximum TP per grid point TPAoA2,Pn is recorded. Subsequently, the 2nd DL (AoA2) is introduced from the probe that yielded the maximum TPAoA2 before EISAoA1 is determined. 
· Step 2 (EISAoA1): Using the best AoA2 probe from step 1, perform a spherical coverage test similar to the legacy spherical coverage test, outlined in Clauses 7.3.4 and K.1.6 of [TS 38.521-2]. 
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Figure 1.2.1-5: Example multi-DCI scheme measurement setup with three AoA2 probes
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Figure 1.2.1-6: Flow diagram of test sequences for multi-DCI scheme with parametric test approach

· Option 2: Specify other option if any
· WF
· RAN4 to further study the test procedure for Multi-DCI schemes in option 1 if parametric test approach is adopted in RF session.

Issue 1-1-13: Pass/Fail Test Procedure for Multi-DCI & Single-DCI Schemes
· Proposals
· Option 1(Keysight):  The proposed spherical coverage measurement approach for multi-DCI scheme is as follows (per grid point):
· Step 1 (Apply DL power level to AoA1&AoA2): Apply a fixed DL power level (referenced to center of QZ) to AoA1 that corresponds to the requirement defined in RAN4 WI. Apply the same DL level to the first AoA2 probe AoA2.m (with m = 1 out of M).
· Step 2 (Determine Pass/Fail verdict while sampling other AoA2.m if needed):
· [bookmark: _Hlk127530179]Multi-DCI: for the selected AoA1 & AoA2 combination, determine whether the TP for each AoA passes the min. required TP, i.e., a Pass verdict for the test point is issued if both TPs (TPAoA1 & TPAoA2.m) pass the TP requirement, otherwise, issue a conditional Fail verdict. Continue to the next AoA2.m if a conditional Fail verdict was obtained until a Pass verdict for any AoA2.m (with m = 1 out of M) was reached. Alternatively, if no Pass was recorded for any AoA2.m, issue a Fail verdict for the test point
· Single-DCI: for the selected AoA1 & AoA2 combination, determine whether the joint TP (JTP) passes the min. required TP, i.e., a Pass verdict is issued for the test point if JTPAoA1, AoA2.m passes the TP requirement, otherwise, issue a conditional Fail verdict. Continue to the next AoA2.m if a conditional Fail verdict was obtained until a Pass verdict for any AoA2.m (with m = 1 out of M) was reached. Alternatively, if no Pass was recorded for any AoA1 & AoA2.m combinations, issue a Fail verdict for the test point
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Figure 1.2.1-7: Flow diagram of non-parametric test procedure.
· Option 2: Specify other option if any
· Agreement: 
· Option 1 considered as candidate for further discussion and which also need to be aligned with RF session conclusion. 
Sub-topic 1-2 UE RRM test method
Issue 1-2-1: Measurement setup for RRM testing
· Proposals
· Option 1 (QC, vivo, Huawei, R&S, Keysight): Reuse the same test system design of UE RF testing for UE RRM testing as the starting point. 
· Option 2: TBA
· Agreement:
· Option 1 is agreed

Issue 1-2-2: Test parameters for RRM testing
· Proposals
· Option 1 (QC): RAN4 to investigate on how to control the SINR for multi-DCI scheme.
· Option 2: TBA
· Agreement: 
· RAN4 to investigate on how to control the SINR for multi-DCI scheme including non-overlapping and overlapping cases. 

Issue 1-2-3: Number of probes for RRM testing
· Proposals
· Option 1 (QC, Keysight): The number of probes is FFS depending on the RRM session progress.
· Option 2 (R&S): An OTA Setup 2a based on Enhanced IFF with four reflectors allows a total of 16 relevant combinations of angular separations for 2 Cells, with 2 AoA each cell.
· Option 3: Specify other option if any
· Agreement:
· Option 1 is agreed

Sub-topic 1-3 UE Demodulation test method
Issue 1-3-1: Measurement setup for demodulation testing 
· Proposals
· Option 1 (QC, vivo, R&S, Keysight): Reuse the same test system design of UE RF testing for UE demodulation testing as the starting point. The two AoAs are fixed during the testing.
· Option 2: TBA
· Agreement: 
· Option 1 is agreed

Issue 1-3-2: Test directions for demodulation testing
· Proposals
· Option 1 (QC): The test directions selected should ensure UE passing legacy REFSENSE requirements with XdB degradation per branch in addition to the minimum isolation for all the active branches.
· Option 2 (vivo): RAN4 just define a minimum isolation as criteria, and how to find test directions for 2 AoA demodulation testing is not specified. In this case, UE declaration can be considered.
· WF
· RAN4 to further discuss test directions for demodulation testing.

Topic #2: Test uncertainty assessments
Issue 2-1: Uncertainty assessments
· Proposals
· Option 1 (Huawei): For IFF setup, uncertainty contributions in Table B.19.2-1 of TR 38.903 are baseline for multi-Rx test system and some uncertainty elements need to be reassessed due to two AoAs.
Table B.19.2-1: Uncertainty contributions for EIS measurement from TR 38.903
	UID
	Description of uncertainty contribution
	comments

	Stage 2: DUT measurement

	1
	Positioning misalignment
	Reuse(=0)

	2
	Measure distance uncertainty
	Reuse(=0)

	3
	Quality of Quiet Zone
	Reuse(=0.6)

	4
	Mismatch
	Consider two AoAs

	5
	Standing wave between the DUT and measurement antenna
	Reuse(=0)

	6
	gNB emulator uncertainty
	Reuse(=2.9)

	7
	Phase curvature
	Reuse(=0)

	8
	Amplifier uncertainties
	Consider two AoAs

	9
	Random uncertainty
	Consider two AoAs

	10
	Influence of the XPD
	Consider two AoAs

	11
	Insertion Loss Variation
	Reuse(=0)

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	Reuse(=0)

	13
	Multiple measurement antenna uncertainty
	Consider two AoAs

	14
	DUT repositioning
	Reuse(=0/0.08)

	15
	Influence of spherical coverage grid
	FSS

	Stage 1: Calibration measurement

	16
	Mismatch
	Reuse(=0)

	17
	Amplifier Uncertainties
	Reuse(=0)

	18
	Misalignment of positioning System
	Reuse(=0)

	19
	Uncertainty of the Network Analyzer
	Reuse(=0.73)

	20
	Uncertainty of the absolute gain of the calibration antenna
	Reuse(=0.6)

	21
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	Reuse(=0.01)

	22
	Phase centre offset of calibration antenna
	Reuse(=0)

	23
	Quality of quiet zone for calibration process
	Reuse(=0.4)

	24
	Standing wave between reference calibration antenna and measurement antenna
	Reuse(=0)

	25
	Influence of the calibration antenna feed cable
	Reuse(=0.14)

	26
	Insertion Loss Variation
	Reuse(=0)

	Systematic uncertainties

	27
	Systematic error related to beam peak search
	FSS

	28
	Systematic error related to EIS spherical coverage
	FSS



· Option 2: Specify the option if any
· WF
· RAN4 to further discuss the MU for Multi-Rx test system
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