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Agreements for test method for UE RF
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.
· Agreement:
· Take the 10deg and 15deg as the starting point of step size for measurement grid.
· Encourage companies to evaluate the worst case antenna configuration of 6x2 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]

	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
· Agreement:
· Proposal 1 is agreed as the baseline of the Multi-Rx UE RF testing MU framework. Assume the values in the table to be in [] which 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.
· Agreement:
· MU is derived at candidate declared AoA offsets and UE orientations with the biggest delta compared to the 1deg step size.
· MU derived at standardized single AoA offset is not precluded depending on RF session agreement
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.
· Agreement
· The test procedure should follow the assumptions for the simulation which did not consider the connection sequence. Further updates can be made to capture the progress in RF requirements.

(New) Issue 1-3-1: UE orientations/alignment options for multi-Rx RF testing:
· Agreement
· Further discussions are needed in next meeting:
· On the definition of UE orientation/alignment options for multi-RX RF testing. 
· Based on the decisions in RF core requirements session, the 9 orientations in J.3.X of TS 38.101-2 need to be considered as starting orientation for testing.
· Further study whether the re-positioning concept must be adapted for multi-RX
· The position of AoA1 with respect to the coordinate system in the starting orientation (theta=0, phi=0) can be further studied


Agreements for test method for UE RRM
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
· Agreement:
· Proposal 1 is agreed for facilitating the measurement setup discussion for multi-Rx RRM testing

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.
· Agreement:
· The measurement setup shown in below figure is the baseline for Category 1 scenario RRM testing. 
· This completes Category 1 scenario RRM testing.




Issue 2-1-3: Measurement setup for Category 2 scenario (Dual TCI switching)
Note: The measurement setup of three options in Issue 2-1-3 of WF R4-2313888 are shown below.
	· Proposals: Study the testability of following options as the measurement setup for Category 2
· Option 1: 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
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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 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: A diagram of a telephone connection
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· Agreement
· Option 3/3a are deprioritized.
· Further study the testability of option 1 and option 2. 
· Capture all the candidate options into TR38.871 and list the pros and cons.

Agreements for test method for UE Demodulation
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.
· Agreement:
· RAN4 to adopt X = [3] as the allowable degradation from legacy REFSENS requirements for Multi-Rx demodulation test directions selection.
Issue 3-2-1: Assumptions for minimum isolation simulation
· Agreement:
· The following assumptions are adopted for simulation of minimum isolation requirements.
· For the reference required SNR, the following assumptions could be considered:
· Assume α = 0, β = 0, and =γ = [-100, -15, -12]dB emulating by channel emulator
· 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, required SNR from the testing is obtained by the simulations with considering the additional crosstalk from both two TRPs/AoAs and two polarizations introduced by TE. The candidate isolations from TE is within the range of [-8dB, 20dB]
· Compare the offset between reference required SNR and required SNR from testing.
Agreements for MU assessment
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
· Agreements
· Agree Proposal 1 as the baseline in square brackets

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
· Agreement
· Agree Proposal 1 as the baseline in square brackets


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
· Agreement:
· Agree Proposal 1 as the baseline in square brackets
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