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Introduction
In RAN4#108, the test methods for FR2 multi-Rx UE were discussed and the WF was approved in [1]. In this meeting, we provide our views on remaining issues of the test method for UE RF.                               
Discussion
Measurement grid
In RAN4#108, RAN4 discussed the measurement grid for the multi-Rx RF testing. The following WF was captured in [1]. 
	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: An example of the change for measurement grid analysis (R4-2312886)
· Option 2: TBA

· 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 the coarseness of the grid and doesn’t depend on the UE random orientations as the legacy approach.
· Encourage companies to provide suggestions for the MU analysis framework and to agree on a framework at next meeting (RAN4#108bis).



In this section, we provide the simulation results with 1deg, 2deg, 5deg, 10deg, 15deg, and 30deg step size. The simulation are following the assumptions agreed in the RF session in [2] with adjacent sides of antenna location. 
From Figure 1 and Figure 2, the results with both Arithmetic mean and OR combining are convergent to the step size of 10deg.  
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Figure 1: Measurement step size convergence with Arithmetic mean combining
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Figure 2: Measurement step size convergence with OR combining

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.

MU analysis framework
The minimum number of measurement grid point for TRP/EIRP/EIS was investigated in TR 38.810 in which a completely random fashion is applied for both  and  dimensions. For multi-Rx, it has already known that measured performance of a UE is expected to systematically vary as a function of position. This systematic variation means that the strategy to completely randomize the orientation of the UE to determine MU does not apply. Moreover, for the measurement grid analysis for multi-Rx, the AoA pairs lie along longitudes of the UE reference coordination system, and the requirements apply only for the UE-declared orientation in the positioner. Therefore, in the WF [1], it was agreed that uncertainty mechanism is limited to the coarseness of the grid and doesn’t depend on the UE random orientations as the legacy approach.
As agreed in [2], the uncertainty assessments for multi-Rx test method should be based on the TR 38.903. For multi-Rx UE RF requirements, the percentage of 2AoA requirement will be specified. Therefore, the new requirements of 2AoA are quite similar as legacy EIS spherical coverage requirements. 
Observation 2: The MU framework for legacy EIS spherical coverage could be the basis for the 2AoA MU analysis.
While the difference between 2AoA requirement and legacy EIS spherical coverage requirement measurement is that DL power is not scanning with a DL power step size in 2AoA measurement. It says in 2AoA measurement, the throughput of UE is measured at a fixed DL power, i.e., legacy EIS spherical coverage power level. As shown in below table which is copied from Table B.19.2-2 of TR 38.903, each MU element is described as dB value that could not totally apply for 2AoA MU analysis. Additionally, as shown in Figure 1 and Figure 2, the difference of probability between candidate measurement grids measurement step size could be evaluated and provided based on the simulations. With that, it is reasonable to use the percentage value as the final metric for the 2AoA UE RF MU analysis. 
Proposal 2: The percentage value could be considered as the final metric for 2AoA UE RF MU analysis.
If we look at the Table B.19.2-2 of TR 38.903, the uncertainty assessment for Stage 1 and Stage 2 can be leveraged for 2AoA measurement since it is related to the wanted absolute power at the QoZ and independent with the number of AoAs.
In order to leverage the MU analysis of EIS spherical coverage, we could consider converting the standard power level MU of EIS measurement to the percentage of 2AoA coverage.
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.


[bookmark: OLE_LINK4]Table B.19.2-2: Uncertainty assessment for EIS measurement (f=23.45GHz, 32.125GHz, 40.8GHz, Quiet Zone size ≤ 30 cm) for PC3 UEs and normal temperature condition
	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 (NOTE 4)
0.08 (NOTE 5)
	Rectangular
	1.73
	0.00 (NOTE 4)
0.05 (NOTE 5)

	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

	
	Systematic uncertainties (NOTE 3)
	Value

	27
	Systematic error related to beam peak search (NOTE 5)
	0.5

	28
	Systematic error related to EIS spherical coverage (NOTE 4)
	DL power step size, 0.2

	Total measurement uncertainty
	Value

	EIS Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	5.36

	EIS Spherical coverage Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	5.07






With above observation, we have the following proposal:
Proposal 3: The MU framework of 2AoA RF testing shown in Table 1 and Table 2 should be adopted. 
Table 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 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.



Conclusions
In this paper, we discuss the test methods for UE RF for multi-Rx UE. The following observations and proposals are made:
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. 
Table 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 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.
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