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1. Introduction
In the last meeting, the following framework for MU analysis is agreed as starting point [1]:
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.
	 



In this contribution, we further provide our analysis for X% and Y%.
2. Discussion
2.1 The value of X%
In the RF session, 2 types of method to construct the requirement was agreed, which related whether the AoA offset can be declared by UE [2]. 

Three types of reference UE implementation (two panels on the same side, two panels on the adjacent side and two panels on the opposite side) will be used to determine the core requirement:
· If the AoA offset would be declared by UE
	AoA offset (degrees)
	30
	60
	90
	120
	150

	Reference UE
	same
	same
	adjacent
	opposite
	opposite



· If the AoA offset would be specified in the standard.
	AoA offset (degrees)
	30
	60
	90
	120
	150

	Reference UE
	Min (same, adjacent, opposite)
	Min (same, adjacent, opposite)
	Min (same, adjacent, opposite)
	Min (same, adjacent, opposite)
	Min (same, adjacent, opposite)




In the following MU assessment, the rules above are analyzed respectively. In the simulation, we assume DL power change is △P which satisfy normal distribution N (0, 2.482). The △P is applied to each probe independently, which mean the △P can be different for a pair of AoA. The measurement grid is 15° and the best initial orientation is guaranteed for each case. Due to the time constraints, 1000 times simulations were performed for each case.
One UE declared AoA offset. Both the results of arithmetic mean combining and OR combing are provided.

· AoA offset is declared by UE

The simulation results are show in following figures and summarized in Table I
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Figure 1 Results for AoA offset = 30° when panels in same side
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Figure 2 Results for AoA offset = 60° when panels in same side
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Figure 3 Results for AoA offset = 90° when panels in adjacent side
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Figure 4 Results for AoA offset = 120° when panels in opposite sideprobability without △P = 0.345
probability without △P = 0.182
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Figure 5 Results for AoA offset = 150° when panels in opposite side

Table I X% for 95% confidence interval when AoA offset is decalred  
	AoA offset
	30°
	60°
	90°
	120°
	150°

	OR
	5.0%
	5.3%
	4.1%
	4.9%
	4.5%

	Arithmetic mean
	3.3%
	2.9%
	2.2%
	3.1%
	3.3%



· AoA offset is specified (90°) in the spec

The simulation results are show in following figures and summarized in Table II
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Figure 6 Results for AoA offset = 90° when panels in same side
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Figure 7 Results for AoA offset = 90° when panels in opposite side
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Figure 8 Results for AoA offset = 90° when panels in adjacent side

Table II X% for 95% confidence interval when AoA offset is specified  
	
	AoA offset
	90°

	Panels in same side
	OR
	4.5%

	
	Arithmetic mean
	2.3%

	Panels in oppsite side
	OR
	5.4%

	
	Arithmetic mean
	3.3%

	Panels in adjacent side
	OR
	4.0%

	
	Arithmetic mean
	2.2%



Based on the simulation results, we have following observations:

Observation 1: The X% is similar across different AoA offset when same combining method is used.

Observation 2: The rules of RF requirement construction have small impact on the value of X%.

So, the X% mainly depends on the combing method. Considering leave some margin, we propose:

Proposal 1: For OR combing, take the X% = 6% as starting point, and for arithmetic mean combing, take X% = 4% as starting point.

2.2 The value of Y% 
In previous meeting, the MU of measurement grid is analyzed by several companies and summarized in following tables:

Table III Impact of measurement grid for OR combining
	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%

	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%

	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%

	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%



Table IV Impact of measurement grid for arithmetic mean combining
	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%

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

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

	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%

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

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

	Same side modules


	 
	 
	30
	60
	90
	120
	150
	180

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

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



Using same rules mentioned in previous part, we pick out the maximum performance change across all companies:

Table V maximum Y% when AoA offset is decalred  
	
	AoA offset
	30°
	60°
	90°
	120°
	150°

	10 deg
	OR
	1.25%
	0.24%
	-0.27%
	2.74%
	0.8%

	
	Arithmetic mean
	-1.20%
	0.5%
	1.47%
	0.4%
	-1.5%

	15 deg
	OR
	0.24%
	1.74%
	0.10%
	-3.2%
	-2.8%

	
	Arithmetic mean
	-0.40%
	-0.40%
	-0.70&
	1.3%
	-1.9%




Table VI maximum Y% when when AoA offset is specified  
	
	AoA offset
	90°(10 deg)
	90°(15 deg)

	Panels in same side
	OR
	0.5%
	2.08%

	
	Arithmetic mean
	0.1%
	-0.2%

	Panels in oppsite side
	OR
	0.16%
	-0.72%

	
	Arithmetic mean
	0.1%
	0.5%

	Panels in adjacent side
	OR
	-0.27%
	1.4%

	
	Arithmetic mean
	0.1%
	-0.7%



Based on the results, we observe that:

Observation 3: The difference of overall probability between 10° and 15° is not significant and the performance accuracy of 10° is not always better than 15°.

Observation 4: There is also no obvious trend for performance change when AoA offset increases.  

To easily accommodate different cases, we propose use the maximum performance change as the Y%

Proposal 2: Take the Y% = 3.5% as the starting point.
3. Conclusion
In this contribution, we provide our views on the value of X% and Y% in MU assessment.
Observation 1: The X% is similar across different AoA offset when same combining method is used.

Observation 2: The rules of RF requirement construction have small impact on the value of X%.

Observation 3: The difference of overall probability between 10° and 15° is not significant and the performance accuracy of 10° is not always better than 15°.

Observation 4: There is also no obvious trend for performance change when AoA offset increases.  

Proposal 1: For OR combing, take the X% = 6% as starting point, and for arithmetic mean combing, take X% = 4% as starting point.

Proposal 2: Take the Y% = 3.5% as the starting point.
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Histogram for overall probability with arithmetic mean combining, AoA offset = 60°
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Histogram for overall probability with arithmetic mean combining, AoA offset = 90°
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Histogram for overall probability with OR combining, AoA offset = 120°
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Histogram for overall probability with arithmetic mean combining, AoA offset = 120°
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Histogram for overall probability with arithmetic mean combining, AoA offset
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Histogram for overall probability with arithmetic mean combining, AoA offset = 90°
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Histogram for overall probability with arithmetic mean combining, AoA offset = 90°
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Histogram for overall probability with arithmetic mean combining, AoA offset = 30°
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