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Introduction
In RAN4#108bis, MU assessment for FR2 multi-Rx UE was discussed in [1] and the baseline of preliminary MU was agreed in [2]. In this paper, we will further discuss the MU assessment for multi-Rx UE RF, RRM and Demodulation testing.                 
Discussion
MU assessment for multi-Rx UE RF testing
[bookmark: OLE_LINK4][bookmark: _Hlk149957958]The following MU framework of total uncertainty assessment was agreed to adopt for multi-Rx UE RF testing.
Table 2.1-1: 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.



The simulation results with different DL power selectivity were provided in Figure 2.1-1, Figure 2.1-2,  Figure 2.1-3, and Figure 2.1-4.  
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Figure 2.1-1: Arithmetic mean combining for downlink power sensitive, adjacent modules
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Figure 2.1-2: OR combining for downlink power sensitive, adjacent modules
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Figure 2.1-3 Arithmetic mean combining for downlink power sensitive, Opposite modules
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Figure 2.1-4: OR combining for downlink power sensitive, Opposite modules
From the simulation results, we have the following proposals:
Proposal 1: The measurement uncertainty of wanted DL signal absolute power X% should be derived based on gap of percentage between normalized DL power, i.e., legacy EIS spherical coverage power level and uncertainty of wanted DL signal absolute power, e.g., 4.92dB (shown in Table 2.1-2). For example, for Arithmetic mean combining with adjacent modules, AoA offset=120deg, X%=9.3%. 
Proposal 2: The uncertainty related to measurement grid should be derived based on the gap of percentage between reference step size, e.g., 1deg and actual step size of measurement grid, e.g., 10deg. For example, for Arithmetic mean combining with adjacent modules, AoA offset=120deg, Y% = 1.1%
In addition to considering the impact of 2AoA on the quiet zone quality, the uncertainty assessment for multi-Rx UE RF testing can be updated as Table 2.1-2. 
Proposal 3: Uncertainty assessment for multi-Rx UE RF testing in Table 2.1-2/3 is adopted for IFF measurement setup.
Table 2.1-2: 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
	[0.76]

	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]
	[4.9286]



Table 2.1-3: Total uncertainty assessment for 2AoA coverage measurement with IFF
	Measurement uncertainty
	Value

	Wanted DL signal absolute power (1.96σ - confidence interval of 95 %) [%]
	[9.3]X%

	Uncertainty related to measurement grid
	[1.1]Y%

	Total Measurement uncertainty
	Value

	[2AoA spherical coverage] expanded uncertainty (1.96σ - confidence interval of 95 %) [%]
	X+Y[10.4]%

	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.



 MU assessment for multi-Rx UE RRM testing
Similar observation as multi-Rx UE RF testing, the uncertainty budget of legacy RRM can be updated as Table 2.2-1 to consider the impact of 2AoA on the Quality of Quiet Zone.
Proposal 4: The MU assessment of 2AoA UE RRM testing shown in Table 2.2-1 should be adopted for IFF measurement setup.

Table 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
	[0.76]

	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]
	[5.2519]

	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







Conclusions
In this paper, we discuss the MU for the multi-Rx UE testing. The following observation and proposals are made:
Proposal 1: The measurement uncertainty of wanted DL signal absolute power X% should be derived based on gap of percentage between normalized DL power, i.e., legacy EIS spherical coverage power level and uncertainty of wanted DL signal absolute power, e.g., 4.92dB (shown in Table 2.1-2). For example, for Arithmetic mean combining with adjacent modules, AoA offset=120deg, X%=9.3%. 
Proposal 2: The uncertainty related to measurement grid should be derived based on the gap of percentage between reference step size, e.g., 1deg and actual step size of measurement grid, e.g., 10deg. For example, for Arithmetic mean combining with adjacent modules, AoA offset=120deg, Y% = 1.1%
Proposal 3: Uncertainty assessment for multi-Rx UE RF testing in Table 2.1-2/3 is adopted for IFF measurement setup.
Proposal 4: The MU assessment of 2AoA UE RRM testing shown in Table 2.2-1 should be adopted for IFF measurement setup.
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Arithemetic mean combining convergence
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+1 dB
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X 120
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OR combining convergence
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+1 dB
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-1 dB

-2 dB
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+1 dB

Nom.

-1 dB

-2 dB
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-4.9dB

X 150

Y 54.1

X 150

Y 36.1
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Y 16.6
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OR combining convergence

4.9 dB

+3dB

+2 dB

+1 dB

Nom.

-1 dB

-2 dB
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-4.9dB

X 150

Y 66.1
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