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1 Introduction

Based on the proposal in [1] and the MU WF [2] from the RAN4 NR Ad hoc #2 the following proposal are made for MU element values. 
2 Proposed values for MU elements
Table 1. Tx MU elements

	Estimation of Measurement Uncertainty (EIRP): Condition 1 – Antenna position in DUT is unknown but QZ size covers the full DUT
	
	
	
	
	

	 
	
	
	
	
	

	Contributions
	
	Uncertainty
	Probabilistic
	Divisor
	Standard

	
	
	Value[dB]
	Distribution
	
	Uncertainty

	
	
	Keysight Proposed
	 
	
	Keysight 1σ[%]

	Stage 1(Calibration)
	
	 
	 
	 
	 

	Uncertainty from impedance mismatch between the VNA and the calibration antenna
	
	
	 
	 
	 

	 E.1 Mismatch uncertainty between the VNA and the probe antenna
	12.20
	0.50
	U-shaped
	1.41
	8.63%

	VNA: Measurement uncertainty
	
	
	 
	 
	 

	 E.23 VNA: Measurement uncertainty
	14.82
	0.60
	Gaussian
	2.00
	7.41%

	Reference antenna feed cable loss measurement uncertainty
	
	
	
	
	

	 E.6.2 Calibration antenna cable
	2.33
	0.10
	Rectangular
	1.73
	1.34%

	Mismatch uncertainty:
	
	
	 
	 
	 

	 E.1 Mismatch uncertainty between measurement VNA and the probe antenna
	15.35
	0.62
	U-Shape
	1.41
	10.85%

	Uncertainty of the absolute gain of the calibration antenna
	
	
	 
	 
	 

	 E.16 Uncertainty of the gain/efficiency of the calibration antenna
	25.89
	1.00
	Gaussian
	2.00
	12.95%

	Quality of quiet zone
	
	
	 
	 
	 

	 E.10 Quality of quiet zone
	20.23
	0.80
	Gaussian
	1.00
	20.23%

	Measurement distance
	
	
	 
	 
	 

	 E.9 Measurement distance
	
	
	 
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (Reference antenna positioning misalignment)
	8.14
	0.34
	Rectangular
	1.73
	4.70%

	E.9.2 Positioning misalignment
	
	
	 
	 
	 

	Amplifier Uncertainty
	 
	 
	 
	 
	 

	Stage 2(Measurement)
	 
	 
	 
	 
	 

	Mismatch in Tx/ Rx chain
	
	
	 
	 
	 

	 E.1 Mismatch uncertainty in Tx / Rx chain
	0.00
	0.00dB
	U-shaped
	1.41
	0.00%

	Positioning misalignment
	
	
	 
	 
	 

	 E.3 Insertion loss of the probe antenna cable
	12.20
	0.50
	Rectangular
	1.73
	7.04%

	Uncertainty due to the probe antenna
	
	
	 
	 
	 

	  a) Absolute gain of the probe antenna
	0.00
	0.00dB
	Normal
	2.00
	0.00%

	  b) Influence of the cross polarization discrimination (XPD)
	6.41
	0.27
	Rectangular
	1.73
	3.70%

	Measurement Receiver: uncertainty of the absolute level (gNB emulator uncertainties)
	
	
	 
	 
	 

	 E.8 Measurement Receiver: uncertainty of absolute level
	77.83
	2.50
	Gaussian
	2.00
	38.91%

	Measurement distance
	
	
	 
	 
	 

	 E.9 Measurement distance
	
	
	 
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (positioning misalignment)
	12.20
	0.50
	Rectangular
	1.73
	7.04%

	Quality of quiet zone
	
	
	 
	 
	 

	 E.10 Quality of quiet zone
	20.23
	0.80
	Gaussian
	1.00
	20.23%

	Amplifier Uncertainty
	
	TBD
	 
	 
	 

	Repeatability
	
	
	 
	 
	 

	 E.14 Random uncertainty
	9.65
	0.40
	Rectangular
	1.73
	5.57%

	Combined standard uncertainty [%]
	
	
	 
	 
	121.91%

	Expanded uncertainty [%] (Confidence interval of 95%) k=1.96
	
	
	 
	 
	238.94%

	Expanded uncertainty [dB] (Confidence interval of 95%) k=1.96
	 
	 
	 
	 
	5.30


Table 2. Rx MU elements

	Estimation of Measurement Uncertainty (EIS): Condition 1 – Antenna position in DUT is unknown but QZ size covers the full DUT
	
	
	
	
	

	 
	
	
	
	
	

	Contributions
	
	Uncertainty
	Probabilistic
	Divisor
	Standard

	
	
	Value[dB]
	Distribution
	
	Uncertainty

	
	
	Keysight Proposed
	 
	
	Keysight 1σ[%]

	Stage 1(Calibration)
	
	 
	 
	 
	 

	Uncertainty from impedance mismatch between the VNA and the calibration antenna
	
	
	 
	 
	 

	 E.1 Mismatch uncertainty between the VNA and the probe antenna
	12.20
	0.5
	U-shaped
	1.41
	8.63%

	VNA: Measurement uncertainty
	
	
	 
	 
	 

	 E.23 VNA: Measurement uncertainty
	14.82
	0.6
	Gaussian
	2.00
	7.41%

	Reference antenna feed cable loss measurement uncertainty
	
	
	
	
	

	 E.6.2 Calibration antenna cable
	2.33
	0.1
	Rectangular
	1.73
	1.34%

	10) Mismatch uncertainty:
	
	
	 
	 
	 

	 E.1 Mismatch uncertainty between measurement VNA and the probe antenna
	15.35
	0.62
	U-Shape
	1.41
	10.85%

	16) Uncertainty of the absolute gain of the calibration antenna
	
	
	 
	 
	 

	 E.16 Uncertainty of the gain/efficiency of the calibration antenna
	25.89
	1
	Gaussian
	2.00
	12.95%

	17) Quality of quiet zone
	
	
	 
	 
	 

	 E.10 Quality of quiet zone
	20.23
	0.8
	Gaussian
	1.00
	20.23%

	18) Measurement distance
	
	
	 
	 
	 

	 E.9 Measurement distance
	
	
	 
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (Reference antenna positioning misalignment)
	8.14
	0.34
	Rectangular
	1.73
	4.70%

	E.9.2 Positioning misalignment
	
	
	 
	 
	 

	Amplifier Uncertainty
	 
	 
	 
	 
	 

	Stage 2(Measurement)
	 
	 
	 
	 
	 

	1) Mismatch in Tx/ Rx chain
	
	
	 
	 
	 

	 E.1 Mismatch uncertainty in Tx / Rx chain
	0.00
	0
	U-shaped
	1.41
	0.00%

	2) Positioning misalignment
	
	
	 
	 
	 

	 E.3 Insertion loss of the probe antenna cable
	12.20
	0.5
	Rectangular
	1.73
	7.04%

	4) Uncertainty due to the probe antenna
	
	
	 
	 
	 

	  a) Absolute gain of the probe antenna
	0.00
	0
	Normal
	2.00
	0.00%

	  b) Influence of the cross polarization discrimination (XPD)
	6.41
	0.27
	Rectangular
	1.73
	3.70%

	5) Measurement Receiver: uncertainty of the absolute level (gNB emulator uncertainties)
	
	
	 
	 
	 

	 E.8 Uncertainty of absolute level
	41.25
	1.5
	Gaussian
	2.00
	20.63%

	6) Measurement distance
	
	
	 
	 
	 

	 E.9 Measurement distance
	
	
	 
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (positioning misalignment)
	12.20
	0.5
	Rectangular
	1.73
	7.04%

	7) Quality of quiet zone
	
	
	 
	 
	 

	 E.10 Quality of quiet zone
	20.23
	0.8
	Gaussian
	1.00
	20.23%

	Amplifier Uncertainty
	
	TBD
	 
	 
	 

	11) Repeatability
	
	
	 
	 
	 

	 E.14 Random uncertainty
	9.65
	0.4
	Rectangular
	1.73
	5.57%

	Combined standard uncertainty [%]
	
	
	 
	 
	114.16%

	Expanded uncertainty [%] (Confidence interval of 95%) k=1.96
	
	
	 
	 
	223.75%

	Expanded uncertainty [dB] (Confidence interval of 95%) k=1.96
	 
	 
	 
	 
	5.10


With reference to the analysis provided in [2]:
Quality of the quiet zone 2 dB (includes allowance for unknown positioner effects)

· (Affects both calibration and measurement stages)
· QZ characterization must be done with the same positioner as the one that will be used for making measurements.

· Use 0.8 dB
Calibration antenna gain uncertainty 2 dB

· This assumes not using the best calibration services
· Use 1 dB
Signal generator level accuracy 1.5 dB
Measurement receiver accuracy 1.5 dB

· It is usual to calibrate with a VNA so assume 0.5 dB
Uncertainty in the position of the DUT antennas 5.24 dB or 0.31 dB

· Impact of unknown antenna positon depends on device size and nominal range length
· This is an unacceptable error so eliminate this by using range length based on antenna separation (may be impractical due to DUT size) [3]
XPD of measurement antenna 0.83 dB (assuming 20 dB XPD)

· Use 30 dB XPD is reasonable giving MU of 0.27 dB
Measurement receiver error 2.14 dB

· Use 2.5 dB for now from previous assumptions
Amplifier impact still not assessed

· (Affects calibration and measurement stages)
· In order to extend the operating range amplifiers may be necessary
3 Conclusion

The above analysis is provided towards the agreement of MU element values.
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