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1 Introduction

Detailed MU proposals have been presented in [1-3]. There was inconstancy between the papers in terms of the way of calculating the MU budget. Based on the discussions in the reflector it has been agreed to use RSS of dB value instead of linear. Also, it was discussed to classify MU separately for each of test parameters based on the type of measurement needed.
It is noted that the discussions regarding the type of measurements required for the RF parametric is not finalised yet. Hence, based on the decisions made in the RF session for each of the test parameter, the value of MU will change.

2 Discussion
RF parametric measurements can be classified into three different types:
1. Metrics affected by power measurement uncertainty due to the components in the system
a. 3D averaged metrics

b. Single(spatial) point measurement

2. Metrics NOT affected by power measurement uncertainty due to the components in the system

Although this classification states that there are parameters which are not directly impacted by the MU budget, in corner cases the MU of the overall system can play a crucial role. Hence the list of parameters that are not affected by system MU need to be analysed based on the specifications set in the UE RF working group. Example: EVM measurements at high power levels are not dependant on the power MU, however if EVM needs to be measured at lower power levels or at low EIRP, then the total MU will impact the accuracy of measurements.
The MU tables below are based on the values reported in [1], which assumes the quiet zone (far field criteria) to cover the full dimension of the DUT.  For single point measurements, quiet zone measurement uncertainty is relaxed.
Table 1. MU for Single point Tx measurement metrics

	Contributions
	Uncertainty
	 

	
	Value[dB]
	 

	
	
	 

	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
	0.50
	0.25

	VNA: Measurement uncertainty
	 
	 

	 E.23 VNA: Measurement uncertainty
	0.60
	0.36

	Reference antenna feed cable loss measurement uncertainty
	 
	 

	 E.6.2 Calibration antenna cable
	0.10
	0.01

	Mismatch uncertainty:
	 
	 

	 E.1 Mismatch uncertainty between measurement VNA and the probe antenna
	0.62
	0.38

	Uncertainty of the absolute gain of the calibration antenna
	 
	 

	 E.16 Uncertainty of the gain/efficiency of the calibration antenna
	0.80
	0.64

	Quality of quiet zone
	 
	 

	 E.10 Quality of quiet zone
	0.20
	0.04

	Measurement distance
	 
	 

	 E.9 Measurement distance
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (Reference antenna positioning misalignment)
	0.34
	0.12

	E.9.2 Positioning misalignment
	 
	 

	Amplifier Uncertainty
	 
	 

	Stage 2(Measurement)
	 
	 

	Mismatch in Tx/ Rx chain
	 
	 

	 E.1 Mismatch uncertainty in Tx / Rx chain
	0.00dB
	 

	Positioning misalignment
	 
	 

	 E.3 Insertion loss of the probe antenna cable
	0.50
	0.25

	Uncertainty due to the probe antenna
	 
	 

	  a) Absolute gain of the probe antenna
	0.00dB
	 

	  b) Influence of the cross-polarization discrimination (XPD)
	0.27
	0.07

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

	 E.8 Measurement Receiver: uncertainty of absolute level
	2.50
	6.25

	Measurement distance
	 
	 

	 E.9 Measurement distance
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (positioning misalignment)
	0.50
	0.25

	Quality of quiet zone
	 
	 

	 E.10 Quality of quiet zone
	0.20
	0.04

	Amplifier Uncertainty
	TBD
	 

	Repeatability
	 
	 

	 E.14 Random uncertainty
	0.40
	0.16

	Combined standard uncertainty [dB]
	 
	2.97

	Expanded uncertainty [dB] (Confidence interval of 95%) k=1.96
	 
	5.82

	
	 
	 


Table 2. Table 1. MU for Single point Rx measurement metrics

	Contributions
	Uncertainty
	 

	
	Value[dB]
	 

	
	
	 

	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
	0.50
	0.25

	VNA: Measurement uncertainty
	 
	 

	 E.23 VNA: Measurement uncertainty
	0.60
	0.36

	Reference antenna feed cable loss measurement uncertainty
	 
	 

	 E.6.2 Calibration antenna cable
	0.10
	0.01

	10) Mismatch uncertainty:
	 
	 

	 E.1 Mismatch uncertainty between measurement VNA and the probe antenna
	0.62
	0.38

	16) Uncertainty of the absolute gain of the calibration antenna
	 
	 

	 E.16 Uncertainty of the gain/efficiency of the calibration antenna
	0.80
	0.64

	17) Quality of quiet zone
	 
	 

	 E.10 Quality of quiet zone
	0.20
	0.04

	18) Measurement distance
	 
	 

	 E.9 Measurement distance
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (Reference antenna positioning misalignment)
	0.34
	0.12

	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
	 

	2) Positioning misalignment
	 
	 

	 E.3 Insertion loss of the probe antenna cable
	0.5
	0.25

	4) Uncertainty due to the probe antenna
	 
	 

	  a) Absolute gain of the probe antenna
	0
	 

	  b) Influence of the cross-polarization discrimination (XPD)
	0.27
	0.0729

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

	 E.8 Uncertainty of absolute level
	1.5
	2.25

	6) Measurement distance
	 
	 

	 E.9 Measurement distance
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (positioning misalignment)
	0.50
	0.25

	7) Quality of quiet zone
	 
	 

	 E.10 Quality of quiet zone
	0.20
	0.04

	Amplifier Uncertainty
	TBD
	 

	11) Repeatability
	 
	 

	 E.14 Random uncertainty
	0.40
	0.16

	Combined standard uncertainty [dB]
	 
	2.20

	Expanded uncertainty [dB] (Confidence interval of 95%) k=1.96
	 
	4.30

	
	 
	 


Table 3. Table 1. MU for 3D averaged Tx measurement metrics

	Contributions
	Uncertainty
	 

	
	Value[dB]
	 

	
	
	 

	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
	0.5
	0.25

	VNA: Measurement uncertainty
	 
	 

	 E.23 VNA: Measurement uncertainty
	0.6
	0.36

	Reference antenna feed cable loss measurement uncertainty
	 
	 

	 E.6.2 Calibration antenna cable
	0.1
	0.01

	10) Mismatch uncertainty:
	 
	 

	 E.1 Mismatch uncertainty between measurement VNA and the probe antenna
	0.62
	0.3844

	16) Uncertainty of the absolute gain of the calibration antenna
	 
	 

	 E.16 Uncertainty of the gain/efficiency of the calibration antenna
	1
	1

	17) Quality of quiet zone
	 
	 

	 E.10 Quality of quiet zone
	0.8
	0.64

	18) Measurement distance
	 
	 

	 E.9 Measurement distance
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (Reference antenna positioning misalignment)
	0.34
	0.1156

	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
	 

	2) Positioning misalignment
	 
	 

	 E.3 Insertion loss of the probe antenna cable
	0.5
	0.25

	4) Uncertainty due to the probe antenna
	 
	 

	  a) Absolute gain of the probe antenna
	0
	 

	  b) Influence of the cross-polarization discrimination (XPD)
	0.27
	0.0729

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

	 E.8 Uncertainty of absolute level
	1.5
	2.25

	6) Measurement distance
	 
	 

	 E.9 Measurement distance
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (positioning misalignment)
	0.5
	0.25

	7) Quality of quiet zone
	 
	 

	 E.10 Quality of quiet zone
	0.8
	0.64

	Amplifier Uncertainty
	TBD
	 

	11) Repeatability
	 
	 

	 E.14 Random uncertainty
	0.4
	0.16

	Combined standard uncertainty [dB]
	 
	2.53

	Expanded uncertainty [dB] (Confidence interval of 95%) k=1.96
	 
	4.95

	
	 
	 


Table 4. Table 1. MU for 3D averaged Rx measurement metrics

	Contributions
	Uncertainty
	 

	
	Value[dB]
	 

	
	
	 

	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
	0.50
	0.25

	VNA: Measurement uncertainty
	 
	 

	 E.23 VNA: Measurement uncertainty
	0.60
	0.36

	Reference antenna feed cable loss measurement uncertainty
	 
	 

	 E.6.2 Calibration antenna cable
	0.10
	0.01

	Mismatch uncertainty:
	 
	 

	 E.1 Mismatch uncertainty between measurement VNA and the probe antenna
	0.62
	0.38

	Uncertainty of the absolute gain of the calibration antenna
	 
	 

	 E.16 Uncertainty of the gain/efficiency of the calibration antenna
	1.00
	1.00

	Quality of quiet zone
	 
	 

	 E.10 Quality of quiet zone
	0.80
	0.64

	Measurement distance
	 
	 

	 E.9 Measurement distance
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (Reference antenna positioning misalignment)
	0.34
	0.12

	E.9.2 Positioning misalignment
	 
	 

	Amplifier Uncertainty
	 
	 

	Stage 2(Measurement)
	 
	 

	Mismatch in Tx/ Rx chain
	 
	 

	 E.1 Mismatch uncertainty in Tx / Rx chain
	0.00dB
	 

	Positioning misalignment
	 
	 

	 E.3 Insertion loss of the probe antenna cable
	0.50
	0.25

	Uncertainty due to the probe antenna
	 
	 

	  a) Absolute gain of the probe antenna
	0.00dB
	 

	  b) Influence of the cross-polarization discrimination (XPD)
	0.27
	0.07

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

	 E.8 Measurement Receiver: uncertainty of absolute level
	2.50
	6.25

	Measurement distance
	 
	 

	 E.9 Measurement distance
	 
	 

	 E.9.1 Offset DUT phase center from axis of rotation (positioning misalignment)
	0.50
	0.25

	Quality of quiet zone
	 
	 

	 E.10 Quality of quiet zone
	0.80
	0.64

	Amplifier Uncertainty
	TBD
	 

	Repeatability
	 
	 

	 E.14 Random uncertainty
	0.40
	0.16

	Combined standard uncertainty [dB]
	 
	3.22

	Expanded uncertainty [dB] (Confidence interval of 95%) k=1.96
	 
	6.32

	
	 
	 


3 Conclusion

For metrics that are based on point measurement in the spatial domain, the QZ MU can be reduced. A small number is still retained in the QZ MU to consider the positioner repeatability. For 3D, averaged metrics the MU is higher.
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