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1.
Introduction

Based on the WF [1] and previous discussion from the RAN4 #83 to #84, following proposals are made for mmWave measurement uncertainty (MU) values.   


2. 
Proposed values for MU contributions
Based on the previous WF and discussions until the last meeting, we updated tables for measurement uncertainty (MU) values of EIRP/EIS for mmWave. Some noticeable values are colored in red and highlighted in yellow. We usually use VNA at the calibration stage for a calibration of cables and path loss between the measurement antenna and DUT antenna. However there are some benefits if we use a power meter, a signal generator and a gNB emulator from a calibration stage. 
· Some MU contributions can be cancelled by using gNB emulator from a calibration stage.

· An expensive test equipment (VNA) can be omitted and replaced by a power meter from a measurement setup.

Observation 1: There are some benefits if we use a power meter, a signal generator and a gNB emulator from a calibration stage.
Proposal 1: RAN4 agree to introduce two kinds of measurement setups for the EIRP/EIS measurement where VNA, power meter, a signal generator and a gNB emulator can be used at the calibration stage.
Therefore we also provide tables with a case that we use a power meter, a signal generator and a gNB emulator for a comparison. Each list for EIRP and EIS contains all the MU contributions regardless of a case which we use VNA, or a case we use a power meter, a signal generator and gNB emulator. But some are masked if they are not applied.
Table 1. MU values for EIRP using VNA at the calibration stage
	UID
	Description of uncertainty contribution
	Probabilistic Distribution
	Divisor
	“Black box approach” 

	
	
	
	
	Uncertainty value[dB]
	Standard uncertainty
[dB]

	　
	Stage 1: Calibration measurement

	1
	Impedance mismatch (VNA and Reference antenna)
	U-shaped
	1.414
	0.1
	0.071

	2
	Impedance mismatch (VNA and Measurement antenna)
	U-shaped
	1.414
	0.15
	0.106

	3
	Impedance mismatch of signal generator at reference antenna
	U-shaped
	1.414
	0
	0.000

	4
	Mismatch and insertion loss
	U-shaped
	1.414
	0
	0.000

	5
	Quality of quiet zone
	Normal
	1
	[1.3]
	1.300

	6
	Amplifier uncertainties
	Normal
	2
	0
	0.000

	7
	Uncertainty of the Network Analyzer
	Normal
	2
	0.08
	0.040

	8
	Uncertainty of the absolute output level of signal generator 
	Normal
	2
	0
	0.000

	9
	Reference antenna feed cable loss measurement uncertainty
	Rectangular
	1.732
	0
	0.000

	10
	Uncertainty of an absolute gain of the measurement antenna
	Normal
	2
	0
	0.000

	11
	Uncertainty of the absolute level of the measurement receiver
	Normal
	2
	0
	0.000

	12
	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Normal
	2
	1
	0.500

	13
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Misalignment of calibration antenna
	Rectangular
	1.732
	0.3
	0.173

	
	
	Misalignment of measurement antenna
	Rectangular
	1.732
	0.3
	0.173

	
	
	Displacement of cal. antenna
	Rectangular
	1.732
	0.07
	0.040

	14
	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587

	15
	Others( eg. Cable twist )
	Rectangular
	1.732
	0.1
	0.058

	　
	Stage 2: DUT measurement

	16
	Measure distance uncertainty
	Rectangular
	1.732
	0
	0.000

	17
	Quality of quiet zone
	Normal
	1
	1.3
	1.300

	18
	Mismatch of receiver chain (between measurement antenna and measurement receiver)
	U-shaped
	1.414
	1
	0.707

	19
	Absolute antenna gain uncertainty of the measurement antenna
	Normal
	2
	0
	0.000

	20
	Uncertainty of the RF power measurement equipment
	Normal
	2
	2.15
	1.075

	21
	Phase curvature
	U-shaped
	1.414
	0
	0.000

	22
	Offset of DUT phase centre from axis of rotation
	Black box test approach
	U-shaped
	1.414
	2.18
	1.542

	
	
	Displacement of DUT
	Rectangular
	1.732
	0.07
	0.040

	
	
	Misalignment of DUT
	Rectangular
	1.732
	0.3
	0.173

	23
	Amplifier uncertainties
	Normal
	2
	0
	0.000

	24
	Random uncertainty
	Rectangular
	1.732
	0.4
	0.231

	25
	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587

	26
	Implementation margin
	　
	Normal
	1
	1
	1.000

	　
	Total of the uncertainties
	　
	　
	　
	3.085

	　
	Expanded uncertainty(1.96*sigma) [dB]
	　
	　
	　
	6.047


Table 2. MU values for EIRP using SG and gNB emulator at the calibration stage

	UID
	Description of uncertainty contribution
	Probabilistic Distribution
	Divisor
	“Black box approach” 

	
	
	
	
	Uncertainty value[dB]
	Standard uncertainty
[dB]

	　
	Stage 1: Calibration measurement

	1
	Impedance mismatch (VNA and Reference antenna)
	U-shaped
	1.414
	0
	0.000

	2
	Impedance mismatch (VNA and Measurement antenna)
	U-shaped
	1.414
	0
	0.000

	3
	Impedance mismatch of signal generator at reference antenna
	U-shaped
	1.414
	0.62
	0.438

	4
	Mismatch and insertion loss
	U-shaped
	1.414
	0
	0.000

	5
	Quality of quiet zone
	Normal
	1
	[1.3]
	1.300

	6
	Amplifier uncertainties
	Normal
	2
	0
	0.000

	7
	Uncertainty of the Network Analyzer
	Normal
	2
	0
	0.000

	8
	Uncertainty of the absolute output level of signal generator 
	Normal
	2
	0.23
	0.115

	9
	Reference antenna feed cable loss measurement uncertainty
	Rectangular
	1.732
	0
	0.000

	10
	Uncertainty of an absolute gain of the measurement antenna
	Normal
	2
	0
	0.000

	11
	Uncertainty of the absolute level of the measurement receiver
	Normal
	2
	0
	0.000

	12
	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Normal
	2
	1
	0.500

	13
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Misalignment of calibration antenna
	Rectangular
	1.732
	0.3
	0.173

	
	
	Misalignment of measurement antenna
	Rectangular
	1.732
	0.3
	0.173

	
	
	Displacement of cal. antenna
	Rectangular
	1.732
	0.07
	0.040

	14
	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587

	15
	Others( eg. Cable twist )
	Rectangular
	1.732
	0.1
	0.058

	　
	Stage 2: DUT measurement

	16
	Measure distance uncertainty
	Rectangular
	1.732
	0
	0.000

	17
	Quality of quiet zone
	Normal
	1
	1.3
	1.300

	18
	Mismatch of receiver chain (between measurement antenna and measurement receiver)
	U-shaped
	1.414
	0
	0.000

	19
	Absolute antenna gain uncertainty of the measurement antenna
	Normal
	2
	0
	0.000

	20
	Uncertainty of the RF power measurement equipment
	Normal
	2
	1.53
	0.765

	21
	Phase curvature
	U-shaped
	1.414
	0
	0.000

	22
	Offset of DUT phase centre from axis of rotation
	Black box test approach
	U-shaped
	1.414
	2.18
	1.542

	
	
	Displacement of DUT
	Rectangular
	1.732
	0.07
	0.040

	
	
	Misalignment of DUT
	Rectangular
	1.732
	0.3
	0.173

	23
	Amplifier uncertainties
	Normal
	2
	0
	0.000

	24
	Random uncertainty
	Rectangular
	1.732
	0.4
	0.231

	25
	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587

	26
	Implementation margin
	　
	Normal
	1
	1
	1.000

	　
	Total of the uncertainties
	　
	　
	　
	2.939

	　
	Expanded uncertainty(1.96*sigma) [dB]
	　
	　
	　
	5.760


Table 3. MU values for EIS using VNA at the calibration stage

	UID
	Description of uncertainty contribution
	Probabilistic Distribution
	Divisor
	“Black box approach” 

	
	
	
	
	Uncertainty value[dB]
	Standard uncertainty
[dB]

	　
	Stage 1: Calibration measurement

	1
	Mismatch between the transmitting antenna and the network analyzer
	U-shaped
	1.414
	0.15
	0.106

	2
	Mismatch between the reference antenna and the network analyzer
	U-shaped
	1.414
	0.1
	0.071

	3
	Insertion loss of a cable to the reference antenna
	U-shaped
	1.414
	0
	0.000

	4
	Mismatch between measurement (Tx) antenna and gNB emulator
	U-shaped
	1.414
	0
	0.000

	5
	Mismatch between reference antenna and power meter
	U-shaped
	1.414
	0
	0.000

	6
	Quality of quiet zone
	Normal
	1
	[1.3]
	1.300

	7
	Amplifier uncertainties
	Normal
	2
	0
	0.000

	8
	Uncertainty of the Network Analyzer
	Normal
	2
	0.08
	0.040

	9
	Phase curvature
	　
	U-shaped
	1.414
	0
	0.000

	10
	Uncertainty of the absolute output level of gNB emulator 
	Normal
	2
	0
	0.000

	11
	Uncertainty of the absolute level of the power meter
	Normal
	2
	0
	0.000

	12
	Reference antenna feed cable loss measurement uncertainty
	Rectangular
	1.732
	0
	0.000

	13
	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Normal
	2
	1
	0.500

	14
	Uncertainty of an absolute gain of the measurement antenna
	Normal
	2
	0
	0.000

	15
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Misalignment of calibration antenna
	Rectangular
	1.732
	0.3
	0.173

	
	
	Misalignment of measurement antenna
	Rectangular
	1.732
	0.3
	0.173

	
	
	Displacement of cal. antenna
	Rectangular
	1.732
	0.07
	0.040

	16
	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587

	17
	Others( eg. Cable twist )
	Rectangular
	1.732
	0.1
	0.058

	　
	Stage 2: DUT measurement

	18
	Measure distance uncertainty
	Rectangular
	1.732
	0
	0.000

	19
	Quality of quiet zone
	Normal
	1
	1.3
	1.300

	20
	Mismatch between measurement (Tx) antenna and gNB emulator
	U-shaped
	1.414
	1.08
	0.764

	21
	gNB emulator uncertainties (transmitter uncertainty)
	Normal
	2
	2.12
	1.060

	22
	Absolute antenna gain uncertainty of the measurement antenna
	Normal
	2
	0
	0.000

	23
	Phase curvature
	U-shaped
	1.414
	0
	0.000

	24
	Offset of DUT phase centre from axis of rotation
	Black box test approach
	U-shaped
	1.414
	2.18
	1.542

	
	
	Displacement of DUT
	Rectangular
	1.732
	0.07
	0.040

	
	
	Misalignment of DUT
	Rectangular
	1.732
	0.3
	0.173

	25
	Amplifier uncertainties
	Normal
	2
	0
	0.000

	26
	Random uncertainty
	Rectangular
	1.732
	0.4
	0.231

	27
	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587

	28
	Implementation margin
	　
	Normal
	1
	1
	1.000

	　
	Total of the uncertainties
	　
	　
	　
	3.094

	　
	Expanded uncertainty(1.96*sigma) [dB]
	　
	　
	　
	6.064


Table 4. MU values for EIS with a power meter and gNB emulator at the calibration stage

	UID
	Description of uncertainty contribution
	Probabilistic Distribution
	Divisor
	“Black box approach” 

	
	
	
	
	Uncertainty value[dB]
	Standard uncertainty
[dB]

	　
	Stage 1: Calibration measurement

	1
	Mismatch between the measurement (Tx) antenna and the network analyzer
	U-shaped
	1.414
	0
	0.000

	2
	Mismatch between the reference antenna and the network analyzer
	U-shaped
	1.414
	0
	0.000

	3
	Insertion loss of a cable to the reference antenna
	U-shaped
	1.414
	0
	0.000

	4
	Mismatch between measurement (Tx) antenna and gNB emulator
	U-shaped
	1.414
	0
	0.000

	5
	Mismatch between reference antenna and power meter
	U-shaped
	1.414
	0
	0.000

	6
	Quality of quiet zone
	Normal
	1
	[1.3]
	1.300

	7
	Amplifier uncertainties
	Normal
	2
	0
	0.000

	8
	Uncertainty of the Network Analyzer
	Normal
	2
	0
	0.000

	9
	Phase curvature
	　
	U-shaped
	1.414
	0
	0.000

	10
	Uncertainty of the absolute output level of gNB emulator 
	Normal
	2
	0
	0.000

	11
	Uncertainty of the absolute level of the power meter
	Normal
	2
	0.86
	0.430

	12
	Reference antenna feed cable loss measurement uncertainty
	Rectangular
	1.732
	0
	0.000

	13
	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Normal
	2
	1
	0.500

	14
	Uncertainty of an absolute gain of the measurement antenna
	Normal
	2
	0
	0.000

	15
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Misalignment of calibration antenna
	Rectangular
	1.732
	0.3
	0.173

	
	
	Misalignment of measurement antenna
	Rectangular
	1.732
	0.3
	0.173

	
	
	Displacement of cal. antenna
	Rectangular
	1.732
	0.07
	0.040

	16
	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587

	17
	Others( eg. Cable twist )
	Rectangular
	1.732
	0.1
	0.058

	　
	Stage 2: DUT measurement

	18
	Measure distance uncertainty
	Rectangular
	1.732
	0
	0.000

	19
	Quality of quiet zone
	Normal
	1
	1.3
	1.300

	20
	Mismatch between measurement (Tx) antenna and gNB emulator
	U-shaped
	1.414
	0
	0.000

	21
	gNB emulator uncertainties (transmitter uncertainty)
	Normal
	2
	2.12
	1.060

	22
	Absolute antenna gain uncertainty of the measurement antenna
	Normal
	2
	0
	0.000

	23
	Phase curvature
	U-shaped
	1.414
	0
	0.000

	24
	Offset of DUT phase centre from axis of rotation
	Black box test approach
	U-shaped
	1.414
	2.18
	1.542

	
	
	Displacement of DUT
	Rectangular
	1.732
	0.07
	0.040

	
	
	Misalignment of DUT
	Rectangular
	1.732
	0.3
	0.173

	25
	Amplifier uncertainties
	Normal
	2
	0
	0.000

	26
	Random uncertainty
	Rectangular
	1.732
	0.4
	0.231

	27
	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587

	28
	Implementation margin
	　
	Normal
	1
	1
	1.000

	　
	Total of the uncertainties
	　
	　
	　
	3.026

	　
	Expanded uncertainty(1.96*sigma) [dB]
	　
	　
	　
	5.930


By comparing the calculated total MU values, differences in MU values are less than 0.5 dB between cases we use VNA and a case which we use a power meter, a signal generator and a gNB emulator at the calibration stage.
Observation 2: Differences in MU values are less than 0.5 dB between cases we use VNA and a case we use a power meter, a signal generator and a gNB emulator at the calibration stage.

3. 
Supplemental views on MU contributions

  Here we show our current view on some MU contributions after considering comments which were made at the previous meetings. 
Quality of quiet zone

After considering the WF [1] at the RAN4 #84 meeting, in which we agree to use a directional antenna to characterize quiet zone, we changed the value from 2 dB to 1.3 dB.
Quality of quiet zone at the calibration stage
The MU contribution of “Quality of quiet zone” is included in both “Calibration stage” and “DUT measurement stage”.  But it seems reasonable to say that the MU-contribution value of “Quality of quiet zone” can be assumed smaller for “Calibration stage” than for “DUT measurement stage”.  The reason why it seems so is as the following.

At first, for simplicity of discussion, let’s assume that a reference antenna and an AUT have identical characteristics.  At the calibration stage, the reference antenna shall be placed at the center of rotation facing squarely towards the measurement antenna.  Even if there exists the effects of standing waves at the center of rotation, all uncertain contributions including the standing wave effects shall be calibrated at the position of the calibration antenna.

At the beginning of the DUT measurement stage, an AUT, which is here assumed to have the same characteristics as the reference antenna used at the calibration stage, can be placed at the center of rotation facing squarely towards the measurement antenna, which is exactly the same situation as the calibration stage.  This is the situation where the effects of standing waves can be considered to be calibrated and we can say that the MU contribution of “Quality of quiet zone” in the calibration stage is zero.

After the angle between the AUT and the measurement antenna start changing in the DUT measurement stage, the effects of reflection or scattering change and it makes the value of the MU-contribution of “Quality of quiet zone” non-zero.  In other words, the MU value of “Quality of quiet zone” in the DUT measurement stage is non-zero.

Actually, the characteristics of a reference antenna and an AUT is not identical in general cases. The estimation of MU value of “Quality of quiet zone” in the calibration stage could be different depending on the assumption of the difference between the characteristics of an AUT and a measurement antenna.

If we think of the fact that both of an AUT and a measurement antenna are similarly high-directivity antennas, it seems reasonable to understand that the MU of “Quality of quiet zone” is smaller at the calibration stage than at the DUT measurement stage.
Observation 3: If we think of the fact that both of an AUT and a measurement antenna are similarly high-directivity antennas, it seems reasonable to understand that the MU of “Quality of quiet zone” is smaller at the calibration stage than at the DUT measurement stage.
At this moment we keep the value of quality of quiet zone in above tables same at both calibration stage and DUT measurement stage. But for a further study, we put the values at the calibration stage in square brackets.
Proposal 2: RAN4 agree to put the MU value of “Quality of quiet zone” at the calibration stage into square brackets for a further study to characterize it.

Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
  Based on a comment at RAN4 #84 meeting regarding a calibration of antenna, we changed the value from 2 dB to 1 dB.
Offset of DUT phase centre from axis of rotation – Black box test approach
  Based on a comment at RAN4 #84 meeting, we studied a value of this contribution with a case of 15 dBi gain antenna and decided to apply 2.18 dB instead 5.24dB, which was previously derived from directivity of 20 dBi gain antenna.
New MU contribution – Implementation margin
  Considering some differences of total MU values between tables above, and also taking account of a flexibility that we may have when implementing measurement setups such as a positioner and a measurement antenna, an additional 1 dB implementation margin is preferred.
Proposal 3: RAN4 agree to introduce a new contribution of “Implementation margin” for a purpose of flexibility in implementing measurement setups.



4.
Conclusion
Based on the WF [1] and previous discussion between the RAN4 #83 to #84, updated MU values are provided.
We also provided tables to compare total MU values when we use VNA and also a case when we use a power meter, a signal generator and a gNB emulator at the calibration stage.

Also supplemental views on MU contributions are provided.
Observation 1: There are some benefits if we use a power meter, a signal generator and a gNB emulator from a calibration stage.
Proposal 1: RAN4 agree to introduce two kinds of measurement setups for the EIRP/EIS measurement where VNA, power meter, a signal generator and a gNB emulator can be used at the calibration stage.
Observation 2: Differences in MU values are less than 0.5 dB between cases we use VNA and a case we use a power meter, a signal generator and a gNB emulator at the calibration stage.
Observation 3: If we think of the fact that both of an AUT and a measurement antenna are similarly high-directivity antennas, it seems reasonable to understand that the MU of “Quality of quiet zone” is smaller at the calibration stage than at the DUT measurement stage. 
Proposal 2: RAN4 agree to put the MU value of “Quality of quiet zone” at the calibration stage into square brackets for a further study to characterize it.
Proposal 3: RAN4 agree to introduce a new contribution of “Implementation margin” for a purpose of flexibility in implementing measurement setups.
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