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1.
Introduction

Based on the latest way forward for NR measurement uncertainty (MU) [1], we introduce our views on an assumption of OTA measurement setup, test procedures and calculation details to derive a common NR MU values. 
Finally we summarize a relationship between each component and measurement uncertainty contributions for calibration / measurement stage. 


2. Discussion
 At the last adhoc meeting in Nagoya, we made a downscope for UE RF MU calculation. Below are extracts from the WF [1]. 

· The group will study the MUs as part of this SI at the highest frequency of the agreed range 2 frequency range, i.e., 43.5GHz (assumed to be the worst cases)
· It is agreed to RSS the standard uncertainties (1-sigma) in dB
· It is agreed to consider only traditional max output power [TRP/EIRP] and REFSENS [TRS/EIS] OTA MUs as part of this SI. 
· The MU assumptions of this SI are based on a smartphone DUT [RAN4 #82bis R4-1704396] with max quiet zone size of 15cm in diameter
 Taking account of the already agreed RF requirements such as minimum output power and maximum input power, we added some components outside of the basic measurement blocks such as amplifier and switch, etc. Note we assume that there exist those kinds of components which support corresponding high power input or some frequency ranges.

 We usually use VNA at the calibration stage for a calibration of cables and path loss between the measurement antenna and reference antenna. However as we showed at the last meeting [2] there are some benefits if we use a power meter, a signal generator and a gNB emulator from a calibration stage. Therefore we would like to show two kinds of block diagrams and calibration / measurement procedures from next section.
2.1 Maximum / Minimum output power measurement 
 In this section 2.1 we propose our view on measurement setup, test procedures, calibration procedure and related measurement uncertainty contributions for maximum / minimum output power measurement.
 As you can see figure 2 below, difference of measurement setup for maximum output power and minimum output power is just a signal path between point C and D. Therefore we will show setups / procedures / MU contributions list for maximum and minimum output power  in the same subsection.
2.1.1 Output power measurement with VNA as calibration equipment
 Following figure 1 to 3 represent test setup of each calibration stage and measurement stage.
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Figure 1. Calibration stage 1 with VNA
Procedure of calibration stage 1
1. Connect cables at point D and F, and carry out a calibration of VNA. In a case if calibration needs to be carried out between point D and E (refer to Figure 2 below), cable loss from point E to F shall be measured and an uncertainty for it shall be also included.
Related measurement uncertainty contributions at calibration stage 1

    None

Figure 2. Calibration stage 2 for output power test case with VNA
Procedure of calibration stage 2
1. Connect cables at point D to SW2 and point F to a reference antenna. Point F can be E depending on the calibration setup. In that case, cable loss measurement uncertainty shall be taken into consideration. 
2. Measure frequency characteristics between point D and F including the path loss. For maximum output power test case, path between SW1 and SW2 is straight (No PA nor LNA.). And a path to go through SW5 and SW6 is for minimum output power test case.
Since the calibration is carried out between point D and F, all the frequency characteristics between D and F including the path loss can be calibrated by VNA. (No need to care about components between point D and F unless we switch a signal path.)   

Related measurement uncertainty contributions at calibration stage 2 are as follows. Here a difference of maximum and minimum output power in table 1 is only the contribution related to an amplifier (UID 16).
Table 1. Related MU contributions for output power at calibration stage 2 with VNA.

	UID1
	Description of uncertainty contribution
	Related components
	Related parameter / factor

	12
	Impedance mismatch
	VNA / Reference antenna
	VSWR

	12
	Impedance mismatch
	SW2 / VNA
	VSWR

	14
	Insertion loss (other than part between point E and F)
	N/A
	Depends on MU of TE to measure insertion loss.

	15
	Quality of quiet zone
	Anechoic Chamber
	

	16
	Amplifier uncertainties (Optional)
	LNA (Depends on a test case.)
	Linearity / Frequency response (Can be neglect?)

	17
	Uncertainty of the Network Analyzer
	VNA
	Directivity / Load match / Source match / Frequency response / Dynamic accuracy

	17
	Reference antenna feed cable loss measurement uncertainty
	Cable between point E and F
	Depends on MU of TE to measure insertion loss.
Depends on the calibration point

	18
	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Reference antenna
	Antenna gain

	19
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Reference antenna / 
Measurement antenna
	Directivity of antenna / Path loss

	
	Influence of the XPD (New)
	Measurement antenna
	XPD

	
	Others( eg. Cable twist ) (New)
	Cable
	Insertion loss


Note 1: UIDs are aligned with the budget sheet in WF [3].

Figure 3. Measurement stage  for output power test case with VNA as calibration equipment
Procedure of measurement stage 

1. Replace the reference antenna by DUT at point A.

2. Connect gNB emulator to SW2 at point D. 

3. Measure the output power from DUT.
Related measurement uncertainty contributions at measurement stage are as follows. Again, a difference of maximum and minimum output power in table 2 is only the contribution related to an amplifier (UID 10).
Table 2. Related MU contributions for output power at measurement stage.

	UID1
	Description of uncertainty contribution
	Related components
	Related parameter / factor

	3
	Quality of quiet zone
	Anechoic Chamber
	

	4
	Mismatch in the Tx and Rx chain
	SW2 / gNB emulator
	VSWR

	6
	Absolute antenna gain uncertainty of the measurement antenna
	Measurement antenna
	Antenna gain (Can be neglected by calibration.)

	7
	Uncertainty of the RF power measurement equipment
	gNB emulator
	Absolute level accuracy / Linearity / Frequency characteristic

	8
	Phase curvature
	N/A
	

	9
	Offset of DUT phase centre from axis of rotation
	DUT / Measurement antenna
	Directivity of antenna / Path loss /Black box approach 

	10
	Amplifier uncertainties (Optional)
	LNA (Depends on a test case.)
	Linearity / Frequency response

	11
	Random uncertainty
	
	Randomness of operation

	12
	Influence of the XPD
	Measurement antenna
	XPD


Note 1: UIDs are aligned with the budget sheet in WF [3].
2.1.2 Output power measurement with power meter, signal generator and gNB emulator as calibration equipment
 Following figure 4 to 6 represent test setup of each calibration stage and measurement stage.

Figure 4. Calibration stage 1 for output power test case with a power meter, a signal generator and gNB emulator.
Procedure of calibration stage 1

1. Connect a power meter to a signal generator at point F and adjust an output power to a defined level. Point F can be E depending on the calibration setup. In that case, cable loss measurement uncertainty shall be taken into consideration.
2. Repeat procedure 1 to calculate each frequency point (if necessary).

Related measurement uncertainty contributions at calibration stage 1 are as follows.

Table 3. Related MU contributions at calibration stage 1 with power meter.

	UID
	Description of uncertainty contribution
	Related components
	Related parameter / factor

	
	Uncertainty of a power meter (New)
(Includes mismatch)
	Power meter
	Accuracy / Linearity / Frequency characteristics /



Figure 5. Calibration stage 2 for output power test case with a power meter, a signal generator and gNB emulator.

Procedure of calibration stage 2

1. Connect a reference antenna to a signal generator at point F.

2. Decide a signal path between point C and D depending on test cases (Maximum or minimum output power.)

3. Measure the defined output power from the signal generator by gNB emulator.

4. Repeat procedure 3 to calculate the path loss at each frequency point (if necessary).

Related measurement uncertainty contributions at calibration stage 2 are as follows.

Table 4. Related MU contributions for output power at calibration stage 2 with signal generator.

	UID1
	Description of uncertainty contribution
	Related components
	Related parameter / factor

	12
	Impedance mismatch
	Signal generator / Reference antenna
	VSWR

	14
	Insertion loss
	N/A
	Depends on MU of TE to measure insertion loss.

	15
	Quality of quiet zone
	Anechoic Chamber
	

	16
	Amplifier uncertainties (Optional)
	LNA (Depends on a test case.)
	Linearity / Frequency response (Can be neglect?)

	17
	Uncertainty of the Network Analyzer
	N/A
	Directivity / Load match / Source match / Frequency response / Dynamic accuracy

	17
	Reference antenna feed cable loss measurement uncertainty
	Cable between point E and F
	Depends on MU of TE to measure insertion loss.
Depends on the calibration point

	18
	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Reference antenna
	Antenna gain

	19
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Reference antenna / 
Measurement antenna
	Directivity of antenna / Path loss

	
	Influence of the XPD (New)
	Measurement antenna
	XPD

	
	Others (eg. Cable twist) (New)
	Cable
	Insertion loss


Note 1: UIDs are aligned with the budget sheet in WF [3].

Figure 6. Measurement stage for output power test case with a power meter, a signal generator and gNB emulator.

Figure 6 is completely same with Figure 3, but a test procedure is a little different since gNB emulator is already used from the calibration stage.
Procedure of measurement stage 

1. Replace the reference antenna by DUT at point A.

2. Measure the output power from DUT.

Related measurement uncertainty contributions at measurement stage are as follows.

Table 5. Related MU contributions for output power at measurement stage.

	UID1
	Description of uncertainty contribution
	Related components
	Related parameter / factor

	3
	Quality of quiet zone
	Anechoic Chamber
	

	4
	Mismatch in the Tx and Rx chain
	N/A
	VSWR

	6
	Absolute antenna gain uncertainty of the measurement antenna
	Measurement antenna
	Antenna gain (Can be neglected by calibration.)

	7
	Uncertainty of the RF power measurement equipment
	gNB emulator
	Linearity/Frequency response

	8
	Phase curvature
	N/A
	

	9
	Offset of DUT phase centre from axis of rotation
	DUT / Measurement antenna
	Directivity of antenna / Path loss /Black box approach 

	10
	Amplifier uncertainties (Optional)
	LNA (Depends on a test cases.)
	Linearity / Frequency response

	11
	Random uncertainty
	
	Randomness of operation

	12
	Influence of the XPD
	Measurement antenna
	XPD


Note 1: UIDs are aligned with the budget sheet in WF [3].
2.2 REFSENS and maximum input power measurement 
In this section 2.2 we propose our view on measurement setup, test procedures, calibration procedure and related measurement uncertainty contributions for REFSENS / Maximum intput power measurement.

2.2.1 REFSENS and maximum input power measurement with VNA as calibration equipment
 A similar story with output power measurement can be applied to the test case for REFSENS and maximum input power. 
 Since a block diagram and a procedure of calibration stages are same with figure 1 and 2, we omit these figures. Only a difference is a signal path, where REFSENS uses a straight path and maximum input power test case uses a path of PA. Therefore related measurement uncertainty contributions at calibration stage 2 can be almost same as table 1, except for PA. While reusing table 1, to align an expression of contribution in the WF [3], UID and description of uncertainty contribution are renamed.
Table 6. Related MU contributions for REFSENS and minimum input power at calibration stage 2 with VNA.

	UID1
	Description of uncertainty contribution
	Related components
	Related parameter / factor

	14
	Mismatch between the reference antenna and the network analyzer
	VNA / Reference antenna
	VSWR

	12
	Mismatch between the transmitting antenna and the network analyzer
	SW2 / VNA
	VSWR

	
	Insertion loss
	N/A
	Depends on MU of TE to measure insertion loss.

	15
	Quality of quiet zone
	Anechoic Chamber
	

	16
	Amplifier uncertainties (Optional)
	PA (Depends on a test case.)
	Linearity / Frequency response (Can be neglect?)

	17
	Uncertainty of the Network Analyzer
	VNA
	Directivity / Load match / Source match / Frequency response / Dynamic accuracy

	
	Reference antenna feed cable loss measurement uncertainty
	Cable between point E and F
	Depends on MU of TE to measure insertion loss.
Depends on the calibration point

	18
	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Reference antenna
	Antenna gain

	19
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Reference antenna / 
Measurement antenna
	Directivity of antenna / Path loss

	
	Influence of the XPD (New)
	Measurement antenna
	XPD

	
	Others (eg. Cable twist) (New)
	Cable
	Insertion loss


Note 1: UIDs are aligned with the budget sheet in WF [3].
Again, measurement setup at measurement stage for REFSENS and maximum input power is almost same with figure 3. Therefore related MU contributions are also the same with table 2 except for PA.
Table 7. Related MU contributions for REFSENS and minimum input power at measurement stage.

	UID1
	Description of uncertainty contribution
	Related components
	Related parameter / factor

	3
	Quality of quiet zone
	Anechoic Chamber
	

	4
	Mismatch in the Tx and Rx chain
	SW2 / gNB emulator
	VSWR

	6
	Absolute antenna gain uncertainty of the measurement antenna
	Measurement antenna
	Antenna gain (Can be neglected by calibration.) 

	5
	gNB emulator uncertainties
	gNB emulator
	Absolute level accuracy / Linearity / Frequency characteristic

	8
	Phase curvature
	N/A
	

	7
	Offset of DUT phase centre from axis of rotation
	DUT / Measurement antenna
	Directivity of antenna / Path loss /Black box approach 

	10
	Amplifier uncertainties (Optional)
	PA (Depends on a test case.)
	Linearity / Frequency response

	11
	Random uncertainty
	
	Randomness of operation

	9
	Influence of the XPD
	Measurement antenna
	XPD


Note 1: UIDs are aligned with the budget sheet in WF [3].
2.2.2 REFSENS and maximum input power measurement with power meter and gNB emulator as calibration equipment 
 This test case gives a little change in a measurement setup at the calibration stage. 

Following figure 7 represents a measurement setup of calibration stage. 

Figure 7. Calibration stage for REFSENS/Maximum input power test case with a power meter and gNB emulator.
Procedure of calibration stage 

1. Connect a power meter to a reference antenna at point F.

2. Decide a signal path between point C and D depending on test cases (REFSENS or maximum input power.)

3. Measure an input power from gNB emulator by PM, and adjust the power of gNB emulator to a desired level.

4. Repeat procedure 3 to calculate the path loss at each frequency point (if necessary).

Related measurement uncertainty contributions at calibration stage are as follows. Contributions are quite similar to table 4. 
Table 8. Related MU contributions for REFSENS and maximum input power at calibration stage with power meter.

	UID1
	Description of uncertainty contribution
	Related components
	Related parameter / factor

	
	Mismatch between a power meter and reference antenna (New)
	Power meter / Reference antenna
	VSWR

	
	Insertion loss
	N/A
	Depends on MU of TE to measure insertion loss.

	15
	Quality of quiet zone
	Anechoic Chamber
	

	16
	Amplifier uncertainties (Optional)
	PA (Depends on a test case.)
	Linearity / Frequency response (Can be neglect?)

	17
	Uncertainty of the Network Analyzer
	N/A
	Directivity / Load match / Source match / Frequency response / Dynamic accuracy

	
	Reference antenna feed cable loss measurement uncertainty
	Cable between point E and F
	Depends on MU of TE to measure insertion loss.
Depends on the calibration point

	18
	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Reference antenna
	Antenna gain

	19
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Reference antenna / 
Measurement antenna
	Directivity of antenna / Path loss

	
	Uncertainty of a power meter (New)
	Power meter
	Absolute level accuracy / Frequency response

	
	Influence of the XPD (New)
	Measurement antenna
	XPD

	
	Others (eg. Cable twist) (New)
	Cable
	Insertion loss


Note 1: UIDs are aligned with the budget sheet in WF [3].
 A measurement setup for measurement stage is almost same with Figure 3 and 6 except for a signal path. Therefore table 5 can be reused except for PA.
Table 9. Related MU contributions for REFSENS and maximum input power at measurement stage.

	UID1
	Description of uncertainty contribution
	Related components
	Related parameter / factor

	3
	Quality of quiet zone
	Anechoic Chamber
	

	4
	Mismatch in the Tx and Rx chain
	N/A
	VSWR

	6
	Absolute antenna gain uncertainty of the measurement antenna
	Measurement antenna
	Antenna gain (Can be neglected by calibration.)

	5
	gNB emulator uncertainties
	gNB emulator
	Linearity / Frequency characteristics

	8
	Phase curvature
	N/A
	

	7
	Offset DUT phase centre from axis of rotation
	DUT / Measurement antenna
	Directivity of antenna / Path loss /Black box approach 

	10
	Amplifier uncertainties (Optional)
	PA (Depends on a test case.)
	Linearity / Frequency response

	11
	Random uncertainty
	
	Randomness of operation

	9
	Influence of the XPD
	Measurement antenna
	XPD


Note 1: UIDs are aligned with the budget sheet in WF [3].


3.
Conclusion
 In this contribution, we introduced our views on an assumption of OTA measurement setup, test procedures and calculation details to derive a common NR MU values.
Proposal 1: RAN4 agree tables and figures in this paper as a baseline to derive NR MU values for MOP, Minimum output power, REFSENS and maximum input power. Parameters for each test component are FFS.
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