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1.
Introduction
This contribution introduces our estimation basis of measurement uncertainty (MU) contributions for FR2 test cases with IFF1 in Priority 1 & 2.
Refer to the companion paper [2] for the actual estimation of total MU values.
Current test cases categorized in Priority 1 & 2 are listed in Table 1-1.

Table 1-1 Priority 1 & 2 test cases
	Test case

	Maximum Output Power (MOP) (EIRP) 

	Maximum Output Power (MOP) (TRP) 

	Reference sensitivity (EIS) 

	Transmit OFF power  

	Frequency error 

	Occupied bandwidth 

	Spectrum emission mask

	Adjacent Channel Leakage Ratio

	General spurious emissions (6 to 80GHz) 

	Spurious emissions for UE co-existence (-50 dBm/ 1 MHz@29.5 GHz)

	Spurious emissions for UE co-existence (-5 dBm/ 100MHz @29.5 GHz)

	Spurious emissions for UE co-existence (-2 dBm/ 100 MHz@40 GHz)

	Spurious emissions for UE co-existence (2 dBm/100 MHz@66 GHz)

	Receiver spurious emissions (6 to 80 GHz) 


Also all the MU contributions (both already agreed or proposed newly) are listed in table 2.1-1. 
Table 2.1-1 MU contributions
	UID
	Uncertainty source
	Remarks

	Stage 2: DUT measurement
	

	1
	Positioning misalignment
	

	2
	Measure distance uncertainty
	

	3
	Quality of Quiet Zone
	

	4
	Mismatch
	

	5
	Standing wave between DUT and measurement antenna
	

	6
	Uncertainty of the RF power measurement equipment
	For Tx

	6
	gNB uncertainty on absolute level
	For Rx

	7
	Phase curvature
	

	8
	Amplifier Uncertainties
	

	9
	Random Uncertainty
	

	10
	Influence of the XPD
	

	11
	Insertion loss variation
	

	12
	RF leakage (from measurement antenna to receiver/transmitter)
	

	13
	Influence of TRP measurement grid
	

	14
	Influence of beam peak search grid
	

	New
	Impact from components in anechoic chamber
	

	New
	Uncertainty of positioner stop-angle accuracy
	

	New
	Influence of the Measurement antenna feed cable:  Flexing cables repeatability
	

	Stage 1: Calibration measurement
	

	15
	Mismatch
	

	16
	Amplifier Uncertainties
	

	17
	Misalignment positioning system
	

	18
	Uncertainty of network analyzer
	

	19
	Uncertainty of the absolute gain of the calibration antenna
	

	20
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	

	21
	Phase centre offset of calibration antenna 
	

	22
	Quality of the Quiet Zone for calibration process
	

	23
	Standing wave between reference calibration antenna and measurement antenna
	

	24
	Influence of the calibration antenna feed cable
	

	New
	Impact from components in anechoic chamber
	

	New
	Uncertainty of the Signal generator calibrated by a Power Sensor
	For  spurious emission only

	New
	RF leakage (from measurement antenna to receiver/transmitter)
	

	Systematic uncertainties
	

	25
	Mean error for constant step size grid
	

	New
	Mean signal level shift due to Meas.Ant directivity and AUT-position uncertainty 
	

	New
	Influence of noise due to low SNR 
	


2.
Basis of estimation
Stage 2: DUT measurement
1. Positioning misalignment


This contribution can be ignored in a case of IFF1.
2. Measure distance uncertainty


This contribution can be ignored in a case of IFF1.
3. Quality of Quiet Zone

Since actual evaluation result of QoQZ for IFF system has not been obtained yet, following estimations were made from combination of other related measurement results.
1) Calculate standard deviation of electric field strength in the QZ of IFF with reflector.
2) Derive only a factor (scattering) of positioner in the DFF chamber using other previous evaluation results.
3) RSS both factors above and estimate the QoQZ of IFF
Looking at worst values for 150 mm DUT and 300 mm DUT size, and also gaps between those DUT sizes, we assume that there are not so big differences. 
In addition to this, when considering a possibility that frequency characteristics might differ depending on the covering frequency range of measurement antennas, we consider that we should have some margin on this  contribution.

Therefore we propose applying the original values agreed in RAN4, 1.5 dB for EIRP and 1.0 dB for TRP for all DUT size and frequencies. 

Table 2-1: QoQZ estimation
	QZ Size: 15 cm
	
	
	
	
	

	Freq (GHz)
	Method
	Phi pol.
	Theta pol.
	Worst
	

	23.45
	EIRP
	0.5
	0.96
	0.96
	

	
	TRP
	0.29
	0.53
	0.53
	

	30.3
	EIRP
	0.68
	1.13
	1.13
	

	
	TRP
	0.41
	0.55
	0.55
	

	36.2
	EIRP
	0.59
	1.02
	1.02
	

	
	TRP
	0.42
	0.68
	0.68
	

	40.8
	EIRP
	0.52
	0.95
	0.95
	

	
	TRP
	0.41
	0.60
	0.60
	

	QZ Size: 30 cm
	
	
	
	
	

	Freq (GHz)
	Method
	Phi pol.
	Theta pol.
	Worst
	Gap b/w 15cm DUT

	23.45
	EIRP
	0.69
	1.03
	1.03
	0.07

	
	TRP
	0.56
	0.65
	0.65
	0.12

	30.3
	EIRP
	0.93
	1.25
	1.25
	0.12

	
	TRP
	0.75
	0.77
	0.77
	0.22

	36.2
	EIRP
	0.8
	1.16
	1.16
	0.14

	
	TRP
	0.68
	0.88
	0.88
	0.2

	40.8
	EIRP
	0.84
	1.15
	1.15
	0.2

	
	TRP
	0.78
	0.89
	0.89
	0.29



Note this factor is not including the influence of other components in the anechoic chamber.
4. Mismatch

Reused the same value from TR 38.810 at the frequency range lower than 60 GHz. 

For measurements with a higher frequency than 60 GHz, we need to consider an additional calibration process with a spectrum analyzer because spectrum analyzer which covers 60 GHz and above is limited. In that case we need to use a mixer, power meter and signal generator to calibrate spectrum analyzer. 
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5. Standing wave between DUT and measurement antenna

This contribution can be ignored by implementation of the test system.
6. Uncertainty of the RF power measurement equipment

Reused the same value from TR 38.810.

6. gNB uncertainty on absolute level

2.7 dB was derived from the internal spec of gNB emulator (MT8000A).
Specs used to derive the value. (RSS of following specs)

Output level accuracy
CW-MOD switching  (Internal spec data)
Uncertainty of compensating linearity error 

Applied test case: REFSENS
7. Phase curvature

This contribution can be ignored in a case of IFF1.

8. Amplifier Uncertainties

Reused the same value from TR 38.810.
9. Random Uncertainty

Reused the same value from TR 38.810.

10. Influence of the XPD

XPD = 20 dB for in-band tests.
XPD = 15 dB for out of band tests.

11. Insertion loss variation

Included 0.4 dB to take the cable for calibration stage into consideration.

Though TR 38.810 is defining 0.1 dB, included 0.4 dB based on the assumption that calibrating the cable loss would be carried out by VNA. (Same as UID 18)
12. RF leakage (from measurement antenna to receiver/transmitter)

Reused the same value from TR 38.810.

13. Influence of TRP measurement grid

Fixed value based on the previously sent LS  [2]
14. Influence of beam peak search grid

Fixed value based on the previously sent LS  [2]
New contributions proposed from Anritsu
Impact from components in anechoic chamber


An influence to the anechoic characteristics due to additional components such as a link antenna for LTE/NR, and DUT positioner in the anechoic chamber should be included in this contribution. Since this contribution is a part of the quality of the quiet zone, this value can be finally included in that value.  Currently, 1 dB is a tentative target.
Uncertainty of positioner stop-angle accuracy


This contribution is additional uncertainty due to the repeatability of positioner. This is negligible at the TRP type test cases. Same value is applied with UID 20.
Influence of the Measurement antenna feed cable:  Flexing cables repeatability

This contribution is a variation of cable loss for the measurement antenna. This factor should be included because we need to carry out a calibration before the OTA measurement and we also need to change antennas repeatedly. (Especially in a case of spurious emission tests.) The value was decided from general cable loss data and a margin taking a dependency of the manufacturer into account. (e.g. https://www.gore.com/resources/data-sheet-gore-phaseflex-microwave-rf-test-assemblies?from=%5B%22product%3A1446%22%2C%22content_type%3A6%22%2C%22language%3Aen%22%5D
Figure 5.)
Stage 1: Calibration measurement
15. Mismatch

Included in the Stage 2: DUT measurement stage.
16. Amplifier Uncertainties

Reused the same value with TR 38.810.
17. Misalignment positioning system

Defined the same value with UID 20 considering a processing accuracy of poly-styrene material.
18. Uncertainty of network analyzer

Reused the same value with TR 38.810.
19. Uncertainty of the absolute gain of the calibration antenna

Reused the same value with TR 38.810.
For only ACLR, it can be defined as 0 because ACLR is a relative value measurement.

20. Positioning and pointing misalignment between the reference antenna and the receiving antenna

This contribution value was derived from evaluation result of actual reference antenna directivity.

Phi direction @Theta= 90 [deg]

	Phi[deg]
	Measlevel[dBm]

	-3
	11.944

	0
	12.3365

	3
	11.95


Theta direction @Phi= 0 [deg]

	Theta[deg]
	Measlevel[dBm]

	87
	11.958

	90
	12.3365

	93
	12.233


Suppose angular accuracy of positioner is +/- 0.5 degree, the worst value was derived as follows.
(12.3365 – 11.944) * 0.5 / 3 = 0.0654 ≃0.07 dB
21. Phase centre offset of calibration antenna 

This contribution can be ignored in a case of IFF1.

22. Quality of the Quiet Zone for calibration process

Tentatively reuse the previous evaluation result of DFF system.
EIRP 1.2 dB. TRP 0.7dB

Note this factor is not including the influence of other components in the anechoic chamber.

23. Standing wave between reference calibration antenna and measurement antenna

This contribution can be ignored by implementation of the test system. 
24. Influence of the calibration antenna feed cable

This contribution can be ignored by implementation of the test system.  
New contributions proposed from Anritsu

Impact from components in anechoic chamber


Same idea with the DUT measurement stage is applied. 1 dB is tentatively assigned.
Uncertainty of the Signal generator calibrated by a Power Sensor


In a case of the measurement with a high frequency (such as 60 GHz or more), signal generator must be calibrated by the power sensor because 
RF leakage (from measurement antenna to receiver/transmitter)

Missed when copying the contribution from TR 38.810 to TR 38.903? 
Systematic uncertainties
25. Mean error for constant step size grid 
Fixed value derived from the simulation of measurement uncertainty. Though it was described as 0.34 dB in the previous LS [2], it turned out the value is actually 0.02 dB and it is negligible.
New contributions proposed from Anritsu

Mean signal level shift due to Meas.Ant directivity and AUT-position uncertainty 


As introduced the issue in [3], current MU budget is overlooking this factor and it should be taken into account. Based on the data which are used to derive QoQZ (UID 3), offset value can be estimated as follows.

Though it seems that this factor has a dependency on a frequency, we assume that this can vary depending on the combination of measurement antenna and reflector (i.e. implementation dependent).  Therefore we applied the full offset values to the latest budget, 0.30 dB for 15 cm DUT and 1.0 dB for 30 cm DUT.
Table 2-2 Mean signal level shift

	QZ Size: 15 cm
	
	
	

	Freq (GHz)
	Phi pol. Offset
	Theta pol. Offset
	Worst

	23.45
	0.12
	0.14
	0.14

	30.3
	-0.28
	0.03
	-0.28

	36.2
	-0.18
	-0.07
	-0.18

	40.8
	-0.04
	-0.09
	-0.09

	
	
	
	

	QZ Size: 30 cm
	
	
	

	Freq (GHz)
	Phi pol. Offset
	Theta pol. Offset
	Worst

	23.45
	0.29
	0.2
	0.29

	30.3
	-0.23
	-0.06
	-0.23

	36.2
	-0.75
	-0.6
	-0.75

	40.8
	-1.01
	-0.88
	-1.01


Influence of noise due to low SNR 
This contribution is a part of the uncertainty of the measurement equipment. Especially low PSD TCs should include this factor and can be calculated by the following equation.  


Influence of noise due to low SNR = 10 log (1+10^(-SNR)/10)
This additional MU values can also be assumed as the systematic uncertainty and can be treated same as UID 25.
3. Differences in DUT size 30 cm and 15 cm
For IFF test system which is optimized for 30 cm DUT size, we assume that the related MU contribution to the size of DUT is only the quality of quiet zone since the measurement distance does not differ between the case for 30 cm DUT size and 15 cm with this system. 
 Considering the estimation of QoQZ above, we propose that we apply same values between 30 cm and 15 cm DUT in UID 3 and UID 22. 
And a difference of MU values exists only with the factor which we proposed above “Mean signal level shift due to Meas.Ant directivity and AUT-position uncertainty”.  


4. Conclusion
We introduced estimation basis of MU values for FR2 test cases with IFF1 test system. 
For actual estimation of total MU values of Priority 1&2 test cases, refer to the companion paper [1].
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