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1.
Introduction
In this contribution we discuss on measurement uncertainty (MU) contributions of FR2 Tx/Rx spurious emission tests with in-direct far field (IFF) test system. 
2.
Discussion
 At first since a metric of general spurious emission / Rx spurious emission measurement is TRP, and it is also the absolute power measurement, we assume that we can apply the same MU contributions with MOP (TRP). 

Proposal 1: Apply same MU contributions with MOP (TRP) to general spurious emission /Rx spurious emission test cases. FFS with actual MU values for each item.
From following sub-clauses we show our views to categorize each MU contribution at spurious region such as “Apply the same value as MOP”, “Different from MOP (Need a new value)”, “Negligible”, “Not applicable”, and “FFS” by comparing with each contribution of MOP. For a reference, MU budget table for MOP is extracted at Appendix A. Also the references to decide MU values of MOP can be seen in [1].
2.1
Consideration on each MU contribution 
UID 1: Positioning misalignment
Considering the beam shape of spurious emission (both second harmonic and non-second harmonic), we assume this MU contribution as “Apply the same value as MOP”. Therefore 0 dB is applied.
Related Tdoc R5-190389/R5-190566
UID 2: Measure distance uncertainty

This contribution is “Not applicable” from the viewpoint of an inherent feature of the IFF test system. Therefore 0 dB is applied.
UID 3: Quality of Quiet Zone

This contribution needs new values after the evaluation of QoQZ at frequency points 6 GHz, 12.75 GHz, 66 GHz, and 80 GHz. FFS for applicable values.


	
	

	
	

	
	

	
	

	
	


UID 4: Mismatch 

This contribution needs new values after analyses at frequency points 6 GHz, 12.75 GHz, 66 GHz, and 80 GHz.
As the companion paper [3] shows, following values in Table 2.1-1 for each frequency range are applied.
Table 2.1-1: Mismatch MU for spurious emission (DUT 30 cm)

	Frequency range [GHz]
	Mismatch [dB]

	6 to 12.75
	[1.5]

	12.75 to 23.45
	[1.5]

	40.8 to 66
	[2.3]


UID 5: Standing wave between the DUT and measurement antenna

As the following reference paper shows the analysis at 3 GHz and 30 GHz, we assume this contribution as “Negligible” since a higher frequencies (e.g. 66 GHz, 80 GHz, etc.) result in smaller reflections caused by increased free space path loss.  Therefore 0 dB is applied.
Related Tdoc R4-1815960

UID 6: Uncertainty of the RF power measurement equipment 

This contribution needs new values after analyses at frequency points 6 GHz, 12.75 GHz, 66 GHz, and 80 GHz.

FFS for applicable values.

UID 7: Phase curvature 

This contribution is “Negligible” from the viewpoint of an inherent feature of the IFF test system. Therefore 0 dB is applied.

UID 8: Amplifier uncertainties 

This contribution needs new values after analyses at frequency points 6 GHz, 12.75 GHz, 66 GHz, and 80 GHz.

FFS for applicable values.

UID 9: Random uncertainty 

This contribution needs new values after analyses at frequency points 6 GHz, 12.75 GHz, 66 GHz, and 80 GHz.

FFS for applicable values.
UID 10: Influence of the XPD 

This contribution needs new values after analyses at frequency points / range from 6 GHz to 23.45 GHz, 66 GHz, and 80 GHz.

As the companion paper [6] shows, following values in Table 2.1-2 for each frequency range are applied.
Table 2.1-2: XPD MU for spurious emission

	Frequency range [GHz]
	Mismatch [dB]

	6 to 23.45
	[0.043]

	
	

	40.8 to 66
	TBD


Related Tdoc R5-190864

UID 11: Insertion Loss Variation 

As stated in TR 38.903 [5] B.2.1.11, based on the assumption that same cables are used between the calibration stage and measurement stage, we assume that this MU value can be set to 0 dB.
UID 12: RF leakage (from measurement antenna to the receiver/transmitter) 

Same as the case of MOP, since this contributor can be included in QoQZ MU during the evaluation procedure of QoQZ, 0 dB is applied.
Related Tdoc R5-187226

UID 13: Influence of TRP measurement grid

Same as the case of MOP, number of measurement grid for spurious measurement was determined to satisfy the MU value 0.25 dB. Therefore we assume this MU contribution as “Apply the same value as MOP” and thus 0.25 dB is applied.

Related Tdoc R5-185347  
UID 14: Influence of beam peak search grid

This MU contribution is “Not applicable” since the metric of spurious emission is TRP.
UID 15: Multiple measurement antenna uncertainty

As agreed in the previous discussion paper, we assume this MU contribution as “Apply the same value as MOP”. Therefore 0.15 dB is applied.

Related Tdoc R5-190863
UID 16: DUT repositioning
This contribution needs new values after analyses of a test procedure including the necessity of DUT re-orientation concept. FFS for applicable values.


Related Tdoc R5-190387

UID 17: Mismatch

This MU contribution is combined in “UID 4 Mismatch”. Therefore 0 dB is applied.
UID 18: Amplifier Uncertainties 

This MU contribution is combined in “UID 8: Amplifier uncertainties”. Therefore 0 dB is applied.

UID 19: Misalignment of positioning System 

Same as UID 1. Therefore 0 dB is applied.
Related Tdoc R5-190389

UID 20: Uncertainty of the Network Analyzer 

This contribution needs new values after analyses at frequency points 6 GHz, 12.75 GHz, 66 GHz, and 80 GHz.

As the companion paper [4] shows, following values in Table 2.1-3 for each frequency range are applied.

Table 2.1-3: Network analyzer MU for spurious emission (DUT 30 cm)

	Frequency range [GHz]
	Amplifier uncertainties MU [dB]

	6 to 12.75
	[0.4]

	12.75 to 23.45
	[0.4]

	40.8 to 66
	[0.8]


UID 21: Uncertainty of the absolute gain of the calibration antenna

This contribution needs new values after analyses at frequency points 6 GHz, 12.75 GHz, 66 GHz, and 80 GHz.

FFS for applicable values.

UID 22: Positioning and pointing misalignment between the reference antenna and the measurement antenna 

Considering the beam shape of spurious emission (both second harmonic and non-second harmonic), it should be wider or equal to the in-band beam shape which means the influence of misalignment between the reference antenna and the measurement antenna is less or equal to the MOP case. Therefore we assume this MU contribution as “Apply the same value as MOP” and 0.01 dB is applied.

Related Tdoc R5-190805

UID 23: Phase centre offset of calibration antenna

As shown in the tdoc below, it can be assumed as “Negligible”. Therefore 0 dB is applied.
Related Tdoc R4-1709839

UID 24: Quality of quiet zone for calibration process

This contribution needs new values after the evaluation of QoQZ at frequency points 6 GHz, 12.75 GHz, 66 GHz, and 80 GHz. FFS for applicable values.


	
	

	
	

	
	

	
	

	
	


UID 25: Standing wave between reference calibration antenna and measurement antenna 

Same as UID 5. Therefore 0 dB is applied.

Related Tdoc R4-1815960

UID 26: Influence of the calibration antenna feed cable 

This contribution needs new values after analyses at frequency points 6 GHz, 12.75 GHz, 66 GHz, and 80 GHz.

As the companion paper [7] shows, following values in Table 2.1-4 for each frequency range are applied.
Table 2.1-4: Influence of the calibration antenna feed cable MU for spurious emission
	Frequency range [GHz]
	Influence of the calibration antenna feed cable [dB]

	6 to 50
	[0.14]

	50 to 90
	[0.28]


Related Tdoc R5-190867

UID 27: Insertion Loss Variation
Same as UID 11. Therefore 0 dB is applied.

UID 28: Systematic error due to TRP calculation/quadrature

This contribution needs a new value based on the agreement in the contribution [8]. For simplification of the budget table, apply 0.2 dB to both the constant step size grid and constant density grid test cases.
UID 29: Influence of noise

This contribution needs new values after analyses at frequency points 6 GHz, 12.75 GHz, 66 GHz, and 80 GHz. 

Until we decide the threshold SNR for low PSD test cases (e.g. 6 dB or 10 dB), FFS for applicable values.

UID 30: Systematic error related to beam peak search
This contributor is “Not applicable” since the metric of spurious emission is TRP.
Following Table 2.1-5 shows a summary of the analyses above.
Proposal 2: Capture values in Table 2.1-5 for spurious emission measurement in TR 38.903.
Table 2.1-5: Uncertainty assessment for spurious emission measurement (f=TBD GHz)
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement

	1
	Positioning misalignment 
	0.00
	Normal
	2.00
	0.00

	2
	Measure distance uncertainty
	0.00
	Rectangular
	1.73
	0.00

	3
	Quality of Quiet Zone (NOTE 1, NOTE 9)
	FFS
	Actual
	1.00
	

	4
	Mismatch 
	[1.5]
[2.3] 
(Note 13)
	Actual
	1.00
	[1.5]
[2.3]

	5
	Standing wave between the DUT and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	6
	Uncertainty of the RF power measurement equipment (NOTE 3) 
	FFS
	Normal
	2.00
	

	7
	Phase curvature 
	0.00
	U-shaped
	1.41
	0.00

	8
	Amplifier uncertainties 
	FFS
	Normal
	2.00
	

	9
	Random uncertainty 
	FFS
	Normal
	2.00
	

	10
	Influence of the XPD 
	[0.043] 
(Note 12)
	U-shaped
	1.41
	0.03

	11
	Insertion Loss Variation 
	0.00
	Rectangular
	1.73
	0.00

	12
	RF leakage (from measurement antenna to the receiver/transmitter) 
	0.00
	Actual
	1.00
	0.00

	13
	Influence of TRP measurement grid (NOTE 4)
	0.25
	Actual
	1
	0.25

	14
	Influence of beam peak search grid (NOTE 5)
	N/A
	Actual
	1
	N/A

	15
	Multiple measurement antenna uncertainty (NOTE 10)
	0.15
	Actual
	1
	0.15

	16
	DUT repositioning
	FFS
	Rectangular
	1.73
	

	Stage 1: Calibration measurement

	17
	Mismatch
	0.00
	U-shaped
	1.41
	0.00

	18
	Amplifier Uncertainties 
	0.00
	Normal
	2.00
	0.00

	19
	Misalignment of positioning System 
	0.00
	Normal
	2.00
	0.00

	20
	Uncertainty of the Network Analyzer 
	[0.4]
[0.8]
(Note 14)
	Normal
	2.00
	[0.2]
[0.4]

	21
	Uncertainty of the absolute gain of the calibration antenna
	FFS
	Normal
	2.00
	

	22
	Positioning and pointing misalignment between the reference antenna and the measurement antenna 
	0.01
	Rectangular
	1.73
	0.0

	23
	Phase centre offset of calibration antenna
	0.00
	Rectangular
	1.73
	0.00

	24
	Quality of quiet zone for calibration process (NOTE 1, NOTE 9)
	FFS
	Actual
	1.00
	

	25
	Standing wave between reference calibration antenna and measurement antenna 
	0.00
	U-shaped
	1.41
	0.00

	26
	Influence of the calibration antenna feed cable
	[0.14]
[0.28] 
(Note 11)
	Normal
	2.00
	[0.07]
[0.14]

	27
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	
	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	Value

	
	TRP Expanded uncertainty (TBD GHz < f <= TBD GHz) [dB] (a)
	TBD

	
	Systematic uncertainties (NOTE 6)
	Value

	28
	Systematic error due to TRP calculation/quadrature (NOTE 4) (b)
	[0.20]

	29
	Influence of noise (TBD GHz < f <= TBD GHz) (c)
	TBD

	30
	Systematic error related to beam peak search (NOTE 5) 
	N/A

	Total measurement uncertainty 
	Value

	Total measurement uncertainty (a)+(b)+(c) [dB]
	TBD

	NOTE 1:
The quality of quiet zone is the same for EIRP and TRP.

NOTE 2:
The analysis was done only for the case of operating at max output power, in-band, non-CA.

NOTE 3:
The assessment assumes maximum DUT output power.

NOTE 4:
This contributor shall only be considered for TRP measurements.
NOTE 5:
This contributor shall only be considered for EIRP measurements.

NOTE 6:
In order to obtain the total measurement uncertainty, systematic uncertainties have to be added to the expanded root sum square of the standard deviations of the Stage 1 and Stage 2 contributors.

NOTE 7:
Values extracted from TR 38.810 v2.6.1 in square brackets pending for further analysis.

NOTE 8:
Void.

NOTE 9:
Value based on procedure defined in Annex D.2 of TR 38.810 for Quiet Zone size of 30 cm.

NOTE 10: 
Applies to the system which has a structure of mechanical feed antenna positioning.

NOTE 11: 0.14 dB for frequency up to 50 GHz and 0.24 dB for more than 50GHz to 90 GHz.
NOTE 12: For quiet zone size 30 cm.
NOTE 13: 1.5 dB for frequency from 6 GHz to 23.45 GHz, 2.3 dB from 40.8 GHz to 66 GHz.
NOTE 14: 0.4 dB for frequency from 6 GHz to 23.45 GHz, 0.8 dB from 40.8 GHz to 66 GHz.


2.2
Assumption 
	#1
	Assumption 
	Description

	#2
	Frequency ranges under consideration
	6 GHz to 80 GHz 

	#3
	Size of QZ for IFF
	15 cm or 30 cm

	#5
	Power range for EIRP measurements considered at the conducted reference plane
	N/A

	#6
	Temperature variation impact
	+18 to +28 degrees C or +15 to +25 degrees C

	#7
	UE power class
	Class 2, 3 and 4

	#9
	Characterization for QoQZ for spurious measurements
	FFS




3. Conclusion
In this contribution we discussed on MU contributions of FR2 Tx/Rx spurious emission tests with IIFF test system. 
Proposal 1: Apply same MU contributions with MOP (TRP) to general spurious emission /Rx spurious emission test cases. FFS with actual MU values for each item.

Proposal 2: Capture values in Table 2.1-5 for spurious emission measurement in TR 38.903.
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Appendix A:  
Extract of EIRP and TRP MU budget table for 30 cm DUT IFF system from TR 38.903 v15.2.0
Table B.3.2-3: Uncertainty assessment for EIRP and TRP measurement (f=23.45GHz, 32.125GHz, 40.8GHz, DUT size = 30 cm)

	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement

	1
	Positioning misalignment 
	0.00
	Normal
	2.00
	0.00

	2
	Measure distance uncertainty
	0.00
	Rectangular
	1.73
	0.00

	3
	Quality of Quiet Zone (NOTE 1, NOTE 9)
	0.5
	Actual
	1.00
	0.5

	4
	Mismatch 
	1.30
	Actual
	1.00
	1.30

	5
	Standing wave between the DUT and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	6
	Uncertainty of the RF power measurement equipment (NOTE 3) 
	2.16
	Normal
	2.00
	1.08

	7
	Phase curvature 
	0.00
	U-shaped
	1.41
	0.00

	8
	Amplifier uncertainties 
	2.1
	Normal
	2.00
	1.05

	9
	Random uncertainty 
	0.50
	Normal
	2.00
	0.25

	10
	Influence of the XPD 
	0.01
	U-shaped
	1.41
	0.00

	11
	Insertion Loss Variation 
	0.00
	Rectangular
	1.73
	0.00

	12
	RF leakage (from measurement antenna to the receiver/transmitter) 
	0.00
	Actual
	1.00
	0.00

	13
	Influence of TRP measurement grid (NOTE 4)
	0.25
	Actual
	1
	0.25

	14
	Influence of beam peak search grid (NOTE 5)
	0.0
	Actual
	1
	0.0

	15
	Multiple measurement antenna uncertainty (NOTE 10)
	0.15
	Actual
	1
	0.15

	16
	DUT repositioning
	0.00 (NOTE 4)

0.08 (NOTE 5)
	Rectangular
	1.73
	0.00 (NOTE 4)

0.05 (NOTE 5)

	Stage 1: Calibration measurement

	17
	Mismatch
	0.00
	U-shaped
	1.41
	0.00

	18
	Amplifier Uncertainties 
	0.00
	Normal
	2.00
	0.00

	19
	Misalignment of positioning System 
	0.00
	Normal
	2.00
	0.00

	20
	Uncertainty of the Network Analyzer 
	0.73
	Normal
	2.00
	0.37

	21
	Uncertainty of the absolute gain of the calibration antenna
	0.60
	Normal
	2.00
	0.30

	22
	Positioning and pointing misalignment between the reference antenna and the measurement antenna 
	0.01
	Rectangular
	1.73
	0.0

	23
	Phase centre offset of calibration antenna
	0.00
	Rectangular
	1.73
	0.00

	24
	Quality of quiet zone for calibration process (NOTE 1, NOTE 9)
	0.2
	Actual
	1.00
	0.2

	25
	Standing wave between reference calibration antenna and measurement antenna 
	0.00
	U-shaped
	1.41
	0.00

	26
	Influence of the calibration antenna feed cable 
	0.14
	Normal
	2.00
	0.07

	27
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	
	Systematic uncertainties (NOTE 6)
	Value

	28
	Systematic error due to TRP calculation/quadrature (NOTE 4)
	0.00

	29
	Influence of noise (23.45GHz <= f <= 32.125GHz) (NOTE 11)
	0.1

	29
	Influence of noise (32.125GHz < f <= 40.8GHz)  (NOTE 11)
	0.3

	30
	Systematic error related to beam peak search (NOTE 5)
	0.5

	Total measurement uncertainty 
	Value

	EIRP Expanded uncertainty (23.45GHz <= f <= 32.125GHz) (1.96σ - confidence interval of 95 %) [dB]
	4.79

	EIRP Expanded uncertainty (32.125GHz < f <= 40.8GHz) (1.96σ - confidence interval of 95 %) [dB]
	4.99

	TRP Expanded uncertainty (23.45GHz <= f <= 32.125GHz) (1.96σ - confidence interval of 95 %) [dB]
	4.32

	TRP Expanded uncertainty (32.125GHz < f <= 40.8GHz) (1.96σ - confidence interval of 95 %) [dB]
	4.52

	NOTE 1:
The quality of quiet zone is the same for EIRP and TRP.

NOTE 2:
The analysis was done only for the case of operating at max output power, in-band, non-CA.

NOTE 3:
The assessment assumes maximum DUT output power.

NOTE 4:
This contributor shall only be considered for TRP measurements.
NOTE 5:
This contributor shall only be considered for EIRP measurements.

NOTE 6:
In order to obtain the total measurement uncertainty, systematic uncertainties have to be added to the expanded root sum square of the standard deviations of the Stage 1 and Stage 2 contributors.

NOTE 7:
Values extracted from TR 38.810 v2.6.1 in square brackets pending for further analysis.

NOTE 8:
Void.

NOTE 9:
Value based on procedure defined in Annex D.2 of TR 38.810 for Quiet Zone size of 30 cm.

NOTE 10: 
Applies to the system which has a structure of mechanical feed antenna positioning.
NOTE 11: 
TRP influence of noise value limited for UE transmitting max EIRP ≤ 33 dBm.
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