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1. Introduction

During RAN4 Ad Hoc 1801, a work plan is proposed [1] for studying alternative testing methodologies for 5G NR UE type of tests at mmWave. 
This contribution provides a full list of uncertainty contributors and MU assessment for an alternative testing methodology such a Compact Antenna Test Range (IFF). 
2.        Uncertainty contributors
In table 1, and 2 the list of uncertainty contributors for a IFF is provided for EIRP/TRP and EIS/TIS type of measurements respectively:
Table 1: IFF Uncertainty contributors for EIRP/TRP measurements
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement
	 

	1
	Positioning misalignment
	B.1.3.3.1

	
	
	

	2
	Quality of Quiet Zone
	B.1.3.3.2

	3
	Standing wave between DUT and measurement antenna
	B.1.3.3.3

	4
	Mismatch
	B.1.3.3.4

	5
	Insertion loss variation of receiver chain
	B.1.3.3.5

	6
	RF leakage (from measurement antenna to receiver)
	B.1.3.3.6

	7
	Uncertainty of the RF power measurement equipment
	B.1.3.3.7

	8
	Amplifier Uncertainties
	B.1.3.3.8

	
	
	

	9
	Random Uncertainty
	B.1.3.3.9

	10
	Influence of the XPD
	B.1.3.3.10

	Stage 1: Calibration measurement

	
	
	

	11
	Mismatch RX chain
	B.1.3.3.4

	12
	Misalignment positioning system
	B.1.3.3.11

	
	
	

	13
	Quality of the Quiet Zone
	B.1.3.3.12

	14
	Amplifier Uncertainties
	B.1.3.3.8

	15
	Uncertainty of network analyzer
	B.1.3.3.13

	16
	Insertion loss variation of receiver chain
	B.1.3.3.5

	17
	Mismatch in the connection of calibration antenna
	B.1.3.3.4

	18
	Uncertainty of the absolute gain of the calibration antenna
	B.1.3.3.14

	
	
	

	19
 
	Influence of the calibration antenna feed cable:  
Flexing cables, adapters, attenuators, connector repeatability
	B.1.3.3.15


	20
	RF leakage (from measurement antenna to receiver)
	B.1.3.3.6

	
	
	

	
	
	

	21
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	B.1.3.3.16

	22
	Standing wave between reference calibration antenna and measurement antenna
	B.1.3.3.17

	
	
	


Table 2: CATR Uncertainty contributors for EIS/TIS measurements

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement
	 

	1
	Positioning misalignment
	B.1.3.3.1

	2
	Quality of Quiet Zone
	B.1.3.3.2

	3
	Standing wave between DUT and measurement antenna
	B.1.3.3.3

	4
	Mismatch of the transmitter chain
	B.1.3.3.4

	5
	gNB uncertainty on absolute level
	B.1.3.3.18

	
	
	

	
	
	

	6
	Insertion loss variation of transmitter chain
	B.1.3.3.5

	7
	RF leakage (from transmitter to measurement antenna)
	B.1.3.3.6

	
	
	

	
	
	

	8
	Influence of XPD
	B.1.3.3.10

	9
	Amplifier Uncertainties
	B.1.3.3.8

	10
	Random Uncertainty
	B.1.3.39

	Stage 1: Calibration measurement

	11
	Mismatch RX chain
	B.1.3.3.4

	12
	Misalignment positioning system
	B.1.3.3.11

	13
	Quality of the Quiet Zone
	B.1.3.3.12

	14
	Amplifier Uncertainties
	B.1.3.38

	15
	Uncertainty of network analyzer
	B.1.3.3.13

	16


	Insertion loss variation of receiver chain

	B.1.3.3.5


	17
	Mismatch in the connection of calibration antenna
	B.1.3.3.4

	18
	Uncertainty of the absolute gain of the calibration antenna
	B.1.3.3.14

	19
 
	Influence of the calibration antenna feed cable:  Flexing cables, adapters, attenuators, connector repeatability
	B.1.3.3.15

	20
	RF leakage (from measurement antenna to receiver)
	B.1.3.3.6

	21
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	B.1.3.3.16

	22
	Standing wave between reference calibration antenna and measurement antenna
	B.1.3.3.17


B.1.3.3.1
Positioning misalignment
See B.1.1.4.1
B.1.3.3.2
Quality of Quiet Zone
See B.1.1.4.2



B.1.3.3.3
Standing wave between DUT and measurement antenna
This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT and measurement antenna. This value can be captured by sliding (lambda/4) the DUT towards the measurement antenna as the standing waves go in and out of phase causing a ripple in measured gain. DUT scattering/interaction can also cause standing wave.
B.1.3.3.4
Mismatch

See B.1.1.4.4











 








	

	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	







B.1.3.3.5
Insertion loss variation 
This uncertainty is the residual uncertainty contribution coming from introducing an antenna at the end of the cable.  If this cable does not change/move between the calibration Stage 1 and the measurement Stage 2, the uncertainty is assumed to be systematic and negligible during the measurement stage. 



B.1.3.3.6
RF leakage (from measurement antenna to receiver/transmitter)
This contribution denotes noise leaking in to connector and cable(s) between measurement antenna and receiving/transmitting equipment. The contribution also includes the noise leakage between the connector and cable(s) between reference antenna and transmitting equipment for the calibration phase.
B.1.3.3.7
 Uncertainty of the RF power measurement equipment
See B.1.1.4.6
B.1.3.3.8
Amplifier Uncertainties
See B.1.1.4.8
B.1.3.3.9
Random uncertainty
See B.1.1.4.9.














B.1.3.3.10
Influence of XPD
See B.1.1.4.10




















B.1.3.3.11
Misalignment positioning system
This contribution originates from uncertainty in sliding position and turn table angle accuracy. If the calibration antenna is aligned to maximum this contribution can be considered negligible and therefore set to zero.
B.1.3.3.12
Quality of the Quiet Zone for Calibration Process











  

During the calibration process the calibration antenna will be placed at the center of the quiet zone.  Therefore, only point P1 from the procedure outlined in B.1.1.4.3 needs to be considered for the quality of the quiet zone validation measurement.

For gain calibrations, the standard uncertainty of the EIRP results obtained following the method outlined in 2.10 shall be used.  For efficiency calibrations, the standard uncertainty of the TRP result obtained following the method outlined in 2.9 shall be used

B.1.3.3.13
Uncertainty of network analyzer
See B.1.1.4.12.
B.1.3.3.14
Uncertainty of the absolute gain of the calibration antenna
See B.1.1.4.14.

B.1.3.3.15
Influence of the calibration antenna feed cable ( Flexing cables, adapters, attenuators, connector repeatability)
During the calibration phase this cable is used to feed the calibration antenna (SGH) and any influence it may have upon the measurements is captured. This is assessed by repeated measurements while flexing the cables and rotary joints. The largest difference between the results is recorded as the uncertainty.




B.1.3.3.16
Positioning and pointing misalignment between the reference antenna and the receiving antenna 
See B.1.1.4.15
B.1.3.3.17
Standing wave between reference calibration antenna and measurement antenna
This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between SGH and measurement antenna. This value can be captured by sliding (lambda/4) the SGH towards the measurement antenna as the standing waves go in and out of phase causing a ripple in measured gain. SGH scattering/interaction can also cause standing wave.













B.1.3.3.18
gNB emulator uncertainty


See B.1.1.4.16.
Table 3: IFF Measurement Uncertainty for EIRP/TRP Measurement
	UID
	Description of uncertainty contribution
	Uncertainty value

24GHz ≦ f  < 52.6GHz
	Distribution of the probability
	Divisor
	Standard Uncertainty

	Stage 2: DUT measurement
	 
	
	
	

	1
	Positioning misalignment
	0.1
	Normal
	2
	0.05

	2
	Quality of Quiet Zone [See Note 1]
	[1.50]
	Actual
	1.00
	[1.50]

	3
	Standing wave between DUT and measurement antenna
	     0

	U-shaped
	1.41
	0

	4
	Mismatch
	[1.3]
	Actual
	1
	[1.3]

	5
	Insertion loss variation of receiver chain
	0.1
	Rectangular
	1.73
	0.06

	6
	RF leakage (from measurement antenna to receiver)
	0.1
	Actual
	1
	0.1

	7
	Uncertainty of the RF power measurement equipment
	[2.16]
	Normal
	2.00
	[1.08]

	8
	Amplifier Uncertainties
	2.00
	Normal
	2.00
	1.00

	9
	Random Uncertainty
	0.4
	Rectangular
	1.73
	0.23

	10
	Influence of the XPD
	0.68
	U-shaped
	1.41
	0.48

	Stage 1: Calibration measurement
	
	
	

	11
	Mismatch RX chain
	0
	U-shaped
	1.41
	0

	12
	Misalignment positioning system
	0
	Normal
	2
	0

	13
	Quality of the Quiet Zone
	[1.5]
	Actual
	1
	[1.5]

	14
	Amplifier Uncertainties
	0
	Normal
	2
	0

	15
	Uncertainty of network analyzer
	0.4
	Normal
	2
	0.2

	16
	Insertion As loss variation of receiver chain
	0
	Rectangular
	1.73
	0

	17
	Mismatch in the connection of calibration antenna
	0.07
	U-shaped
	1.41
	0.05

	18
	Uncertainty of the absolute gain of the calibration antenna
	[1.6]
	Normal
	2
	[0.8]

	19
 
	Influence of the calibration antenna feed cable:  Flexing cables, adapters, attenuators, connector repeatability
	0
	Normal
	2
	0

	20
	RF leakage (from measurement antenna to receiver)
	0.1
	Actual
	1
	0.1

	21
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.1
	Normal
	2
	0.05

	22
	Standing wave between reference calibration antenna and measurement antenna
	0
	U-shaped
	1.41
	0

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6]

	TRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[5.1]

	NOTE 1:
The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is [1dB]; for EIRP [1.5 dB]



	
	
	

	
	
	
	


	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


	


	

	


	


Table 4: IFF Measurement Uncertainty for EIS/TIS Measuremen
	ID
	Description of uncertainty contribution
	Uncertainty value

24GHz ≦ f  < 52.6GHz
	Distribution of the probability
	Divisor
	Standard uncertainty (σ) [dB]



	Stage 2: DUT measurement
	 
	
	
	

	1
	Positioning misalignment
	0.1
	Normal
	2
	0.05

	2
	Quality of Quiet Zone [See Note 1]
	1.50
	Actual
	1.00
	[1.50]

	3
	Standing wave between DUT and measurement antenna
	     0

	U-shaped
	1.41
	0

	4
	Mismatch 
	[1.3]
	Actual
	1.41
	[1.3]

	5
	gNB uncertainty on absolute level
	[3.34]
	Normal
	2
	[1.67]

	6
	Insertion loss variation of transmitter chain
	0.1
	Rectangular
	1.73
	0.08

	7
	RF leakage (from transmitter to measurement antenna)
	0.1
	Actual
	1
	0.1

	8
	Influence of XPD
	0.68
	U-shaped
	1.41
	0.48

	9
	Amplifier Uncertainties
	2.00
	Normal
	2.00
	1.00

	10
	Random Uncertainty
	0.4
	Rectangular
	1.73
	0.23

	Stage 1: Calibration measurement
	
	
	

	11
	Mismatch RX chain
	0
	U-shaped
	1.41
	0

	12
	Misalignment positioning system
	0
	Normal
	2
	0

	13
	Quality of the Quiet Zone
	[1.5]
	Actual
	1
	[1.5]

	14
	Amplifier Uncertainties
	0
	Normal
	2
	0

	15
	Uncertainty of network analyzer
	0.4
	Normal
	2
	0.2

	16
	Insertion loss variation of receiver chain
	0
	Rectangular
	1.73
	0

	17
	Mismatch in the connection of calibration antenna
	0.07
	U-shaped
	1.41
	0.05

	18
	Uncertainty of the absolute gain of the calibration antenna
	[1.6]
	Normal
	2
	[0.8]

	19
 
	Influence of the calibration antenna feed cable:  Flexing cables, adapters, attenuators, connector repeatability
	0
	Normal
	2
	0

	20
	RF leakage (from measurement antenna to receiver)
	0.1
	Actual
	1
	0.1

	21
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.1
	Normal
	2
	0.05

	22
	Standing wave between reference calibration antenna and measurement antenna
	0
	U-shaped
	1.41
	0

	EIS Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.5]

	TIS Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[5.7]

	NOTE 1:
The quality of quiet zone is different for EIS and TIS. For TIS, the standard uncertainty is [1dB]; for EIS is [1.5 dB].



	
	
	

	
	
	
	


	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


	


	

	


	


3.        Conclusions

The list of uncertainty contributors associated with a IFF for both EIRP/TRP and EIS/TIS is provided.
Proposal: We ask to approve the MU format and assessment for EIRP/TRP and EIS/TIS type of measurements in IFF test method.
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