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1.
Introduction

During RAN4#78, discussion on uncertainty budget values have been presented for the compact antenna test range (CATR) test method for both EIRP and EIS.  This contribution is a text proposal for TR 37.842 to add a full uncertainty assessment for EIS.  
2.
Discussion

This text proposal is a full uncertainty budget for CATR.  These values are proposed based upon current test equipment specifications and uncertainties.  During RAN4#78bis a WF [1] was agreed to look to harmonize several common uncertainty contribution factors from all the currently proposed test methods.  

However, as other contributions [2,3] will address points in more detail, this overall uncertainty budget as shown in the text proposal is Ericsson’s current view.  Further details regarding applicability for existing frequency bands defined in MSR can be read in [4].  However, as a reminder the purpose of the uncertainty budget is to guide the decision making within RAN4 to determine the overall acceptable test tolerance for the particular requirement in question.  So, even though some values may increase/decrease with the change in frequency (f <3 GHz, f is between 3 - 4.2 GHz) the overall expanded uncertainty should remain consistent.  
As RAN4 converges on the items outlined in the WF [1] the following text proposal is our view of an uncertainty budget assessment for CATR test method.  The final expanded uncertainty (2σ - confidence interval of 95%) can be determined from the proposed values as 1.04 dB.  This final value was arrived at by using the outlined method suggested in [5].  

Additionally an attempt to match the proposed the uncertainty budget with the format proposed in Section 10.3.2.1.2.3 the following table corresponds with the same UID.  Some of the contributions listed in the uncertainty budget format under Section 10.3.2.1.2.3 have been separated into separate components in order to illustrate the individual contribution rather than the sum of two contributions.  By using this approach the uncertainty providing the greater impact to the overall uncertainty budget can be shown.
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10.3.2.1.2.3 
Uncertainty budget format

Table 10.3.2.1.2.3 -1: CATR Far Field Uncertainty contributions in AAS EIS measurement

	UID
	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT measurement

	1
	Misalignment DUT & pointing error
	C2-1

	2
	Standing wave between DUT and test range antenna
	C2-2

	3
	Signal Generator Uncertainty
	C2-12

	
	
	

	4
	RF leakage & dynamic range, 


a) feeder package terminated


b) DUT terminated
	C2-3

	5
	QZ ripple DUT
	C2-4

	
	…
	…

	Stage 2, Calibration measurement

	6
	Uncertainty of network analyser and/or  signal generator


a) drift (temp, oscillators, filters, etc.) start to end time of   measurements
	C2-5

	7
	Mismatch of transmitter chain
	C2-6

	8
	Insertion loss of transmitter chain
	C2-7

	9
	RF leakage & dynamic range
	C2-8

	10
	Influence of the calibration antenna feed cable


a)
Flexing cables, adapters, attenuators & connector repeatability
	C2-9

	11
	Uncertainty of the absolute gain of calibration antenna
	C2-10

	12
	Uncertainty due to antenna mounting apparatus or rotary joints
	C2-11

	13
	Quality of quiet zone
	C2-4

	14
	Rotary Joints
	C2-13

	15
	Misalignment positioning system
	C2-14

	16
	Misalignment DUT/calibration antenna
	C2-15

	17
	Standing wave between DUT and test range antenna
	C2-16

	
	…
	

…


==== unchanged sections omitted ====
C.2
Compact Antenna Test Range

C2-12 Signal Generator Uncertainty
This uncertainty consists of the uncertainty of the signal generator used to illuminate the DUT when DUT is in receiving mode.
C2-13 Rotary Joints
If applicable the contribution of this uncertainty is the accuracy in changing from azimuth to vertical measurements. 
C2-14 Misalignment positioning system
This contribution originates from uncertainty in sliding position and turn table angle accuracy.  If the calibration antenna is aligned to the maximum then this contribution can be considered negligible and therefore set to zero.
C2-15 Misalignment DUT/calibration antenna
This contribution denotes uncertainty in DUT/calibration antenna alignment and DUT/calibration antenna pointing error.  In this measurement the DUT/calibration antenna is aligned to maximum, also allowing for a zero contribution for polarization mismatch uncertainty.  By adjusting for maximums to align, this contribution can be considered negligible and therefore set to 0.

C2-16 Standing wave between DUT and test range antenna
This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT and test range antenna.  This value can be captured by moving the DUT towards the test range antenna as the standing waves go in and out of phase causing a ripple in measured gain.
==== unchanged sections omitted ====

10.3.2.1.2.4 
Uncertainty assessment

Table 10.3.2.1.2.4-1: CATR Far Field Uncertainty contributions in AAS EIS measurement

	EIS Uncertainty Budget

	UID
	Uncertainty Source
	Uncertainty Value
	Probability distribution
	Divisor
	Ci*
	Standard Uncertainty (σ) [dB] 

	Calibration stage

	6
	Vector Network Analyzer (VNA), gain measurement with SGH in loop from VNA port1 to port2
	0.2
	Rectangular
	√3
	1
	0.12

	10
	VNA, gain measurement cable (VNA to SGH)
	0.2
	Rectangular
	√3
	1
	0.12

	9
	RF leakage, SGH connector  terminated
	0.001
	Normal
	1
	1 
	0.001

	9
	RF leakage, test range antenna cable connector terminated.
	0.0012
	Normal
	1
	1 
	0.0012

	10
	Flexing cables & connector repeatability
	0.042
	U-shaped
	√2
	1
	0.03

	14
	Rotary joints
	0.048
	U-shaped
	√2
	1
	0.034

	15
	Misalignment  positioning system
	0
	Exp. normal 
	2
	1
	0

	16
	Misalignment  SGH and pointing error
	0.008
	Exp. normal
	2
	1
	0.004

	
	Polarization mismatch between SGH and test range antenna
	0
	Exp. normal
	2
	1
	0

	11
	SGH Calibration uncertainty
	0.28
	Exp. normal
	2
	1
	0.14

	13
	QZ ripple with SGH
	0.21
	Normal
	1
	1
	0.21

	17
	Standing wave between SGH and test range antenna
	0.06
	U-shaped
	√2
	1 
	0.042

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.002
	U-shaped
	√2
	1 
	0.0014

	DUT Measurement stage

	4
	RF leakage & dynamic range, test range antenna cable connector terminated.
	0.0012
	Normal
	1
	1 
	0.0012

	1
	Misalignment  DUT & pointing error
	0
	Exp. normal
	2
	1 
	0

	2
	Standing wave between DUT and test range antenna
	0.1
	U-shaped
	√2
	1 
	0.07

	5
	QZ ripple with DUT
	0.0928
	Normal 
	1
	1
	0.0928

	3
	Signal Generator (SG) uncertainty
	0.40
	 
	1
	 
	0.40

	
	Combined standard uncertainty (1 σ)
	
	
	
	
	0.51947443

	
	Expanded uncertainty (2σ - confidence interval of 95%)
	
	
	
	
	1.03894885
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