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1.
Introduction

We introduce the measurement uncertainty values of EIS for direct far field measurement setup by re-using the tentatively agreed MU values for EIRP at the #85 meeting. We also introduce another value after optimizing the calibration procedure to improve the total MU for EIS.


2. 
Assumptions and results of MU calculation
2.1 Baseline assumptions
Baseline assumptions which were agreed in the teleconference and used in the calculation were as follows. Refer to section 3 for other supplemental assumptions.  
Frequency : 43.5 GHz

Maximum quiet zone size : 15 cm

System setup assumption : Use the worksheet as a baseline which was provided from R&S at the telecon on Nov. 2nd.

See figure 2.1-1 below for the block diagram.

Corresponding far field distance : 73 cm (D=5cm) + 7.5cm = 80.5cm
Calculate MU values applying black box approach (antenna position on the DUT is unknown.)
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Figure 2.1-1 Block diagram of baseline test setup

2.2 MU value for EIS with D=5cm

 Table 2.2-1 shows the calculation result of the MU value for EIS with a case whose D = 5cm. 

Table 2.2-1 MU value for EIS with D = 5 cm

	Description of uncertainty contribution
	Probabilistic Distribution
	Divisor
	System calibration

	
	
	
	Uncertainty value[dB]
	Standard uncertainty
[dB]

	Stage 1-1: Calibration (conducted part)
	　
	　

	Mismatch (VNA and Switch unit port 1)
	Normal
	1
	0
	0.000

	Uncertainty of the Network Analyzer
	Normal
	2
	0
	0.000

	Stage 1-2: Calibration (radiated part)
	　
	　

	Mismatch (VNA and Reference antenna)
	Normal
	1
	0
	0.000

	Reference antenna feed cable loss measurement uncertainty
	Rectangular
	1.732
	0.29
	0.167

	Uncertainty of an absolute gain of the measurement antenna
	Normal
	2
	0
	0.000

	Uncertainty of the Network Analyzer
	Normal
	2
	0.4
	0.200

	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Normal
	2
	1.6
	0.800

	Quality of quiet zone
	Normal
	1
	1.2
	1.200

	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Misalignment of calibration antenna
	Rectangular
	1.732
	0.1
	0.058

	
	Misalignment of measurement antenna
	Rectangular
	1.732
	0.1
	0.058

	
	Displacement of cal. antenna
	Rectangular
	1.732
	0.05
	0.029

	Amplifier uncertainties
	Normal
	2
	0
	0.000

	Others( eg. Cable twist )
	Rectangular
	1.732
	0.1
	0.058

	Stage 2: DUT measurement
	　
	　

	Measure distance uncertainty
	Rectangular
	1.732
	1
	0.577

	Quality of quiet zone
	Normal
	1
	1.5
	1.500

	Mismatch of receiver chain 
	Normal
	1
	0.81
	0.810

	Absolute antenna gain uncertainty of the measurement antenna
	Normal
	2
	0
	0.000

	Uncertainty of the test equipment
	Normal
	2
	3.35
	1.675

	Phase curvature
	U-shaped
	1.414
	0
	0.000

	Offset of DUT phase centre from axis of rotation
	Black box test approach
	U-shaped
	1.414
	0
	0.000

	
	Misalignment of DUT
	Rectangular
	1.732
	0
	0.000

	
	Displacement of DUT
	Rectangular
	1.732
	0
	0.000

	Amplifier uncertainties
	Normal
	2
	2
	1.000

	Random uncertainty
	Rectangular
	1.732
	0.4
	0.231

	Influence of the XPD
	U-shaped
	1.414
	0.68
	0.481

	Total of the uncertainties
	　
	　
	　
	3.208

	Expanded uncertainty(1.96*sigma) [dB]
	　
	　
	　
	6.037


3. 
Supplemental assumptions on MU contributions

  Here we show our assumptions on some MU contributions in the tables above.  Values except for the following ones are aligned with the agreed values in the previous meeting (#85) in Reno.
Mismatch 
 We calculated the mismatch in total based on the previous proposal from R&S [2][3]. So the overall mismatch value is listed only in the measurement stage as a total value.

Refer to the separated sheet for more detailed calculation procedure. 

Also as shown in [2], the overall mismatch uncertainty is RSS of values which are already divided by the divisor (sqrt (2)). Therefore the overall mismatch uncertainty value in Table 2.2-1 should be divided by divisor 1.  
[image: image3.png]Mismatch contribution (standard deviation) TS
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, 

Observation 1: A divisor of mismatch uncertainty should be 1 when the mismatch uncertainty value is derived by RSS of values for overall system components. 
Positioning and pointing misalignment between the reference antenna and the receiving antenna (Calibration stage)
  Misalignment of calibration antenna / Misalignment of measurement antenna

Gain reduction of calibration antenna / measurement antenna.


Assuming 5 mm misalignment of antenna (0.4 degrees) with the far field distance 80 cm.

Actual directivity was derived from an evaluation result of example 15dBi horn antenna.

  
Refer to Appendix A below for detailed evaluation result.
  Displacement of calibration antenna

 
Path loss error assuming 5mm displacement with the far field distance 80 cm.

Uphase_center_limits (dB) = 10 log (d)2 - 10 log (d±d)2 
Considering the worst case which calibration antenna is the closest to measurement antenna, 

 20 * log (80/79.5) = 0.05 
Positioning misalignment (measurement stage)
Misalignment of DUT / Displacement of DUT

Assume them as 0 dB considering these factors are already included in the Quality of quiet zone contribution.
Uncertainty of the test equipment 


RSS of Tx level accuracy of gNB emulator 1.5 dB and frequency characteristics 3.0 dB.
Quality of quiet zone (calibration stage)

At the previous meeting, same value (1.5dB) was applied to both the calibration stage and the measurement stage of MU value for EIRP.

However as we already agreed previously, quality of quiet zone also includes MU contribution called “offset of DUT phase center from axis of rotation” caused by the black box approach. So those factors should be removed from the current MU value in the calibration stage.

Proposal 1: MU value on quality of quiet zone at the calibration stage should exclude factors which are related to “offset of DUT phase center from axis of rotation” caused by the black box approach.
Suppose measurement distance is 80cm, MU value of  “Offset of DUT phase center from axis of rotation” caused by black box approach can be derived as follows.


Arctan (7.5 / 80) = 5.36 deg

Example of directivity of 15 dBi measurement antenna at 5.36 deg is approximately 0.4 dB from the gain peak. (Refer to appendix A.)
Maximum error of the path loss at the position where DUT antenna is the closest to the measurement antenna (80 cm – 7.5 cm)  is 20*log (80/(80-7.5)) = 0.855 dB

Therefore estimated quality of quiet zone without the influence of black box approach factor is 
Sqrt (1.5^2 –(0.4^2 + 0.85^2) ) = 1.166 dB 



4.
Conclusion
Based on the WF [1] [4] and reusing the values of each contribution, we derived MU values of EIS for D=5cm.
Observation 1: A divisor of mismatch uncertainty should be 1 when the mismatch uncertainty value is derived by RSS of values for overall system components. 
Proposal 1: MU value for quality of quiet zone at the calibration stage should exclude factors which are related to “offset of DUT phase center from axis of rotation caused by the black box approach”.
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6. Appendix A: Evaluation result of radiation pattern of sample 15dBi horn antenna
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	Angle
	23GHz
	28GHz
	30GHz
	35GHz
	40GHz

	-20
	-3.25
	-4.77
	-5.07
	-7.32
	-8.87

	-19
	-2.96
	-4.28
	-4.55
	-6.49
	-7.98

	-18
	-2.72
	-3.77
	-4.06
	-5.76
	-6.94

	-17
	-2.47
	-3.28
	-3.68
	-5.08
	-5.95

	-16
	-2.25
	-2.77
	-3.34
	-4.59
	-5.24

	-15
	-2.04
	-2.36
	-2.99
	-4.04
	-4.49

	-14
	-1.8
	-1.9
	-2.59
	-3.5
	-3.77

	-13
	-1.53
	-1.58
	-2.27
	-3.1
	-3.42

	-12
	-1.3
	-1.26
	-1.96
	-2.61
	-3

	-11
	-1.1
	-0.99
	-1.6
	-2.15
	-2.38

	-10
	-0.93
	-0.84
	-1.32
	-1.73
	-1.91

	-9
	-0.72
	-0.67
	-1.05
	-1.36
	-1.61

	-8
	-0.59
	-0.54
	-0.82
	-1.06
	-1.18

	-7
	-0.46
	-0.46
	-0.61
	-0.81
	-0.97

	-6
	-0.32
	-0.32
	-0.48
	-0.59
	-0.64

	-5
	-0.25
	-0.26
	-0.32
	-0.43
	-0.39

	-4
	-0.17
	-0.15
	-0.22
	-0.32
	-0.28

	-3
	-0.07
	-0.08
	-0.15
	-0.15
	-0.19

	-2
	-0.03
	-0.04
	-0.09
	-0.04
	-0.16

	-1
	0
	0
	0
	0
	0

	0
	-0.01
	-0.01
	0
	-0.01
	-0.02

	1
	-0.02
	-0.02
	-0.04
	-0.05
	-0.04

	2
	-0.04
	-0.05
	-0.1
	-0.12
	-0.17

	3
	-0.14
	-0.12
	-0.19
	-0.23
	-0.33

	4
	-0.21
	-0.21
	-0.31
	-0.36
	-0.4

	5
	-0.29
	-0.27
	-0.48
	-0.56
	-0.54

	6
	-0.39
	-0.39
	-0.62
	-0.78
	-0.86

	7
	-0.54
	-0.54
	-0.85
	-1.01
	-1.14

	8
	-0.69
	-0.65
	-1.06
	-1.3
	-1.4

	9
	-0.88
	-0.8
	-1.35
	-1.69
	-1.9

	10
	-1.07
	-1.01
	-1.61
	-2.02
	-2.31

	11
	-1.26
	-1.24
	-1.92
	-2.45
	-2.72

	12
	-1.48
	-1.53
	-2.2
	-2.86
	-3.33

	13
	-1.69
	-1.85
	-2.52
	-3.35
	-3.92

	14
	-1.94
	-2.26
	-2.88
	-3.88
	-4.52

	15
	-2.17
	-2.68
	-3.24
	-4.38
	-5.19

	16
	-2.4
	-3.14
	-3.58
	-4.99
	-6.06

	17
	-2.62
	-3.66
	-4.03
	-5.55
	-6.7

	18
	-2.84
	-4.11
	-4.4
	-6.19
	-7.74

	19
	-3.07
	-4.61
	-4.89
	-6.98
	-8.56

	20
	-3.35
	-5.2
	-5.53
	-7.77
	-9.61
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