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1 Introduction
EIRP accuracy requirement has been specified in the core specification, but test measurement uncertainty and test tolerance are still open. In this contribution we provide a proposal for measurement uncertainty for the far field method.
2 Discussion

The extreme condition EIRP accuracy core requirement is ± 2.7 dB. In the far field method the equipment under test (EUT) will be placed in an environmental chamber, which is made out of radome-like material. The radome like enclosure will vary the propagation conditions of the chamber either by loss or refraction. This will have an effect on the quite zone of the chamber. An example of S21-response in different temperatures is shown in Figure 1.
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Figure 1: S21 response in different temperatures

As there is a temperature difference between the inside and outside of the chamber, water will condensate on the surface of the enclosure. This impacts the propagation of the signal. As example of difference between wet and dry radome in different temperatures is shown in Figure 2.
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Figure 2: Impact of wet radome

Additionally all other elements within the chamber will be under extreme temperature and as it will known, the characteristics of any material change as a function of temperature. Especially we have seen impact in absorbers. For radome loss (UID 30) and condensation (UID 31) we have done the following analysis:
For UID 30 the maximum deviation found in discrete frequency point throughout the temperature rannge was 1.83 dB where 0.2 dB of measurement uncertainty can be extracted giving 1.63 dB of peak-to peak variation ( (uc: +/-0.815 dB). The deviation distribution across the frequency band was almost constant in sub 6 GHz, so distribution is more likely to rectangular (PDF- analyses of the data not performed).
For UID 31 the effect of water moisture on the radome surface during the temperature cycle plays the most significant role in RF loss properties. The maximum deviation in sub6 GHz was 5.54 dB (5.54 dB – 0.2 dB = 5.34 dBpp ( uc: +/- 2.67 dB). The distribution is more likely to be Gaussian or- Exponential since the deviation was not constant over frequency. The common probability of the water moisturizing on the surface of the radome is additional aspect to consider. It is not clear how often this happens and is the behaviour also constant over time. Therefore suggestion is to use exponential distribution.

With these aspects added, the MU budget of EIRP accuracy under extreme conditions for an indoor anechoic chamber and a CATR are given below:

	Indoor anechoic

	UID
	Uncertainty source
	Uncertainty value
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]
	Standard uncertainty ui [dB]

	
	
	f<3 GHz
	3<f<4.2 GHz
	
	
	
	f≤3 GHz
	3<f≤4.2 GHz

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	0.03
	0.03
	Rectangular
	√3
	1
	0.02
	0.02

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	0.3
	0.3
	Rectangular
	√3
	1
	0.17
	0.17

	3
	Quality of quiet zone
	0.2
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	5
	Mutual coupling between the AAS BS and the receiving antenna
	0
	0
	Rectangular
	√3
	1
	0
	0

	6
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	 
	0.05
	0.05

	7
	Uncertainty of the RF Power Measurement Equipment
	0.14
	0.26
	Gaussian
	1
	1
	0.14
	0.26

	8
	Impedance mismatch in the receiving chain
	0.14
	0.33
	U-shaped
	√2
	1
	0.1
	0.23

	9
	Random uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	30
	radome loss variation
	0.8
	0.8
	Rectangular
	√3
	1
	0.46
	0.46

	31
	wet radome loss variation
	2.5
	2.5
	U-shaped
	√2
	1
	1.76
	1.76

	32
	[Change in absorber behaviour]
	[0.5]
	[0.5]
	[Gaussian]
	[1] 
	1
	[0.5]
	[0.5]

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer
	0.05
	0.05
	U-shaped
	√2
	1
	0.04
	0.04

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	0.05
	0.05
	U-shaped
	√2
	1
	0.04
	0.04

	13
	Quality of quiet zone
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	14
	Polarization mismatch for reference antenna
	0.01
	0.01
	Rectangular
	√3
	1
	0.01
	0.01

	15
	Mutual coupling between the reference antenna and the receiving antenna
	0
	0
	Rectangular
	√3
	1
	0
	0

	16
	Phase curvature
	0.05
	0.05
	Gaussian
	1
	1
	0.05
	0.05

	17
	Uncertainty of the network analyzer
	0.13
	0.2
	Gaussian
	1
	1
	0.13
	0.2

	18
	Influence of the reference antenna feed cable
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	19
	Reference antenna feed cable loss measurement uncertainty
	0.06
	0.06
	Gaussian
	1
	1
	0.06
	0.06

	20
	Influence of the receiving antenna feed cable
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	21
	Uncertainty of the absolute gain of the reference antenna
	0.5
	0.43
	Rectangular
	√3
	1
	0.29
	0.25

	22
	Uncertainty of the absolute gain of the receiving antenna
	0
	0
	Rectangular
	√3
	1
	0
	0

	Combined standard uncertainty (1σ) [dB]
	1.94
	1.96

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	3.78
	3.83


	CATR

	UID
	Uncertainty source
	Uncertainty value
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]
	Standard uncertainty ui [dB]

	
	
	f<3 GHz
	3<f<4.2 GHz
	
	
	
	f≤3 GHz
	3<f≤4.2 GHz

	Stage 2: DUT measurement

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

	2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	 Gaussian
	1
	 1
	0.14
	0.26

	3
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0.15
	0.15

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

	5
	QZ ripple with DUT
	0.2
	0.2
	Normal 
	1
	1
	0.2
	0.2

	30
	radome loss variation
	0.8
	0.8
	Rectangular
	√3
	1
	0.46
	0.46

	31
	wet radome loss variation
	2.5
	2.5
	U-shaped
	√2
	1
	1.76
	1.76

	32
	[Change in absorber behaviour]
	[0.5]
	[0.5]
	[Gaussian]
	[1] 
	1
	[0.5]
	[0.5]

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.2
	Normal
	1
	1
	0.13
	0.2

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.127
	0.325
	U-shaped
	√2
	1 
	0.09
	0.23

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.1
	0.1

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

	10
	Influence of the calibration antenna feed cable
	0.022
	0.022
	U-shaped
	√2
	1
	0.015
	0.015

	11
	SGH Calibration uncertainty
	0.5
	0.433
	Rectangular
	√3
	1
	0.29
	0.25

	12
	Misalignment  positioning system
	0
	0
	Exp. normal 
	2
	1
	0
	0

	13
	Misalignment  SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0.25
	0.25

	14
	Rotary joints
	0.048
	0.048
	U-shaped
	√2
	1
	0.034
	0.034

	15
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0.06
	0.06

	16
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0.009
	0.009

	17
	Switching uncertainty
	0.26
	0.26
	Rectangular
	√3
	1
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]
	1.96
	1.99

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	3.83
	3.87


It is proposed that the extreme temperature MU and TT is:


3.8dB, 
f  ≤3 GHz 


3.9dB,

3 < f ≤ 4.2 GHz
3 Summary

In this contribution the test tolerance for EIRP accuracy under extreme conditions is proposed to be

3.8dB, 
f ≤ 3 GHz 


3.9dB,

3 < f ≤ 4.2 GHz
This results in the conformance test requirement being
+/- 6.5 dB,  f  ≤ 3 GHz 

+/- 6.6 dB,  3 < f ≤ 4.2 GHz
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