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1. Introduction

At the last RAN4 meeting (RAN4#88bis in Chengdu) the details related to the MU evaluation relevant for extreme condition EIRP test requirement was discussed extensively. In an approved way-forward, guidance for this meeting was approved in [1]. In this contribution we present our view on remaining open issues.
2. Discussion

The test method considered in this contribution is the CATR with a test enclosure as described in Figure 2.1.
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Figure 2-1: CATR with test enclosure and EUT
Testing EIRP in extreme temperature require special considerations to protect the test equipment from low or high temperatures outside specified operating temperature range as well as maintaining measurement uncertainty. Test range equipment, such as positioners, reflectors and absorptions material are very sensitivity to temperature variations and condensed water. Hence, antenna test ranges always are equipped with climate control systems. The climate control system is also necessary to remove heat caused by the test object power dissipation during the test cycle. The introduction of a test enclosure allows for controlling the temperature around the test object.  It is essential that the test enclosure is RF transparent and mechanically stable. The test enclosure allows the test object temperature to be controlled while the temperature and humidity outside the temperature enclosure is kept at acceptable temperature, specified by the test range manufacture. 

The antenna test range climate control is used to control the temperature and humidity within the chamber, to protect against corrosion and other problems due to condensation. The EUT climate control is a secondary control system used to control the temperature and humidity around the test object within the test enclosure. With the EUT climate control system, the test object temperature can be controlled within the extreme temperature range making extreme temperature EIRP testing feasible.
In this contribution technical background to the description of some vital error sources is described in section 2.1 and a complete MU evaluation table is proposed in section 2.2. 
2.1 Description of error contributions

Last meeting it was identified that the technical description of some vital error sources for extreme condition EIRP required further considerations. Here below, we provide some input to be captured for FR2 in TR 38.817-02:
Quality of quiet zone (extreme)

This contribution is related to the ambient QZ ripple DUT/calibration antenna (C2-4, 3GPP TR 37.842 [4]) which originates from a reflectivity level of an anechoic chamber. The reflectivity level is determined from the average standard deviation of the electric field in the quiet zone. As the EUT is placed inside the test enclosure the quiet zone quality will be degraded due to reflections from the test enclosure. 
Radome loss variation
The environmental chamber radome will affect the path between the EUT and the test antenna due to both its insertion loss and also reflection and refraction from the materials surface. The loss is dependent on the material as well as its proximity to the EUT. The uncertainty is the residual uncertainly of the total loss after calibration at specific frequency and temperature.
Wet radome loss variation

The environmental chamber radome will be an ineffective thermal isolator and will have extreme temperatures on the inside and the OTA chamber ambient temperature on the outside. In such conditions condensation is inevitable. This uncertainty is due to the variation in the radome loss due to condensation on the environmental chamber radome. The uncertainty is the residual uncertainly of the total loss after calibration at specific frequency and temperature.

Change in absorber behaviour
The temperature change of absorption material in the chamber is minimized by the test enclosure. The absorption material will be exposed of the temperature outside the test enclosure, which will be very close to normal operation temperature of the antenna test range. For absorption material placed inside the test enclosure, it will be placed at the mechanical mounting interface on the backside of the EUT. Hence, a change in characteristics over temperature will have low impact on measured EIRP.
2.2 Expanded MU

At last meeting the MU evaluation table format for extreme condition EIRP was agreed, with some FFS for error sources described in section 2.1.

In Table 2.2-1, a complete MU list has been created.
Table 2.2-1: MU for extreme condition EIRP in CATR with test enclosure
	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]

	
	
	24.25<f
	37<f
	
	
	
	24.25<f
	37<f

	
	
	<29.5GHz
	<40GHz
	
	
	
	<29.5GHz
	<40GHz

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	0.20
	0.20
	Exp. normal
	2
	1 
	0.10
	0.10

	2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.50
	0.70
	 Gaussian
	1
	 1
	0.50
	0.70

	3
	Standing wave between DUT and test range antenna
	0.03
	0.03
	U-shaped
	1.41
	1 
	0.02
	0.02

	4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Gaussian
	1
	1 
	0.01
	0.01

	
	QZ ripple with DUT (extreme)
	0.50
	0.50
	Gaussian
	1
	1
	0.70
	0.70

	
	Frequency flatness
	0.25
	0.25
	Gaussian
	1
	1
	0.25
	0.25

	
	Radome loss variation
	0.70
	0.70
	Gaussian
	1
	1
	0.70
	0.70

	
	Wet radome loss variation
	0.70
	0.70
	Gaussian
	1
	1
	0.70
	0.70

	
	Change in absorber behavior
	0.01
	0.01
	Gaussian
	1
	1
	0.01
	0.01

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.30
	0.30
	Gaussian
	1
	1
	0.30
	0.30

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.43
	0.57
	U-shaped
	1.41
	1 
	0.30
	0.40

	8
	Insertion loss variation in receiver chain
	0
	0
	Rectangular
	1.73
	1
	0
	0

	9
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Gaussian
	1
	1 
	0.01
	0.01

	10
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	1.41
	1
	0.15
	0.21

	11
	SGH Calibration uncertainty
	0.52
	0.52
	Rectangular
	1.73
	1
	0.30
	0.30

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

	13
	Misalignment SGH and pointing error
	0
	0
	Exp. normal
	2
	1
	0
	0

	14
	Rotary joints
	0
	0
	U-shaped
	1.41
	1
	0
	0

	15
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	1.41
	1 
	0.06
	0.06

	16
	QZ ripple with SGH
	0.009
	0.009
	Gaussian
	1
	1
	0.009
	0.009

	17
	Switching uncertainty
	0.1
	0.1
	Rectangular
	1.73
	1
	0.06
	0.06

	Combined standard uncertainty (1σ) [dB]
	1.45
	1.56

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	2.84
	3.1


3. Conclusion

In this contribution we have evaluated the MU for extreme EIRP based on the provided description of relevant error sources. 
Proposal 1:

It is proposed to use the technical description for provided error sources. 
Proposal 2:

Consider presented error source values in the discussion to conclude the MU for extreme condition EIRP for FR2.
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