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1 Introduction
In the last meeting text and a draft budget for the extreme temperature tests were approved in the TR [1] 

The MU table was a approved in [1] with a number of new uncertainty contributors and room for additional uncertainties based on contributions.
This paper gives our view on the open issues surrounding the extreme temperature MU budget.

2 Discussion

Extreme MU analysis for the direct far filed method has been captured, this includes for the indoor anechoic chamber and the CATR. The following parameters associated with the environmental chamber have been identified on [1]:

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	32
	Quality of quiet zone (extreme)
	B1-3 of 3GPP TR37.842 [xx]

	30
	radome loss variation
	

	31
	wet radome loss variation
	


These have been included in the MU budget for both IAC and CATR.
In the last meeting contributions [2] and [3] proposed values for some of the uncertainties associated with temperature testing
	 
	R4-1809202
	R4-1808999

	 
	Huawei
	Nokia

	 
	dB
	dB

	Quality of quiet zone (extreme)
	0.2
	0.2

	radome loss variation
	0.2
	0.46

	wet radome loss variation
	0.2
	1.76

	[Change in absorber behaviour]
	x
	0.5

	 
	 
	 

	CATR Total 95% confidence (<3GHz / 3 to 4.2GHz)
	1.19/1.34
	3.83/3.87


Looking at each of these in turn:
Quality of quite zone

The 2 papers agree that the presence of the environmental chamber in the OTA chamber may disrupt the quite zone, both suggest 0.2dB so this seems a reasonable value

Proposal 1: Quality of quiet zone (extreme) = 0.2dB (normal 1 σ)

radome loss variation
Radome loss variation description has been captured in the TR as follows (note there is a mistake in the TR test the radome loss variation and the wet radome loss descriptions are swapped): 
B2-32 Radome loss variation
The environmental chamber radome will affect the path between the DUT 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 DUT. The uncertainty is the residual uncertainly of the total loss after calibration 

The values proposed by [2] and [3] are significantly different. It was pointed out during the online discussion however that if the radome loss variation with temperature is excessive then calibration can be carried out at the temperatures to be tested and hence the variation due to temperature will be reduced and will be equal to the variation of the calibration antenna (which will be inside the thermal chamber).
A brief search for articles on radome loss variation over temperature shows that there is not much information about this specific subject – which may indicate it’s not a big issue. Maintaining a strong mechanical barrier whilst maintaining low loss over a wide frequency range seems to be more important.

Electrically thin laminates can offer low loss and can be tuned (at 0.5λ thick) for higher frequencies, however by nature are thin and offer less mechanical protection. Sandwich laminate enclosures offer stronger mechanical protection but have higher loss and require tuning for specific frequencies.

Example of the insertion loss of these structures can be seen below:

[image: image1.emf][image: image2.emf]
Figure 1: Radome insertion loss over frequency

Whilst this gives no clear information about the performance over temperature, it can be seen that below 6GHz both structures have insertion loss less than 1dB. The sandwich laminate (which is thicker and thermally isolative hence much more appropriate for a thermal enclosure) has an insertion loss of <0.5dB.
Whilst these are just examples, it is clear that a radome is designed to offer RF transparence and hence low insertion loss at the frequencies it is designed for. The EIRP test is at a known frequency <4.2GHz (6GHS for NR FR1) and is in a single direction (which removes much of the uncertainty with refraction etc from the radome surface). 

A 0.2dB σ variation means a ±0.4dB range for a 95% confidence level based on the expected insertion loss for the radome this seems a generous allowance.

Proposal 2: radome loss variation= 0.2dB (normal 1 σ)
wet radome loss variation
The wet radome loss variation is intended to account for variation in loss due to condensation inside the thermal chamber, it is described in the TR as follows:
B2-32 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.

Note: the TR has and error the 2 radome variation descriptions swapped.

Searching for information on the insertion loss of wet radome shows that there is  a lot of study on the subject. Most studies consider actual rain and plot intensity (mm/h) against insertion loss, one such example is below (measurements done on 1.3m2 orange peel A-sandwich weather radar radome at 5.65GHz):
[image: image3.emf]
Figure 2: Radome insertion loss vs. rain intensity

There are number of interesting points to highlight:
· The insertion loss figures are low, even with worst case flow I.L is <1.2dB

· Intensity of for flowing water on the surface not condensation (which would be expected to be at the bottom end of the flow).

· Having a clean or waxed surface makes a significant difference.

In a lab environment the radome is unlikely to be dirty (as it can be cleaned before use), in fact it is also possible that the radome could be wiped dry (at least on the outside) before any test is carried out.
So worst case the change in loss would be expected to be at the low end of the graph shown in the figure 2.

The value of 1.76σ in [3] would give a 96% confidence level variation of ±3.5dB, looking at the results in figure 2 this seem very large.

It should also be considered that the results are shown at a single frequency for a single radome type and hence should not be used directly to estimate a variation figure.

However considering the scale of the variation in loss it seems that a 1σ value of 0.2dB is reasonable

Proposal 3: wet radome loss variation= 0.2dB (normal 1 σ)
Change in absorber behavior

Whilst most of the absorptive material will be outside the environmental chamber (but inside the OTA chamber), it is reasonable to expect that some absorber will be inside the thermal chamber such as the absorber behind the DUT. It is not clear how a change in the absorber parameters will change the EIRP measurement, reduced absorption may result in further disruption of the quite zone.
We do not think that this is significant as the quite zone effect has already been included, however as an effect may be possible it is reasonable to add it, however such an effect would be small.

Proposal 4: Change in absorber behavior= 0.1dB (normal 1 σ)
2.1.1 MU budgets

Using the values in the above proposals the MU budget for the IAC is:

	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

	32
	Quality of quiet zone (extreme)
	0.2
	0.2
	Gaussian
	1
	1
	0.2
	0.2

	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
	0.2
	0.2
	Normal 
	1
	1
	0.2
	0.2

	31
	wet radome loss variation
	0.2
	0.2
	Normal 
	1
	1
	0.2
	0.2

	x
	Change in absorber behaviour
	0.1
	0.1
	Normal 
	1
	1
	0.1
	0.1

	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]
	0.56
	0.64

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	1.10
	1.25


Using the values in the above proposals the MU budget for the CATR is:

	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

	32
	Quality of quiet zone (extreme)
	0.2
	0.2
	Normal 
	1
	1
	0.2
	0.2

	30
	radome loss variation
	0.2
	0.2
	Normal 
	1
	1
	0.2
	0.2

	31
	wet radome loss variation
	0.2
	0.2
	Normal 
	1
	1
	0.2
	0.2

	x
	Change in absorber behaviour
	0.1
	0.1
	Normal 
	1
	1
	0.1
	0.1

	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]
	0.62
	0.69

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	1.21
	1.35


In summary:

	chamber
	f<3 GHz
	3<f<4.2 GHz

	Indoor anechoic
	1.10
	1.25

	CATR
	1.21
	1.35

	Near field
	-
	-

	Common maximum accepted test system uncertainty
	1.2
	1.4


Note the near filed budget has not been analyzed as it is not clear how the environmental chamber can be used in this context –however this does not mean it is excluded if the issue can be solved within the MU.

Proposal 5: The Radiated transmit power (extreme conditions) MU is 1.2dB (f≤3GHz), 1.4dB (3<f≤4.2GHz).
2.1.2 TT

For the TX output power requirements the approach TT=MU is used. We propose the same method for the extreme conditions.
Proposal 6: The Radiated transmit power (extreme conditions) TT is 1.2dB (f≤3GHz), 1.4dB (3<f≤4.2GHz).

3 Summary

The direct far filed extreme EIRP measurement method has been analyzed for measurement uncertainty. Each of the discussed contributors have been investigated and the following proposals are made:
Proposal 1: Quality of quiet zone (extreme) = 0.2dB (normal 1 σ)

Proposal 2: radome loss variation= 0.2dB (normal 1 σ)
Proposal 3: wet radome loss variation= 0.2dB (normal 1 σ)
Proposal 4: Change in absorber behavior= 0.1dB (normal 1 σ)
Proposal 5: The Radiated transmit power (extreme conditions) MU is 1.2dB (f≤3GHz), 1.4dB (3<f≤4.2GHz).

Proposal 6: The Radiated transmit power (extreme conditions) TT is 1.2dB (f≤3GHz), 1.4dB (3<f≤4.2GHz).
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