3GPP TSG-RAN WG4 Meeting #AH1807

R4-1809202
Montreal, Canada, 2-6 July, 2018
Source: 
Huawei

Title: 
MU for extreme testing
Agenda Item:
4.2.1.1.2.1
Document for:
Discussion
1 Introduction
In the last meeting the extreme testing was discussed MU for extreme testing was discussed. A number of documents on the subject were approved

The test set up for the direct far field test method was approved in the TR in [2]

The test set up for eth direct far field method and the differential method were capture in an annex of the conformance TS [3]

A WF was agreed [1]

The WF captured the following open issues:
· Companies are encouraged to submit any alternative measurement methodologies in the next meeting if they are to be considered when estimating the MU.

· Companies are encouraged to submit their view on the correct value for the identified uncertainties as well as any additional uncertainties for the direct far field method.

· Companies are encouraged to submit proposals for the relative method measurement uncertainty

This paper concentrates on our view on the extreme measurement and MU.
2 Discussion

In the last meeting we contributed a MU budget for the direct far field method in [4], there were a number of comments made online but many were regarding alternative methods for extreme testing – for example the differential method.

We support any work done to identify a MU budget for the differential method – however are concentrating on our preferred method (at present) of the direct far field approach – hence this paper addresses only the issues raised concerning the MU budget for  the direct far field. Some of these issues (such as the calibration procedure) have already been captured in the approved [2]. In addition the MU budget and the description of the terms needs to be better defined.
2.1 Direct far field – far field anechoic chamber

The budget for the indoor anechoic chamber using the direct far field method is as follows:

	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
	 
	1
	1
	0.2
	0.2

	31
	wet radome loss variation
	0.2
	0.2
	 
	1
	1
	0.2
	0.2

	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]
	0.55
	0.66

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	1.1
	1.2


The changes from the ambient EIRP measurement are highlighted in yellow, the list of uncertainty contributions is as follows:
Table x.x-1: Indoor Anechoic Chamber uncertainty contributions
for extreme EIRP accuracy measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	B1-1 of 3GPP TR37.842 [xx]

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	B1-2 of 3GPP TR37.842 [xx]

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

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	B1-4 of 3GPP TR37.842 [xx]

	5
	Mutual coupling between the AAS BS and the receiving antenna
	B1-5 of 3GPP TR37.842 [xx]

	6
	Phase curvature
	B1-6 of 3GPP TR37.842 [xx]

	7
	Uncertainty of the RF power measurement equipment
	E of 3GPP TR37.842 [xx]

	8
	Impedance mismatch in the receiving chain
	B1-8 of 3GPP TR37.842 [xx]

	9
	Random uncertainty
	

	30
	radome loss variation
	

	31
	wet radome loss variation
	

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer 
	B1-10 of 3GPP TR37.842 [xx]

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	B1-11 of 3GPP TR37.842 [xx]

	12
	Impedance mismatch between the reference antenna and the network analyzer
	B1-12 of 3GPP TR37.842 [xx]

	13
	Quality of quiet zone
	B1-3 of 3GPP TR37.842 [xx]

	14
	Polarization mismatch for reference antenna
	B1-4 of 3GPP TR37.842 [xx]

	15
	Mutual coupling between the reference antenna and the receiving antenna
	B1-5 of 3GPP TR37.842 [xx]

	16
	Phase curvature 
	B1-6 of 3GPP TR37.842 [xx]

	17
	Uncertainty of the Network Analyzer
	E of 3GPP TR37.842 [xx]

	18
	Influence of the reference antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	B1-14 of 3GPP TR37.842 [xx]

	19
	Reference antenna feed cable loss measurement uncertainty
	B1-15 of 3GPP TR37.842 [xx]

	20
	Influence of the receiving antenna feed cable

a)
Flexing cables, adapters, attenuators, and connector repeatability
	B1-16 of 3GPP TR37.842 [xx]

	21
	Uncertainty of the absolute gain of the reference antenna
	E of 3GPP TR37.842 [xx]

	22
	Uncertainty of the absolute gain of the receiving antenna
	B1-18 of 3GPP TR37.842 [xx]


The descriptions for the new terms (30,31,32) are:

32 Quality of quiet zone (extreme)
This contribution is related to the ambient quality of the quiet zone (3) 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 environmental enclosure is larger than the DUT and the material of the environmental chamber may cause some reflection and refraction the quite zone flatness will be effected. The quality of the quiet zone for the extreme test is therefore larger tan that for the ambient due to the environmental enclosures effect. 
32 Wet 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 

32 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.

2.2 Direct far field – CATR

Whilst we have concentrated on the anechoic chamber – the direct far field method equally could be implemented in a CATR, hence the same uncertainties are added to the CATR budget as follows:

	CATR

	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	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
	QZ ripple with DUT
	0.2
	0.2
	Normal 
	1
	1
	0.2
	0.2

	30
	radome loss variation
	0.2
	0.2
	 
	1
	1
	0.2
	0.2

	31
	wet radome loss variation
	0.2
	0.2
	 
	1
	1
	0.2
	0.2

	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]
	0.61
	0.68

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	1.19
	1.34


The error definitions are the same as for the indoor anechoic chamber.
2.3 MU and TT
Based on the analysis for the indoor anechoic chamber and the CATR using the direct far field approach as with eth ambient case the CATR has slightly higher MU so the final MU is based on this hence we propose the following MU and TT values for the extreme EIRP testing as follows:

1.2dB, 
f≤3GHz 


1.4dB,

3<f≤4.2 GHz
3 Summary

The MU budget with uncertainty descriptions have been presented for the extreme direct far filed approach using both the indoor anechoic chamber and the CATR. The following values are proposed for the extreme MU and TT values

1.2dB, 
f≤3GHz 


1.4dB,

3<f≤4.2 GHz
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