2

TSG-RAN Working Group 4 (Radio) meeting #88
R4-1809993
Gothenburg, Sweden, 20th – 24th August 2018
Source:
Ericsson
Title:
Measurement uncertainty evaluation for radiated transmit power in extreme temperature
Agenda item:
6.1.3.1.1
Document for:
Approval
1. Introduction

At the last RAN4 meeting (RAN4-AH-1807 in Montreal) measurement uncertainty values for extreme condition EIRP testing was discussed. In [1] details related to direct far field testing in an anechoic chamber and far field testing in a compact antenna test range (CATR) was presented for discussion. In general, the suggested test approach is a good starting point, with some modifications to allow for test flexibility the measurement uncertainty evaluation can be concluded. 
In this contribution we present some adjustments to the measurement uncertainty evaluation to allow for test flexibility. 
2. Discussion

Since the capability of test methods based on direct far-field testing in an anechoic chamber is limited for testing eAAS base stations operating with the frequency range 450 MHz to 4.2 GHz, due to the physical size of the chamber to achieve far-field condition. Therefore, the focus in this contribution is on extreme condition testing in a CATR. Other approached such as near-field probe based is also relevant for extreme condition testing, but not discussed in this contribution. 

The additional error contributions to account for extreme temperature are similar for both CATR and direct far-field testing in CATR. The test method comprises of a CATR where the test object is placed inside a temperature-controlled environment inside a standard CATR. Using this method, the AAS base station under test is placed inside a RF transparent environmentally sealed enclosure so that the test object temperature can be controlled whilst the OTA test range is at normal room temperature.

In the CATR the test object radiates a wave-front towards a reflector which will collimate and create a plane wave-front radiating into the measurement antenna. The sufficient separation between the test object and the measurement antenna (feed antenna shown in Figure 2-1) so that the emanating spherical wave reaches nearly plane phase fronts from transmitter to receiver. The test object transmits a signal with wave-front that will illuminate the reflector, which will then reflect the transmitted energy into the feed antenna.  
It should be mentioned that the reflector and positioner is very sensitivity for temperature variation and can’t be exposed for extreme temperatures. This means that the temperature enclosure to be placed around the test object will be large enough to capture the test object volume, but small enough not mechanically interfere with the positioner. 
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Figure 2-1: CATR setup for extreme condition

During the calibration phase (Stage 1) the range feed antenna is connected to a vector network analyser and the test object is replaced with a calibration antenna (often a standard gain horn). During the EIRP measurement phase (Stage 2) the feed antenna is connected to a power meter. 
The temperature enclosure used to control the temperature around the test object and protect the test range is placed inside the chamber during calibration and measurement. Then the calibration phase is extended to also include low temperature and normal temperature and high temperature, which means that error sources related to variation due to temperature don’t needs to be included in the measurement uncertainty evaluation.
The temperature enclosure added to handle extreme condition testing affects the measurement uncertainty derived for CATR in TR 37.842, sub-clause 10.3.1.1.3.5-1 [2]. The material used for the enclosure will affect the quiet zone ripple since it is place close to the test object. Since the enclosure is mounted in the calibration phase as well in the measurement phase, the loss caused by the enclosure is handled by the calibration. 
The main difference between EIRP measurement in normal temperature and in extreme temperature using the method described above is the impact on the quiet zone ripple due to the introduction of the temperature enclosure. In normal temperature condition the quiet zone variation according to Table 2-1 was used for EIRP measurement in CATR. 
Table 2-1: Quiet zone variation for EIRP measurement in CATR

	Measurement Stage


	Quiet zone 1 variation 

(dB)

	Stage 1 (Calibration)
	0.009

	Stage 2 (Measurement)  
	0.0928


Instead of assuming fixed error values for enclosure effects such as humidity on the surface and effects to the transmission through the temperature enclosure. To allow flexibility when the temperature enclosure is designed and/or selected, it is suggested to calibrate the test range over the whole temperature range with proper frequency resolution. At the same time increase the impact during measurement of the quiet zone due to the controlled temperature encapsulation. 
Proposal:

For extreme condition testing calibrate the test range over temperature.

The temperature enclosure will affect the quiet zone variation for both stage 1 (Calibration) and stage 2 (Measurement). It is reasonable to assume the temperature enclosure volume be similar at the quiet zone volume, therefore the impact of the quiet zone during measurement will be larger in extreme testing. The quiet zone during calibration can be assumed to be the same as for normal temperature since the calibration antenna typically is much smaller than the quiet zone for a specific test range. It is suggested to increase the error caused by the encapsulation impact on the quiet zone to 1.5 dB (1) for frequencies below 3 GHz and 1 dB (1) for frequencies between 3 GHz to 4.2 GHz.

By extending the calibration phase to include temperature variations, aspects such as the calibration can handle humidity and transmission loss variations. This gives larger flexibility from a test perspective. Having fixed assumptions for humidity effect and transmission effects mandates the test setup to have a specific radome characteristics for all types of base station over the whole frequency range.  

Based on EIRP measurements in room temperature, the measurement uncertainty evaluation is adjusted for larger quite zone error (UID5). The final results is capture in Table 2-2.
Table 2-2: CATR uncertainty assessment for EIRP measurement
	EIRP uncertainty budget

	UID
	Uncertainty Source
	Uncertainty value

f ≦ 3GHz
	Uncertainty value

3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

f ≦ 3GHz
	Standard uncertainty ui [dB]

3GHz < 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 analyser, 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
	1.5
	1.0
	Normal 
	1
	1
	1.5
	1.0

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	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
	0.10
	0.10

	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
	0.50
	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]
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	1.71
	1.65

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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	3.35
	3.23


3. Conclusion

In this contribution the expanded measurement uncertainty associated with measuring EIRP with a CATR have been evaluated. Based on the framework used for normal temperature (room temperature) EIRP measurements in a CATR, modification have been done to handle the inclusion of the temperature enclosure. Assuming the calibration is done for low, normal and high temperature, the encapsulation will affect only the quite zone variation. 

Proposal:

For extreme condition testing calibrate the test range over temperature.
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