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1. Introduction
At the last RAN4 meeting (RAN4#88 in Gothenburg) test aspects related to testing EIRP in extreme temperature was discussed. Expanded measurement uncertainty for EIRP in extreme temperature below 6 GHz was established and approved for eAAS and NR FR1 in [1]. Open items related to NR FR2 aspects is captured in a way-forward contribution in [2].
Within the work related to measurement uncertainty evaluation for FR1 for extreme EIRP testing a new concept was developed. The concept is based on an approach where the operating temperature range of an antenna test range (e.g. compact antenna test range and direct far-field test range) has been extended to support extreme temperature test for EIRP by introducing a test enclosure. The test enclosure is placed around the test object in the vicinity of the outer boarder of the quiet zone. The test enclosure allows for having room temperature with in the antenna test range and control the temperature around the test object, while measuring EIRP.  
In previous contribution [3] we proposed in calibrate the test range over temperature to minimize measurement uncertainty directly related to variation due to temperature variation in materials. In this contribution the RF attenuation characteristics related to a thin layer of water on the surface of the test enclosure is analysed for FR2 frequencies. The water is caused by condensation due to different temperature zones inside and outside the test enclosure.

2. Discussion
Testing EIRP in extreme temperature require special considerations. 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. A principle sketch of the test setup is shown in Figure 2.1.
[image: ]

Figure 2-1: Principle diagram
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.
The expended measurement uncertainty (MU) evaluation related to testing EIRP in extreme conditions in a CATR below 6 GHz was settled last meeting. The error sources related to temperature variation inside the chamber is listed in Table 2.1.  
Table 2-1: Error sources due to temperature variations 
	Uncertainty
	Value
	Distribution
	Divisor
	Standard deviation (dB)

	Radome loss variation
	0.4
	Rectangular
	1.73
	0.23

	Wet radome loss variation
	0.95
	Normal
	1
	0.95

	Change in absorber behaviour
	0.1
	Normal
	1
	0.1



The expanded MU (95% confidence interval) for extreme temperature testing of EIRP in a CATR was calculated to maximum 2.58 dB for frequencies below 6 GHz. 
Compared to testing in normal temperature new error sources have been added for extreme temperature testing. The largest of the added errors are associated to the temperature enclosure; Radome loss variation, Wet radome loss variation. 
Based on the setup described in Figure 2-1 with two temperature zones, its not clear why there is an error source related to temperature variations of absorptions materials. The absorption materials are located on the walls of the shielded chamber and will be in an environment where the temperature is controlled within a specific temperature range around room temperature (20 oC).
The transmission loss associated to test enclosure (here referred to as radome), should be handled together with water condensations aspects. They reason why, is that the transmission through multi-layer materials cannot be seen as independent, due to multiple reflection phenomenon.   
For NR FR2 further work is required to study the temperature characteristics associated to the test enclosure. In the agreed way-forward from last meeting the following open issues related to FR2 was identified:
1. Test enclosure loss variation over temperature
2. Loss variation due to condensation
3. Absorber behaviour over temperature
4. Feasibility of calibration over temperature
Condensation in temperature-controlled environment is an unwanted phenomenon as it may cause short-circuits, corrosion and other problems in an antenna test range. To alleviate these issues, the air humidity needs to be lowered. This can be done using dehumidifiers part of the climate control equipment. Air conditioning or ventilation systems are required in an antenna test range control the temperature within the chamber. The air condition will remove moisture from the air and move air throughout the test range and thereby keep acceptable temperature due to test object power dissipation. The amount of water vapour that can be stored in the air can be increased simply by increasing the temperature. However, this can be a double-edged sword as most condensation occurs when warm, moisture heavy air comes into contact with a cool surface. As the air is cooled, it can no longer hold as much water vapour. This leads to deposition of water on the cool surface. Testing radiated output power in extreme conditions, temperature cycles as described in Table 2-2 needs consideration.  
Table 2-2: Temperature cycles 
	Temperature inside test enclosure
	Temperature in chamber
	Result

	Cold EUT
	Normal
	Water condensation will occur on the outside of the temperature enclosure

	Hot EUT
	Normal
	Water condensation will occur on the inside of the temperature enclosure



Depending on the temperature cycles the condensation can occur at the outside surface of the test enclosure or the inside of the test enclosure. 
Since there is a risk for condensation on the temperature enclosure, it is interesting to study the added RF absorption. An electrical current result from the motion of electrically charged particles in response to forces that act on them from an applied electric field. Within most solid materials a current arises from the flow of electrons, which is called electronic conduction. In all conductors, semiconductors, and many insulated materials only electronic conduction exists, and the electrical conductivity is strongly dependant on the number of electrons available to participate to the conduction process. Most metals are extremely good conductors of electricity, because of the large number of free electrons that can be excited in an empty and available energy state. In water and ionic materials or fluids a net motion of charged ions can occur. This phenomenon produces an electric current and is called ionic conduction. 
A model constituted by analysing the transmittance through the test enclosure with a thin layer of condensed distilled water have been created, as described in Figure 2-2. Here it is assumed that the condensed water is clean resulting no ionic effects.  
[image: ]
Figure 2-2: Principle diagram
The electrical characteristics (e.g. w) of distilled water depends on frequency and temperature. In this model the test enclosure was built using PVC. The thickness of the test enclosure is selected within a range of 0.5 mm to 10 mm to include implementations from thin filter materials to thick slab materials. The thickness of the condensed water layer is swept from 1 to 1000 m to reflect different kind of water condensation scenarios. The frequency was set to 30 GHz and the temperature was set to 20 degrees Celsius to reflect normal operating temperature for an antenna test range. The transmittance through the dual layer setup is plotted in Figure 2-3.
[image: ]
[bookmark: _Hlk525714944]Figure 2-3: Transmittance through the test enclosure
From the result it can be showed that the water condensation will impact the power reaching the measurement antenna (in Figure 2-1) as function of having condensed water or not inside the test environment. The transmittance depends on the thickness of the test enclosure and the condensation layer thickness. Both, layers thickness will depend on the specific test conditions. To account for worst case in the MU evaluation is not correct.
To solve the issue and minimize the measurement error it is suggested to add a calibration stage in the test procedure. Unlike, the traditional calibration phase used for normal temperature condition, here the calibration should capture both the frequency variations and temperature variations. 
In addition, it is also suggested to minimize the water contents in the air by using climate control equipment which are capable of reducing the water contents. 
The calibration measurement is done by using a reference antenna (typically a Standard Gain Horn is used) with known antenna gain over frequency and temperature. In the calibration measurement the reference antenna is measured in the same place as the EUT, and the attenuation of the complete transmission path (C↔A) from the EUT to the measurement receiver is calibrated out. Figure 2-4 presents a setup of a typical compact antenna test range.
[image: ]
Figure 2-4: CATR calibration interfaces
Calibration Stage:
1. Path loss calibration C→A:
a. Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna's connector with a network analyser (or equivalent measurement equipment) to obtain ΓSGH.
b. Measure cable loss from point C to input of SGH, call this LC,SGH which is the equivalent of 20log|S21| from the use of a network analyser.
c. Calculate the combined total path loss from C→A by using the following expression:
LSGHcal = LC,SGH + 10log(1 - |ΓSGH|2) - GSGH;
where 10log(1 - |ΓSGH|2)  is the compensation for SGH connector return loss, GSGH  is the known gain of the reference SGH at a specific temperature and frequency and ΓSGH is the reflection coefficient (or mismatch) seen at the SGH connector (S11 with a network analyzer).
2. Connect SGH and C↔A cable.
3. To remove polarization(s) mismatch between range antenna (labelled as feeder antenna in diagram) and SGH use positions to position the SGH in the beam peak direction of range antenna.
4. Measure path loss C→B with network analyzer LCB = 20log|S21|.
5. Calculate the test path loss compensation factor.  This is the total path loss between A↔B using the results from step 1c and 4. LAB(f, T) =  LSGHcal  - LCB. 

Note: LAB is a function of frequency and temperature.

6. Repeat 1 to 5 for selected frequencies
7. Repeat 1 to 5 for extreme high temperature, room temperature and extreme low temperature.



Measurement Stage:
1. Setup EUT in the location of the SGH from calibration stage.  Align EUT with beam peak direction of range antenna.
2. Configure EUT to generated maximum output power.
3. Set the EUT to transmit specified the test signal with specified CBW and SCS parameters.
4. Measure mean power (Pmeas) of each carrier arriving at the measurement equipment (such as a spectrum analyzer or power meter).
5. [bookmark: _GoBack]Calculate EIRP, where EIRP = Pmeas + LAB(f, T).
6. Calculate total EIRP = EIRPp1 + EIRPp2 where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).
7. Repeat steps 2-6 for relevant temperatures and frequencies.

3. Conclusion
Based on simulation results where the transmittance through the test enclosure with condensed water it can be concluded that the water carried by the air inside the test environment should be minimized by a climate control system.
Also, the variation due to loss as function of condensation requires a calibration to minimize the impact on measurement uncertainty. In addition, to normal temperature testing the test range for extreme temperature test should also capture temperature.     
If temperature calibration and climate control is adopted it is reasonable to believe that error sources for FR2 related to temperature and condensation can be minimized to a common error contribution with standard deviation less than 1 dB.
It is essential to find an expanded MU for extreme temperature testing that is reasonable in terms of giving correct information on how good the base station perform and at the same time allow for reasonable complexity related to the design of the test enclosure. The only way to facilitate this is to calibrate the test range over the extreme temperature range.  
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