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1
Introduction
In the last RAN4 meeting, extreme temperature conditions (ETC) for FR2 RF test cases was discussed [1], some impacts due to ETC were agreed to study [2]: 
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This contribution shares our view on FR2 Extreme temperature conditions.

2
Discussion

2.1  The temperature impacts on FR2 RF test system
Three test methods, i.e., Direct Far Field (DFF), Indirect Far Field (IFF) and Near Field to far field transform (NFTF), are permitted for FR2 RF testing in TR38.810 [3]. Due to the best applicability of IFF methodology for black-box testing of all the FR2 UEs, this test method has been the first priority defined in RAN5 for FR2 UE RF conformance test cases. CATR (Compact Antenna Test Range) is the typical approach of IFF method. 
For extreme temperature testing, to achieve the temperature control in the chamber, the DUT is usually enclosed by an ETC enclosure (“bubble”) which is providing cooling and heating to the UE without affecting components within the anechoic chamber. One example of IFF based extreme temperature testing enabler is presented in Figure 1.
The ETC enclosure “bubble” is feasible to limit the temperature variation within a small sphere around the UE and isolate the impact on other parts in the chamber, e.g. support structures, motors, absorbers, reflectors, etc. However, it is commonly known that the reflector in the CATR chamber is very sensitive to the temperature variation, which has significant thermal deformation effect. Although the temperature variation is potentially limited within the “bubble”, after long-term testing (e.g. more than 10 hrs for EIS beam peak search) the extreme temperature condition might still have impacts on the reflector, then the measurement accuracy will be decrease and associate MU will be increased.

Observation 1: The shape of reflector in IFF test system is very sensitive to the temperature variation, thermal deformation may appear if the isolation effect of the ETC enclosure is not Long-term stable for the time-consuming test case, e.g. EIS beam peak searching.
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Figure 1: Example IFF methodology based ETC test system
It is also worth noting that by putting the ETC enclosure around the DUT, some EIRPs/EISs direction may change and it is thus needed to find the beam peak direction again in ETC, and the final spherical coverage performance might be impacted significantly.
In addition, the ETC enclosure is expected to be electromagnetic wave transparent material with low loss. But, given FR2 frequency range is very wide from 24.25 GHz to 52.6 GHz, the impacts of this enclosure on Beam 3D radiation patterns under different frequency should be studied. Besides, the long-term stability and repeatability of the test system under ETC condition should also be studied to quantify the impacts on UE performance due to ETC 3D scan.
Observation 2: The effect of the ETC enclosure surrounding the DUT may have impacts on the UE performance under ETC, which could be different under different frequency.
Proposal 1: For IFF based ETC test system, the impacts on UE performance due to non-perfect isolation and electromagnetic wave absorption effect of ETC enclosure should be studied.
Proposal 2: A MU element (systematic error) related to ETC testing of 3D scan is required. Analysis on the value of this MU element is encouraged.
Given the testing time reduction has been a very important topic for FR2 RF test cases, the testing might be longer under ETC due to the additional temperature control.
Proposal 3: The testing time under ETC 3D scan should also be considered.   

2.2  The temperature impacts on FR2 UE RF performance
Some potential impacts on FR2 UE performance have been discussed [2]:
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Regarding the beam peak shift, several aspects may change the beamforming behaviour under ETC. First, the PA output power degradation is estimated to be ~0.5dB under ETC, presented in [5]. If each EIRP is drifting under ETC, then the final EIRP spherical coverage is totally a new shape compared with that under NTC. Meanwhile, the noise floor, noise figure and phase noise, under ETC are identified to change the performance, 1.5dB degradation for peak EIRP/EIS was observed [6]. Given other EIRP/EIS performance especially those bad values in the CDF curve may have larger impacts, then the degradation of final spherical coverage due to ETC might be larger than 2dB.
Observation 3: For the EIRP or EIS values at low performance area of the CDF curve, the performance may be impacted greater under ETC, compare with the peak EIRP beam.
Proposal 4: In case the spherical coverage is tested under ETC, consider a 2dB relaxation in the spherical coverage requirement to address the impact of extreme temperature conditions.   

3 Conclusion

In this paper, we share our proposals on FR2 ETC:

Observation 1: The shape of reflector in IFF test system is very sensitive to the temperature variation, thermal deformation may appear if the isolation effect of the ETC enclosure is not Long-term stable for the time-consuming test case, e.g. EIS beam peak searching.
Observation 2: The effect of the ETC enclosure surrounding the DUT may have impacts on the UE performance under ETC, which could be different under different frequency.
Observation 3: For the EIRP or EIS values at low performance area of the CDF curve, the performance may be impacted greater under ETC, compare with the peak EIRP beam.
Proposal 1: For IFF based ETC test system, the impacts on UE performance due to non-perfect isolation and electromagnetic wave absorption effect of ETC enclosure should be studied.

Proposal 2: A MU element (systematic error) related to ETC testing of 3D scan is required. Analysis on the value of this MU element is encouraged.
Proposal 3: The testing time under ETC 3D scan should also be considered.   

Proposal 4: In case the spherical coverage is tested under ETC, consider a 2dB relaxation in the spherical coverage requirement to address the impact of extreme temperature conditions.   
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RAN4 needs to further quantify and mitigate the impacts due to ETC 3D scan solution, and discuss how to treat some RF requirements applicability restrained to NTC:


The impacts on requirements, measurement uncertainty and testing time should be quantified in RAN4


RAN4 to calculate the EIRP shift of each point induced by thermal effect during the 3D scan, and the deviation should be considered as one of the aspects for test tolerance  


Perform simulation to calculate the impacts of temperature on FR2 beamforming, and analyse the performance difference under 3D scan (spherical coverage and TRP) with ETC and NTC


Identify new MU elements related to ETC testing, and test tolerance of [x] dB is required to address the measurement impact under ETC





The impacts on requirements, measurement uncertainty and testing time should be quantified in RAN4


RAN4 to calculate the EIRP shift of each point induced by thermal effect during the 3D scan, and the deviation should be considered as one of the aspects for test tolerance  


Perform simulation to calculate the impacts of temperature on FR2 beamforming, and analyse the performance difference under 3D scan (spherical coverage and TRP) with ETC and NTC
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