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1.
Introduction
Discussion on extreme temperature conditions (ETC) testing continued in RAN4#90Bis. No agreements were made and this topic seems to have multiple aspects all merged in to same discussion. In this paper we are clarifying different aspects and propose how to close this discussion and enable stable closure of Rel-15.  
2. 
Discussion
2.1
FR2 test system for ETC
Discussion seems to be triggered by notion of not having agreed test setup for ETC in FR2. NR OTA test method SI has not proposed a test method for ETC nor RAN5 has agreed such. For BS this has been agreed and testing for EIRP accuracy is done in ETC as written in TS 38.141-2, so it seems to be possible to test the EIRP of antenna array devices in ETC. If similar test arrangement can be used for testing UE needs further discussion either in Ran4 or Ran5 and limitations need to be identified.
Observation 1: There is no agreed a test system for ETC for FR2 OTA for UE but there is one for BS.  
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Figure 1 CATR measurement system setup for extreme conditions EIRP accuracy (Figure 12.3.5.2.2.1-1 in TR 38.817-02)

ETC testing should be enabled for FR2 UEs at some point of time and for that a method to alternate temperature of the surrounds of the DUT is needed. To determine what are the limitations allowed for the test system, some agreements in ran4 are needed so a discussion under testability SI needed.   

Proposal 1: RAN4 shall continue to discuss ETC testability aspects in Rel-16 Testability SI.  
2.2
Beam peak direction drift with temperature 

One aspect in the discussion for ETC has been the beam peak direction drift with temperature. So far RAN4 has not been able to conclude if beam peak changes or not with temperature. Typically, electronic components have some variation over temperatures and beam direction is a function of phase shift of the RF signals between two elements. It is probable that phase shifter will drift over temperatures, but beam direction would change only if the phase drift is different between the element.
Observation 2: Beam direction changes only as function of parameter changes between RF paths 

Since the wavelength is very short in considered bands, the phase shifters are very close to each other inside the handset and therefore we can assume any external heat (or cold) source will change the temperatures for all phase shifters in the same way. 
Observation 3: Applying external temperature changes to handset will change behaviour of all components the same way
As a conclusion we can state that external temperatures changes are not going to change beam direction at least based on first order parameter changes. 
Furthermore, the question of requirement is a bit more complicated since for peak EIRP, beam peak direction is relevant. There are two ways to approach this aspect:

1) Define beam peak direction as UE dependent parameter and so assume beam peak is the beam peak direction observed in NTC and UE behaviour and performance are assumed accordingly

2) Define beam peak direction for UE as temperature dependent parameter and assume TE recalibrates the beam for each temperature        
In BS side, approach 1) was adopted and that mean if the beam peak direction changes in temperatures, BS must meet the peak EIRP requirement regardless of beam peak direction change. 
Observation 4: BS requirements are not considering relaxations for ETC based on beam peak direction changes

Same approach should be feasible for UE since the beam is rather wide compared to BS. BS typically uses 64 or 128 elements whereas UE reference assumptions has been 4 elements per polarization. In Figure 2, we show 3 dB beam width in degrees as a function of number of elements.    
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Figure 2 Beam width as a function of number of antennas in an array

From Figure 2 we can conclude that comparing UE with 4 elements to BS with 64 elements, UE beam can drift 24 deg for the same gain droop. 
To progress the ETC testing, agreements are needed in two open issues. 

Proposal 2: UE requirements are not relaxed because of possible beam drift over temperature
Proposal 3: Beam peak direction for UE is assumed same for ETC as for NTC in conformance testing  
2.3
Existing core requirement applicability for ETC

Currently the requirements for receiver are stated to be valid over ETC. Some companies have expressed their view [2] that the requirements were not derived with the assumption of ETC. The discussion on the applicability of core requirements should be separated from discussion on the test system and these discussion can co-exist in parallel. We provide an analysis on the state of the core requirements in [1] and further discussion should be continued isolated from the test system aspects.  
Conclusion
Proposal 1: RAN4 shall continue to discuss ETC testability aspects in Rel-16 Testability SI.  

Proposal 2: UE requirements are not relaxed because of possible beam drift over temperature
Proposal 3: Beam peak direction for UE is assumed same for ETC as for NTC in conformance testing  
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