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1
Introduction
The FR2 testability SI was agreed with an extension to June 2021 [1]. Supporting ETC for all applicable FR2 UE RF test cases is one of the objectives in the SID. 
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This paper shares our view on FR2 ETC testing, and potential way forward is suggested.

2
Discussion

2.1  Thermal condition applicability
The applicability of the FR2 UE RF requirements in Annex E.2.1 of TS38.101-2 [2] as follows:
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Due to the initial feedback from TE vendors that the TRP, EIRP and EIS spherical coverage tests which require device rotations around 1 or 2 axes are not practical for extreme temperature testing from a testability perspective. And agreement was reached that at least EIS and EIRP spherical coverage and TRP requirements are not tested under ETC.

Therefore, some requirements in 38.101-2 are clearly stated not applicable for ETC testing, including: UE EIRP and EIS spherical coverage, Power control, EVM, and UE beam correspondence. 

For FR2 UE RF conformance testing in TS 38.521-2 [3], some aspects related to ETC are still FFS: 
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Based on initial work plan of RAN4 enhanced testability SI (target August 2020) [4], RAN5 endorsed a corresponding work plan on FR2 OTA ETC testing with 1Q later (target November 2020) to finalize the ETC tasks [5]: 
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However, the enhanced testability SI is further extended, and RAN5 did not achieve progress on ETC topic, RAN4 should keep working on this area, clear feedback/decision in RAN4 is needed to finalize the requirement related issue.
Observation 1: Currently, ETC test procedure and MU assessment in RAN5 spec is FFS, decision on ETC requirements should be made in RAN4 and inform the agreements to RAN5 to complete the test cases.     

2.2 ETC testing for all FR2 requirements  
The target of enhanced testability SI is to complete ETC for all UE RF test cases, thus the first action is how to achieve 3D scan in ETC system configuration. Based on the latest discussions with TE vendors, currently they can potentially support 3D scans for ETC testing, therefore, RAN4 should confirm the ETC 3D test is feasible from test system perspective.
Proposal 1: RAN4 group should confirm the feasibility of 3D scan for ETC testing, feedback from TE vendors is required. 

If 3D scan is feasible, then we should discuss the impacts on the requirements introduced by ETC, and also study how to define the enhanced test procedure. From previous discussions, beam peak direction drift with temperature is the key aspect related to beam peak searching and peak EIRP/EIS testing. It seems to be the common understanding that the electronic components have some variation over temperature, but whether different elements present large phase shift difference and the impacts on final beam direction is not clear.
Observation 2: It is common understanding that the phase shifter will drift under extreme temperature condition, but the impacts on 3D scan and peak EIRP/EIS performance is not clear.   
Consequently, on the one hand, the task is 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. 

Proposal 2: RAN4 should establish simulation to calculate the impacts of temperature on FR2 beamforming, and analyse the performance difference under 3D scan (spherical coverage and TRP) with ECT and NCT.

On the other hand, we also need to study the impacts on TRP/peak EIRP from the effect of the ETC enclosure (putting a bubble around DUT), measurements based on the real FR2 device could be a better way.

Proposal 3: Additionally, RAN4 should identify new MU elements related to ETC testing, and test tolerance of [x] dB is required to address the measurement impact under ETC. 

In case the conclusion is that 3D scan is still not feasible, and only Peak EIRP and EIS test cases can be done, then we need to decide how to resolve the procedure issue of peak EIRP and EIS under ETC and associated measurement uncertainty.
One possible way is to test peak EIRP and EIS under ETC in the same direction as the beam peak direction as NTC. In this case, additional procedure is required and the test tolerance shall be increased by [x] dB, due to potential new MU element will be introduced
Proposal 4: If 3D scan is not feasible, then the peak EIRP/EIS should be measured by locking beam peak in NTC, then apply to ETC. 
The initial proposal on the procedure is:

1. Search the beam peak under NTC based on the beam peak searching procedure in TR 38.810.

2. Lock the beam peak and fix the UE rotation position.

3. Apply ETC testing. 

Proposal 5: Considering November meeting is the initial deadline of RAN5 ETC work, if feasibility of 3D scan is confirmed, RAN4 agreements should be informed to RAN5 ASAP to align the actions for next steps.

3 Conclusion

In this paper, we share our views on extreme temperature conditions testing and propose potential way forward. 
Observation 1: Currently, ETC test procedure and MU assessment in RAN5 spec is FFS, decision on ETC requirements should be made in RAN4 and inform the agreements to RAN5 to complete the test cases.     

Observation 2: It is common understanding that the phase shifter will drift under extreme temperature condition, but the impacts on 3D scan and peak EIRP/EIS performance is not clear.   
Proposal 1: RAN4 group should confirm the feasibility of 3D scan for ETC testing, feedback from TE vendors is required. 
Proposal 2: RAN4 should establish simulation to calculate the impacts of temperature on FR2 beamforming, and analyse the performance difference under 3D scan (spherical coverage and TRP) with ECT and NCT.

Proposal 3: Additionally, RAN4 should identify new MU elements related to ETC testing, and test tolerance of [x] dB is required to address the measurement impact under ETC. 

Proposal 4: If 3D scan is not feasible, then the peak EIRP/EIS should be measured by locking beam peak in NTC, then apply to ETC. 
The initial proposal on the procedure is:

1. Search the beam peak under NTC based on the beam peak searching procedure in TR 38.810.

2. Lock the beam peak and fix the UE rotation position.

3. Apply ETC testing. 

Proposal 5: Considering November meeting is the initial deadline of RAN5 ETC work, if feasibility of 3D scan is confirmed, RAN4 agreements should be informed to RAN5 ASAP to align the actions for next steps.
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Support extreme temperature conditions for all applicable FR2 UE RF test cases


-	Considering beam peak search, spherical coverage, and total radiated power procedures


- 	Limit the study of this objective to the permitted UE RF methods defined in Clause 5.2 of TR38.810


-	Study preliminary impacts on system measurement uncertainty under extreme temperature conditions





E.2.1	Temperature


All RF requirements for UEs operating in FR2 are defined over the air and can only be tested in an OTA chamber.


The UE shall fulfil all the requirements in the temperature range for extreme conditions, as defined in Table E.2.1-1, unless explicitly stated otherwise in any requirement.


Table E.2.1-1: Temperature conditions


+ 25 ⁰C ± 10 ⁰C �
For normal (room temperature) conditions with relative humidity of 25 % to 75 %�
�
-10(C to +55(C�
For extreme conditions�
�
Outside this temperature range the UE, if powered on, shall not make ineffective use of the radio frequency spectrum. In no case shall the UE exceed the transmitted levels as defined in clause 6.2 for extreme operation.





6.2.1.1	UE maximum output power - EIRP and TRP


Editor’s note: The following aspects are either missing or not yet determined:


Measurement Uncertainties and Test Tolerances are FFS for power class 1, 2 and 4.


The following aspects of the clause are for future consideration:


-	Test Procedures for EIRP beam peak Extreme Conditions are FFS


7.3.2	Reference sensitivity power level


Editor’s note: The following aspects of the clause are for future consideration:


Measurement Uncertainties and Test Tolerances are FFS for power class 1,2 and 4.


The following aspects of the clause are for future consideration:


The 3D EIS scan test time optimization in RAN 4/ RAN 5 is FFS (existing EIS based test time needs to be re-evaluated for 200/266 grid points).


Test Procedures for EIS beam peak Extreme Conditions are FFS


Statistical model in Annex H.2 (currently based on LTE model) needs to be validated to confirm that it is also applicable for FR2


7.3.4	EIS spherical coverage


Editor’s Note: This clause is incomplete. The following aspects are either missing or not yet determined:


Measurement Uncertainties and Test Tolerances are FFS for power class 1, 2 and 4.


Incorporating multi band relaxation testing in this clause is not complete.


The following aspects of the clause are for future consideration:


Testing extreme conditions is FFS. 





Proposal 1: Set target completion date for TE vendors to complete MU on ETC for conformance test cases that are required ETC testing for Priority 1 and Priority 2 test cases by RAN5#89 meeting in November 2020. 


Proposal 2: If the MU work on ETC using 3D scans has been completed by RAN5#89. 


-       Test cases that require 3D scans shall be tested under ETC.


-       Test cases performed in the beam peak direction shall use the beam peak search performed under ETC, using 3D scans


-       Beam peak search 3D scan shall be studied for full and hemispherical scans during the MU work. Study of smaller sectors is not precluded. 





Proposal 3: If none of the MU work on ETC has been completed by RAN5#89, only NTC will be tested








