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1	Introduction 
The effort to enhance the FR2 test methodology with extreme temperature conditions (ETC) has begun as part of the study on enhanced test methods for FR2 [1], and initial agreements on the topic were captured in [2]:
	-	From testing system perspective, the supporting of 3D scan with extreme temperature condition is confirmed by at least one TE vendor. 
-	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
-	Simulation assumptions for ETC:
-	Details of test methods enhancement need to be further discussed.
-	The basic UE assumption in [R4-1902684] for Spherical coverage can be reused for extreme temperature condition simulation to identify the impacts on UE performance
-	LNA noise figure, magnitude error, phase shifter, and RSRP error would be aspects can be considered



This contribution provides our views on the topic as well as initial simulation results.
2	Discussion
Two simulation cases are provided for DUT with two 2 panels for 9 beam codebooks (15-degree step) and 21 beam code books (7.5-degree step). Mutual coupling, form factor integration, and implementation losses are not modelled. Reference coverage CDF pattern for 9 beam code books and 21 code books with no impairment are shown in Figure 1 and Figure 2 below.
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Figure 1: Spherical Coverage CDF for 9 beam code books
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Figure 2: Spherical Coverage CDF for 21 beam code books
As we mentioned in [4], the current REFSENS requirement is derived at 20C as it is using -174 dBm(kT). Therefore, the difference in the noise floor between 20C and either of two extreme temperatures i.e. -10C and +55C is about 0.5 dB using the equation below. 



[bookmark: _Toc61583395][bookmark: _Toc61600064][bookmark: _Toc61600098][bookmark: _Toc61600416][bookmark: _Toc61600536][bookmark: _Toc61600572][bookmark: _Toc61601626]Observation 1:	The REFSENS requirement is derived under normal temperature condition (NTC) assumption and testing it in extreme temperature condition (ETC) will result in 0.5dB difference in noise floor.
The extreme temperature not only changes the thermal noise floor, but also impacts much more inside the ICs. For example, usually the gain changes, where a lower gain at higher temperatures results in a higher cascaded noise figure. Further, ETC will also increase the phase noise of the LO which decreases the SNR. Furthermore, ETC also changes the phase and amplitude balance of the IQ down-conversion thus reducing the performance. The modeled impairments to evaluate the impact of beam peak direction are LNA noise figure, phase shifter, and RSRP error. To represent the impact of beam peak direction from ETC, an ISSCC publication [5] is used to derive more practical parameters for magnitude error and phase error. 
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Figure 3: Temperature impact on Tx/Rx parameters 
[bookmark: _Toc61600417][bookmark: _Toc61600537][bookmark: _Toc61600573][bookmark: _Toc61601627]Observation 2:	In addition to impact on thermal noise floor which impacts magnitude error, TX/RX VGA gain control and phase shifter loss variation also impact magnitude error. It is expected to observe 0.1 dB under NTC and 1.0 dB under ETC.
[bookmark: _Toc61600418][bookmark: _Toc61600538][bookmark: _Toc61600574][bookmark: _Toc61601628]Observation 3:	Phase error from TX/RX VGA phase variation which impacts beam forming is 1.5° under NTC and 2.0° under ETC.
Both Peak EIRP and Peak EIS measurement requires Rx beam sweep to have best beam forming in each direction. Having RSRP error could cause the DUT to select the wrong beam. In addition, in order to find the beam peak direction in ETC, the test vendor should increase/decrease the temperature around the DUT by, for example, putting a bubble around DUT which increases the insertion loss. It is also worth noting that by putting the bubble around the DUT, the beam peak direction may change and it is thus needed to find the beam peak direction again in ETC. 
[bookmark: _Toc61600419][bookmark: _Toc61600539][bookmark: _Toc61600575][bookmark: _Toc61601629]Observation 4:	RSRP measurement accuracy for RRM specification in FR2 is derived from TS 38.133 clauses 10.1.3 is 6 dB for NTC and 9 dB for ETC. The RRM requirement is defined as low SNR. The beam correspondence tolerance requirement is defined over the link angles “corresponding to the top 50% of the EIRP measurement over the whole sphere.” This, the BC requirement is defined as high SNR, so RSRP error is expected to be less than 6 dB for NTC and less than 9 dB for ETC.
[bookmark: _Toc61600420][bookmark: _Toc61600421]Based on observations given above, we use magnitude error, phase error, and RSRP error to simulate the impact of beam peak direction between NTC and ETC.
[bookmark: _Toc61600423][bookmark: _Toc61600540][bookmark: _Toc61600576][bookmark: _Toc61601630]Observation 5:	Based on our initial simulations with all impairment models, maximum difference magnitude and angle in beam peak direction between ETC and NTC for worst case of 9 beam code books and 21 beam code books is 0.9 dB and 14°.
[bookmark: _Toc61600424]We can consider improvements to the test procesure as follows:
[bookmark: _Toc61600425]1)	Find the beam peak under NTC following TS38.810 clause 5.2.13.7
[bookmark: _Toc61600426]2)	Lock the beam peak such that UE doesn’t perform DL beam sweeping 
[bookmark: _Toc61600427]3)	Lock UE position relative to measurement antenna
[bookmark: _Toc61600428]4)	Apply ETC

[bookmark: _Toc61600429][bookmark: _Toc61600541][bookmark: _Toc61600577][bookmark: _Toc61601631]Observation 6:	With proposed procedure by locking beam peak in NTC, then apply ETC. RSRP error between ETC and NTC shall be negligible; however, the impact of magnitude error and phase error is expected. The maximum difference in beam peak direction between ETC and NTC with magnitude error and phase error for worst case of 9 beam code books and 21 beam code books is 0.7 dB and 12°.
[bookmark: _Toc61600430][bookmark: _Toc61600542][bookmark: _Toc61600431][bookmark: _Toc61600543]Based on observations given above, we think it makes sense to add additional test procedure for ETC test cases. We therefore propose to have conical region spanning in ETC based on beam peak in NTC.
[bookmark: _Toc61600435][bookmark: _Toc61600547][bookmark: _Toc61600578][bookmark: _Toc61601632]Proposal 1:	Perform a beam peak search refinement over conical region spanning +/- 12° around beam peak direction which was found under NTC.
[bookmark: _Toc61600432][bookmark: _Toc61600544][bookmark: _Toc61600433][bookmark: _Toc61600545][bookmark: _Toc61600434][bookmark: _Toc61600546]In case that the chamber isn’t able to move positioner in conical region spanning +/- 12° inside an ETC Bubble, we propose to increase test tolerance by 0.9 dB to account for beam peak direction change under ETC.
[bookmark: _Toc61600436][bookmark: _Toc61600548][bookmark: _Toc61600579][bookmark: _Toc61601633]Proposal 2:	In case that the chamber isn’t able to move positioner in conical region spanning +/- 12° inside a temperature control bubble, we propose to increase test tolerance for ETC by 0.9 dB for MOP and REFSENs test cases.
Because the RAN4 core RF requirement for spherical coverage EIRP and EIS is defined based on NTC, RAN4 needs to consider not only measurement procedure enhancements, as captured in Proposals 1 and 2, but also to quantify the impact on measurement uncertainty and, consequently, on test tolerance.  By reflecting the ETC impact onto the spherical coverage test tolerance definition (we are assuming this tolerance would only be applied under ETC), the core requirement can remain the same.
[bookmark: _Toc61601634]Proposal 3:	A simulation campaign is needed to quantify the impact of ETC on measurement uncertainty and test tolerance. RAN4 shall provide a recommendation to RAN5 based on the results.
3	Conclusions
This contribution provides our view on the ETC objective of the study and shares the following observation and proposals:
Observation 1:	The REFSENS requirement is derived under normal temperature condition (NTC) assumption and testing it in extreme temperature condition (ETC) will result in 0.5dB difference in noise floor.
Observation 2:	In addition to impact on thermal noise floor which impacts magnitude error, TX/RX VGA gain control and phase shifter loss variation also impact magnitude error. It is expected to observe 0.1 dB under NTC and 1.0 dB under ETC.
Observation 3:	Phase error from TX/RX VGA phase variation which impacts beam forming is 1.5° under NTC and 2.0° under ETC.
Observation 4:	RSRP measurement accuracy for RRM specification in FR2 is derived from TS 38.133 clauses 10.1.3 is 6 dB for NTC and 9 dB for ETC. The RRM requirement is defined as low SNR. The beam correspondence tolerance requirement is defined over the link angles “corresponding to the top 50% of the EIRP measurement over the whole sphere.” This, the BC requirement is defined as high SNR, so RSRP error is expected to be less than 6 dB for NTC and less than 9 dB for ETC.
Observation 5:	Based on our initial simulations with all impairment models, maximum difference magnitude and angle in beam peak direction between ETC and NTC for worst case of 9 beam code books and 21 beam code books is 0.9 dB and 14°.
Observation 6:	With proposed procedure by locking beam peak in NTC, then apply ETC. RSRP error between ETC and NTC shall be negligible; however, the impact of magnitude error and phase error is expected. The maximum difference in beam peak direction between ETC and NTC with magnitude error and phase error for worst case of 9 beam code books and 21 beam code books is 0.7 dB and 12°.

Proposal 1:	Perform a beam peak search refinement over conical region spanning +/- 12° around beam peak direction which was found under NTC.
Proposal 2:	In case that the chamber isn’t able to move positioner in conical region spanning +/- 12° inside a temperature control bubble, we propose to increase test tolerance for ETC by 0.9 dB for MOP and REFSENs test cases.
Proposal 3:	A simulation campaign is needed to quantify the impact of ETC on measurement uncertainty and test tolerance. RAN4 shall provide a recommendation to RAN5 based on the results.
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Figure 7.2.6: Summary table showing the performance of the IC and sub-blocks
(measured on wafer) and antenna module with 4 ICs (measured over the air).
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