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Introduction
This contribution outlines our view on topic #4 of this SI [1] to support extreme temperature conditions for all applicable FR2 UE RF test cases.
Discussion
As outlined in the SID [1], the ETC topic was meant to address the following items:
	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


A lot of progress on ETC testing was made in RAN5#90-e as the MU for the MOP-EIRP and REFSENS-EIS test cases have been finalized
· The systematic error “Influence of ETC on EIRP/EIS”, introduced in RAN5#89-e, was removed and is no longer considered since the term overlaps with the definition of the MU term for quality of quiet zone [2]
· The Quality of Quiet Zone MU with the ETC enclosure was finalized [4]
· The maximum test system uncertainty (MTSU) for ETC test cases was defined 
A compromise on the ETC QoQZ MU based on EIRP/EIS was reached given vastly different QoQZ MU results from two TE vendors in [3][4] as tabulated in Table 1. 
[bookmark: _Ref67489109]Table 1: Comparison of ETC QoQZ MUs including compromise agreement.
	Stage
	TE Vendor
	EIRP/EIS ETC QoQZ MU [dB]

	
	
	23.45 GHz
	32.125 GHz
	40.8 GHz
	44.3 GHz

	Measurement stage (Stage 2)
	Vendor A [4]
	1.08
	1.02
	0.88
	0.85

	Calibration stage (Stage 1)
	Vendor A [4]
	1.06
	0.68
	0.62
	0.43

	Measurement stage (Stage 2)
	Vendor B [3]
	0.66
	0.60
	0.68
	N/A

	Calibration stage (Stage 1)
	Vendor B [3]
	0.39
	0.29
	0.35
	N/A

	Measurement stage (Stage 2)
	Compromise[4]
	0.9

	Calibration stage (Stage 1)
	Compromise[4]
	0.6



This in turn allowed the MOP-EIRP and REFSENS-EIS test case MTSUs to be finalized [5][6] as summarized in Table 2
[bookmark: _Ref67489721]Table 2: Comparison of MOP-EIRP and REFSENS-EIS MTSUs.
	Test Case
	MTSU [dB]

	
	NTC
	ETC

	
	FR2A
(23.45GHz - 32.125GHz)
	FR2B
(32.125GHz - 40.8GHz)
	FR2A
(23.45GHz - 32.125GHz)
	FR2B
(32.125GHz - 40.8GHz)

	MOP-EIRP
	4.89
	5.09
	5.17
	5.37

	REFSENS-EIS
	5.19
	5.19
	5.45
	5.45


[bookmark: _Ref67512236]Observation 1: The measurement uncertainty work on the MOP-EIRP and REFSENS-EIS test cases performed under ETC have been finalized
The test approaches, e.g., leveraging the ETC enclosure for NTC testing was summarized in [2], e.g., Table 1 of [2], are summarized in Table 3
[bookmark: _Ref63267803]Table 3: Overview of ETC and NTC testing approaches
	Test Case
	ETC Enclosure used for the test
	Environmental Condition
	QoQZ MU that needs to be applied to TC
	Calibration applied to Measurements
	MTSU test system needs to meet

	NTC
	no
	Normal temperature
	MUQoQZ,NTC
	NTC Cal, i.e., path loss is assessed without ETC enclosure
	MTSUNTC, e.g., Table B.3.2-2 [7] for MOP-EIRP

	NTC
	yes
	Normal temperature
	MUQoQZ,ETC
	ETC Cal, i.e., path loss is assessed with ETC enclosure
	MTSUNTC, e.g., Table B.3.2-2 [7] for MOP-EIRP

	ETC
	yes
	Extreme temperature
	MUQoQZ,ETC
	ETC Cal, i.e., path loss is assessed with ETC enclosure
	MTSUETC, e.g., Table B.3.2-8 [7] for MOP-EIRP



Given the agreements reached in RAN5#90-e and summarized above, testing MOP-EIRP and REFSENS-EIS can proceed under ETC starting with Release 15. Additionally, 3D beam peak searches under ETC are the baseline for those tests, i.e., the 3D scans must be supported in Release 15. 
[bookmark: _Ref67512237]Observation 2: ETC testing including full 3D beam peak searches can proceed as planned with Release 15
During the last meeting, discussions were held related to full vs partial beam peak searches [8], e.g., 
	· EIRP/EIS beam peak searching procedure under ETC:
· Option 1: perform 3D scan 
· Option 2: beam peak search within a certain cone of directions around peak position under NTC (by declaration or NTC peak searching results)
· -> By default, option 1 applied; if declaration present from UE vendor, then option 2 applied.
Note: option1 is needed for UE with best antenna panel switch based on temperature and/or UE without declaration present (Further work on the texts into TR if needed)


Given the agreements reached in RAN5 and considering that full 3D scans are the baseline for Release 15 testing regardless of NTC or ETC, it is proposed to keep the full 3D scans the default approach for BP searches and have RAN5 consider partial scans based on vendor declarations at a later time. Since vendor declarations are defined in RAN5 [9], it makes the most sense for RAN5 to lead those partial surface beam peak search efforts for ETC. 
[bookmark: _Ref67512239]Proposal 1: Consider full 3D scans the default approach for BP searches and have RAN5 consider partial scans based on vendor declarations at a later time
[bookmark: _Ref61527356]Proposal 2: RAN4 should assume that ETC testing is feasible from a testability perspective for all FR2 UE RF test cases
Accordingly, the restrictions in 38.101-2 [12] that UE EIRP and EIS spherical coverage, Power control, EVM, and UE beam correspondence are not testable [13] should be revised as the ETC testability has been confirmed now. Additionally, applying ETC to FR2 test cases which are applicable to ETC in FR1 should be considered as part of Release 15 maintenance [10] and should be addressed in RAN4#99-e. 
[bookmark: _Ref67512238]Observation 3: The restrictions in 38.101-2 that UE EIRP and EIS spherical coverage, Power control, EVM, and UE beam correspondence are not testable should be revised and test cases applicable to ETC in FR1 should be considered applicable to ETC in FR2 as part of Release 15 maintenance. 
With regards to the temperature tolerance, the WF from RAN4#98-e [8] captured the following
	· RAN4 agrees to define a temperature tolerance for FR2 ETC system. Several aspects need to consider:
· an accuracy of temperature control by an air conditioner 
· accuracy of a thermocouple to measure a temperature in the ETC enclosure 
· The value of temperature tolerance is FFS.
· [+/- 4] degrees Celsius tolerance is the starting point
· Test only can be executed under target temperature within the tolerance


It should be noted that temperature tolerances have traditionally been defined in RAN5 instead of RAN4, e.g., [11]
	[bookmark: _Toc27478773][bookmark: _Toc36227487]F.1.1	Measurement of test environments
The measurement accuracy of the UE test environments defined in TS 38.508-1 [5] subclause 4.1, Test environments shall be
-	Pressure				5 kPa.
-	Temperature			2 degrees.
-	Relative Humidity	5 %.
-	DC Voltage			1,0 %.
-	AC Voltage			1,5 %.
-	Vibration				10 %.
-	Vibration frequency	0,1 Hz.



[bookmark: _Hlk67569162][bookmark: _Hlk67575719][bookmark: _Hlk67569156]Based on a review of commercially available thermocouples suitable for integration into ETC enclosures, a temperature accuracy of ±1oC is feasible. Since the temperature control unit (TCU) typically has an accuracy of ±1oC and given the ETC enclosure design trade-offs necessary to optimize RF transparency over thermal insulation, additional thermal leakage will occur and some margin should be considered to prevent the test cases from pausing frequently, i.e., it is proposed to define the temperature tolerance of ±4oC for the ETC test cases. The test case can execute only when the measured temperature inside the ETC enclosure is within that tolerance at the target temperature and the test must be paused when the temperature is outside the tolerance. 
[bookmark: _Ref67512240][bookmark: _Ref61527357]Proposal 3: Define the temperature tolerance to be ±4oC as the RAN4 recommendation and inform RAN5 via an LS. 
Conclusion
The following observations and proposals were made in this contribution
Observation 1: The measurement uncertainty work on the MOP-EIRP and REFSENS-EIS test cases performed under ETC have been finalized
Observation 2: ETC testing including full 3D beam peak searches can proceed as planned with Release 15
Observation 3: The restrictions in 38.101-2 that UE EIRP and EIS spherical coverage, Power control, EVM, and UE beam correspondence are not testable should be revised and test cases applicable to ETC in FR1 should be considered applicable to ETC in FR2 as part of Release 15 maintenance.
Proposal 1: Consider full 3D scans the default approach for BP searches and have RAN5 consider partial scans based on vendor declarations at a later time
Proposal 2: RAN4 should assume that ETC testing is feasible from a testability perspective for all FR2 UE RF test cases
Proposal 3: Define the temperature tolerance to be ±4oC as the RAN4 recommendation and inform RAN5 via an LS.
References
[1] [bookmark: _Ref20406919]RP-192322, New SID: Study on enhanced test methods for FR2, Apple Inc., CAICT, 3GPP TSG-RAN Meeting #85, September 2019
[2] [bookmark: _Ref67488128]R5-211184, On ETC MUs, Keysight Technologies, Rohde & Schwarz, 3GPP TSG-RAN5 Meeting #90-e, March 2021
[3] [bookmark: _Ref54292053]R5-206819, QoQZ and EIRP/EIS MU results for ETC testing, Keysight Technologies, 3GPP TSG-RAN5 Meeting #89-e, November 2020
[4] [bookmark: _Ref67488501]R5-211944, On the QoQZ standard deviation for ETC testing, Rohde & Schwarz, 3GPP TSG RAN Meeting #90-e, March 2021
[5] [bookmark: _Ref67489913]R5-211935, CR to 38.903 on ETC Testing, Keysight Technologies, 3GPP TSG-RAN5 Meeting #90-e, March 2021
[6] [bookmark: _Ref67489915]R5-211925, Update of ETC MTSU, Rohde & Schwarz, 3GPP TSG-RAN5 Meeting #90-e, 3GPP TSG-RAN5 Meeting #90-e, March 2021
[7] [bookmark: _Ref63263631]TR 38.903, Derivation of test tolerances and measurement uncertainty for User Equipment (UE) conformance test cases, V16.6.0 (2020-12)
[8] [bookmark: _Ref67490861]R4-2103920, WF on ETC and test time reduction, vivo, 3GPP TSG-RAN WG4 Meeting #98-e, February 2021
[9] [bookmark: _Ref67495664]TS 38.508-2, User Equipment (UE) conformance specification; Part 2: Common Implementation Conformance Statement (ICS) proforma, V16.6.0 (2020-12)
[10] [bookmark: _Ref67496299]R5-211276, FR2 Extreme testing conditions applicability, Keysight Technologies, 3GPP TSG-RAN5 Meeting #90-e, March 2021
[11] [bookmark: _Ref67510098]TS 38.521-1, User Equipment (UE) conformance specification; Radio transmission and reception; Part 1: Range 1 Standalone, V16.6.0 (2020-12)
[12] [bookmark: _Ref61527153]TS 38.101-2, User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone, V16.6.0 (2020-12)
[13] [bookmark: _Ref61527218]R4-2017596, WF on extreme temperature conditions for all applicable FR2 UE RF test cases, vivo, 3GPP TSG-RAN WG4 Meeting #97-e, November 2020

