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1 Introduction
RAN5 identified inconsistency among specifications regarding humidity limit for normal condition. For exacmple, there is lower humidity limit for NTC in some specifications, but nothing in the other specifications. In the LS [1], RAN5 asked RAN4 the reason why lower humidity limit differs and detailed consideration to keep lower humidity limit in core specifications:
To RAN4 group.
ACTION: 	
1. RAN WG5 respectfully requests RAN WG4 to provide the reason why the lower humidity limit in normal temperature test environment differs in GERAN/UTRAN/E-UTRAN/NR. Are there any detail considerations to keep the lower humidity limit for normal test environment?

In this contribution, we would like to provide our view based on the analysis of the UE RF performance impact due to the humidity change. Our proposals and a draft reply LS will also follow based on the measurement results. 
2 Discussion
Regarding the LS from RAN5, RAN4 had discussed how to resolve the inconsistency issue many times already, but the reply LS has never been sent out unfortunately. Meanwhile, RAN4 took a step forward with a common understanding that it is better to unify the test environment for humidity in different RATs / different RAN groups in a WF [2]. However, the similar discussion and argument has repeated in the last RAN4 meeting without technical justifications. In our view, that was because some companies were reluctant to change the current test environment in the specification regardless of its impact to the UE RF performance. In that sense, we proposed to leave a note in the chairman’s report for a reasonable approach to make the decision in this meeting with following sentence:
	Chair: RAN4 is expected to make decision on this issue based on UE RF performance impact in the next meeting.



Observation 1:	RAN4 has never sent out the reply LS to RAN5 because some companies were reluctant to change the current test environment in the specification regardless of its impact to the UE RF performance.
Observation 2:	RAN4 agreed to have a chairman’s note for a reasonable approach to make the decision in this meeting.
Therefore, in order to follow the chairman’s guidance and determine the impact of the humidity condition for UE RF performance, we have tried to set up different test environments with various humidity levels for the UE RF testing. Detail test conditions are as follows.

Table 1: Test conditions
	RAT
	LTE
	NR

	Temperature
	+25 ℃ (NTC), +55 ℃ (ETC)

	Humidity
	10/25/50/75/90 %

	Band
	B7
	n78

	Bandwidth
	20 MHz
	100MHz

	DUT Sample
	3
	2



Based on Table 1, we carried out multiple tests to examine the UE RF performance under various humidity conditions. As provided in Figure 1 and 2, we figure out that our results support exactly what we have expected and proposed continuously [3-6]. 
[bookmark: _Hlk126618602]Figure 1: UE RF performance test under various humidity levels (LTE)
	25℃ (NTC)
	55℃ (ETC)
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Figure 2: UE RF performance test under various humidity levels (NR)
	25℃ (NTC)
	55℃ (ETC)
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[bookmark: _Hlk126621295][bookmark: _Hlk126621384]Figure 1 and 2 show that there is no statistically significant difference in the results of UE RF performance tests when those are conducted at different humidity levels of laboratory. They also indicate that the variation in humidity does not have a measurable impact on the device materials being tested since the difference in the measurement data is within the limits of measurement uncertainty. Therefore, it can be concluded that the UE RF performance is not affected by variations in humidity, and it does not have to be limited by the specification.
Observation 3:	Variation in humidity does not have a measurable impact on the device materials being tested since the difference in the measurement data is within the limits of measurement uncertainty.
Proposal 1:		RAN4 should conclude that the UE RF performance is not affected by variations in humidity, and it does not have to be limited by the specification.
[bookmark: _Hlk126622065]Regarding the method to change the current note for humidity condition, our view is that it is no harm to remove the lower and upper bounds for the side condition of normal temperature as it is technically supported by Figure 1 and 2 while leaving just “room humidity” instead of the explicit range. In terms of the consistency, however, it is also reasonable to delete the entire note in brackets if some companies have a concern on the term “room” although it is widely used in 3GPP already. Alternatively, having upper limit only for the humidity condition as TS 51.010-1, TS 36.508 and ETSI EN 301 908-25 can also be an option for RAN4 since RAN5 is asking about the lower limit only, and RAN4 is trying to make the condition be aligned between specifications as agreed before.
Observation 4:	It should be no harm to remove the lower and upper bounds for the side condition of normal temperature as it is technically supported by our experiment while leaving just “room humidity” instead of the explicit range.
Observation 5:	Alternatively, having upper limit only for the humidity condition as some specifications can also be an option for RAN4 since RAN5 is asking about the lower limit only, and RAN4 is trying to make the condition be aligned between specifications.
Also, referring to the latest ETSI standard for initial release of NR (EN 301 908-25), the humidity condition also has been changed as below.
Table 1: Temperature test environment of EN 301 908-25
	+15 °C to +35 °C
	For normal conditions (with relative humidity up to 75 %)

	-10 °C to +55 °C
	For extreme conditions (see IEC 60068-2-1 [9] and IEC 60068-2-2 [10])



So, it would be the right time for RAN4 to change the unnecessary limitation for normal test condition as ETSI standard. Overall, based on the analysis and consideration above, we would like to propose to remove the explicit humidity range of the lower limit at least as ETSI standard for the compromise.
Proposal 2:		It is proposed to remove the explicit humidity range of the lower limit at least as ETSI standard which has been figured out that it has no impact on the UE RF performance.
	+15℃ to +35℃
	for normal conditions (with relative humidity of 25 %up to 75 %)

	-10℃ to +55℃
	for extreme conditions (see IEC publications 68‑2‑1 and 68‑2‑2)



A draft reply LS is provided in Annex.
3 Conclusion
In this contribution, we provide our view on the humidity condition and its impact to UE RF performance based on the test results following chairman’s guidance. A draft reply LS is also provided in Annex based on following observations and proposals.
Observation 1:	RAN4 has never sent out the reply LS to RAN5 because some companies were reluctant to change the current test environment in the specification regardless of its impact to the UE RF performance.
Observation 2:	RAN4 agreed to have a chairman’s note for a reasonable approach to make the decision in this meeting.
Observation 3:	Variation in humidity does not have a measurable impact on the device materials being tested since the difference in the measurement data is within the limits of measurement uncertainty.
Proposal 1:		RAN4 should conclude that the UE RF performance is not affected by variations in humidity, and it does not have to be limited by the specification.
Observation 4:	It should be no harm to remove the lower and upper bounds for the side condition of normal temperature as it is technically supported by our experiment while leaving just “room humidity” instead of the explicit range.
Observation 5:	Alternatively, having upper limit only for the humidity condition as some specifications can also be an option for RAN4 since RAN5 is asking about the lower limit only, and RAN4 is trying to make the condition be aligned between specifications.
Proposal 2:		It is proposed to remove the explicit humidity range of the lower limit at least as ETSI standard which has been figured out that it has no impact on the UE RF performance.
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1	Overall description
RAN4 would like to thank RAN5 for the LS (R5-221604 / R4-2207623) on lower humidity limit in normal temperature test environment. 
Based on much discussion in RAN4, RAN4 found that the issue of humidity inconsistency among specifications does exist. Besides the cases mentioned in R5-221604, RAN4 also identifies other cases of the inconsistency as summarized in Table 1 among specifications.
Table 1. Summary of humidity inconsistency among specifications
	Humidity requirement
	Related specifications

	With humidity range 0% ~ 75%
	TS 51.010-1, TS 36.508 v16.7.0, ETSI EN 301 908-13, etc.

	With humidity range 25% ~ 75%
	TS 36.101, TS 38.101-1, TS 38.101-2, etc.

	Without humidity range (room temperature)
	TS 37.144, TS 373.154, TS 38.161, etc.



RAN4 agrees that it is necessary to align the humidity condition among specifications. It is also RAN4’s understanding that the variation in humidity does not have a measurable impact on the device materials being tested since the difference in the measurement data is within the limits of measurement uncertainty. RAN4 concluded that the UE RF performance is not affected by variations in humidity, and it does not have to be limited by the specification. Therefore, it is concluded in RAN4 that RAN4 will replace the inconsistent humidity range with relative humidity up to 75 % in core specifications as a following example of 38.101-1 and -2.
	+15℃ to +35℃
	for normal conditions (with relative humidity of 25 %up to 75 %)

	-10℃ to +55℃
	for extreme conditions (see IEC publications 68‑2‑1 and 68‑2‑2)



2	Actions
To RAN5
ACTION: 	RAN4 respectfully asks RAN5 to take above RAN4 answers into consideration for the future work.
3	Dates of next TSG RAN WG 4 meetings
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]3GPP RAN4#106-bis-e		17th – 26th April 2023			Electronic
3GPP RAN4#107			22nd – 26th May 2023				Incheon, Korea
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