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1.	Introduction
[bookmark: _GoBack]In RAN5#94-e meeting, an LS on lower humidity limit in normal temperature test environment was sent to RAN4 [1]. How to resolve the inconsistency issue of relative humidity limit between RAN4 and RAN5 specs or even within RAN4 specs has been discussed in RAN4 for several meetings but no consensus was reached. E-mail summary in [2] summarized the latest discussion in last RAN4 meeting. A WF on resolving humidity inconsistency was approved as following in [3].
· The humidity environment has potential impacts on the test stability and reliability of devices although the degree of impact is FFS.
· There is a need or at least it is better to unify the test environment for humidity in different RATs / different RAN groups.
· The following aspects are FFS
· Is it reasonable to have different humidity ranges in normal condition and extreme condition?
· In which RAN group we intend to resolve the inconsistency?
· Options to resolve inconsistency (Other solutions are not precluded)
· Option 1:  It is proposed to remove the explicit humidity range and normal temperature test is required to be performed under room humidity condition unless otherwise stated.
· Option 2:  Keep the current description in RAN4 spec with the relative humidity range of “25% ~ 75%” as the solution to resolve the inconsistencies among the specs.
· Option 3:  Humidity conditions can be simply set according to IEC publications in both normal and extreme conditions, and we can remove the 25%~75% range.


In this contribution, we further provide our considerations on how to resolve the inconsistency of the relative humidity limit between RAN4 and RAN5. A draft reply LS to RAN5 is attached in the following.
2. 	Discussion
As stated in our previous paper in [4], the high or low temperature and humidity may affect the stability, reliability and life of communication devices. In general, when the relative humidity is 100%, the air is considered to be saturated; when the relative humidity is lower than 40%, the air is considered to be dry; when the relative humidity is higher than 80%, the air is considered to be humid. When the relative humidity is greater than 65%, the surface of the object will be covered by a water film of 0.001~0.01μm thick. Such water film is invisible but it affects the operation of the communication devices. The higher the relative humidity, the thicker the water film formed on the surface of electronic components, resulting in the formation of conductive water. Furthermore, the plastic and rubber products will be deformed or damaged due to water absorption. When the relative humidity is increased from 20% to 80%, it is said that the paper size will be increased by 0.8%. Although the humidity requirement of the test environment is not as obvious as the requirement of temperature, its importance could not be underestimated. If the humidity is too high, the metal material will be oxidized and corroded. As a result, the metal parts and the connectors of the equipment will be corroded, and the insulation strength of the material will be reduced. In some serious cases, short circuits may occur. If the humidity is too low, static electricity may be easily generated, which threatens the safe operation of communication devices. To ensure the relative humidity of the test environment meets the requirements, a humidifier or a dehumidifier could be configured as required. Apart from the above mentioned issues, it is also noted that from the perspective of the propagation characteristics of wireless signals, temperature and humidity may have potential impacts on the radio test results. Therefore, under normal conditions, it is more appropriate to maintain the range of 25%~75% for the humidity test environment.
Observation 1:	The high or low humidity limit for the normal conditions may have potential impacts on some test items and cannot be ignored.

Below we further investigate the inconsistencies of environment conditions among the specifications. From the observations, we noticed that most of the specs for E-UTRA and NR, the normal environment in RAN4 and RAN5 are the same with the humidity range of 25% ~ 75%, while the extreme conditions refer to IEC 68-2-1 and 68-2-2. The exceptions with humidity range of 0% ~ 75% for normal environment are TS 51.010-1 and ETSI EN 301 908-13. For TS 36.508, the normal humidity requirement has been changed from 0% ~ 75% to 25% ~ 75% since v16.8.0.
Meanwhile, we also notice that for normal condition with the humidity range of 0% ~ 75%, the lower bound of 0% is a quite strict condition which is hardly to be considered as a normal condition.
-----------  excerpt from TS 36.101  (Part #1) -----------
E.2.1	Temperature
The UE shall fulfil all the requirements in the full temperature range of:
Table E.2.1-1
	+15C to +35C
	for normal conditions (with relative humidity of 25 % to 75 %)

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


 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.
-----------  excerpt from TS 38.101-1  (Part #2) -----------
E.2.1	Temperature
The UE shall fulfil all the requirements in the full temperature range of:
Table E.2.1-1: Temperature conditions
	+15C to +35C
	For normal conditions (with relative humidity of 25 % to 75 %)

	-10C to +55C
	For extreme conditions (see IEC publications 68‑2‑1 and 68‑2‑2)


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.
-----------  excerpt from TS 38.101-2  (Part #3) -----------
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.
-----------  excerpt from TS 36.508  (Part #4) -----------
Table 4.1.1-1: Temperature Test Environment
	+15C to +35C
	For normal conditions (with relative humidity of 25% to 75 %)

	-10C to +55C
	For extreme conditions (see IEC publications 68-2-1 and 68-2-2)



Note:  TS 36.508 v16.7.0 is with the humidity range of 0% ~ 75% but changed to 25% ~ 75% since v16.8.0.

-----------  excerpt from TS 38.508-1  (Part #5) -----------
Table 4.1.1-1: Temperature conditions for FR1
	+15C to +35C
	For normal conditions (with relative humidity of 25 % to 75 %)

	-10C to +55C
	For extreme conditions (see IEC publications 68‑2‑1 and 68‑2‑2)



Table 4.1.1-2: Temperature conditions for FR2
	+15C to +35C
	For normal (room temperature) conditions with relative humidity of 25% to 75%

	-10C to +55C
	For extreme conditions



-----------  excerpt from TS 38.521-1  (Part #6) -----------
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
-	Temperature			2 degrees.
-	Relative Humidity	5 %.

-----------  excerpt from TS 38.521-1  (Part #7) -----------
F.1.1	Measurement of test environments
Editor’s note: Various measurement accuracies for UE test environments, e.g., pressure, relative humidity, DC&AC voltage, vibration, and vibration frequency, are FFS:
The measurement accuracy of the UE test environments defined in TS 38.508-1 [5] subclause 4.1, Test environments shall be
-	Temperature			4 degrees.
The above values shall apply unless the test environment is otherwise controlled and the specification for the control of the test environment specifies the uncertainty for the parameter.

----------------------  end of excerptions ----------------------
Observation 2:	The lower bound of relative humidity in 0% ~ 75% is actually not a normal condition but an extreme condition.
Observation 3:	Most of the test environments are consistently specified for E-UTRA and NR in RAN4 and RAN5 as below. The exceptions are in TS 51.010-1, ETSI EN 301 908-13 and TS 36.508 v16.7.0 which could be handled later in other thread if needed.
	+15C to +35C
	For normal conditions (with relative humidity of 25 % to 75 %)

	-10C to +55C
	For extreme conditions (see IEC publications 68‑2‑1 and 68‑2‑2)



Observation 4:	The least impact solution to resolve the inconsistency is to keep the normal condition with the relative humidity of 25% to 75%, while the extreme condition is to refer to IEC publications 68-2-1 and 68-2-2. In addition, a stable specification is more preferable to the industry.
Proposal 1:	It is suggested to select Option 2 as the solution to resolve the inconsistency among the specs.
· Option 2:  Keep the current description in RAN4 spec with the relative humidity range of “25% ~ 75%” as the solution to resolve the inconsistencies among the specs.

A draft reply LS to RAN5 is attached as follows.
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1. Overall Description:
RAN4 thanks for RAN5 LS R5- 221604.
Regarding the following question from RAN5:

RAN WG5 respectfully requests RAN WG4 to provide the reason why the lower humidity limit in normal temperature test environment differs in GERAN/UTRA/E-UTRA/NR. Are there any detail considerations to keep the lower humidity limit for normal test environment?

RAN4 discussed the issue of lower humidity limit in normal temperature test environment. After further check with the history of GSM/WCDMA/LTE specs, it is found that the lower humidity limit was first introduced into 3GPP TS 05.05 for radio transmission and reception of GSM/EDGE shown as below.D.2.1	Temperature (GSM 400, GSM 900 and DCS 1800)
The MS shall fulfil all the requirements in the full temperature range of:
+15C  ‑  +35C	for normal conditions (with relative humidity of 25 % to 75 %);
 
‑10C  ‑  +55C 	for DCS 1 800 MS and small MS units extreme conditions
(see IEC publications	 68‑2‑1 and 68‑2‑2);
 
‑20C  ‑  +55C 	for other units extreme conditions (see IEC publications 68‑2‑1 and 68‑2‑2).
 
Outside this temperature range the MS, if powered on, shall not make ineffective use of the radio frequency spectrum. In no case shall the MS exceed the transmitted levels as defined in 3GPP TS 05.05 for extreme operation.

[bookmark: OLE_LINK2]The definition of lower humidity limit in normal temperature test environment in GSM specifications has been specified as “25 % to 75 %” since version 7.0.0 for more than 20 years. The content of this part has been continued to be used in RAN4 specifications for UTRA, LTE and NR systems. A narrow range of relative humidity of “25 % to 75 %” is more reasonable since “up to 75%” indicates that UE should also support the condition under relative humidity of “0% to 25%” which is an extra requirement to the current UEs. The lower bound of relative humidity of “0% ~ 75%” could not be regarded as a normal condition.

Although for most of the test cases under normal temperature conditions the humidity does not affect the test performance of UE as much as temperature, the high or low humidity environment may have potential impacts on some other test items, such as ESD (Electro-Static Discharge) do have strict requirements in humidity. The humidity may also affect the stability, reliability and radio propagation of communication devices. For some instruments or system components in mmW dark chamber, the requirements for relative humidity should also be considered.

[bookmark: OLE_LINK1]RAN4 concludes that the relative humidity of “25% to 75%” for normal test conditions should be uniformly specified for E-UTRA/NR systems in RAN4 specifications.

2. Actions:
To RAN5
ACTION: 	RAN4 kindly asks RAN5 to take above RAN4 answers into consideration in their future work.

3. Date of Next TSG-RAN WG4 Meetings:
3GPP RAN4#106	27 Feb – 03 Mar 2023	Athens, Greece
3GPP RAN4#106-bis-e	17 – 26 Apr 2023	Online
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