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1.
Introduction

In RAN5#94-e meeting, an LS on lower humidity limit in normal temperature test environment was sent to RAN4 [1]. It is identified that there are inconsistencies on the lower humidity limit in the normal temperature test environment among 2G/3G/4G/5G specifications. The following question was raised by RAN5.


[image: image1]
The lower humidity limit was first introduced into 3GPP TS 05.05 for radio transmission and reception of GSM/EDGE with relative humidity of 25 % to 75 % for normal conditions. Later, a CR in [2] to remove the lower limit for humidity was approved for GSM spec, while for the upper limit the CR suggested to keep it unchanged since the upper limit was considered do have an effect on RF performance. The 3G/4G/5G specs inherit the description of humidity from GSM spec. In RAN4#103-e meeting, companies discussed the issue on the lower humidity limit in the normal temperature test environment and confirmed the inconsistencies between RAN4 and RAN5 specs. Due to the time limitation, no agreement has been achieved in the last RAN4 meeting.
In this contribution, we provide our further considerations on humidity limit for normal condition and propose a draft reply LS to RAN5.
2. 
Discussion

During the discussion in RAN4#103-e meeting, the inconsistency on humidity among different specifications are summarized as follows [3].

	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 37.544, TS 38.161, etc.


Regarding to the possible ways to resolve the inconsistencies between RAN4 and RAN5 specs, the following proposed options are narrowed down in the second round discussion of RAN4#103-e meeting [3].
· Proposals

· Option 1: Remove the detail description of relative humidity in normal test conditions. Add a note to indicate that the relative humidity condition will be declared by manufacturers and recorded in the test report. 
· Option 4: Keep the current description of relative humidity in normal test conditions as it is now in RAN4 specs with the range of “25% ~ 75%”.
· Option 5: For normal conditions, with relative humidity within the range 25% to 75% or 0% to 75%

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. When the air is saturated, the water film will be much thicker such as to 10μm. If the relative humidity is not changed, the higher the temperature, the greater impact of water vapor on the devices. This is because water vapor pressure increases and water molecules can easily enter into the material. 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 cannot 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, 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.
Proposal 1:
It is suggested to select Option 4, i.e. to 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 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.

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.
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.
RAN4 concludes that the relative humidity of “25% to 75%” for normal test conditions should be uniformly specified for GERAN/UTRA/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#104-bis-e
10 – 19 Oct 2022
Online

3GPP RAN4#105
14 – 18 Nov 2022
Canada

To RAN4 group.


ACTION: 	


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?








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.
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