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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In the last meeting a TP has been approved that describes the environmental conditions for UE testing in FR2 [1]. In this TP only testing under normal (room temperature) conditions has been defined, additional temperatures are FFS. This paper discusses the need for testing at additional temperatures and suitable solutions. 
Discussion
Currently, LTE UE RF testing requires UEs to be tested at different temperature ranges according to the test points and conditions defined in [2]. Besides testing in normal conditions, which means +15°C to +35°C, for some test cases it is also required to be tested in extreme temperature conditions. This corresponds to -10°C for the low temperature and +55°C for the high temperature, according to [3]. More importantly, regulatory bodies like CEPT require UEs to be tested at extreme temperature ranges [4] including mm-wave frequencies [5]: 
5.7.1.2 Extreme temperature ranges
For tests at extreme temperatures, measurements shall be made in accordance with the procedures specified in
clause 5.4.1.1, at the upper and lower temperatures of one of the following ranges, either:
a) the temperature range as declared by the manufacturer; or
b) one of the following specified temperature ranges:
- Temperature category I (General): -20 °C to +55 °C;
- Temperature category II (Portable): -10 °C to +55 °C;
- Temperature category III (Equipment for normal indoor use): 5 °C to +35 °C.
The test report shall state which range is used.
Observation 1: Regulating bodies like CEPT require testing at temperature conditions other than normal conditions for mm-wave frequencies.
It has been shown by industry studies [5] that the environmental conditions can play a significant role in the performance of the device under test. Taking the information from these studies and the prior experience from LTE into account, it should be considered by RAN4 if testing at conditions different from normal conditions is necessary for NR UEs also in FR2 for select test cases. If testing is necessary at extreme temperatures this already needs to be considered during requirements definition.
For current testing of LTE UEs testing at different temperature typically means to place the UE inside a climatic chamber and run the conducted tests at the different temperature points if required by the test case. For testing UEs that operate in FR1 this principle can still be used for NR, however for testing devices OTA in FR2 a different concept is required.
An example setup for extreme condition OTA testing is shown in Figure 1 below. Here the UE is enclosed in a chamber with a temperature controlled air flow through the chamber, which allows for different environmental conditions for the UE while still being able to perform OTA testing. 
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Figure 1 Possible setup for OTA testing at different temperatures

Since OTA testing is much more time consuming than performing conducted testing, the decision of which parameters or test points are chosen for testing at different temperature conditions can be left up to RAN5 to achieve a sufficient tests coverage. 
It will likely not be necessary to test all parameters at all temperatures, but it could be limited to certain critical parameters. For example, it could be sufficient to test the EIRP output power of the UE only in the direction of its peak gain direction that has been previously measured at normal conditions. 
Conclusion
In this paper we have pointed out the likely need for certain requirements to be tested at other temperatures than normal conditions, given the past experience with LTE devices. RAN4 should consider this in their work when defining the requirements for NR FR2. The final decision to guarantee a good test coverage can be left to RAN5, given that RAN4 has defined the appropriate requirements.
Observation 1: Regulating bodies like CEPT require testing at temperature conditions other than normal conditions for mm-wave frequencies.
Proposal 1: RAN4 takes the above information into account when defining requirements for additional temperatures ranges.
Proposal 2: It is left up to RAN5 to decide upon the appropriate test coverage for a certain requirements at extreme temperatures.
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