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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: _GoBack]In the last meeting a contribution that discusses the need of environmental conditions for UE testing in FR2 has been presented [1]. During the discussion, it was endorsed that test cases which are only tested for NC in LTE should also be tested in the same test environment in NR FR2. For the test cases which are tested in extreme conditions in LTE, more discussion is needed to decide whether for FR 2 extreme conditions need to be considered. The main concern from the group was whether testing extreme conditions in FR 2 would increase too much the test system complexity. This paper discusses the need for testing at additional temperatures and shows suitable and affordable test system solutions, including test results.
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: Regulatory bodies like CEPT require testing at temperature conditions other than normal conditions for mm-wave frequencies.
It has been shown by industry studies that the environmental conditions can play a significant role in the performance of the device under test. For example, in [5] the performance of a mmWave phased array in function of the temperature has been evaluated. The single-path gain is shown in Table 2-1 for reference.
Table 2-1: Single-path gain vs temperature for a mmWave phased array [5]
	Temperature
	25 °C
	65 °C
	85 °C

	Tx Single-path gain
	32dB
	27dB
	24dB

	Rx Single-path gain
	34dB
	31dB
	28dB



Observation 2: At mmWave, the temperature plays a significant role in the performance of the antenna array and should not be neglected.
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.
[image: ]
Figure 1 Possible setup for OTA testing at different temperatures
The temperature chamber enclosing the DUT can be done in such way that the influence on the signal transmitted by the DUT is small. Such setup has been replicated in the lab and the S12 (transmittance) parameter has been measured with and without the temperature chamber. The results are shown in Figure 2.
[image: ]
Figure 2 S12 over frequency for a mmWave DUT with and without a temperature chamber
As it can be seen in the normalized figure, the deviation between the S12 with and without temperature chamber is always less than ±0.3 dB. The average error over frequency is 0.13 dB. These values could be further reduced with a calibration process.
Observation 3: The effect of the temperature chamber in the transmitted signal is small compared to the overall uncertainties for OTA testing. 
Since regulatory bodies mandate testing at different temperature conditions, it has been proven that the temperature plays a significant role in the performance of a mmWave antenna array and it has been shown that  such a test system is feasible and transparent to the DUT, it is our opinion that extreme temperature testing for FR2 should be considered for the test scenarios for which RAN4 has separate extreme conditions requirements.required.
Proposal 1: Extreme temperature testing for FR2 is deemed feasible and it needs to be considered for the scenarios for which RAN4 has separate extreme conditions requirements and / or extreme conditions are tested in the equivalent LTE testrequired.
However, OTA testing is much more time consuming than performing conducted testing. An optimization process while choosing the parameters and test points for testing at different temperature conditions can be applied. 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..

Proposal 2: Extreme conditions testing for the scenarios in Proposal 1 may be skipped if: 
a) The LTE legacy scenario (if any) already skipped extreme conditions testing.
b) A technical analysis explaining the reasons why extreme conditions are not required / not feasible for this particular test is provided and agreed by the RAN5 group.Extreme temperature conditions shall be applied only to a critical subset of the test parameters. The analysis needs to be done case by case.

The analysis at this point has only been done for UE Tx and Rx requirements. For RRM and demod, the feasibility analysis should be repeated when the first test requirements from RAN4 are available.
Observation 4: This analysis applies at the moment only for UE Tx and Rx. RRM and demod will need to analysed at a later stage.
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: Regulatory bodies like CEPT require testing at temperature conditions other than normal conditions for mm-wave frequencies.
Observation 2: At mmWave, the temperature plays a significant role in the performance of the antenna array and should not be neglected.
Observation 3: The effect of the temperature chamber in the transmitted signal is small compared to the overall uncertainties for OTA testing.
Proposal 1: Extreme temperature testing for FR2 is deemed feasible and it needs to be considered for the scenarios for which RAN4 has separate extreme conditions requirements and / or extreme conditions are tested in the equivalent LTE testis required.
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 2: Extreme temperature conditions testing for the scenarios in Proposal 1 may be skipped if: 
a) The LTE legacy scenario (if any) already skipped extreme conditions testing.
b) A technical analysis explaining the reasons why extreme conditions are not required / not feasible for this particular test is provided and agreed by the RAN5 group.Extreme temperature conditions shall be applied only to a critical subset of the test parameters. The analysis needs to be done case by case.
Observation 4: This analysis applies at the moment only for UE Tx and Rx. RRM and demod will need to analysed at a later stage.
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$12 for DUT: High gain mmWave horn for 24-40GHz boresight
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$12 for DUT: High gain mmWave horn for 24-40GHz boresight (normalized)
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