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1 Introduction
Normal condition and extreme condition are two conditions that UE shall meet RAN4 requirements in LTE stage. Extreme condition means higher and lower temperature, higher and lower voltage comparing to normal condition, and is more difficult for UE to operate. Below table is the detailed comparison from [1]:
	
	Normal condition
	Extreme condition

	Temperature
	+ 25 ⁰C ± 10 ⁰C
	-10(C to +55(C

	Voltage
	Nominal
	0,95 * Nominal to 1,1 * Nominal


Extreme temperature conditions were introduced into NR FR2 to completely align with LTE conditions [7]. Similarly, RAN4 requirements definition logic also follows LTE logic, i.e. UE shall meet requirements in both normal and extreme conditions. This logic is feasible in sub-6GHz due to same kind of conduct requirements are defined. However, in FR2 it needs to be revisited considering OTA requirements are different from the traditional conduct requirements.
This paper firstly reviews the situations in RAN4 and see how it goes in RAN5 then give the suggestions of the requirement definition in FR2 extreme conditions.
2 Discussion
2.1 RAN4 requirements
In 38.101-2 Annex E [14], there is clear definition of the conditions that RAN4 FR2 RF requirements apply, i.e. UE shall meet all requirements under normal and extreme conditions. This may be the reason why no FR2 RF requirements are explicitly specified for extreme condition but only several requirements were clearly defined for normal condition like power control, EVM and EVM equalizer spectrum flatness.
	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 defined in Table E.2.1-1.

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




Observation 1: NR FR2 RF requirements were defined for extreme condition unless it is clearly defined for normal condition in the spec.
As we discussed in the introduction part, this high level principle was introduced into NR FR2 because of completely align with LTE conditions, not from testability perspective.
Observation 2: Extreme condition was introduced into NR FR2 for completely align with LTE, not from testability perspective.
2.2 RAN4 testability
FR2 extreme condition feasibility was studied in RAN4 testability SI in the past meetings. And most of the RAN4 FR2 extreme condition testability discussions were focused on how to control the high and low temperature in the large chambers. 
Three extreme condition implementation methods in chamber were provided in [5], however, it was identified that there are many difficulties to achieve in the OTA test system yet.
	(1) Put an anechoic chamber in the temperature-controlled room.

(2) Control a temperature of a whole space/air in an anechoic chamber.
(3) Control a temperature in a limited space in an anechoic chamber. Like introduced in [6].


Observation 3: Implementing extreme temperature condition in chamber is impractical.
According to proposals on concluding the Rel-15 testability SI [4], it was agreed that further study was necessary on measurement under the extreme temperature conditions in RAN4.

	· How to address the measurement under extreme temperature conditions
· It is recognized that the further study is necessary on measurement under the extreme temperature conditions especially with requirements related to a power measurement.


Observation 4: In Rel-15, RAN4 cannot identify practical extreme temperature condition implementation methods in NR FR2.
From the Rel-16 testability SI status report [2] and WF [3] agreed in September RAN plenary meeting, the extreme condition was not included in the open issues which was planned to be solved by Dec. It seems the extreme condition testability was not considered as an open issue to be solved in Rel-16 testability SI scope. Besides, from the latest TR 38.810 [13], the extreme condition definition in Annex A only include operating voltage and without temperature.
Observation 5: In Rel-16, extreme condition testability was not considered as an open issue to be solved by Dec 2018. How to treat NR FR2 extreme condition is not clear.
There was proposal in testability discussion that RAN4 only specify requirements and let RAN5 to decide the extreme condition test coverage for a certain requirements but it was not agreed. Actually, this proposal ignored one fact that it is RAN4’s main responsibility to specify the NR FR2 testability including extreme conditions.
Observation 6: Extreme condition testability is within RAN4’s work scope.
From requirement definition perspective, sometimes extreme condition was considered to introduce additional margin especially for the requirements which extreme conditions impact a lot like power measurement [4][5]. Besides, some regulatory bodies like CEPT require FR2 UEs to be tested at extreme temperature ranges [9][11][12]. Therefore, how to treat NR FR2 extreme conditions should be clarified in RAN4.

Proposal 1: Extreme condition testability should be clarified in RAN4 due to regulation requirements and potential impacts to FR2 requirement definition and RAN5 testing.
One method is defining two requirements for certain requirements which were impacted a lot by extreme condition. Another method is specify one requirement based on the extreme condition but testing with normal condition before the extreme condition testability was solved.
Proposal 2: Clarify extreme condition in RAN4 by following two options:

· Option 1: Introducing two requirements (normal and extreme) for which were impacted a lot by extreme conditions;

· Option 2: Only specify requirements under extreme conditions which may lead to these requirements only tested with normal condition environments before extreme condition testability was solved.
2.3 RAN5 testing
In order further understand how extreme condition impacts UE testing, this part gives a brief introduction of extreme condition discussions in RAN5. 
Since Feb 2018, RAN5 has discussed which requirements should be tested under extreme conditions and how to test UE under extreme conditions [8][9][10], and several agreements were made:
	· It was agreed that TCs tested with only normal condition in LTE will be tested also only in normal conditions in FR2 RF TCs [8]. 

· It was agreed that RAN5 will consider testing extreme conditions in two scenarios [9]:

1) The requirements RAN4 has defined with separate extreme conditions; 

2) The requirements were tested under extreme conditions in LTE.


As discussed in section 2.1, no FR2 RF requirement was defined with separate extreme conditions in RAN4 spec. Thus, only scenario 2 should be considered in RAN5 test, i.e. following LTE extreme tests cases.
The summary of RAN5 test cases and LTE test conditions are in below table. With the RAN5 agreements, the cases highlighted in yellow will be tested under normal conditions. Other cases, in LTE are tested with normal and extreme conditions. RAN4 explicitly specified requirements were in the third column and final RAN5 testing conditions are in the last column.
Even some cases are intended to test with extreme and normal conditions by following LTE conditions, however, how to test the extreme conditions is unknown. Therefore, there were some suggestions in RAN5 to separate and de-prioritize the extreme conditions from normal conditions [8][10].

Observation 7: RAN5 follows LTE test condition to test NR FR2 UE, and how to test UE under extreme condition is unknown either.

Observation 8: RAN5 is likely to separate and de-prioritize the extreme conditions from normal conditions which is the option 2 of above proposal 2 in section 2.2.
	NR TC
	Title
	RAN5 LTE Test environment
	RAN4 requirement definition condition
	Possible RAN5 NR test condition

	6.2.1
	UE maximum output power
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	6.2.2
	UE maximum output power reduction
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	6.2.3
	UE additional maximum output power reduction
	NC
	
	NC

	6.3.1
	Minimum output power
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	6.3.2
	Transmit OFF power
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	6.3.3.2
	General ON/OFF time mask
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	6.3.3.4
	PRACH time mask
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	6.3.3.6
	SRS time mask
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	6.3.4.2
	Absolute power tolerance
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	NC
	NC

	6.3.4.3
	Relative power tolerance
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	NC
	NC

	6.3.4.4
	Aggregate power tolerance
	NC
	NC
	NC

	6.4.1
	Frequency error
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	6.4.2.1
	Error Vector Magnitude
	NC
	NC
	NC

	6.4.2.2
	Carrier leakage
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	6.4.2.3
	In-band emissions
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	6.4.2.4
	EVM equalizer spectrum flatness
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	NC
	NC

	6.5.1
	Occupied bandwidth
	NC
	
	NC

	6.5.2.1
	Spectrum emission mask
	NC
	
	NC

	6.5.2.1.2
	Additional spectrum emission mask
	NC
	
	NC

	6.5.2.2
	Adjacent channel leakage ratio
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	6.5.3.1
	General spurious emissions
	NC
	
	NC

	6.5.3.2
	Spurious emissions for UE co-existence
	NC
	
	NC

	6.5.3.3
	Additional Spurious
	NC
	
	NC

	6.5.4
	Transmit intermodulation
	NC
	
	NC

	?
	Beam correspondence
	TBD (NR new TC)
	
	TBD

	7.3
	Reference sensitivity power level
	NC, TL/VL, TL/VH, TH/VL, TH/VH
	
	NC and EC

	7.4
	Maximum input level
	NC
	
	NC

	7.5
	Adjacent channel selectivity 
	NC
	
	NC

	7.6.1
	In-band Blocking
	NC
	
	NC

	7.6.2
	Out-of-band blocking
	NC
	
	NC

	7.6.3
	Narrow Band Blocking
	NC
	
	NC

	7.7
	Spurious response
	NC
	
	NC

	7.8.1 
	Wide band Intermodulation
	NC
	
	NC

	7.9
	Spurious emissions
	NC
	
	NC

	7.10
	Receiver image
	TBD (NR new TC)
	
	TBD


3 Conclusion
In this paper we summarized the extreme condition situation in RAN4 and RAN5 and discussed how to solve the ambiguity of RAN4 requirement definition and RAN5 testing before the extreme condition testability was solved.
Observation 1: NR FR2 RF requirements were defined for extreme condition unless it is clearly defined for normal condition in the spec.
Observation 2: Extreme condition was introduced into NR FR2 for completely align with LTE, not from testability perspective.

Observation 3: Implementing extreme temperature condition in chamber is impractical.
Observation 4: In Rel-15, RAN4 cannot identify practical extreme temperature condition implementation methods in NR FR2.
Observation 5: In Rel-16, extreme condition testability was not considered as an open issue to be solved by Dec 2018. How to treat NR FR2 extreme condition is not clear.
Observation 6: Extreme condition testability is within RAN4’s work scope.
Observation 7: RAN5 follows LTE test condition to test NR FR2 UE, and how to test UE under extreme condition is unknown either.

Observation 8: RAN5 is likely to separate and de-prioritize the extreme conditions from normal conditions which is the option 2 of above proposal 2 in section 2.2.

Proposal 1: Extreme condition testability should be clarified in RAN4 due to regulation requirements and potential impacts to FR2 requirement definition and RAN5 testing.
Proposal 2: Clarify extreme condition in RAN4 by following two options:

· Option 1: Introducing two requirements (normal and extreme) for which were impacted a lot by extreme conditions;

· Option 2: Only specify requirements under extreme conditions which may lead to these requirements only tested with normal condition environments before extreme condition testability was solved.
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