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Introduction
During the RAN4 #90 meeting RAN4 clarified the applicability of the FR2 UE RF requirements in Annex E.2.1 of TS38.101-2 [1] as follows:

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%
-10C to +55C
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.

This paper summarizes the thermal condition applicability of the requirements in TS38.101-2 according to Annex E.2.1, identifies a number of potential issues, and provides proposal to resolve them.
Discussion
The thermal condition applicability of FR2 UE RF requirements is summarized in Table 1 below.  There are a number of potential issues, which are highlighted as well.

[bookmark: _Ref4918209]Table 1: Thermal condition applicability of FR2 UE RF requirements
	Clause
	Thermal condition
	Issues

	6.2.1 UE maximum output power (min peak EIRP)
	ETC
	

	6.2.1 UE maximum output power (max peak EIRP)
	ETC
	

	6.2.1 UE maximum output power (TRP)
	ETC
	TRP with ETC not feasible with currently available test systems

	6.2.1 UE maximum output power (spherical coverage)
	NTC
	

	6.2.2 UE maximum output power reduction
	ETC
	

	6.2.3 UE maximum output power with additional requirements
	ETC
	

	6.2.4 Configured transmitted power
	ETC
	

	6.2A.1 UE maximum output power for CA (min peak EIRP)
	ETC
	

	6.2A.1 UE maximum output power for CA (max peak EIRP)
	ETC
	

	6.2A.1 UE maximum output power for CA (TRP)
	ETC
	TRP with ETC not feasible with currently available test systems

	6.2A.1 UE maximum output power for CA (spherical coverage)
	NTC
	

	6.2A.2 UE maximum output power reduction for CA
	ETC
	

	6.2A.3 UE maximum output power with additional requirements
for CA
	ETC
	

	6.2A.4 Configured transmitted power for CA
	ETC
	

	6.2D.1 UE maximum output power for UL-MIMO (min peak)
	ETC
	

	6.2D.1 UE maximum output power for UL-MIMO (max peak)
	ETC
	

	6.2D.1 UE maximum output power for UL-MIMO (TRP)
	ETC
	TRP with ETC not feasible with currently available test systems

	6.2D.1 UE maximum output power for UL-MIMO (spherical)
	NTC
	

	6.2D.2 UE maximum output power for modulation /
channel bandwidth for UL-MIMO
	ETC
	

	6.2D.3 UE maximum output power with additional requirements
for UL- MIMO
	ETC
	

	6.2D.4 Configured transmitted power for UL-MIMO
	ETC
	

	6.3.1 Minimum output power (TRP)
	ETC
	TRP with ETC not feasible with currently available test systems

	6.3.2 Transmit off power
	ETC
	

	6.3.3 Transmit ON/OFF time mask
	ETC
	

	6.3.4 Power control
	NTC
	

	6.3A.1 Minimum output power for CA
	ETC
	

	6.3A.2 Transmit off power for CA
	ETC
	

	6.3A.3 Transmit ON/OFF time mask for CA
	ETC
	

	6.3A.4 Power control for CA
	NTC
	

	6.3D.1 Minimum output power for UL-MIMO
	ETC
	

	6.3D.2 Transmit off power for UL-MIMO
	ETC
	

	6.3D.3 Transmit ON/OFF time mask for UL-MIMO
	ETC
	

	6.3D.4 Power control for UL-MIMO
	NTC
	

	6.4.1 Frequency error
	ETC
	

	6.4.2.1 Error vector magnitude
	NTC
	

	6.4.2.2 Carrier leakage
	ETC
	Not clear whether thermal conditions were discussed

	6.4.2.3 In-band emissions
	ETC
	

	6.4A.1 Frequency error for CA
	ETC
	

	6.4A.2.1 Error vector magnitude for CA
	NTC
	

	6.4A.2.2 Carrier leakage for CA
	ETC
	Not clear whether thermal conditions were discussed

	6.4A.2.3 In-band emissions for CA
	ETC
	

	6.4D.1 Frequency error for UL-MIMO
	ETC
	

	6.4D.2.1 Error vector magnitude for UL-MIMO
	NTC
	

	6.4D.2.2 Carrier leakage for UL-MIMO
	ETC
	Not clear whether thermal conditions were discussed

	6.4D.2.3 In-band emissions for UL-MIMO
	ETC
	

	6.5.1 Occupied bandwidth
	ETC
	

	6.5.2.1 Spectrum emission mask (TRP)
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5.2.3 Adjacent channel leakage ratio
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5.3 Spurious emissions (general)
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5.3.1 Spurious emission band UE co-existence
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5.3.2 Additional spurious emissions
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5A.1 Occupied bandwidth for CA
	ETC
	

	6.5A.2.1 Spectrum emission mask for CA
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5A.2.3 Adjacent channel leakage ratio for CA
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5A.3 Spurious emissions for CA (general)
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5A.3.1 Spurious emission band UE co-existence for CA
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5A.3.2 Additional spurious emissions for CA
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5D.1 Occupied bandwidth for UL-MIMO
	ETC
	

	6.5D.2.1 Spectrum emission mask for UL-MIMO
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5D.2.3 Adjacent channel leakage ratio for UL-MIMO
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5D.3 Spurious emissions for UL-MIMO (general)
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5D.3.1 Spurious emission band UE co-existence for UL-MIMO
	ETC
	TRP with ETC not feasible with currently available test systems

	6.5D.3.2 Additional spurious emissions for UL-MIMO
	ETC
	TRP with ETC not feasible with currently available test systems

	6.6 Beam correspondence
	TBD
	Should be discussed as part of the BC requirement

	6.6A Beam correspondence for CA
	TBD
	Should be discussed as part of the BC requirement

	7.3.2 Reference sensitivity power level
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.3.4 EIS spherical coverage
	NTC
	

	7.3A.2 Reference sensitivity power level for CA
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.3D Reference sensitivity for UL-MIMO
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.4 Maximum input level
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.4A Maximum input level for CA
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.4D Maximum input level for UL-MIMO
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.5 Adjacent channel selectivity
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.5 Adjacent channel selectivity for CA
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.5 Adjacent channel selectivity for UL-MIMO
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.6.2 In-band blocking
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.6A.2 In-band blocking for CA
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.6D Blocking characteristics for UL-MIMO
	ETC
	Currently available test systems unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC

	7.9 Spurious emissions
	ETC
	TRP with ETC not feasible with currently available test systems



The issues fall into the following categories:

Issue 1: TRP with ETC is not feasible with currently available test systems.

According to input from the test equipment vendor community, metrics quantified under ETC are not feasible for multi-directional tests, such as TRP [2]:

From a testability perspective, these “bubbles” are feasible for single-directional type tests, e.g., EIRP and EIS metrics at the beam peak. However, TRP, EIRP and EIS spherical coverage tests which require device rotations around 1 or 2 axes are not practical for extreme temperature testing from a testability perspective

Proposal: From a testability perspective, it is proposed to only focus on test cases based on EIRP and EIS metrics at the beam peak for extreme temperature testing.

 
Issue 2: Under the current agreement, the applicability of thermal conditions for carrier leakage requirement should be ETC.  However, EVM is defined under NTC, and RAN4 has not discussed this aspect in detail.

In our understanding, carrier leakage and EVM are evaluated using the same procedure, as defined in Annex F of TS38.101-2 [1].  Thus, the thermal condition applicability for carrier leakage requirements is the same as EVM and is NTC.

Issue 3: Applicability of thermal conditions for beam correspondence impacts the core requirement and should be discussed as part of the beam correspondence requirement derivation.

Further discussion on Issue #3 is available in a separate paper submitted to this meeting [3].

Issue 4: Currently available test systems are unable to perform beam peak search under ETC, and REFSENS derivation assumed NTC.

Further discussion on Issue #4 is available in a separate paper submitted to the RAN4 #90 meeting [4].  This issue is the most challenging due to the following aspects:
· Some companies understood the thermal noise floor assumption to correspond to room temperature conditions and derived REFSENS using those assumptions, which impacted both the thermal noise floor and noise figure assumptions in the REFSENS equation
· Other companies have clarified that their input to REFSENS has been derived assuming extreme thermal conditions
· Some companies have indicated that the outcome of an EIS beam peak search under ETC may not be the same as the EIS beam peak searched under NTC and then with ETC applied inside of a bubble around the UE
· A proposal to capture a note indicating that the REFSENS requirement is verified under NTC was hotly debated during RAN4 #90 and was not adopted 
· Some companies suggested that the impact of self-interference due to sources of spurious emissions on the platform (such as the camera, memory, display, etc.) has not been taken into account in the REFSENS derivation
Given the tight coupling between measurement test system capabilities and the feasibility of ETC for REFSENS (and all other Rx metrics which rely on REFSENS), one possible resolution can be to request RAN5 to study test system capabilities related to this aspect and to capture the outcome in the conformance testing specification.  One approach RAN5 may take is to determine whether any or all of the above concerns can be quantified as a measurement uncertainty and test tolerance contributor specifically for REFSENS test cases under ETC.

To address these issues, we have the following proposals:

Proposal 1: Include a note stating “The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.” for all requirements that are defined as TRP.

Proposal 2:  RAN4 should discuss whether NTC or ETC are the applicable thermal conditions for all carrier leakage requirements.

Proposal 3: Discuss and decide on the applicability of thermal conditions for beam correspondence requirements in the corresponding discussion.

Proposal 4: Given the tight coupling between measurement test system capabilities and the feasibility of ETC for REFSENS (and all other Rx metrics which rely on REFSENS), one possible resolution can be to request RAN5 to study test system capabilities related to this aspect and to capture the outcome in the conformance testing specification.  One approach RAN5 may take is to quantify whether any or all of the above concerns can be quantified as a measurement uncertainty contributor specifically for REFSENS test cases under ETC.
Conclusions
Based on the analysis provided in this paper, the following observations and proposals can be made:

Proposal 1: Include a note stating “The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.” for all requirements that are defined as TRP.

Proposal 2:  RAN4 should discuss whether NTC or ETC are the applicable thermal conditions for all carrier leakage requirements.

Proposal 3: Discuss and decide on the applicability of thermal conditions for beam correspondence requirements in the corresponding discussion.

Proposal 4: Given the tight coupling between measurement test system capabilities and the feasibility of ETC for REFSENS (and all other Rx metrics which rely on REFSENS), one possible resolution can be to request RAN5 to study test system capabilities related to this aspect and to capture the outcome in the conformance testing specification.  One approach RAN5 may take is to quantify whether any or all of the above concerns can be quantified as a measurement uncertainty contributor specifically for REFSENS test cases under ETC.
References
1. [bookmark: _Ref525858808][bookmark: _Ref4674769]3GPP TS38.101-2, “NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone,” V15.5.0, 3GPP RAN #83, March 2019
1. [bookmark: _Ref4953352]R4-1814841, “On FR2 Temperature Testing,” Keysight, 3GPP RAN4 #89, November 2018
1. [bookmark: _Ref4953898]R4-1903071, “Views on beam correspondence core requirement definition,” Apple Inc., 3GPP RAN4 #90bis, April 2019
1. [bookmark: _Ref4953981]R4-1901855, “Temperature Condition for Testing REFSENS and Peak EIRP in FR2,” Apple Inc., 3GPP RAN4 #90, February 2019



9/9
