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Introduction
The FR2 UE RF specification TS38.101-2 [1] relies on the technical report on NR test methodology TR38.810 [2] to define the allowed test methods, measurement procedures, and initial assessments of measurement uncertainty.  The mismatch in polarization bases between the UE and test equipment (TE), limitations in test methodologies’ ability to emulate the full range of thermal conditions, and testability issues related to high DL / low UL power test cases have been identified as the causes of a number of challenges related to correct characterization of UE performance [3-12].  This paper provides the motivation for the study on enhanced test methods for FR2 to resolve these issues.
Discussion
The testing methodology for FR2 UE RF requirement verification is defined in TR38.810 and features a measurement antenna capable of 
· transmitting and receiving on two orthogonal polarizations
· introducing linearly polarized downlink signals at the centre of the quiet zone one polarization at a time
· measuring the total uplink signal power by combining the power measured by two orthogonally polarized antennas sequentially or 
· demodulating the signal received by a single polarization at a time.  
In the context of measurements over spatially distributed test points, the measurement angle between the DUT and the test equipment is iterated over the specified test points in the test chamber. For many test points, the polarization basis between the UE and the test equipment (TE) cannot be aligned under the “black box” testing approach, and this results in a polarization basis mismatch between the TE and UE which varies unpredictably across the test points.  Figure 1 below illustrates the comparison between real network operation and the test environment.
This polarization mismatch has not been in issue with traditional OTA measurements where UL signals were measured sequentially and DL signals were introduced one at a time [37.544, CTIA Test Plan]; however, the polarization basis mismatch is affecting FR2 OTA measurements due to the beam-forming characteristics of the UE. 
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[bookmark: _Ref4761100]Figure 1: Comparison of test and real-world environments in terms of polarization property constraints

Some UE implementations may support polarization-specific beam correspondence, where the selection of the transmit beam polarizations is dependent on the power received on each UE polarization.  Because polarization gain has been assumed in the derivation of the maximum output power (MOP) EIRP (peak and spherical coverage) requirements, the measurement procedures for those test cases should reflect the polarization gain at all test points.  The polarization basis mismatch between the TE and UE may lead such UEs to disable a Tx chain associated with one DL polarization and may result in an EIRP measurement which fails to include the polarization gain at some test points[10].  Figure 2 below illustrates such UE behavior and the polarization mismatch issue.
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[bookmark: _Ref4762953]Figure 2: Impact of polarization mismatch on UE transmission  

NOTE: The reference in the figure to “transmit on best polarization” means “transmit on polarization which has strongest DL signal.”

One approach to avoid this issue can be to enhance the measurement procedure to avoid triggering the Case 2 condition.  Possible solutions can be:
· DL polarization sweeping by the test equipment (i.e. introducing an additional degree of freedom for polarization alignment of the measurement antenna)
· The use of circular polarization to perform EIRP spherical coverage testing
· Other solutions are not precluded
While the polarization sweeping was shown to be a possible solution [10], the increase in test time might be unacceptable. 

Some UE implementations may support uplink transmission diversity schemes which, although transparent to the specification, impact the demodulation performance when the UL signal is demodulated on just a single polarization.  Even when the UE transmits an uplink signal with a flat power spectral density in both polarizations, the TE can misconstrue the signal collected in any one polarization as having significant amplitude variation due to the polarization basis mismatch between the TE and UE.  The solution agreed by RAN5 for the Rel-15 conformance test specification is to pre-configure the DUT with the UL Tx diversity schemes disabled [11]for all conformance test cases.  This approach introduces a UE test mode designed specifically to pass the conformance test and is not a desirable solution from the perspective of test coverage of the entire UE implementation.

The FR2 UE RF specification in TS38.101-2 [1] furthermore defines the thermal condition applicability for all requirements, unless otherwise stated, to be extreme temperature conditions (where the full temperature range is -10 ºC to +55 ºC).  A limitation in the Rel-15 FR2 UE RF test methodology, however, restricts this applicability due to test methodology limitations [12-14].  Although discussions in RAN5 on thermal condition applicability are ongoing, and Action Point #83.22 was created by RAN5 to provide feedback on the maximum difference in direct between the beam peak at NTC when compared to ETC to determine the test procedure and framework for peak EIRP and peak EIS test cases [18], TS38.101-2 has already identified such limitations as related to spherical coverage and TRP test cases [1].

Following a review by RAN5 of test cases which require high DL signal power and low UL signal power, it can be observed that some test cases require up to 34 dB and 30.4 dB relaxation for DL and UL, respectively [15].  The table below itemizes these relaxations.

	Test Case
	Test Specification
	Testability Issue
	RAN5 Decision
	Related documents

	Maximum input level
	38.521-2
38.521-3(EN-DC with FR2)
	High DL Power (Note1)
	Required relaxation is 26dB for  n257/n258/n261 and 34dB for n260. RAN5 decided not to test on all FR2 bands.
	R5-185805

	Adjacent channel selectivity
	
	
	Required relaxation for the interferer of Case 2 is 26dB for n257/n258/n261 and 34dB for n260.
Do not test ACS case 2 since with relaxation it is same as case 1, focus on case 1.
	R5-195134

	Transmit OFF power
	
	Low UL Power(Note 2)
	Required relaxation is agreed as 30.4dB for 400MHz for n257/n258/n261 with 1dB SNR impact, for n260 for 400MHz BW further discussion is required. 
Not to test or test with relaxation is TBD.
	R5-187273
R5-187274
R5-188063
R5-188065
R5-195135


	(Receiver) Spurious emissions
	
	
	Estimated SNR is smaller than -15 dB, required relaxation larger than 25 dB depending on frequency range. 
Not to test or test with relaxation is TBD.
	

	Spurious emission band UE co-existence
	
	
	Whether relaxation is required depends on further analysis of achievable SNR and assesment of MU.
	

	Adjacent channel leakage ratio
	
	
	Whether relaxation is required depends on further analysis of achievable SNR and assesment of MU.
	

	Minimum output power
	
	
	Whether relaxation is required depends on further analysis of achievable SNR and assesment of MU.
	

	Note 1 : Testability issue due to the upper limit of downlink power achievable from the test system. 
Note 2 : Testability issue due to the lower limit of measurable power level by the test system.
Note 3 : This table does not list all of the test cases with testability issues. RAN5 continue to study the testability of remaining TRx test cases and treatment of them. 




Since some of these requirements verify UE compliance with regulatory requirements, the relaxations identified for Rel-15 need to be reduced.

Proposal 1: A study to enhance the FR2 UE RF measurement methodology is needed to mitigate the polarization basis mismatch, extreme thermal condition applicability, and high DL / low UL signal power limitations for UE RF test cases.

[bookmark: _GoBack]With regards to the timeline of the proposed study item, our view is that it should be initiated immediately to ensure that it accounts for and takes input from already agreed RAN4 WI on "NR RF Requirement Enhancements for frequency range 2 (FR2)" [16]. As for the target completion date, it is proposed to finish the major aspects of the study item by June 2020 and to conclude the study by September 2020 because the corresponding RAN5 Rel-16 conformance work will start in March 2020. 

Proposal 2: A study to enhance the FR2 UE RF measurement methodology is initiated in September 2019 with target completion date of September 2020 (to align with RAN5 Rel-16 conformance testing schedule).

Conclusions
This paper has provided the motivation for a new study item to enhance the FR2 UE RF measurement methodology.  The proposed SID is available in [17].
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