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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) has been identified as the causes of a number of challenges related to correct characterization of UE performance [3-12].  The new study on FR2 RF test method enhancement addresses this gap with the following objective [20]:

2.	Define solutions to minimize the impact of polarization basis mismatch between the TE and DUT on the RF testing
-	Considering polarization basis mismatch between the test equipment and UE and UE implementations which may be impacted by this mismatch
-	Study EIS test metric which can apply to different UE RF implementations considering downlink polarization sweep enhancement
- 	Limit the study of this objective to the permitted UE RF methods defined in Clause 5.2 of TR38.810
-	Possible enhancements may be described as
-	Downlink 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 measurements
-	Coherent combining and demodulation of orthogonally polarized received signals in the test equipment
-	Uplink polarization sweeping by the test equipment to search for the optimal polarization angle to receive and demodulate the signal transmitted by the UE
-	Considering NFTF (defined in Clause 5.2 of TR38.810) test methodology for EIS measurement
-	Other approaches are not precluded


This paper provides our views on the polarization mismatch objective.
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 impacts FR2 OTA measurements due to the beam-forming characteristics of the UE. 

[image: ]
[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 (CP) 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 should be investigated.  The use CP may be challenging from a test system integration point of view, and the overall feasibility of this approach has not yet been confirmed.

Proposal 1: RAN4 should identify a list of possible test methodology enhnacement techniques to address the issues identified with the EIRP measurement in the presence of polarization basis mismatch between the DUT and the test equipment.

To make further progress on the potential DL polarization sweeping solution, it can be helpful to quantify the tradeoff between test time and impact on measurement uncertainty.  For UEs which exhibit the impact of polarization mismatch on EIRP measurement, it can be useful to quantify the impact on MU when measured according to the permitted methods in TR38.810.  As the next step, a trade off between test time and MU improvement can quantify the feasibility of the DL polarization sweeping approach and, if confirmed as feasible, inform the choice of the number of polarization angles to be swept.

Proposal 2: For UEs which exhibit the impact of polarization mismatch on EIRP measurement, it can be useful to quantify the impact on MU when measured according to the permitted methods in TR38.810 and to evaluate the tradeoff between test time and MU improvement as a function of polarization angles used in the sweeping approach.

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.

Proposal 3: RAN4 should strive to enhance the FR2 RF test methodology to remove the necessity of using a UE test mode.

Conclusions
This contribution has provided our views on the polarization mismatch objective and provided the following proposals:

Proposal 1: RAN4 should identify a list of possible test methodology enhnacement techniques to address the issues identified with the EIRP measurement in the presence of polarization basis mismatch between the DUT and the test equipment.

Proposal 2: For UEs which exhibit the impact of polarization mismatch on EIRP measurement, it can be useful to quantify the impact on MU when measured according to the permitted methods in TR38.810 and to evaluate the tradeoff between test time and MU improvement as a function of polarization angles used in the sweeping approach.

Proposal 3: RAN4 should strive to enhance the FR2 RF test methodology to remove the necessity of using a UE test mode.
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