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Introduction
This contribution outlines our view on topic #2 of this SI [1] to define solutions to minimize the impact of polarization basis mismatch between the TE and DUT.
Discussion
Various test or augmented test system approaches to minimize the impact of polarization basis mismatch were presented in the past, e.g., [2][3]. 
In the WF from the previous meeting on the polarization mismatch objective [4], the following three options were captured for this SI to focus on· Focus on following techniques to enhance EIRP measurement, and it is agreed to propose to add them into SID scope explicitly in Sep. RAN plenary :
· Option 1: TPMI side condition method
· TPMI side conditions are applicable to Rel-16 (and higher) UEs 
· Option 2: DL polarization scan method
· Further clarify whether it can reliably force UE to transmit simultaneously with dual polarization for all UEs
· How to address the concern on test time and the concern on difference between test and field
· Option 3: test mode to trigger TX diversity
· Test mode can reliably force UE to transmit simultaneously with dual polarization for all UEs
· How to address the concern on difference between test and field

TPMI side condition method 
As outlined in [5], after a closer review of [7][8][9], the following observations were made 
[bookmark: _Ref47111466]Observation 1: For coherent UEs, both Rel-15 and Rel-16 allow a TPMI to be used that forces single-layer transmission using two antenna ports.
[bookmark: _Ref47111467]Observation 2: For non-coherent UEs, Rel-15 does not allow a TPMI to be used that forces single-layer transmission using two antenna ports.
[bookmark: _Ref47111468]Observation 3: For non-coherent UEs, Rel-16 allows a TPMI to be used that forces single-layer transmission using two antenna ports with the newly introduced ul-FullPowerTransmission = fullpowerMode1 mode.
In summary, TPMI does not allow Rel-15 UEs to force single-layer transmission using two antenna ports, while TPMI allows Rel-16 UEs to force single-layer transmission using two antenna ports.
On the other hand, it is not clear whether RAN1’s definition of TPMI indices 2-5 forcing single-layer transmission using two antenna ports corresponds to the UE enabling two transmit chains at all times.
[bookmark: _Ref47111469]Proposal 1: Clarification is needed whether RAN1’s definition of TPMI indices 2-5 forcing single-layer transmission using two antenna ports corresponds to the UE enabling two transmit chains at all times
Since the TPMI cannot guarantee that all UEs, specifically Rel-15 non-coherent UEs, simultaneously transmit on both transmit chain/antennas, the applicability of this method is rather limited. 
[bookmark: _Ref54291420]Proposal 2: Given the limited applicability of the TPMI approach and the uncertainty whether transmission using two antenna ports corresponds to enabling both transmit chains, it is proposed to focus on the alternative approaches instead. 
Polarization Scan 
It was previously shown that the polarization scan can reliably force the UE to simultaneously transmit on both transmit chain/antennas [3] in order to minimize the impact of polarization basis mismatch between the TE and DUT. This polarization scan using sequential linear polarizations in the DL to the UE is further illustrated in Figure 1.
[bookmark: _Ref4424088][image: ] 
[bookmark: _Ref4424333]Figure 1: Use of Polarization Scan with Linear Polarization
Here, the combined DL/UL polarization planes of the dual linear polarized measurement antenna are changed between N different scans with the orthogonal polarization planes tilted by 90o/N between subsequent scans. For the example in Figure 1, N is 4 and the polarization planes differ by 22.5o, respectively. 
[bookmark: _Hlk4425010]Introducing a polarization scan with N different polarization scans obviously requires the test time for all EIRP based tests (single grid point, TRP based multiple grid point, non TRP based multiple grid point) to increase by a factor of approximately N as this polarization scan would have to be performed on every measurement grid point including TX beam peak search and MOP-spherical coverage.
[bookmark: _Ref5025742]Observation 4 : A polarization scan with N different scans requires the EIRP based test times to increase approximately by a factor or N 
Figure 2 illustrates different examples and results for the total component of EIRP, EIRPtotal. For each Test ID, only one DL polarization is presented to the UE at a time, i.e., no simultaneous DL signals, and the UL measurements are performed separately with each of the two orthogonal polarizations of the measurement antenna. For Test IDs 1 and 2, the 1st polarization scan is utilized and for each subsequent pair of the Test IDs, the TE polarization planes are increased by 22.5o. For all test IDs other than 5 and 6, the total EIRP is 30dBm (assumed sample EIRP) as the DL polarizations are assumed to only trigger one TX (instead of both) to transmit at max power for the UE architectures analysed in this contribution. For Test IDs 5 and 6, the DL polarization triggers both TXs to transmit an EIRP of 30dBm and the diversity gain is properly captured. It should be noted that FEs that transmit on both polarizations simultaneously regardless of DL will yield 33dBm EIRPtotal measurements for each polarization scan. 
[image: ]
[bookmark: _Ref4426881]Figure 2: Measurement results for EIRPtotal for N=4 different polarization scans with linear polarization.
[bookmark: _Ref5026079]Observation 5: The polarization scan with linear polarizations can capture the TX diversity gain when the single DL polarization triggers both UE polarizations transmitted in UL
Some investigations are needed to determine the minimum number of polarization scans but two scans, i.e., 0o and 45o, might be sufficient to trigger both polarizations in the UL for at least one of the polarization scans. 
[bookmark: _Ref20919928]Proposal 3: OEMs to provide feedback on the minimum number of required polarization scans to guarantee the diversity gain to be captured reliably.
While the polarization scan undoubtedly increases test time, there is no technical reason why this approach is not feasible to trigger both polarizations in the UL and thus capture the diversity gain reliably. The other concern raised, i.e., on the difference between test and field, should be irrelevant as long as this methodology can reliably capture the diversity gain, i.e., the intent of the this SI’s topic. It is furthermore important to understand what the expected behaviour in the field is and how it differs from the current measurement methodology [10]. 
[bookmark: _Ref54290812][bookmark: _Ref54350081]Observation 6: Whether there is a difference between test and field with the polarization scan should be irrelevant as long as this methodology can reliably capture the diversity gain.
[bookmark: _Ref54350082]Proposal 4: Clarification of the differences in behaviour between the field and the current measurement methodologies is needed.
[bookmark: _Ref47111567]Proposal 5: RAN4 to further consider the polarization scan which can reliably force the UE to simultaneously transmit on both transmit chain/antennas in order to minimize the impact of polarization basis mismatch between the TE and DUT. 
Test Mode to trigger TX Diversity
A test mode that reliably enables both transmitter chains is a suitable solution to capture the diversity gain. The main advantage of this approach is that the test time would not be affected. 
[bookmark: _Ref54290813]Observation 7: A test mode would reliably trigger both polarizations in the UL with almost no increase in test time. 
On the other hand, it would require a non-standardized test mode that depending on the implementation could lead to operator errors and thus additional uncertainties. Additionally, the test mode needs to be QA’ed by OEMs on a regular basis. 
[bookmark: _Ref54290814]Observation 8: A test mode would require non-standardized implementations and some additional overhead by OEMs to support and maintain the test modes. 
The other concern raised, i.e., on the difference between test and field, should be irrelevant as long as this methodology can reliably capture the diversity gain, i.e., the intent of the this SI’s topic. 
[bookmark: _Ref54290815]Observation 9: Whether there is a difference between test and field with the test mode should be irrelevant as long as this methodology can reliably capture the diversity gain
If OEMs are willing to support the efforts of such test mode, this approach is a suitable candidate and should be further considered. 
[bookmark: _Ref54290816]Proposal 6: RAN4 to further consider the test mode to trigger both polarizations in UL if OEMs are willing to support these efforts. 
Conclusion
The following observations and proposals were made in this contribution
Observation 1: For coherent UEs, both Rel-15 and Rel-16 allow a TPMI to be used that forces single-layer transmission using two antenna ports.
Observation 2: For non-coherent UEs, Rel-15 does not allow a TPMI to be used that forces single-layer transmission using two antenna ports.
Observation 3: For non-coherent UEs, Rel-16 allows a TPMI to be used that forces single-layer transmission using two antenna ports with the newly introduced ul-FullPowerTransmission = fullpowerMode1 mode.
Observation 4 : A polarization scan with N different scans requires the EIRP based test times to increase approximately by a factor or N
Observation 5: The polarization scan with linear polarizations can capture the TX diversity gain when the single DL polarization triggers both UE polarizations transmitted in UL
Observation 6: Whether there is a difference between test and field with the polarization scan should be irrelevant as long as this methodology can reliably capture the diversity gain.
Observation 7: A test mode would reliably trigger both polarizations in the UL with almost no increase in test time.
Observation 8: A test mode would require non-standardized implementations and some additional overhead by OEMs to support and maintain the test modes.
Observation 9: Whether there is a difference between test and field with the test mode should be irrelevant as long as this methodology can reliably capture the diversity gain
Proposal 1: Clarification is needed whether RAN1’s definition of TPMI indices 2-5 forcing single-layer transmission using two antenna ports corresponds to the UE enabling two transmit chains at all times
Proposal 2: Given the limited applicability of the TPMI approach and the uncertainty whether transmission using two antenna ports corresponds to enabling both transmit chains, it is proposed to focus on the alternative approaches instead.
Proposal 3: OEMs to provide feedback on the minimum number of required polarization scans to guarantee the diversity gain to be captured reliably.
Proposal 4: Clarification of the differences in behaviour between the field and the current measurement methodologies is needed.
Proposal 5: RAN4 to further consider the polarization scan which can reliably force the UE to simultaneously transmit on both transmit chain/antennas in order to minimize the impact of polarization basis mismatch between the TE and DUT.
Proposal 6: RAN4 to further consider the test mode to trigger both polarizations in UL if OEMs are willing to support these efforts.
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