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1 Background
Polarization mismatch has been discussed in many meetings in testability study item, the original intention is to capture the polarization gain of UE in test method to align with core requirement. In RAN#85 plenary meeting, it is captured in testability enhancement study item as Objective 2, especially for the UEs supporting polarization-specific beam correspondence as described in the SID [1], reproduced as below:
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 test equipment 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.

To achieve this objective on polarization gain, some possible enhancements are given in SID [1], including downlink polarization sweeping by the test equipment, and the use of circular polarization to perform measurements. Another intention for polarization mismatch issue is for UL transmit signal quality measurement aspects due to TX diversity scheme. In this paper we analyze the feasibility of some possible enhancements, and give some proposals on some possible directions to simplify the polarization mismatch issue for UL TX test.
Discussion
Testability has high relationship with UE architecture assumption. For convenience, we can categorize UE as 1TX UE and 2TX UE. 
· 1TX UE means the UE can only transmit 1TX at an instantaneous time; 
· 2TX UE means the UE has simultaneous 2TX capability though its behavior in real network may not always 2TX. 
In the context of SID [1], UEs supporting polarization-specific beam correspondence can be regarded as 2TX UE. 
For 1TX UE, it seems out of scope of this study item. According to EIRP test procedure in TR 38.810, for each link polarization, the total component EIRP is calculated with sum of two orthogonal measurement polarizations, in this case, the total component EIRP has no relationship with polarization mismatch between TE and UE. And for 1TX UE, there is no 3dB UE polarization gain to be captured. For UL transmit signal quality measurement aspects, there is only issue with TX diversity scheme, for 1TX UE, there is no UL transmit signal quality measurement issue due to polarization mismatch. So there is no polarization mismatch issue for UL TX test for 1TX UE with current test method in TR 38.810. 
[bookmark: _Ref1149432]Observation 1:	For 1TX UE, it is normal to have no polarization gain, and there is no UL transmit signal quality measurement issue due to polarization mismatch. So there is no polarization mismatch issue for UL TX test for 1TX UE with current test method in TR 38.810.
For 2TX UE (with simultaneous 2TX capability), there seems polarization mismatch scenarios. In order to capture polarization gain, some possible enhancements are proposed, i.e., polarization sweeping approach and circular polarization. Keysight’s paper [2] analyzed the two approaches and the conclusion is that the use of circular polarization does not guarantee to capture the diversity gain (polarization gain). 
For polarization sweeping approach, it shows possibility to capture polarization gain for 2TX UE supporting polarization-specific beam correspondence. As shown in Figure 2-1 (Figure 7 of Keysight contribution [2]), 45deg polarization mismatch between TE and UE is required to enable simultaneous 2TX.
[bookmark: _GoBack][image: ]
Figure 2-1 EIRPtotal for polarization sweeping approach (Figure 7 of Keysight contribution [2])
To get the 45deg polarization mismatch between TE and UE, it is unclear how many polarization sweeping granularity is needed due to black box test approach. We can see that polarization sweeping approach can not guarantee to capture diversity gain (polarization gain) reliably.
Observation 2:	both polarization sweeping approach and circular polarization approach can not guarantee to capture the diversity gain (polarization gain) reliably.
On the other hand, for UL transmit signal quality measurement, a 0deg polarization mismatch between TE and UE is required, which is conflict with EIRP test which requires 45deg polarization mismatch.
Observation 3:	for polarization sweeping approach, it requires 45deg polarization mismatch between TE and UE to capture polarization gain, and it requires 0deg polarization mismatch for UL transmit quality measurement, it is conflict.
Moreover, it is obvious that polarization approach will significantly increase test time. An N-order polarization sweeping will increase test time by a factor of N, which is conflict with Object 6 (test time reduction). The same issue exists for the EIS metric topic.
Observation 4:	polarization sweeping approach will significantly increase test time which is conflict with Objective 6 (test time reduction).
It seems difficult to solve the polarization mismatch issue. However, one aspect of causing the difficulty is that testability is trying to use unified test method to cover both 1TX UE and 2TX UE. Based on above analysis, polarization mismatch issue for UL TX test only exist for 2TX UE. To simplify this objective, it is proposed to focus on 2TX UE (with simultaneous 2TX capability) for UL TX test for the enhancement of this study item Objective 2.
[bookmark: _Ref1149451]Proposal 1:	for 1TX UE, current test method in TR 38.810 applies for UL TX test.
Proposal 2:	focus on 2TX UE (with simultaneous 2TX capability) for UL TX test for the enhancement of this study item Objective 2.
Conclusion
Observation 1:	For 1TX UE, it is normal to have no polarization gain, and there is no UL transmit signal quality measurement issue due to polarization mismatch. So there is no polarization mismatch issue for UL TX test for 1TX UE with current test method in TR 38.810
Observation 2:	both polarization sweeping approach and circular polarization approach can not guarantee to capture the diversity gain (polarization gain) reliably.
Observation 3:	for polarization sweeping approach, it requires 45deg polarization mismatch between TE and UE to capture polarization gain, and it requires 0deg polarization mismatch for UL transmit quality measurement, it is conflict.
Observation 4:	polarization sweeping approach will significantly increase test time which is conflict with Objective 6 (test time reduction).
Proposal 1:	for 1TX UE, current test method in TR 38.810 applies for UL TX test.
Proposal 2:	focus on 2TX UE (with simultaneous 2TX capability) for UL TX test for the enhancement of this study item Objective 2.
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