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Introduction
The choice of DL polarizations used during OTA FR2 UE testing has ramifications on both test time, and potentially, compliance. In this contribution we share our thoughts on DL polarizations used for UE testing.
Discussion
There is on-going discussion in RAN4 on type of polarization to use for DL during UE OTA testing. While TR38.810 has already been constructed around the assumption of linearly polarized DL, we evaluate if alternative pol. schemes for DL have any advantages.
Some UE requirements have agreements in place regarding DL polarization to use during compliance verification. Take for example, reference sensitivity, and by extension EIS spherical coverage. We reported in [1] that RAN4 started the sensitivity discussion by agreeing on certain fundamental assumptions, one of which was to use linear DL polarization. Indeed, the budget contributions from various companies on REFSENS, and the eventual requirement for sensitivity, were based on the condition of linearly polarized downlink signal. One can logically extend this assumption to all DL requirements of section 7 of TS38101-2, because they all depend on sensitivity performance. 
Observation 1: During all DL compliance testing, DL signal must be linearly polarized for consistency with assumptions made during requirement definition. 
Procedures in TR38.810 are consistent with observation 1. The obvious follow on question is choice of polarization direction during compliance testing. This question too is addressed in TR38.810, which recommends sampling UE performance over two orthogonal DL polarizations, followed by some form of combining like mean(), min() or max().
Observation 2: DL tests are limited to a pair of orthogonal test directions.
Other requirements, like UL compliance have no explicit agreement in place for DL polarizations. For these cases, we believe the choice should be informed by both, field conditions, and a system perspective. We focus our attention on choice of DL pol. for UL compliance verification in subsections below.
Options for DL polarization (for UL compliance verification) 
The DL test polarization options available are broadly categorized into:
· Multiple linear DL polarizations
· Two orthogonal circular pols (RHCP and LHCP)
Multiple Linear DL Polarizations 
Using linear DL polarization for UL compliance testing is consistent the test set up required for DL compliance testing. This aspect itself is a compelling reason to adopt linear polarization for DL during UL compliance testing. We also note that EIS testing is performed in two orthogonal DL polarizations to capture any dependence on polarization; the value recorded is a mean of the parameter values measured for each DL polarization.
We would like to now explore if DL should be provided in more directions than just the two orthogonal polarizations, for the purpose of UL compliance testing. The answer can only be fully determined by looking at the nature of the metrics downstream of this assumption. For example, there is agreement to use the max() operator to determine peak EIRP, and by natural extension, EIRP in any link angle, based on testing in two separate DL polarizations. This type of operator (i.e max()) is fundamentally incompatible with sampling progressively more polarizations, because in effect, it seeks out the UE’s most favourable polarization direction. In the field however, the gNB does not have this benefit, which is at the core of the incompatibility.
It is also easy to see that increasing the number of DL polarizations will increase test times, something to be avoided as far as practicable.
[bookmark: _GoBack]In conclusion, we do not believe RAN4 should increase the number of test linear DL polarizations beyond the two orthogonal ones already recorded in TR38810.
Circular DL Polarizations 
Another interesting idea is to use CP for DL. Ignoring the lack of consistency with polarization requirement for DL compliance testing, CP can pose some practical challenges:
· What should be the allowed eccentricity in DL polarization? Can RAN4 agree on this number? This parameter will determine feasibility (among others) of using a passive antennae to switch between RH and LH CP.
· There may be additional requirements from a quiet-zone perspective. 
We seek input from TE system vendors for these matters. In the rel. 15 time frame however, there is considerably more uncertainty with instituting CP for DL, so we do not believe it is attractive option.
Proposal for DL polarization (for UL compliance verification) 
For reasons of consistency with DL compliance testing, streamlining TE system topology and minimizing test time, we believe UL compliance testing must be built around using linearly polarized DL, repeated in two orthogonal polarization directions.
Proposal: During UL compliance testing, DL signal shall linearly polarized and limited to a pair of orthogonal directions.

Conclusion
We investigated the use of alternative polarization schemes for DL during UL compliance testing. We concluded that the system is best served by building UL compliance testing around linearly polarized DL, repeated in two orthogonal polarization directions. We capture this conclusion in the proposal below
Proposal: During UL compliance testing, DL signal shall linearly polarized and limited to a pair of orthogonal directions.
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