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Introduction
The FR2 UE RF specification TS38.101-2 [1] relies on technical report on NR test methodology TR38.810 [2] to define the allowed test methods, measurement procedures, and initial assessments of measurement uncertainty.  The current version of TR38.810 provides the following measurement procedure for EIRP spherical coverage:

The measurement procedure includes the following steps for each of the points in the grid:
1)	Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink=θ to form the TX beam towards the TX beam peak direction and respective polarization
2)	Lock the beam toward that direction for the entire duration of the test.
3)	Measure the mean power Pmeas(PolMeas=θ, PolLink=θ) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).
4)	Calculate EIRP (PolMeas=θ, PolLink=θ)   by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas(PolMeas=θ, PolLink=θ)   
5)	Measure the mean power Pmeas (PolMeas=φ, PolLink=θ) of the modulated signal arriving at the power measurement equipment.
6)	Calculate EIRP (PolMeas=φ, PolLink=θ )  by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,φ, and frequency to the measured power Pmeas (PolMeas=φ, PolLink=θ) 
7)	Calculate total EIRP(PolLink=θ)  = EIRP(PolMeas=θ, PolLink=θ)  + EIRP(PolMeas=φ, PolLink=θ) 
8)	Unlock the beam.
9)	Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink=φ polarization to form the TX beam towards the measurement antenna.
10)	Repeat steps 2) to 9).
The TX beam peak direction is where the maximum total component of EIRP(PolLink=θ) or EIRP(PolLink=φ) is found.


Concerns were raised by companies during the RAN4 #89 meeting that the existing test procedure may not characterize the polarization gain in the uplink for all possible UE implementations.  Following a discussion during the RAN4 #89 meeting, the following agreement was captured:

Agreement: 
For the test procedure for Tx peak beam search and EIRP spherical coverage, during the test at the each points in the measurement grid it is not precluded that DUT can transmit the power through two polarizations simultaneously

We need to consider to enable two polarizations transmissions from TE. If it is not feasible, we need to consider whether polarization gain shall be considered as part of core requirements. 


This contribution provides our views on this topic.
Discussion
Analysis overview
In this analysis we consider two possible UE types in terms of their RF front end architecture and the antenna array sub-system, as shown in Figure 1 below.
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[bookmark: _Ref536603240]Figure 1: UE types used in polarization basis mismatch analysis;
a) Type 1: distributed PA/LNA architecture with dual-feed orthogonally polarized antenna array in 2Tx/2Rx configuration;
b) Type 2: distributed PA/LNA architecture with dual-feed orthogonally polarized antenna array in 1Tx/2Rx configuration

Both UE types considered in this analysis support a distributed PA/LNA architecture with dual-feed orthogonally polarized antenna arrays.  The Type 1 UE supports a 2Tx/2Rx configuration, where for each antenna feed there is a switched Tx and Rx chain.  The Type 2 UE supports a 1Tx/2Rx configuration, where for each dual-fed antenna element there is a single switched Tx chain and 2 Rx chains.

In the context of spherical coverage and beam correspondence tolerance testing, as the link angle between the DUT and the test equipment is iterated over the specified test points in the test chamber (we consider either the DFF or IFF approaches), the polarization basis between the UE and the test equipment (TE) cannot be aligned under the “black box” testing approach.

Observation 1: In the context of spherical coverage and beam correspondence tolerance testing, the polarization basis between the UE and the test equipment (TE) cannot be aligned under the “black box” testing approach for all test points.  

Since manufacturer declaration of antenna subsystem architecture parameters, such as element placement, polarization basis, etc. is not a valid assumption for 3GPP test methodology specification, i.e. the “white box” approach, the mismatch between the test equipment polarization basis and the UE polarization basis is dependent on the link angle.  Figure 2 below illustrates this mismatch and overlays a downlink measurement scenario, where the TE transmits a DL signal along its vertical polarization axis, while the UE receives a vector projection of the signal onto its polarization basis vectors.
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[bookmark: _Ref536603380]Figure 2: Illustration of the UE measurement of DL RS with polarization basis mismatch

According to the UE architecture type assumptions for this analysis, both UE types map the received signal per UE polarization basis vector to a separate Rx branch.

If we consider the latest agreement on the beam correspondence requirement [4], then we observe that for UEs which set the Feature Group 2-20 bit to “0” or “1” the TE shall measure EIRP based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal.

Observation 2: UEs which indicate “0” for FG 2-20 perform autonomous selection of the corresponding beam in the context of the new test of beam correspondence tolerance, and UEs which indicate “1” for FG 2-20 perform this procedure during the verification of EIRP spherical coverage.

Our analysis seeks to determine whether there are differences in UE behavior based on the UE types described earlier and, consequently, the measured EIRP, in the scenario when the UE selects a Tx beam autonomously based on DL measurements.  Prior agreement on practical implementation factors which impact peak EIRP (and, by extension, spherical coverage EIRP, which is an antenna-driven scaling of peak EIRP) include company-proposed assumptions on polarization gain of 2.8 dB [5].  Thus, the analysis also seeks to determine whether this polarization gain can be measured by the current test procedure and, if not, what enhancements to the procedure can be considered to ensure that polarization gain is adequately characterized.

Observation 3: The spherical coverage and beam correspondence tolerance test procedures should be able to quantify the polarization gain assumed by RAN4 in the EIRP requirement definition; our understanding of prior agreements is that the assumption on polarization gain is 2.8 dB.

Illustrations of UE transmissions for Type 1 and Type 2 UEs are shown in Figure 3 below.
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[bookmark: _Ref536604671]Figure 3: Illustration of the UE transmission with polarization basis mismatch; a) UE Type 1; b) UE Type 2

Type 1 UE
For the Type 1 UE (Figure 3a), the following UE behavior can be described:
· Test equipment transmits DL signals sequentially on each polarization
· UE Rx chains receive DL signal as a vector projection onto the UE antenna polarization basis
· UE determines the corresponding UL beam per polarization
· UE transmits max power P on each polarization
· TE measures the UL signal as a vector projection onto the measurement antenna polarization basis

Assuming sufficient DL signal strength received by each UE polarization, the total EIRP measured by the test equipment given the DL signal polarization is expressed as shown below, assuming P is the total power transmitted per polarization:
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For the Type 1 UE, there can be two beam correspondence implementations: one implementation may calculate the best Tx beam per polarization (essentially treating each polarization’s Rx/Tx path as a separate corresponding beam selection procedure), while another implementation may apply a polarization combining or best selection approach.  In both of these cases, the UE transmits using both Tx chains mapping to the orthogonal polarization basis vectors.  However, the following factors should be observed:
· UEs which apply a corresponding beam selection procedure per polarization will experience unequal DL power per Rx branch as a function of the polarization basis mismatch angle theta; this unequal DL power per Rx branch is a function of the test procedure only (since it provides a singly polarized DL signal), and the additional estimation error introduced by the test setup may lead to incorrect determination of the corresponding beam in one polarization.
· UEs which apply a polarization combining or best selection approach for Tx beam selection may experience a similar effect as described above with the consequence of estimation error impacting the determination of the corresponding beam for both polarizations.

Thus, in the worst case, the TE is able to collect the transmitted power from the best matched UE polarization:
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The measurement procedure takes the maximum of the measured total EIRP per DL polarization run, and this is visualized in Figure 4 below.
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[bookmark: _Ref536605978]Figure 4: Measured power vs. polarization basis mismatch (UE Type 1)

Based on this analysis, we can make the following observations.

Observation 4: The current measurement procedure in TR38.810 can only reliably quantify Tx polarization gain up to the RMS of the measured power as a function of polarization basis mismatch.  According to our analysis, this value equals to 1.66*P or 2.2 dB.

Observation 5: In order to correctly quantify the polarization gain for Type 1 UEs, the test equipment should ensure that both UE Rx branches have sufficiently strong signals to correctly determine the UL beams per polarization.  One approach is to provide the DL signal on both polarizations simultaneously.

We further note that in order to implement Observation 5, a possible additional requirement on test equipment may be phase calibration at the output of the gNB emulator in order to avoid the rotation of the TE polarization vectors in time.  Further input from the TE community is encouraged to understand this aspect.
Type 2 UE
For Type 2 UEs (Figure 3b), the following UE behavior can be described:
· Test equipment transmits DL signals sequentially on each polarization
· UE Rx chains receive DL signal as a vector projection onto the UE antenna polarization basis
· UE determines the corresponding UL beam for the best polarization
· UE transmits max power P on the best polarization
· TE measures the UL signal as a vector projection onto the measurement antenna polarization basis

The total EIRP measured by the test equipment given the DL signal polarization is expressed as shown below, assuming P is the total power transmitted per polarization:
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Observation 6: For Type 2 UEs, the current test procedure cannot quantify the polarization gain of the UE due to the sequential transmission of the polarized DL signal.

Observation 7: For Type 2 UEs, a measurement procedure which provides the DL signal per polarization sequentially and then calculates the total of these measurements can adequately capture the Tx polarization gain.
Summary
In summary, we have identified a number of inconsistencies between the core EIRP requirement assumption on UE polarization gain and the EIRP test procedure’s ability to quantify UE polarization gain as a function of at least two different UE types in terms of their RFFE and antenna subsystem architecture.  The following proposals to mitigate these issues can be considered:

Proposal 1: In order to correctly quantify the polarization gain for Type 1 UEs, the test equipment shall ensure that both UE Rx branches have sufficiently strong signals to correctly determine the UL beams per polarization by providing the DL signal on both polarizations simultaneously.

Proposal 2: As a possible alternative to Proposal 1, another approach can be to retain the current procedure and, based on Observation 4, introduce a polarization basis mismatch factor to be added to the test tolerance for peak EIRP, EIRP spherical coverage, and beam correspondence tolerance test cases in RAN5.

Proposal 3: As a further possible alternative to Proposals 1 and 2, the minimum peak EIRP and spherical coverage requirements should be rescaled (i.e. relaxed) to take polarization mismatch into account.

Proposal 4: For Type 2 UEs, the measurement procedure shall provide the DL signal per polarization sequentially and then calculate the total of these measurements in order to adequately capture the Tx polarization gain.

We observe that the above proposals introduce differences in test procedures for Type 1 and Type 2 UEs.  These differences are related only to the testing conditions of these UEs and are not, in our understanding, related to actual performance differences under actual field conditions.  Thus, a distinction between UE types is needed solely for conformance testing purposes.

Proposal 5: A manufacturer declaration of the UE type is needed to select the correct test procedure.
Conclusions
Based on the analysis provided in this paper, the following observations and proposals can be made:

Observation 1: In the context of spherical coverage and beam correspondence tolerance testing, the polarization basis between the UE and the test equipment (TE) cannot be aligned under the “black box” testing approach for all test points.  

Observation 2: UEs which indicate “0” for FG 2-20 perform autonomous selection of the corresponding beam in the context of the new test of beam correspondence tolerance, and UEs which indicate “1” for FG 2-20 perform this procedure during the verification of EIRP spherical coverage.

Observation 3: The spherical coverage and beam correspondence tolerance test procedures should be able to quantify the polarization gain assumed by RAN4 in the EIRP requirement definition; our understanding of prior agreements is that the assumption on polarization gain is 2.8 dB.

Observation 4: The current measurement procedure in TR38.810 can only reliably quantify Tx polarization gain up to the RMS of the measured power as a function of polarization basis mismatch.  According to our analysis, this value equals to 1.66*P or 2.2 dB.

Observation 5: In order to correctly quantify the polarization gain for Type 1 UEs, the test equipment should ensure that both UE Rx branches have sufficiently strong signals to correctly determine the UL beams per polarization.  One approach is to provide the DL signal on both polarizations simultaneously.

Observation 6: For Type 2 UEs, the current test procedure cannot quantify the polarization gain of the UE due to the sequential transmission of the polarized DL signal.

Observation 7: For Type 2 UEs, a measurement procedure which provides the DL signal per polarization sequentially and then calculates the total of these measurements can adequately capture the Tx polarization gain.

Proposal 1: In order to correctly quantify the polarization gain for Type 1 UEs, the test equipment shall ensure that both UE Rx branches have sufficiently strong signals to correctly determine the UL beams per polarization by providing the DL signal on both polarizations simultaneously.

Proposal 2: As a possible alternative to Proposal 1, another approach can be to retain the current procedure and, based on Observation 4, introduce a polarization basis mismatch factor to be added to the test tolerance for peak EIRP, EIRP spherical coverage, and beam correspondence tolerance test cases in RAN5.

Proposal 3: As a further possible alternative to Proposals 1 and 2, the minimum peak EIRP and spherical coverage requirements should be rescaled (i.e. relaxed) to take polarization mismatch into account.

Proposal 4: For Type 2 UEs, the measurement procedure shall provide the DL signal per polarization sequentially and then calculate the total of these measurements in order to adequately capture the Tx polarization gain.

[bookmark: _GoBack]Proposal 5: A manufacturer declaration of the UE type is needed to select the correct test procedure.
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