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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.  As related to the beam correspondence test procedure, issues related to the polarization of DL and UL signals were discussed.

The following was agreed during the RAN4 #89 meeting [3]:

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. 


The following was agreed during the RAN4 #90 meeting [4]:

Agreement: 
- option 1: EIRP CDF is derived based on data vector [1+2, 3+4] cross all testing points 
- option 2: EIRP CDF is derived based on data vector average(1+2, 3+4) cross all testing points
- option 3: EIRP CDF is derived based on data vector [maximum (1+2, 3+4)] cross all testing points   
- Meaurement grid analysis conclusion will be the same 
- Core requirements will be not changed
- Companies are encouraged to further analysis requirements based on the these options in the next meeting to define clear testing procedure. 


The current version of TR38.810 has incorporated these agreements, has chosen a baseline for the ERIP CDF calculation, and has updated the EIRP spherical coverage measurement procedure to the following [2]:

5.2.1.3.7	TX Beam Peak direction search and EIRP Spherical Coverage
The beam peak search and spherical coverage test procedure apply to DUTs with different beam correspondence capability, as defined in TS38.306 [19]. The TX beam peak direction is found with a 3D EIRP scan (separately for each orthogonal downlink polarization). The TX beam peak direction search grid points for this single grid approach are defined in Annex G.2. Alternatively, a coarse and fine grid approach could be used according to the definition in Annex G.2.4. 

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= to form the TX beam towards the measurement antenna.
2)	DUT refines its TX beam toward that direction depending on DUT’s beam correspondence capability which shall match OEM declaration: if  DUT’s beam correspondence capability is [bit-1], then DUT chooses autonomously (the corresponding TX beam) using downlink reference signals to transmit in the direction of the incoming DL signal, which is based on beam correspondence without relying on UL beam sweeping; if DUT’s beam correspondence capability is [bit-0], then DUT chooses the TX beam using downlink reference signals which is based on beam correspondence with relying on uplink beam sweeping by its network-assisted uplink beam management capability, as defined in TS38.306 [19].
3)	Lock the beam.
4)	Measure the mean power Pmeas(PolMeas=PolLink=) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).
5)	Calculate EIRP (PolMeas=PolLink=) by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas(PolMeas=PolLink=)
6)	Measure the mean power Pmeas (PolMeas=PolLink=) of the modulated signal arriving at the power measurement equipment.
7)	Calculate EIRP (PolMeas=PolLink=) by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,φ, and frequency to the measured power Pmeas (PolMeas=PolLink=) 
8)	Calculate total EIRP(PolLink=)  = EIRP(PolMeas=PolLink=)  + EIRP(PolMeas=PolLink=) 
9)	Unlock the beam.
10)	Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink=polarization to form the TX beam towards the measurement antenna.
11)	Repeat steps 2) to 9).
The TX beam peak direction is where the maximum total component of EIRP(PolLink=) or EIRP(PolLink=) is found. 

The EIRP results from the TX beam peak search using the minimum number of grid points as described in Annex G.2 can be re-used for EIRP spherical coverage. In case a coarse beam peak grid is used for TX beam peak search, using the minimum number of grid points defined in Annex G.3.3.2.3, the EIRP results can be re-used for EIRP spherical coverage.

In case a separate test is performed for EIRP spherical coverage, the procedure above shall be followed using the minimum number of grid points defined in Annex G.3.3.2.3 for spherical coverage.

The EIRPtarget-CDF is then obtained from the Cumulative Distribution Function (CDF) computed using [maximum(EIRP(PolLink=), EIRP(PolLink=)] for all grid points. When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(θ).

Editor’s Note: For spherical coverage test, using maximum(EIRP(PolLink=), EIRP(PolLink=)) for each test point in the grid is considered as the baseline for performance evaluation and test procedure. Decision shall be made on April meeting.


Thus, two open issues related to this procedure remain:
· [bookmark: _GoBack]A decision on how to resolve the editor’s note in the spherical coverage test procedure is needed [2]
· How to handle the impact of polarization mismatch between the UE and TE [5-9]

This paper provides views and recommendations related to these two issues.
Discussion
To address the open issue associated with the editor’s note, we first determine whether the specific conditions related to polarization configuration of the DL and UL signals are specific to the test setup itself or are representative of real-world deployments.  Figure 1 below illustrates this comparison.
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[bookmark: _Ref4761100]Figure 1: Comparison of test and real-world environments in terms of polarization property constraints

The NR FR2 RF measurement methodology provides a linearly polarized downlink to the UE and then measures the UE’s transmitted power in both polarizations at the test equipment side.  Then the process repeats with the orthogonally polarized downlink signal and a measurement in both polarizations.  Thus, we have four measurement results:
Pmeas(PolMeas=PolLink=)
Pmeas(PolMeas=PolLink=)
Pmeas(PolMeas=PolLink=)
Pmeas(PolMeas=PolLink=).

Because the EIRP requirements in TS38.101-2 are defined for the total EIRP component, the measurement results over orthogonal polarizations can be combined, resulting in two quantities Pmeas(TotMeasPolLink=) and Pmeas(TotMeasPolLink=).  For clarity, we list the three alternatives in the same order they were considered in the Chairman’s minutes during the RAN4 #90 meeting:

Option 1: EIRP CDF is derived based on the data vector {Pmeas(TotMeasPolLink=), Pmeas(TotMeasPolLink=)}
Option 2: EIRP CDF is derived based on the data vector average{Pmeas(TotMeasPolLink=), Pmeas(TotMeasPolLink=)}
Option 3: EIRP CDF is derived based on the data vector maximum{Pmeas(TotMeasPolLink=), Pmeas(TotMeasPolLink=)}

It was further agreed during the RAN4 #90 meeting that Option 3 is the baseline.

In order to determine whether Option 1 or Option 2 are appropriate definitions for the EIRP CDF, we consider whether the results Pmeas(TotMeasPolLink=) and Pmeas(TotMeasPolLink=) have any real-world significance.  Referring back to Figure 1, we note that in real deployments there are no constraints on the polarization properties of BS DL and UE UL signals.  In fact, practical BS signals may not be linearly polarized and constant throughout a sustained period of time.

Observation 1: Assigning statistical significance to an EIRP measurement derived from a single downlink polarization is not appropriate, and Option 1 can be ruled out.

To determine whether Option 2 is feasible, we consider two cases of UE behavior, as illustrated in Figure 2 below.  The examples elaborate further on the polarization mismatch issue between test equipment and DUT that was first discussed in [5].
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[bookmark: _Ref4762953]Figure 2: Impact of polarization mismatch on UE transmission  

As shown in Case 1, if the UE always transmits on all polarizations, then regardless of the angle between the TE and UE polarization bases, it is possible for the measurement antenna to recover the full power transmitted by the UE, including polarization diversity gain.  Furthermore, Pmeas(TotMeasPolLink=) and Pmeas(TotMeasPolLink=) are not expected to differ, thereby reducing the motivation to define the EIRP CDF according to the metric in Option 2.

Looking at Case 2, the UE may implement polarization-specific beam correspondence, where the selection of the Tx beam is also informed by the power received by the receiver chain associated with a particular polarization.  The polarization gain of such a UE also needs to be verified by the test equipment, since the Case 2 behavior is triggered by the test setup due to an unpredictable and uncontrollable mismatch between the TE and UE polarization bases.  Clearly, an averaging approach as defined in Option 2 is not an appropriate choice in this case.

Observation 2: Option 2 is not a useful metric for UEs which always transmit on all polarizations and is not an appropriate metric for UEs which support polarization-specific beam correspondence.

Proposal 1: Adopt the baseline EIRP CDF metric (Option 3) as the definition of the EIRP spherical coverage CDF in Clause 5.2.1.3.7 of TR38.810.

Examining Case 2 more closely, we observe that even with the adoption of the baseline EIRP CDF metric, test equipment may still fail to fully quantify the Case 2 UE’s polarization diversity gain for all angles between the TE and UE polarization bases.  An analogous statement is the following:

Observation 3: Test equipment may fail to fully quantify the Case 2 UE’s polarization diversity gain for all orientations of the DUT relative to the measurement antenna, resulting in some EIRP spherical coverage test points with lower measured total component of EIRP than the UE capability.

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 to perform EIRP spherical coverage testing
· Other solutions are not precluded

Proposal 2: A new study item with the objective to enhance the beam correspondence measurement methodology can be an effective way to address the TE-UE polarization mismatch issue.  Detailed objectives and scope can be further refined for the RAN4 #91 meeting.
Conclusions
Based on the analysis provided in this paper, the following observations and proposals can be made:

Observation 1: Assigning statistical significance to an EIRP measurement derived from a single downlink polarization is not appropriate, and Option 1 can be ruled out.

Observation 2: Option 2 is not a useful metric for UEs which always transmit on all polarizations and is not an appropriate metric for UEs which support polarization-specific beam correspondence.

Proposal 1: Adopt the baseline EIRP CDF metric (Option 3) as the definition of the EIRP spherical coverage CDF in Clause 5.2.1.3.7 of TR38.810.

Observation 3: Test equipment may fail to fully quantify the Case 2 UE’s polarization diversity gain for all orientations of the DUT relative to the measurement antenna, resulting in some EIRP spherical coverage test points with lower measured total component of EIRP than the UE capability.

Proposal 2: A new study item with the objective to enhance the beam correspondence measurement methodology can be an effective way to address the TE-UE polarization mismatch issue.  Detailed objectives and scope can be further refined for the RAN4 #91 meeting.
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