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Background
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]The new study on enhanced test methods for FR2 [1] was approved during the RAN #85 meeting with the following objectives:
The objectives of this study are to enhance the FR2 RF testing methodology and to quantify the impact of the enhancements on the UE performance, as related to the polarization basis mismatch between the test equipment and UE and to add support for testing under extreme temperature conditions.  The study item’s outcome shall be captured in TR38.xyz.

The development of testing methodology enhancements proceeds within the following scope:
-	In general
-	Target the testing and calibration aspects of the permitted methods for FR2 UE RF testing and the preliminary assessment of measurement uncertainty (Clause 5.2 and Annex B of TR38.810)
- 	The test methodologies and procedures shall be applicable for different device types and power classes with DUT size defined in the TR 38.810.  Prioritize the study to PC3 for aspects related to DUT size, and limit the study to free space conditions
-	The study item outcomes shall capture the efficacy of the enhancements
-	Objectives related to regulatory test cases shall be prioritized
The detailed objectives are:
1.	Define test methodology for high DL power and low UL power test cases
-	Considering path loss reduction, measurement antenna gain improvement, DUT positioning improvement, and MU improvement
-	Considering NFTF (defined in Clause 5.2 of TR38.810) and direct near field test methodologies as possible alternative methods
-	Other approaches are not precluded
-	Study preliminary assessment of measurement uncertainty of new alternative methods
2.	Define solutions to minimize the impact of polarization basis mismatch between the TE and DUT on the RF testing
-	Considering polarization basis mismatch between the test equipment and UE and UE implementations which may be impacted by this mismatch
-	Study EIS test metric which can apply to different UE RF implementations considering downlink polarization sweep enhancement
- 	Limit the study of this objective to the permitted UE RF methods defined in Clause 5.2 of TR38.810
-	Possible enhancements may be described as
-	Downlink 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 measurements
-	Coherent combining and demodulation of orthogonally polarized received signals in the test equipment
-	Uplink polarization sweeping by the test equipment to search for the optimal polarization angle to receive and demodulate the signal transmitted by the UE
-	Considering NFTF (defined in Clause 5.2 of TR38.810) test methodology for EIS measurement
-	Other approaches are not precluded
3.	Study testability enhancements to support the verification of RF requirements for inter-band (FR2+FR2) CA
-	Work on inter-band DL CA is prioritized
-	Whether the test setup shall be restricted to emulating the signal from the same direction for the aggregated bands shall be aligned with the UE RF architecture assumption taken in the work item on NR RF Requirement Enhancements for FR2 [UID 830189] 
4.	Support extreme temperature conditions for all applicable FR2 UE RF test cases
-	Considering beam peak search, spherical coverage, and total radiated power procedures
- 	Limit the study of this objective to the permitted UE RF methods defined in Clause 5.2 of TR38.810
-	Study preliminary impacts on system measurement uncertainty under extreme temperature conditions
5.	Study testability enhancements to support the verification of RF requirements for FR2 DL 256QAM
6.	Study testability enhancements to reduce test time
-	Including RF test method enhancement with reduced test time, and possible test time saving approach for UE Demodulation test and RRM test

The first three objectives were prioritized until RAN #87 (March 2020). In this contribution we provide our views on the options to minimize the polarization mismatch between TE and DUT.
As a general observation, it has to be noted that the different objectives may end up in somehow contradicting requirements:
· More specific testing methodology needed (e.g. polarization scan)
· More complex test setup anyway (e.g. FR2 CA)
· Test time needs to be reduced
This contradiction is even worse if “one test system fits all” approach is considered, as currently done by RAN5. 
[bookmark: _Toc24103697][bookmark: _Toc24107572][bookmark: _Toc24109551][bookmark: _Toc24109567][bookmark: _Toc24122305][bookmark: _Toc24122329]Observation 1: Objectives in the SI may end up with contradicting requirements for test systems.
It needs to be discussed whether it is accepted by the industry to have dedicated systems for a specific purpose. E.g. test MOP/EVM/REFSENS with polarization scan in one system, and then all other “Beam Peak” TCs are performed on a different test system, following current methodology in TR 38.810, using the direction found on the first system.
The reverse option could be also considered where all TCs are run on the TR 38.810 based system and, only in case of fail, utilize polarization scan system for MOP/EVM/REFSENS. This assumed “polarization scan” test system would need to have a limited scope (e.g. single carrier only or MOP/EVM/REFSENS only).
Core requirement assumptions
As already discussed in [3], three main core requirement have been identified as prevented from a proper measurement for some UE implementations due to the polarization basis mismatch between the TE and DUT:
· Transmit signal quality (i.e. EVM) when UL transmission diversity is used.
· EIRP (peak and spherical coverage)
· EIS (peak and spherical coverage)
This issues come in the first place from the misconnection between the common agreements when defining the FR2 OTA test methodologies, based on state-of-the-art technology, and the baseline assumptions for the core requirements definition.
It is therefore key to clarify what are the baseline assumptions used for core requirements definition, including the expected behaviour of the network (i.e. BS receiver(s) / transmitter(s)) as opposed to the current baseline assumptions for the test methodology in TR 38.810 [2], detailed in [1]:
The testing methodology for FR2 UE RF requirement verification is defined in TR38.810 and features a measurement antenna capable of 
-	transmitting and receiving on two orthogonal polarizations
- 	introducing linearly polarized downlink signals at the centre of the quiet zone one polarization at a time 
-	measuring the total uplink signal power by combining the power measured by two orthogonally polarized antennas sequentially or 
-	demodulating the signal received by a single polarization. 

[bookmark: _Toc21003343][bookmark: _Toc21003408][bookmark: _Toc21098662][bookmark: _Toc21098810][bookmark: _Toc21098830][bookmark: _Toc21099356][bookmark: _Toc24022671][bookmark: _Toc24033581][bookmark: _Toc24041938][bookmark: _Toc24041988][bookmark: _Toc24103699][bookmark: _Toc24107574][bookmark: _Toc24109553][bookmark: _Toc24109569][bookmark: _Toc24122306][bookmark: _Toc24122330]Proposal 1: Clarify the baseline assumptions used for core requirements definition, including the expected behaviour of the network (i.e. BS receiver(s) / transmitter(s)).
Polarization scan
One of the options that is considered to resolve the polarization mismatch issues is to utilize a polarization scan in the downlink and uplink. In our understanding this approach adds a lot of complexity to the test system setup and has several drawbacks:
· Large increase in test system complexity.
· Large increase in test time (for n polarizations, n-times the time compared to current testing)
· Increase in measurement uncertainty.
· Impacts also TC that may not require polarization scan, e.g. Demod/RRM.
As one of the goals of the study item is also to optimize the already long test times, using a polarization scan would directly contradict these efforts. Furthermore implementing a polarization scan feature in the test system would likely worsen the RF characteristics of the test system, increasing the testability issues already found by RAN4 and RAN5.
Therefore, in our understanding implementing a polarization scan into the test system could result in solving one issue (like polarization mismatch for specific UE implementations) but at the same time introduce new issues for other test cases that need to be investigated carefully. 
Also so far RAN5 has only investigated single carrier TC, with the upcoming introduction of CA test cases the complexity of the existing test systems may already increase, making the introduction of a polarization scan even more complex.
[bookmark: _Toc24107575][bookmark: _Toc24109554][bookmark: _Toc24109570][bookmark: _Toc24122307][bookmark: _Toc24122331]Proposal 2: Avoid the polarization scan.
Elliptical polarization
Circular Polarization (CP) has been proposed as an alternative to minimize the polarization mismatch between TE and DUT but, as has been discussed already in previous meetings in [4][5], the implementation of a CP (either antennas with native CP or using 90º phase shifters) is not feasible from practical point of view due to the total bandwidth to be covered (i.e. 24.25GHz to 43.5GHz). 
[bookmark: _Toc24109555][bookmark: _Toc24109571][bookmark: _Toc24122308][bookmark: _Toc24122332]Observation 2: Implementation of a Circular Polarization is not feasible from practical point of view due to the total bandwidth to be covered (i.e. 24.25GHz to 43.5GHz).
It has to be noted that a CP is just a limited option of the more general condition of the Elliptical Polarization (EP), and it could minimize the polarization mismatch in a similar way the polarization scan would do:
· EIRP: in case of EP, the DL arrives to both UE receivers in a similar way the polarization scan would evaluate discrete polarization alignments between TE antenna and DUT.
· Tx signal quality: EP will enable simultaneous measurement of both polar in a similar way the polarization scan would minimize the error.
· EIS: similar to EIRP, the DL arrives to both UE receivers in a similar way the polarization scan would evaluate discrete polarization alignments between TE antenna and DUT.
[bookmark: _Toc24107576][bookmark: _Toc24109556][bookmark: _Toc24109572][bookmark: _Toc24122309][bookmark: _Toc24122333]Proposal 3: Further study the elliptical polarization as option to minimize the polarization mismatch between TE and DUT.
In any case, moving from a linearly polarized measurement antenna with each polarization measured sequentially, to an EP or CP will introduce additional MU.
Weighted EVM
The way the EVM requirements are currently defined in the specification requires each of the measurement polarization to be measured individually and the result compared against the specification limit. This approach may work very well when the measurement polarizations are properly aligned with the UE polarizations, this is however not guaranteed following the black-box approach.
One possible improvement for this issue could be to define a way to combine the results from both measurement polarizations by combining the results in a weighted manner, and thus it would be possible to combine the EVM contributions from both measurement polarizations. EVM and power would need to be measured for each measurement polarization in the same way as today, but also EVM results would be needed to be combined. An example of this approach is the following:

EVMϕ: EVM result measured on ϕ polarization
EVMθ: EVM result measured on θ polarization
Pϕ: UE output power measured on ϕ polarization
Pθ: UE output power measured on θ polarization
In our understanding, this approach would have the benefit of not increasing the test time or test system complexity like a polarization scan, while at the same time more accurately measuring the EVM performance of the UE as with current methodologies.
[bookmark: _Toc24041989][bookmark: _Toc24103700][bookmark: _Toc24107577][bookmark: _Toc24109557][bookmark: _Toc24109573][bookmark: _Toc24122310][bookmark: _Toc24122334]Observation 2: The weighted EVM approach does not increase test time and test system complexity.
[bookmark: _Toc24041990][bookmark: _Toc24103701][bookmark: _Toc24107578][bookmark: _Toc24109558][bookmark: _Toc24109574][bookmark: _Toc24122311][bookmark: _Toc24122335]Proposal 4: RAN4 considers a weighted EVM approach for FR2 EVM measurements.
Conclusion
According to the background provided, the following observations and proposals are made:
Observation 1: Objectives in the SI may end up with contradicting requirements for test systems.
Proposal 1: Clarify the baseline assumptions used for core requirements definition, including the expected behaviour of the network (i.e. BS receiver(s) / transmitter(s)).
Proposal 2: Avoid the polarization scan.
Observation 2: Implementation of a Circular Polarization is not feasible from practical point of view due to the total bandwidth to be covered (i.e. 24.25GHz to 43.5GHz).
Proposal 3: Further study the elliptical polarization as option to minimize the polarization mismatch between TE and DUT.
Observation 2: The weighted EVM approach does not increase test time and test system complexity.
Proposal 4: RAN4 considers a weighted EVM approach for FR2 EVM measurements.
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