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1	Introduction 
3GPP has added the new work item on Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception [1] to the Rel-18 work plan as well as the corresponding test methodology study item on NR frequency range 2 (FR2) Over-the-Air (OTA) testing enhancements [2] to develop the testing methodology to verify the corresponding requirements.  The latest agreements on the related test methodology enhancements captured in [8].

This contribution provides our views on RF test methodology enhancements related to the verification of multi-Rx DL UE performance.
2	Discussion
The discussion related to probe locations in the enhanced test setup resulted in an agreement that absolute probe locations need to be defined:

	Issue 1-2-2: Probe locations for UE RF testing
· Proposals
· Option 1 (Keysight): For measurement setup option 2a, absolute probe locations must be defined to guarantee different system vendors yield the same UE RF test results
· Option 2 (Keysight): For system architectures following setup option 2b with multiple fixed AoA2 probes instead of AoA2 achieving full degrees of freedom, the absolute probe locations must be defined to guarantee different system vendors yield the same UE RF test results.
· Option 3 (Keysight): For system architectures following setup option 2c, the absolute probe locations and range of motion must be defined to guarantee different system vendors yield the same UE RF test results.
· Option 4 (Keysight): For system architectures following setup option 3, the absolute probe locations and range of motion must be defined to guarantee different system vendors yield the same UE RF test results.
· Option 5 (Keysight): Multi-AoA measurement setups for UE RF utilizing fixed probe locations during the testing must have the absolute probe directions/locations defined to guarantee that the same test parametric results are obtained between different system vendors
· Option 6 (Keysight): Probes placed in the xz plane generally provide a wider angular coverage for AoA2 when compared to probes aligned in the yz plane.
· Option 7 (Keysight): When the AoA2 probes are placed in the xz plane, probe antenna DL/polarizations map to DUT/polarizations, while when AoA2 probes are placed in the yz plane, probe antenna DL/ polarizations generally map to a combination of DUT / polarizations.
· Agreement: 
· Option 1 is agreed 



Considering that the core requirement work item is discussing how to set the side condition on the fixed AoA offset, the verification of the requirement should follow that outcome.  One option discussed during the last meeting was the potential use of an OEM declaration to set the fixed AoA offset.  In our understanding, this approach is a reasonable direction to proceed.  In order to align such an OEM declaration scheme with the need to guarantee that different test system solutions can yield the same test results, it is necessary to constrain the possible choices of the OEM declaration to a discrete set of parameters, thereby enabling test equipment manufacturers to validate their solutions.

[bookmark: _Toc127435866][bookmark: _Toc127436637][bookmark: _Toc127439580][bookmark: _Toc127518724][bookmark: _Toc127518747][bookmark: _Toc127518818][bookmark: _Toc127519653]Observation 1:	RAN4 is considering the possible use of an OEM declaration to determine the side condition on the fixed AoA offset.

[bookmark: _Toc127519656]Proposal 1: 	If RAN4 selects the OEM declaration approach to select the fixed AoA offset, then it is necessary to constrain the possible choices of the OEM declaration to a discrete set of parameters, thereby enabling test equipment manufacturers to validate their solutions.

Another open issue which is useful to resolve is related to the test system’s polarization combinations:

	Issue 1-2-5: Polarization combinations
· Proposals
· Option 1 (Keysight): Limit the polarization combinations for the 2-DL spherical coverage test case pending feedback from OEMs and chipset vendors.
· Option 2: Specify other option if any
· Agreement: 
· FFS on the number of polarization combinations required for testing.
· FFS on test system capability to emulate dual DL polarizations per AoA simultaneously



When operating under actual field conditions, the UE receives the signals from all AoAs simultaneously with both polarization modes present (which, in turn, depends on the gNB antenna arrangement and configuration).  However, from the perspective of verifying UE performance under repeatable lab conditions (and to keep test equipment complexity within a reasonable envelope), the polarization modes are emulated by the test equipment sequentially.  This assumption is used in FR1 TIS and FR2 EIS spherical coverage tests.  Thus, for the FR2 multi-Rx DL test methodology it makes sense to consider limiting the polarization combinations.

[bookmark: _Toc127519654]Observation 2:	Further analysis is needed to determine whether all combinations of polarization modes are needed to be emulated (i.e. VV, VH, HV, HH) or if a subset can be sufficient to verify UE performance.

[bookmark: _Toc127519657]Proposal 2: 	RAN4 should limit the polarization combinations for the verification of the FR2 multi-Rx DL requirement, with the exact combinations FFS.

At RAN4#105 the following agreement was reached pertaining to discussion around need for test functions to provide a stable test environment for testing with multiple angles of arrival:

	Issue 1-2-6: Additional test function
· Proposals
· Option 1 (Apple): RAN4 to discuss whether additional test functions is needed based on the process of UE RF requirement 
· Option 2 (R&S): RAN4 to update the description of UBF for the sake of forward compatibility with the eventual definition Tx test cases for simultaneous transmission with 2 active AoA
· Agreement: 
· Companies are encouraged to provide analysis whether additional test functions, or updates to existing ones (i.e. UBF), are needed.



As the multi-Rx chain DL work item continues to discuss the spherical coverage and/or throughput-based requirement concept, from the testability perspective, we should consider that a new set of test functions might be needed to enable the testing process. It should be noted that the definition of requirements will play a key role in finalization of the eventual test methods but in the interim it would help to explore 

With respect to discussions within RAN4 on how to update existing UBF test function or create a new test function for a stable test environment, it is also critical to obtain inputs from RAN5 since test functions are mandatory implementations defined within TS 38.509 and are under the purview of RAN5.

[bookmark: _Toc127518819][bookmark: _Toc127519655]Observation 3:	The actual requirements (EIS-based and/or throughput-based) need to be finalized before the details of test method can be finalized. However, some initial analysis and liaising with RAN5 would help determine the best way forward with respect to UBF or other test modes..

[bookmark: _Toc127518749][bookmark: _Toc127518791][bookmark: _Toc127518806][bookmark: _Toc127518820][bookmark: _Toc127519658]Proposal 3: 	Send an LS to RAN5 requesting feedback on the feasibility to extend test modes such as UBF to help test the 2AoA core requirements being discussed in RAN4.

3	Conclusions
This contribution provides our views on aspects related to the RF test methodology enhancements related to the verification of multi-Rx chain DL UE performance and makes the following observation and proposals:


Observation 1:	RAN4 is considering the possible use of an OEM declaration to determine the side condition on the fixed AoA offset.
Observation 2:	Further analysis is needed to determine whether all combinations of polarization modes are needed to be emulated (i.e. VV, VH, HV, HH) or if a subset can be sufficient to verify UE performance.
Observation 3:	The actual requirements (EIS-based and/or throughput-based) need to be finalized before the details of test method can be finalized. However, some initial analysis and liaising with RAN5 would help determine the best way forward with respect to UBF or other test modes..

Proposal 1: 	If RAN4 selects the OEM declaration approach to select the fixed AoA offset, then it is necessary to constrain the possible choices of the OEM declaration to a discrete set of parameters, thereby enabling test equipment manufacturers to validate their solutions.
Proposal 2: 	RAN4 should limit the polarization combinations for the verification of the FR2 multi-Rx DL requirement, with the exact combinations FFS.
Proposal 3: 	Send an LS to RAN5 requesting feedback on the feasibility to extend test modes such as UBF to help test the 2AoA core requirements being discussed in RAN4.
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