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1
Introduction
In this paper, we share our further views on FR2 multi-Rx test methods.   

2
Discussion

As agreed in WF for FR2 testability [1], RAN4 should study FR2 multi-Rx test methodology considering both the test system capability as well as the core requirement definition. 
From core requirement perspective, by now, the definition of spherical coverage for multi-Rx is not clear, but some views have been discussed and listed as options [2]:
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In addition, in WF [1], there are several options for FR2 multi-Rx RF testing system:
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As we can see that the full rotation degree of 2AoAs is under discussion in both UE RF session for core requirement and testability SI for test system development. However, as illustrated in the paper in [3], for IFF+IFF with moving reflectors, it may be possible that there is multipath propagation in the chamber under some specific angles, due to secondary reflection from the Reflectors, which may impact the test system feasibility. 
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Figure 1: Full 3D-scan of 2AoA FR2 RF test system with IFFs (from [3])
Observation 1: For IFF+IFF with moving reflectors to support Full 3D-scan of 2AoA testing, then there would be a risk that multipath environment will be generated due to the secondary reflection from another reflector at specific angles. Besides, achieving 2 reflectors with a slider within a reasonable measurement uncertainty is a big challenge for FR2.
Proposal 1: IFF+IFF with moving reflectors to support Full 3D-scan of 2AoA testing should be excluded due to potentially secondary reflection and system complexity. 
Regarding the IFF+DFF with moving DFF antenna to support Full 3D-scan, similar secondary reflection would also happen. RAN4 should further discuss the feasibility of this type of system if the target is to develop a system with full degree of rotation freedom with 2AoA.    
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Figure 2: Full 3D-scan of 2AoA FR2 RF test system with IFF+DFF (from [3])
In our accompanying paper on UE RF requirement for multi-Rx Work Item [4], how to select the pair of AoAs is analyzed and the simulation results show that Multiple Fixed AoA1 + Full set AoA2 can present nearly the same spherical coverage performance as Full 3D-scan of AoA1 +Full 3D-scan of AoA2.
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Figure 3: two types of cases: 2 AoA1 within one panel and 2 AoA1 within different panels
From our understanding, currently it should be UE RF session’s scope to discuss the assumption of AoAs for spherical coverage requirements. For the relevant RF test system, it would be good to follow the assumed condition defined in UE RF session and further discuss potential detailed test systems.
Proposal 2: Final decision of test system for FR2 multi-Rx spherical coverage should follow the defined AoA assumptions in UE RF session. 

Regarding RRM test system, in RAN#97-e meeting, the angle separation was discussed and the following high-level agreements were achieved:

· Capture the following note in the meeting report:

· The angular separations between AoAs are FFS. The testability of angular separations between AoAs need to be studied for UE RRM testing.

It is testability working scope to further discuss angular separations for UE RRM test system, however, according to discussion status in RRM session, current RRM core part discussion focuses on requirements and test case development will be started in performance part, which means for a long time there would be no clear guidance from RRM session on how the angular separation for multi-Rx RRM test cases should be. 

Without guidance from RRM session it would be hard to make decision on testability/feasibility of test system with proper angular separation for RRM testing.
But in our understanding, at least for this SI, the group can start the study of potential minimum angular separations of AoAs, with that, RRM test method can then define the final separation of 2AoAs (i.e. a DL AoA pair) and AoA pairs after clear guidance from RRM session is received. 

Observation 2: Without guidance from RRM session it would be hard to make decision on testability/feasibility of test system with proper angular separation for RRM testing. But the testability group can start the study of achievable minimum angular separations of AoAs in multi-antenna DFF system.
Proposal 3: The group can start the study of potential/feasible minimum angular separations of AoAs, on top of defined RRM test method in TR 38.810. 

3 Conclusion

In this paper, we provide further views on FR2 OTA testing for UE multi-Rx. 
Observation 1: For IFF+IFF with moving reflectors to support Full 3D-scan of 2AoA testing, then there would be a risk that multipath environment will be generated due to the secondary reflection from another reflector at specific angles. Besides, achieving 2 reflectors with a slider within a reasonable measurement uncertainty is a big challenge for FR2.

Proposal 1: IFF+IFF with moving reflectors to support Full 3D-scan of 2AoA testing should be excluded due to potentially secondary reflection and system complexity. 

Proposal 2: Final decision of test system for FR2 multi-Rx spherical coverage should follow the defined AoA assumptions in UE RF session. 

Observation 2: Without guidance from RRM session it would be hard to make decision on testability/feasibility of test system with proper angular separation for RRM testing. But the testability group can start the study of achievable minimum angular separations of AoAs in multi-antenna DFF system.
Proposal 3: The group can start the study of potential/feasible minimum angular separations of AoAs, on top of defined RRM test method in TR 38.810. 
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Agreement:


Proposal: To support 4L DL MIMO reception at the UE when configured with 2 active TCI states, polarization multiplex (2 layers/direction) + spatial multiplex (2 directions) is assumed at the UE.


Note: This proposal is for general deployment assumption, not aimed at UE RF assumption


Proposal: UE RF requirements for simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.


Proposal: For setting the UE RF requirement when the UE is configured with 2 active TCI states, single DCI scheme is adopted as a baseline.


FFS whether the concept of panel should not be explicitly used in core requirements and test configurations.


FFS whether the single panel should be excluded.


Further discuss on the on the candidate AoA pairs for setting the UE RF requirement


One Fixed AoA1 (e.g. Peak) + Full set AoA2. 


Multiple AoA1 + Full set AoA2. 


Fixed offset between the two AoAs, both probes swept simultaneously.


Full set AoA1 + Full set AoA2


Other solutions are not precluded. Companies are also encouraged to bring the analysis on how to quantify the Refsens value when receiving multiple signals.








Issue 2-1-4: Potential test methods for RF testing


Proposals: companies are encouraged to share the views on pros and cons for each option


Option 1(R4-2211549): IFF+IFF with moving reflectors, Test 2 AoAs simultaneously with 2 IFF (see example illustration below)


Option 2 (R4-2211549): IFF+DFF, DFF antennae as the second AoA NR anchor (see example illustration below)


Option 3 (R4-2211549): IFF+DFF, fixed DFF antennae as NR anchor (see example illustration below)


Option 4 (R4-2211549): Sequential tests by introducing a new test command to fix an active antenna in the DUT (see example illustration below)


Option 5 (R4-2211991): IFF+ rotating UE and anchor probe as a whole, the probes are divided into test probe and anchor probe (see example illustration below)


Option 6 (R4-2213627): Enhanced IFF method utilizing multiple compact antenna test ranges as per TS 38.508-1, i.e., reuse the legacy RRM test setup (see example illustration below)


Agreements:


To investigate pros and cons for each option in next meeting.


Other options are not precluded.











