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1. Introduction
In RAN4#105 meeting, the group made some progress on RF, RRM and Demod test methods [1]. In this paper, we share our further views on test methods for multi-Rx, which also consider the latest progress in main session on multi-Rx core requirements discussions.
2. Discussion
2.1 RF test methods
In the WF [1], opion2a was agreed as the starting point for the UE RF testing:
Option 2a: Full degrees of freedom for AoA1 with fixed angular offset(s) between AoA1 and AoA2. The legacy RRM and FR2 MIMO OTA test setup can be considered as baseline. The example illustration is shown below. 
[image: ]
Figure 1: Example illustration for option2a 
Based on this agreement, several related details need to be discussed. First is the location of the probe. Since the offset between AoA1 and AoA2 is fixed, the test point distribution will be different when the probe is located in different planes, which is also mentioned in [2]. An example based on a constant-step grid is shown in the following Figures: 
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Figure 2 Test point for AoA1 and AoA2 when probe in xz plane
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Figure 3 Test point for AoA1 and AoA2 when probe in yz plane

Obviously, no matter how we set the probes, the test point of AoA2 cannot cover whole sphere when AoA1 traverse all grids. It is noted that when probe locates in yz plane, some test points of AoA2 even fall into the gap between the grids due to the limitation of turntable, and this will create more difficulties for post-processing. For example, in constant-step based spherical coverage test, we need to adjust the weights of the data so that they are approximately uniformly distributed, but if the test points are irregular distributed, we may hard to find a decent way to do the post-processing.
Observation 1: The test point for AoA2 cannot cover the whole sphere under fixed offset setup and even fall into the gap between grid when probes are located in yz plane which may cause problem in post-processing.
From our view, put the probe in xz plane is a better choice, because at least the test points for AoA1 and AoA2 can still match the grid.
Proposal 1: The test probes should be fixed in the xz plane during the test.
The second issue is the relative location of probe. Even under the same offset, the probe location also can be different, as shown in Figure 4. The 90° clockwise (-) and 90° counterclockwise (+) relative to P0 would result in a completely different test point distribution.
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Figure 4 Test points distribution under +/- 90° offset

Observation 2: Even under same offset value, the distribution of test points is influenced by the relative location of probe.
The test result of such two case may quite different because the relative position between AoA pair and UE is different, so we think both of them should be verify to build the final results.
Proposal 2: Both +/- offset with same value need to be validated for complete verification of UE performance.
The final issue the down-selection of polarization pair. When two AoAs exist, there are 4 polarization pairs:  and it is quite redundant to verify each of them. We are also keen to reduce the complexity, but in our understanding, the down-selection should align with RF requirement design, e.g., if the RF requirement does not consider the cross-polarization discrimination, the polarization pair should be .
Proposal 3: The down-selection of polarization pair should align with RF requirement design. 

2.2 RRM test methods
In last RAN4 meeting, TE vendors confirm that the 2AoAs simultaneous DL transmission is feasible from test system perspective, but the basic setup and angular separation of AoAs for RRM testing are still FFS. 

Issue 1-3-2: Feasibility of 2AoAs simultaneous transmission
· Agreement: 
· Supporting 2AoAs simultaneous DL transmission from TE for RRM testing is feasible.
Issue 1-3-3: AoA angular separations for UE RRM testing
· Agreements:
· FFS on the minimum and maximum angular separation for UE RRM testing (from the perspective of test system capability).



[bookmark: _Hlk127444257]By now, option 2a has been selected as a basic approach for RF spherical coverage measurement, though the number of probes and angular separations are not concluded yet. From reducing complexity and test system cost perspective, if more than 3 or 4 probes can be considered for RF testing, then reusing the RF setup for RRM testing would be a better choice. Especially, considering that the advanced option 2a system is only served for single RF multi-Rx spherical coverage test case, covering RRM test cases will increase the utilization of the system.    
Proposal 4: If RF test system can support 3~4 probes, then it is suggested to adopt this system for RRM testing. 
It should be noted that whether the system capability is sufficient to support multi-Rx RRM test cases can be further checked in RRM session.
2.3 Demod test methods
For Demod testing, to simplify the system, it is good to reuse RF test system and select fixed two AoAs for DL throughput measurement. However, there is an issue that RAN4 need to study whether some corner cases may happen that for a specific UE, the fixed 2AoA cannot meet the minimum isolation between all active branches. 
Another approach for consideration would be that RAN4 defines a minimum isolation as criteria, and any 2AoA meet the criteria can be selected based on test lab or UE vendor declaration. Details on how to find test directions for 2 AoA demodulation testing is not specified.
Proposal 5: RF test system can be reused as starting point for demodulation testing discussion. Fixed 2 AoAs is preferred.  
Proposal 6: An alternative way would be that RAN4 just define a minimum isolation as criteria, and how to find test directions for 2 AoA demodulation testing is not specified. In this case, UE declaration can be considered. 
3. Conclusion
In this paper, we provide our views on OTA test method for multi-Rx and our proposals are listed below:
Observation 1: The test point for AoA2 cannot cover the whole sphere under fixed offset setup and even fall into the gap between grid when probes are located in yz plane which may cause problem in post-processing.
Observation 2: Even under same offset value, the distribution of test points is influenced by the relative location of probe.
Proposal 1: The test probes should be fixed in the xz plane during the test.
Proposal 2: Both +/- offset with same value need to be validated for complete verification of UE performance.
Proposal 3: The down-selection of polarization pair should align with RF requirement design. 
Proposal 4: If RF test system can support 3~4 probes, then it is suggested to adopt this system for RRM testing. 
Proposal 5: RF test system can be reused as starting point for demodulation testing discussion. Fixed 2 AoAs is preferred.  
Proposal 6: An alternative way would be that RAN4 just define a minimum isolation as criteria, and how to find test directions for 2 AoA demodulation testing is not specified. In this case, UE declaration can be considered. 
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