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1. Introduction
In the last meeting, several candidates for the requirement concept for multi-Rx were proposed [1]. In this contribution, we provide more analysis of these options and related issues.
2. Discussion
2.1 Test configuration and test point distribution
In [1], fixed AoA offset was taken as a starting point:

· Proposals
· Option 1: fixed relative AoA separation: The UE RF requirement is based on a test system that can support multiple fixed relative AoA locations during test. (R4-2218042, R4-2218755)
· [bookmark: _Hlk118857836]Option 2: variable relative AoA separation: Consider K sample(s) in the legacy spherical coverage of 50%-xile in one panel and all samples in the other panel for evaluating CDF of multi-Rx. Assume all K sample(s) to be selected at the same point of CDF 50%-xile considering the lowest received power. (implied in R4-2218528)
Agreement (in chairman notes): 

Take Option 1 as the starting point
· Multiple fixed orientation of the AoAs or single fixed orientation of AoA can be considered for test
· Multiple fixed AoA offset values or single fixed AoA offset value can be considered for core requirement
Due to the limitation of the test system, only one of the AoA can traverse all points on the sphere, and the test point of another AoA will depend on the offset value, probe location, etc. This issue is also mentioned in [2] as shown in the following Figures. 
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Figure 1 Test points distribution when probing in the xz plane
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Figure 2 Test points distribution when probe in yz plane

The test points are based on the fixed 15° grid, and the blue points are test points of AoA1 which traverse the whole sphere while the green points are test points of AoA2. It is obvious that only if offset exists, the AoA2 test points cannot traverse all points on the sphere, and when probe in the yz plane, the AoA2 test points even cannot align with the grid.

Observation 1: The test points distribution of multi-Rx depends on the test configuration and in some cases, the test points even cannot match with the test grid. 

To simplify the requirement discussion, we think it’s better to define the requirement based on a fixed configuration. Considering the distribution of the AoA2 test point is unregular and the point cannot match with the grid when the probe is in the yz plane, we think it’s better to take the probe in the xz plane as the baseline for requirement discussion.

Proposal 1: Take the probe in the xz plane as the baseline for multi-Rx requirement design. 
2.2 Candidate options of requirement
To further analyze the candidate options in [1], we prepare a simulation to verify each of them. The simulation incorporates two parts. One part is to give antenna gains over the whole sphere which is based on a UE with back-to-back antenna modules and each module has a 1x4 element with dual polarization. Another part is to calculate the EIS for each AoA pair where the BW = 50MHz, and the peak EIS under a single AoA is calibrated to align with the current spec.
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Figure 3 3D module and calibrated EIS CCDF under single AoA  

The 50%-tile EIS is much better than the current spec and the reason is the module here is quite ideal, e.g., the metal blockage is not considered. It is noted that we perform this simulation not trying to give a final requirement, our purpose is to give a whole picture of each option, and verify whether these options are feasible. In more detail, three UE operation mode is considered during the simulation:

1) Dual polarization is used for each antenna module, one antenna module receives one AoA. 
2) Single polarization is used for each antenna module, one antenna module receives one AoA.
3) Dual polarization is used for each antenna module, one antenna module receives two AoA, but for each AoA only single polarization is used.

The final EIS of each test point is one of these cases, and the selection principle here is to make the EIS of both 2 AoAs the minimum. The reason here is we think it is not fair to only consider either of them. In addition, all simulation results only consider the case that the offsets are positive, e.g., +30°, +60°. 

Option 1a: Spherical coverage requirement is based on a pair-wise EIS value defined as max (EIS_AoA1, EIS_AoA2)
This option is a quite straightforward method to combine the information from both AoA1 and AoA2, but the drawback of this method is also obvious: due to the unregular distribution of AoA2, the max (EIS_AoA1, EIS_AoA2) cannot traverse the whole sphere and some test point will even be counted more than once, as shown in Figure 4
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Figure 4 Data point for option 1a when offset = 60°

The blue point is the test point generated by max (EIS_AoA1, EIS_AoA2), and it can only cover part of the sphere. The red point indicates the area that option 1a cannot cover and the green points are the test point that is counted more than once. All these evidences shows that this option cannot estimate the UE spherical coverage properly.

Observation 2: Option 1a lack of information at some test points and cannot reflect the UE performance of the whole sphere.

Option 1b: spherical coverage requirement is defined based one “joint sensitivity”, i.e., . TJ2AS = f(J2ASAoA1, AoA2, J2ASAoA1, AoA2, J2AS AoA1 AoA2, J2AS AoA1, AoA2) for sDCI

As we already mentioned in the last meeting, the EIS is defined based on a specific direction and any “joint sensitivity” method will eliminate the directivity of EIS which make this “joint sensitivity” just a number without clear physical meaning. If the requirement is defined based on a pure number, we are afraid this requirement cannot reflect the real UE performance.

Observation 3: Option 1b will eliminate the directivity of EIS and make this “joint sensitivity” just a number without clear physical meaning.

[bookmark: _Hlk114739493]Option 1c: Spherical coverage requirement is based on EIS degradation, i.e., EIS tolerance = max (∆EIS_1, ∆EIS_2) ≤ [TBD] dB

As the proponent for this option, our original idea is that the requirement should be defined based on a quantity with clear physical meaning so that we can get a picture of UE performance directly. The ∆EIS is the degradation in a specific direction when multi-Rx are activated and based on this quantity, we can know how the UE performance changes compared to the legacy requirement. The simulation results are shown in Figure 5.
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Figure 5 EIS degradation and percentage of polarization operation

The left one is the CDF of EIS degradation and it is noted that only when both AoAs fall into the top 50% area are counted. We can see that the result has good monotonicity which is aligned with the reality: the EIS degradation will reduce as the offset becomes larger because the smaller offset may introduce larger interference between beams. In addition, the results also imply that once a smaller offset can meet the requirement, the larger offset can be considered to meet the requirement automatically. However, this may need more verification for other implementations.

Proposal 2: If the requirement is defined based on sensitivity statistics, take the EIS degradation as the baseline.

As we mentioned in the previous part, there are 3 operation modes considered in the simulation, and we further counted the percentage of single polarization and dual polarization used under different offsets, as shown in the right figure above. The results show that when the offset is small, most AoA pairs will use single polarization because the different polarization can provide additional cross-polarization discrimination (XPD), which can reduce the impact of inter-beam interference. When the offset becomes larger, the rate of dual polarization will increase due to the reduction of interference. Considering there are 4 types of polarization configuration when 2 AoAs are activated ((AoA1, AoA2), (AoA1, AoA2), (AoA1 AoA2), (AoA1, AoA2)) and it is quite redundant to verify each configuration, we think different polarization can be used for each AoA pair to further reduce the test complexity.

Proposal 3: The requirement design and test setup are based on that different polarization are used for each AoA pair. 

Option 2: Requirement is based on the spherical coverage EIS of AoA1 (which is swept over the full sphere), and a fixed/pre-defined power level for AoA2.

In previous discussion, many problems of multi-Rx requirement design are caused by the test point of AoA2 cannot cover the whole sphere under the fixed offset configuration, and this option provides the simplest way to get around the puzzles which are to ignore the AoA2. In our understanding, each AoA within one AoA pair has the same weight and both of them need to be verified. The UE performance of multi-Rx can be guaranteed only if both of AoA meet the requirement. Another problem with this option is that if we used fixed power for AoA2, e.g., spherical coverage power level which is similar to inter-band CA, it will introduce additional power imbalance and make UE hard to maintain DL MIMO.

Observation 4: Option 2 will ignore the performance of AoA2 and introduce unnecessary power imbalance which may cause UE hard to maintain MIMO operation.

To further get a full picture of this option, several simulation results are provided below, and in the simulation, we assume no power imbalance between two AoAs.
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Figure 6 Build spherical coverage based on EIS1 only and the top 50% area (deep blue) under different 

Generally, the EIS also become better as offset increase, but it is noted that the top 50% areas are various under different offset values, so if go this way, we think more offset values need to be verified.

Option 3: Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level. In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%.

This functionality verification is an interesting idea. The most important merit of this option is the significant reduction of test complexity. When EIS from two AoAs need to be verified simultaneously, it will be more complicated to adjust the DL power and need more time to finish the EIS search. Considering we may need to verify more polarization combinations and offset values, the test complexity is unbearable. In contrast, this option makes the whole test procedure become easier and faster. 
The first issue related to this option is the PASS/FAIL criterion. Since there are 2 AoAs exist and the test points for AoA2 are not uniformly distributed, each test point may be tested more than once, so we should clarify how to determine whether one test point is PASS or FAIL in such cases. In our understanding, the PASS area under a fixed offset verification means that UE can support receiving the signal from 2 TRP with a dedicated AoA separation, so no matter how many times one test point is verified, it is only allowed to be marked as PASS if it passes each time.

Proposal 4: In the functionality test, if one test point is verified more than once, this test point can be marked as PASS only if it can pass every time.  

One potential configuration is that use spherical coverage power level as this fixed power, the illustration and simulation results are shown below:
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Figure 7 simulation results of option 3

Even though this option is friendly to UE, we think this option still has many shortcomings:
· The DL power of AoAs is far from the EIS-based test 
· This verification is too loose due to this high fixed power level and cannot guarantee the UE performance  
· Can only get limited information from this requirement directly
· We can only know that the two panels can work normally within the M% area 

Our main concern is the last bullet. After we finish this test, actually we don’t know how UE performance is within this M% area, it is not a good way to define the requirement in our view. To overcome these disadvantages, we try to throw a new idea for discussion:

Observation 5: Option 3 is quite loose and hard to get a picture of the UE performance directly.

Option 3a: The UE can achieve EIS performance not worse than Ref_power + X dB on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is 50%. Only the test point that meets the legacy spherical coverage requirement needs to be verified.

The illustration and simulation results are shown in Figure 8
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Figure 8 simulation results of option 3a

In our view, this option has the following advantage:

· Further reduce the test time, only verify the test point that meets the legacy spherical coverage test
· Build a relationship of UE performance between legacy spherical coverage requirement and multi-Rx   
· Can get a picture of UE performance directly
· UE can meet the same spherical coverage (50%) with X dB relaxation when multi-Rx are activated simultaneously.

The problem with this option is the DL power setup is a little bit complex, but this may not be a big challenge if we combine the procedure with the legacy spherical coverage test.

Proposal 5: If the requirement is defined based on the functionality test, take the option3a as the baseline: The UE can achieve EIS performance not worse than Ref_power + X dB on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is 50%. Only the test point that meets the legacy spherical coverage requirement needs to be verified.

Option 4: RAN4 considers specifying the demod requirements of multi-Rx in FR2 with pre-defined side condition, instead of defining the two-AoA spherical coverage requirement

In our understanding, the demod requirement cannot instead the RF requirement for multi-Rx, and in the RF session we should focus on how to define the RF requirement rather than whether the RF requirement is needed.

Proposal 6: No need to further discuss option 4 in the RF session.


3. Conclusion
In this contribution, we further evaluate each candidate options for multi-Rx requirement design, and our proposals are the following:
Observation 1: The test points distribution of multi-Rx depends on the test configuration and in some cases, the test points even cannot match with the test grid. 

Observation 2: Option 1a lack of information at some test points and cannot reflect the UE performance of the whole sphere.

Observation 3: Option 1b will eliminate the directivity of EIS and make this “joint sensitivity” just a number without clear physical meaning.

Observation 4: Option 2 will ignore the performance of AoA2 and introduce unnecessary power imbalance which may cause UE hard to maintain MIMO operation.

Observation 5: Option 3 is quite loose and hard to get a picture of the UE performance directly.

Proposal 1: Take the probe in the xz plane as the baseline for multi-Rx requirement design. 

Proposal 2: If the requirement is defined based on sensitivity statistics, take the EIS degradation as the baseline.

Proposal 3: The requirement design and test setup are based on that different polarization are used for each AoA pair.

Proposal 4: In the functionality test, if one test point is verified more than once, this test point can be marked as PASS only if it can pass every time.  

Proposal 5: If the requirement is defined based on the functionality test, take the option3a as the baseline: The UE can achieve EIS performance not worse than Ref_power + X dB on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is 50%. Only the test point that meets the legacy spherical coverage requirement needs to be verified.

Proposal 6: No need to further discuss option 4 in the RF session.
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