[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting # 106												R4-2301573
Athens, Greece, February 27 – March 3, 2022

Source: 	vivo
Title: 	Discussion on AoA separation for multi-Rx DL reception
Agenda Item:	9.8.2.2
Document for:	Approval
1. Introduction
In the last meeting, we agreed that both the test and requirement are based on fixed AoA separation [1]:

· 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

In this contribution, we provide our simulation results of AoA separation distribution based on SLS and views on how to choose the separation value.
2. Discussion
2.1 AoA separation distribution based on SLS
In [1], we also agreed that the AoA setup should be considered together with the deployment scenario:

· Consider AoA setup and deployment scenario as a package.
· the mTRP assumptions achieved by RAN1 in the physical layer design (including TR38.802) can be taken as one of the references in deployment scenario discussion. Interested companies are encouraged to provide their analysis on deployment scenario and associated AoA setup in next meeting.

To further figure out the AoA separation distribution in the dedicated deployment, we perform a simulation and 2 deployments are considered, as shown in Figure 1:
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Figure 1 Indoor and Dense Urban (Macro only) deployment

For indoor scenario, 4 TRPs within the red circle are combined as a cluster, and UE can access any two of them. For Dense Urban, the TRPs with the same color can collaborate. Other simulation assumptions are mainly from TR38.802, and the results are shown in Figure 2.   
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Figure 2 AoA separation distribution in indoor and Dense urban

Unfortunately, it is hard to further narrow down the AoA separation range based on the results, as we have already mentioned in the previous meeting, UE can access the TRP if the channel condition is acceptable and the AoA separation varies due to the UE location, channel condition changes, and we cannot get a so-called minimum or maximum threshold based on the simulation results.  

Observation 1: For indoor and Dense Urban scenario, the AoA separations are distributed between 0° and 180° and it is hard to further narrow down the AoA separation range.

2.2 Choice of AoA separation value
To further dig out the impact of AoA separation, we perform some simulations based on the EIS degradation when multi-Rx are activated compared to the legacy performance in the same direction. Although we may not take it as a final requirement, it still can be a useful metric to show how UE performance will change under different AoA separations (offset). Three types of implementations are considered in our simulation: 2 modules are back-to-back, 2 modules are located on the same side and 2 modules are located on adjacent surfaces, as shown in Figure 3. The material settings are the same for all cases.
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Figure 3 Module assumption in simulation

The simulation results are shown in Figure 4:

[image: ] [image: ]
[image: ]
Figure 4 EIS degradation for different implementation

Generally, when the offset becomes larger, the impact on UE performance will be mitigated. However, the impact of the offset will be different for each implementation, so only verifying one offset seems not enough to ensure the UE performance.

Observation 2: The impact of AoA separation will be mitigated when separation becomes larger but the impact is also related to the dedicated UE implementation. 

In the last meeting, some companies proposed that UE declare its preferred AoA separation value, and our concern here is that UE may be deliberately designed for a particular separation value to pass the verification which actually cannot have enough performance in the real scenario. However, we can not verify each potential separation value and if we verify the UE under specific separation, this may put a strong restriction on UE design. In our view, maybe we can try to find some balance between them: UE declares 2 AoA separation value from 2 AoA separation pool, one is small AoA separation [30, 90], another is larger separation (90,180], UE needs to meet the requirement under both of them.

Proposal 1: UE declares 2 AoA separation values from 2 AoA separation pools for verification
· one is a range for small AoA separation [30, 90], and another is a range for larger separation (90,180].
· Each pool has only a limited number of separation values, the specific value is FFS

To reduce the complexity, we prefer the separation should be a multiple of the test grid, otherwise, some test points will fall into the gap between the grid.

Proposal 2: The AoA separation value should be an integer multiple of the test grid.
3. Conclusion
Observation 1: For indoor and Dense Urban scenario, the AoA separation is distributed between 0° and 180° and it is hard to further narrow down the AoA separation range.

Observation 2: The impact of AoA separation will be mitigated when separation becomes larger but the impact is also related to the dedicated UE implementation. 

Proposal 1: UE declares 2 AoA separation values from 2 AoA separation pools for verification
· one is a range for small AoA separation [30, 90], and another is a range for larger separation (90,180].
· Each pool has only a limited number of separation values, the specific value is FFS

Proposal 2: The AoA separation value should be an integer multiple of the test grid.
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