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1. Introduction
In the last meeting, several agreements on multi-Rx were reached [1]:

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.

In this contribution, we provide our views on several issues of UE implement assumption.
2. Discussion
Based on the agreement in the last meeting, the RF requirement is based on the 2-layer DL MIMO, which means each layer will share same time and frequency resource but from different directions. In our understanding, it can be further divided into two cases: each panel receive one layer and one panel receive two layers.   

· each panel receive one layer 

The ideal situation for this case is that there is no mutual impact between panels, but considering only spatial isolation exist and RF filter cannot provide any help, each panel still can receive the signal from both 2 AOAs. In this condition, all activated panels will work as a whole system, and the mutual impact due to the reversed phase will appear. For simplicity, we take 2 panel activated simultaneously as an example. Firstly, we consider the two panels locate in same side, as shown in Figure 1.
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Figure1 2 panels locate at same side
Taking the first element to the left of each panel as the reference point and each panel beamforming to the corresponding AOA, e.g., panel#1 point to AOA1. Assuming that all signals are narrowband, then the complex envelope of the received signal is basically approximate for each element, and we can normalize the amplitude and consider only the effect of phase when calculate the combined signal. For panel#1, the combined signal from AOA1 can be calculate as:

Where  , which is the wavenumber. Similarly, we can get the combined signal  from the AoA2



Where  is the distance between 2 panel. Then we can get the final combined signal :


To present the mutual impact, we can assume the , then the radiated pattern is:

The result of panel#2 is similar. Figure 1 shows the radiated pattern based on the formula above and we also provide the 3D EM simulation results, where a = 30mm, centra frequency = 28 GHz. The front and back material set as glass and the side material is plastic.
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Figure 2 Radiated pattern based on formula
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Figure 3 3D EM simulation results

We can find that the radiated pattern is distorted when both panels activated, and the main lobe is cut as several narrow beam. under this condition, the peak gain is enhanced due to the same phase of the signal but in some directions the gain is depressed due to the reversed phase.

Observation 1: The beam pattern will be distorted when multiple panels activated simultaneously. 

However, two panel locates at same side to perform the multi-Rx reception may not be a typical use case. We further evaluate the back-to-back case, as shown in Figure 4. The results show that the distortion is slight but still exist.
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Figure 4 boresight beam pattern of single panel and multi-panel activated

Next, based on the back-to-back case, we analysis the impact on spherical coverage due to the distortion. The Figure 5 show our simulation results and there are two cases are provided. The first is 2 panels work switched, which means only one panel activated at same time and is the typical mode for current UE. The second is two panels activated, which means the two panel work simultaneously and all beam pair between 2 panels are considered. 
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Figure 5 spherical coverage of 2 panel case

The results show that the gain drop become less when two panel activated, and it means the field distribution is more even. However, due to the distortion that mentioned above, the peak gain is reduced by 1.2 dB and the 50% spherical coverage still worsens compared to switched antenna case although the gain drop is lower. To show the difference more visually, the Figure 6 is the heat map for the two cases.
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Figure 6 heat map of 2 panel case

Observation 2: The antenna gain of multiple panels activaed simultaneously is not always better than multiple panel switching, no matter for peak or 50% sperhical coverage.   

Finally, can we avoid this mutual impact? We think this impact can be mitigated by algorithm to adjust the phase shift, but the critical problem we need to face is that the mutual impact is rely on the UE design, and under different phone size or panel location, the impact will be different which means we need to deal with this problem case by case which will significantly exacerbate the mobile phone design overhead. To get better performance, the panel location may be restricted which is also not expected. So, we think when we define the requirement, the mutual impact between panels should not be ignored.

Observation 3: The mutual impact between panels is rely on the UE design, and it will significantly exacerbate the development overhead if we try to avoid it. 

Proposal 1: FFS whether the mutual impact between two panels need to be considered.

· one panel receive two layers

Under this section, we still use back-to-back implementation as an example. In our understanding, when both 2 AOAs fall into the region where only one panel can cover, the UE still can perform dual-polarized MIMO to receive 2-layer data with one panel, and this behavior should not be precluded.

Proposal 2: Single panel perform dual-polarized MIMO to receive 2-layer data from 2 AoAs is allowed.

There are two possible UE behavior as shown in Figure 7.


Figure 7 Dual-polarized MIMO for single panel

[bookmark: _GoBack]The left case means V-pol beam and H-pol beam point to the same direction and the beam pattern can be a rough one. This behavior may happen to some low-cost UE that sharing the RF path (e.g., phase shifter) for both polarizations. Under this behavior, each layer not only lose the polarization gain but also suffer from low antenna gain. The right case means the UE can point its V-pol and H-pol beam to different direction which corresponding to the 2 AoAs, and this need independent RF path for V-pol and H-pol antenna element. UE can get better performance because the antenna gain for each AoA is optimized. In our understanding, the multi-Rx feature is not mandatory for all UE, and we should ensure the performance gain first, so the V-pol and H-pol beam can point to different direction should be the baseline for RF requirement discussion.

Proposal 3: Independent RF chain for each polarization should be the baseline for the multi-Rx RF requirement discussion.
3. Conclusion
In this contribution, we provide our views on UE implementation assumption for multi-Rx:
Observation 1: The beam pattern will be distorted when multiple panels activated simultaneously. 

Observation 2: The antenna gain of multiple panels activaed simultaneously is not always better than multiple panel switching, no matter for peak or 50% sperhical coverage. 
  
Observation 3: The mutual impact between panels is rely on the UE design, and it will significantly exacerbate the development overhead if we try to avoid it. 

Proposal 1: FFS whether the mutual impact between two panels need to be considered.

Proposal 2: Single panel perform dual-polarized MIMO to receive 2-layer data from 2 AoAs is allowed.

Proposal 3: Independent RF chain for each polarization should be the baseline for the multi-Rx RF requirement discussion.
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