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1. Introduction
In the RAN4#104-e, we discussed the concept of multi-RX [1], and we made some agreements for FFS like below[2].

	Agreement: 
· 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.



[bookmark: _Hlk115087645]In the discussion for implementation, some companies aimed to consider all the implementation as much as possible and some companies considered implementation agnostic [1]. In this contribution, we try to make proposals for implementation assumption.

2. Discussion
Multi-RX is assumed providing some performance improvement like, demodulation performance (4-layer DL MIMO), RRM performance and improve RF spherical coverage [3]. We try to make proposals based on these improvement points.

2.1	Whether the single panel should be excluded 
We are discussing whether the single panel for PC3 is feasible in the multi-RX. In the RAN4#104-e discussion, there was no clear view how the single panel meets the requirement. In the WID in RAN plenary [3], multi-RX was assumed providing RF spherical coverage improvement. We wonder how single panel receiving two beams simultaneously makes better spherical coverage than that receiving single beam. Therefore, we believe we should not consider the single panel in the discussion.

Observation 1:	There was no clear view how the single panel meets the requirement.
Observation 2:	In the WID in RAN plenary, multi-RX was assumed providing RF spherical coverage improvement.
Proposal 1:	We do not consider the single panel in the discussion.

[bookmark: _Hlk115088919][bookmark: _Hlk114770762]In considering future technology, we do not have clear view whether observation 1 is true in the future. For example, we wonder whether spherical coverage of future digital beam forming single panel is worse than that of analogue beam forming 2 panels in release 15 discussion. We do not have clear view for future technology, and we should not limit implementation by specifications. We believe that we should not exclude single panel in the specification to not limit implementation.

Observation 3:	We do not have clear view for future technology, and we should not limit implementation by specifications.
Proposal 2:	We should not exclude single panel in the specification to not limit implementation.
[bookmark: _Hlk114775722]
2.2	Proposal for implementation assumption
In the RAN4#104-e, there were a lot of proposals for implementation and use cases. And we could not make agreement for implementation assumption. When we consider multi-beam simultaneous reception, spherical coverage is influenced by beam directions which are determined by relative position of antennas on UE and base stations, gain of beams, radiation patterns of antenna panels on UE and so on.
At this moment, there are a lot of implementation patterns of antenna panels for UE. And there would be some base stations in the crowded area. Then if there is no proper air interface control, UE can receive multi-beam from any directions. From these points, there seems to be no limitation on relative position among antennas on UE and base stations, so it may be hard selecting some use cases under the implementation flexibility in reality.

Observation 4:	There seems to be no limitation on relative position among antennas on UE and base stations, so it may be hard selecting some use cases under the implementation flexibility in reality.

Under such conditions, it seems hard selecting some implementation assumptions. In this contribution we try to simplify discussion by concentrating on the relation between beam direction and the radiation pattern.
At first, we want to consider only from the viewpoint of antenna.
Figure 1 shows an example. In this model, we assume receiving the target signal at main lobe and receiving the non-target signal at outside of main lobe. We assume the gain of RF signal 1 and RF signal 2 are almost the same, because base station can adjust signal gain at synchronization sequence. Under this condition, if the antenna receives the non-target signal at null point, the SINR will be better (left hand side in Figure 1), but if the antenna receives the non-target signal at side lobe the SINR will be worse (right hand side in Figure 1). 

[image: ]
[bookmark: _Ref114771346]Figure 1. SINR image (left: better SINR, right: worse SINR)

From the viewpoint of antenna and Figure 1, if the antenna panels receive the same gain of RF signals, SINR would be determined by 2 beam directions and the radiation patterns. From this viewpoint, we may be able to classify 4 patterns between beam directions and radiation patterns like Table 1.

[bookmark: _Ref115250915]Table 1. Four representative patterns from the viewpoint of antenna
	SINR
	Image
	Note

	Best
	[image: ]
	The formfactor shuts out the non-target RF signal, so the non-target RF signal cannot influence the opposite antenna.

	Better
	[image: ]
	Antenna receives the non-target RF signal, but there is little influence on SINR because it receives the non-target RF signal at a null point.

	Worse
	[image: ]
	Antenna receives the non-target RF signal, but there is some influence on SINR.

	Worst
	[image: ]
	Antenna receives both the target RF signal and the non-target signal at main lobe.



In summary, from the viewpoint of antenna, there may be four representative patterns between beam direction and radiation patterns on UE. The target signal is received at main lobe of antenna, and the non-target signal is received below patterns.
· The non-target signal is shut out by the formfactor.
· The non-target signal is received at null point of antenna.
· The non-target signal is received at side lobe of antenna.
· The non-target signal is received at main lobe of antenna.

Observation 5:	From the viewpoint of antenna, there may be four representative patterns between beam direction and radiation patterns on UE. The target signal is received at main lobe of antenna, and the non-target signal is received below patterns.
· The non-target signal is shut out by the formfactor.
· The non-target signal is received at null point of antenna.
· The non-target signal is received at side lobe of antenna.
· The non-target signal is received at main lobe of antenna. 

[bookmark: _Hlk115253410][bookmark: _Hlk115255475][bookmark: _Hlk115341190]In addition to the viewpoint of antenna, we need to consider the multiplexing correction with the channel matrix. In the RAN4#104-e, we agreed assuming polarization multiplex + spatial multiplex at the UE [2]. And the multiplexing correction may make the EIS difference between the representative patterns smaller. This may relate to connection sequence because we need to estimate the channel matrix for this correction.

Observation 6:	The multiplexing correction may make the EIS difference between the representative patterns smaller. This may relate to connection sequence because we need to estimate the channel matrix for this correction.

We suggest checking the difference of EIS between representative beam patterns with multiplexing correction. If we select beam pattern based on worst EIS case and make discussion, spherical coverage in the ordinary use case will be better than our assumption.

Proposal 3:	We suggest checking the difference of EIS between representative beam patterns with multiplexing correction. If we select beam pattern based on worst EIS case and make discussion, spherical coverage in the ordinary use case will be better than our assumption.

For example, if main lobe receives both the target signal and the non-target signal in worst case, we fix two signals in the same direction. Then the test image will be like Figure 2.

[image: ]
[bookmark: _Ref115277216]Figure 2. CDF study image with two signals fixed at the same direction.

After fixing the beam direction, we can study CDF and determine spherical coverage value.
In this contribution, we assume that the relation between beam directions and radiation pattern of antenna on UE has influence on EIS, and we suggested four patterns. However, if the difference of EIS between four representative patterns is little, we may be able to discuss any beam direction, antenna position and radiation pattern. In another word, if multiplexing correction is very strong, we may be able to make discussion with all use cases.






3. Conclusions

Observation 1:	There was no clear view how the single panel meets the requirement.
Observation 2:	In the WID in RAN plenary, multi-RX was assumed providing RF spherical coverage improvement.
Proposal 1:	We do not consider the single panel in the discussion.
Observation 3:	We do not have clear view for future technology, and we should not limit implementation by specifications.
Proposal 2:	We should not exclude single panel in the specification to not limit implementation
Observation 4:	There seems to be no limitation on relative position among antennas on UE and base stations, so it may be hard selecting some use cases under the implementation flexibility in reality.
Observation 5:	From the viewpoint of antenna, there may be four representative patterns between beam direction and radiation patterns on UE. The target signal is received at main lobe of antenna, and the non-target signal is received below patterns.
· The non-target signal is shut out by the formfactor.
· The non-target signal is received at null point of antenna.
· The non-target signal is received at side lobe of antenna.
· The non-target signal is received at main lobe of antenna. 
Observation 6:	The multiplexing correction may make the EIS difference between the representative patterns smaller. This may relate to connection sequence because we need to estimate the channel matrix for this correction.
Proposal 3:	We suggest checking the difference of EIS between representative beam patterns with multiplexing correction. If we select beam pattern based on worst EIS case and make discussion, spherical coverage in the ordinary use case will be better than our assumption.
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