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In RAN#105e meeting, regarding beam management enhancement, the following agreement was concluded as follows[1]: 
Agreement:
Same beam layout in BWP#0 and BWP#x (Option 1) and hierarchical beam for BWP#0 (Option 2) should be supported by the specifications for NR-NTN.
· FFS: Whether any specification changes are needed specifically to support this functionality

For the polarization signaling, there was an agreement as the follows:
Agreement:
For explicit indication of polarization information for DL by the network, support indication in SIB
· FFS: Signaling details for indication in SIB

Agreement:
· Polarization information for UL may be indicated in SIB by the network
· UE assumes a same polarization for UL and DL, when the UL polarization information is absent.
· FFS: Signaling details for indication in SIB

Discussion 
0. Beam management and BWP operation
Beam and BWP association
Based on RAN1 #105e meeting agreements, it was agreed that same beam layout and hierarchical beam layout in BWP#0 and BWP#x are supported. for these two scenarios, there is one assumption that BWP#0 and BWP#x are always overlapped. UE can select one BWP#0 for initial access and jump to another active BWP#x for date transmission after initial access. However, it is not popular in the real deployment. The reason is that frequency band is being in shortage, which makes it less possible to have two-layer coverage with different frequency bands. 
Considering one case with single layer deployment, different beam will cover different area, in which UE only connects to one beam in any places. If each beam is associated with one cell, then no additional optimization is needed. But if for RRC-IDLE UE, only one beam is observed, while after the initial access, the adjacent active beams can be grouped to one cell. As shown in 38.300 Annex, in one cell, RRC-IDLE UE and RRC-Connected UE can have different frequency band configuration. More specifically, for IDLE UE, only one initial BWP is used, but for Connected UE, in additional to one initial BWP, another active BWP can be placed. In NTN scenario, it can be explained that for RRC-connected UE, more beams can be configured, but for IDLE UE, only one beam is visible. 
The benefit of this deployment is that for RRC-Connected UE, beam switching in adjacent beams belongs to intra-cell handover, not inter-cell handover. In this case, BWP handover can replace L3 cell based handover.
As shown in the figure 1, frequency reusing factor is 4. For UE being in RRC-IDLE mode, 4 beams are linked to 4 different cells, but when UE has connected to one cell, the neighboring beams/BWPs can be configured with active BWPs. So for the UE accessing from BWP2, the 4 neighbouring BWPs are associated with cell2. For the UE accessing from BWP3, the 4 neighboring BWPs are associated with cell3. Hence, for RRC-connected UE, in one beam area, there are four cells overlapping. But except initial BWP, other active BWPs have no cell defining SSB, so there is no overlapping for SSB assignment in one BWP. For one beam area, in logical level, 4 cells are overlapped for different UEs associated with 4 different initial BWPs.



         Figure-1 Single layer out for NTN beam with different frequency band
 
Regarding this scenario, there are two clarifications: one is that this deployment is within the scope of R15, and second is that it will impose different mapping for RRC-Connected UE and RRC-IDLE, which is different from current understanding that initial BWP and active BWP should be placed in same area. 

In this deployment, multiple adjacent beams are assoicated with one same cell, which can reduce beam handover complexity in LEO sceario, and reduce the requirements of frequency resources because of no need with two different frequency bands overlapping in same area.
Proposal 1: Support the scenario of initial BWP and active BWP associated with different beams mapping to different geographic areas in NTN.  

Beam and BWP switching
In the legacy Rel-15 BWP switching, BWP switching is triggered by the gNB and one DCI signalling is used to indicate BWP switching. For beam switching, TCI indication is used for PDSCH beam switching and SRI is used to indicate UL beam switching. In general, it is possible to make a proper coordination to enable simultaneous beam and BWP switching. However, current specification has different descriptions for beam and BWP. For example, when defining the beams, it assumes all beams are mapping to same BWP, simlarily, when defining the BWP, no any beam information is present in BWP paramemters. In last meeting, many companies thought BWP and beam switching can be implemented simultaneously without specification change. Actually it is vague in current specification. It will impose strict requirement for UE and gNB to implement beam and BWP switching simultaneously. Hence, it should be clearly defined in specification, for example, specified in UE capability.
Proposal 2: Supporting beam and BWP switching simultaneously for NTN UE should be clearly defined in UE capability.  
Following the last meeting discussion [2], there are three remaining issues in beam switching.
Issue 1: UE BWP/beam switching is triggered by gNB or by the UE?
Issue 2: Is it possible to configure a group of UE to do beam switching together?
Issue 3: Support beam measurement on multiple RS associated with different beams within a same active BWP or across multiple BWPs?
[bookmark: _GoBack]For issue 1, in legacy mechanism, BWP switching decision is made by the gNB. Naturally, BWP or beam switching can be triggered by the gNB for NTN case. In case of UE autonomously switching, actually in RAN2 there has the agreement to support conditional handover. When UE is configured with multiple cells or multiple beams sets, UE will perform handover with pre-defined condition, including the times or angle or others. In this sense, we don’t see the need for RAN1 to discuss the beam switching triggered by the UE. Actually if one UE makes the beam switching without any indication to gNB, it is highly risky to this beam switching procedure. In RAN2, even if allowing conditional beam handover, UE still should have the inter-action with the gNB. UE will send the PRACH to gNB and complete RRC handover. gNB should have be aware that when UE has conducted the handover and when the handover will be completed. Actually for conditional handover, resource pre-provision is needed, which is not feasible for RAN1. In other words, the benefit comparing the eNB triggered handover is not justified.  
Proposal 3: Not support UE BWP/beam switching autonomously from RAN1 perspective. 
For issue 2, different UE may locate in different places. Though in theory, it is possible to have multiple UEs placed in same switching points or lines in geographical area. However, the benefit is marginal. Because the cell size or beam size of NTN is quite large, in most of cases, this enhancement is not needed. In another aspect, it will require the gNB to monitor or assign the group for possible UEs to do beam switching simultaneously. Obviously it will increase the complexity of gNB. Additionally, a new DCI should be defined. Considering limited time in NTN WI, we need to focus on the essential feature, not for this margin feature.
Proposal 4: No need to support the configuration of group UEs to do beam switching.
For issue 3, when multiple beams are mapping to one same BWP, it is nature multiple CSI-RS resources can be configured in same BWP. Actually this function has been supported by NR R15. For the case that multiple RSs are associated with different beams across multiple BWPs, current RRM measurement mechanism has supported UE can measure multiple BWPs besides the active BWP. The question is whether we should allow UE can measure the CSI-RS outside the active BWP, for example enabling L1 RSRP or L1 CSI report. In general, we don’t think it is needed. RRM measurement mechanism has enabled UE to measure the RRM metric for active BWP and in-active BWP, for beam switching, it is sufficient, not so sure what is motivation to introduce new feature? 
Proposal 5: Additional enhancement for beam measurement should be justified with clear benefit and motivation. 
0. UE polarization capability reporting
As the agreement of polarization mentioned in the RAN#102e meeting, the UE with different polarization capability should be supported in the NTN, such as RHCP, LHCP and Linear. To serve multiple types of devices, it is better to let the network know the polarization capability of all UEs. However, whether or not to report the polarization capability depends on the type of the UE and the scenario of networks.
For the UEs with the single circular polarization, they can just work normally in the beams with matched polarization. In the polarization reuse network, the single circular polarization UEs can just achieve the good performance in half of the beams no matter whether its polarization capability reporting to the network or not.

For the UE with dual circular polarization, they have the capability to detect both RHCP and LHCP with autonomous way. Additionally, if network indicates the polarization way, UE can be adapted to network. They can work effectively in the polarization reuse networks even if the polarization capability is not reported. Network can assume UE is able to adjust its polarization mode, so the reporting of polarization capability is not necessary for single beam transmission mod.  
For the UE with the linear polarization, UE will suffer from 3 dB depolarization loss camping in circle polarization beams if using single receiver branch. To avoid depolarization loss in case of UE with linear polarization capability, a combination of the two Rx branches in the UE may be used in the downlink. But for the linear polarization UEs with single Rx branch in downlink, there is no other method to prevent the depolarization loss. So, reporting the polarization mode of the UEs is not sufficient to help UE work in a better way.  
Even if UE reports its polarization configuration, the network is not able to change its polarization way. Actually for implementation aspect, antenna polarization of satellite is not possible to be changed based on UE polarization. Reporting the UE polarization capability is not beneficial. 

Based on above analysis, we don’t think reporting the UE polarization capability is necessary.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 6: Reporting UE polarization capability is not necessary.

Conclusion
In this contribution, we analzyed potential issues for beam switching and UE polarization indication. A few of proposals are made as follows:
Proposal 1: Support the scenario of initial BWP and active BWP associated with different beams mapping to different geographic areas in NTN.  
Proposal 2: Supporting beam and BWP switching simultaneously for NTN UE should be clearly defined in UE capability.  
Proposal 3: Not support UE BWP/beam switching autonomously from RAN1 perspective. 
Proposal 4: No need to support the configuration of group UEs to do beam switching. 
Proposal 5: Additional enhancement for beam measurement should be justified with clear benefit and motivation. 
Proposal 6: Reporting UE polarization capability is not necessary.

References
[1] [bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]RAN1 #105-e Chairman notes
[2] R1-2106336, Final Summary of 8.4.4 Other Aspects of NR-NTN, OPPO
[3] [bookmark: _Ref53511479][bookmark: _Ref53581036]3GPP TS 38.300: "NR; NR and NG-RAN Overall Description stage2"

The following related 38.300 Annex original contents as quoted from [3]are:
[bookmark: _Toc534932556]B.2	Multiple SSBs in a carrier
For a UE in RRC_CONNECTED, the BWPs configured by a serving cell may overlap in the frequency domain with the BWPs configured for other UEs by other cells within a carrier. Multiple SSBs may also be transmitted within the frequency span of a carrier used by the serving cell. However, from the UE perspective, each serving cell is associated to at most a single SSB. Figure B.2-1 below describes a scenario with multiple SSBs in a carrier, identifying two different cells (NCGI = 5, associated to SSB1, and NCGI = 6, associated to SSB3) with overlapping BWPs, and where RRM measurements can be configured to be performed by the UE on each of the available SSBs, i.e. SSB1, SSB2, SSB3 and SSB4.


Figure B.2-1: Example of multiple SSBs in a carrier
[bookmark: _Ref16672160]
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For RRC-Connected UE: 4 beams are associated with one cell, but for RRC-IDLE UE, beam mapping is unchanged. At most 4 cells are configured in one beam area. 
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