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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
In RAN1#106-e, the following agreements were reached [1].
[bookmark: OLE_LINK1]Agreement:
When polarization signalling is present in SIB
· SIB indicates DL and/or UL polarization information using respective polarization type parameters to indicate: RHCP or LHCP or linear
· FFS: whether polarization signalling is per SSB
In this contribution, we discuss beam management and signalling of polarization in detail.

Discussion
Beam management issues
BWP Switching Enhancement
In RAN1#106-e, BWP switching enhancement was discussed. The enhancement can be divided into two directions: 1) gNB dominant and 2) UE dominant.
For gNB dominant enhancement, assuming that the UE location can be made available to gNB, the gNB can configure a sequence of beams and potentially a set of timers based on prediction for the UE to perform BWP switch. More specifically, gNB can indicate a UE-specific TCI-list, based on the beam topology, satellite movement and UE location information. The TCI-list contains mapping information (TCI-state) of UE potential beam switching. When UE approaches the beam edge, beam switch will be triggered by the gNB through MAC CE or DCI as the existing specification. Beam switching can also be triggered by the expiration of timers if the service duration of each beam can be predicted in advance. In addition, the TCI-list needs to be updated when UE deviates from its previously predicted route. One benefit of this scheme is that frequent measurement at the UE side can be reduced with some assistant information. 
Proposal 1: The gNB configures a list of TCI-states based on a sequence of predicted serving beams and beam switch can be triggered by MAC CE/DCI or upon expiration of corresponding timers.
If UE location is not available at the gNB, UE dominant enhancement can be considered. However, UE reports beam switching merely based on the measured beam RSRP may lead to some undesirable results. For example, as shown in Figure 1, UE 0 is near the beam edge of beam 3 thus requires beam switching. As the satellite moves, UE 0 approaches the edge of beam 1 first, then to beam 2. UE 0 may switch to beam1 first based on CSI-RS measurement and then quickly switch to beam2 due to the movement of the satellite, which will increase the complexity of UE for beam measurement if gNB has no information of UE location information. 
[image: ]
Figure 1 Beam switching only based on measurement
To avoid such a result, beam information could be broadcast in the system information for UE dominant beam/BWP switching. Once the beam information (e.g. the beamwidth of BWPs/beam, centre elevation and azimuth are broadcast in the system information, the UE can calculate the topology of its surrounding beams (e.g., the footprint of the surrounding beams). Based on GNSS acquired position, UE will have the full map of when to do beam switching and which beam to switch to. Therefore, UE can trigger beam/BWP switching once it approaches the beam edge.
Proposal 2: Consider the possibility of broadcasting satellite beam information in system information for UE dominant beam/BWP switching to reduce beam measurement.
bwp_InactivityTimer Functionality
In current NR specification, BWP switching can be triggered by RRC, DCI, or timer-based scheme. For the timer-based switching mechanism, bwp_InactivityTimer should be configured for UEs to fall back to the default DL BWP (indicated by defaultDownlinkBWP-Id). Nevertheless, due to the coupled relationship between beam switching and BWP switching, the function of bwp_InactivityTimer in NR NTN should be reconsidered. If new timers are introduced for the UE to perform beam switching as discussed in section 2.1.1, the function of bwp_InactivityTimer may not be needed. 
Proposal 3: The function of bwp_InactivityTimer should be reconsidered in NR NTN. . 
Beam Measurement and Reporting
Both gNB dominated and UE dominated BWP/beam switching are discussed in previous meetings. In case of gNB-dominated BWP/beam switching, beam measurement and reporting can be considered as assistance information to satellite ephemeris and UE locations. In the case of UE-dominated BWP/beam switching, the beam measurement and reporting procedures need some further discussion.   
If beam measurement is performed based on multiple RS associated with different beams across BWPs, this will bring in extra complexity and overhead. Due to the satellite movement, the network will require UE to frequently perform the measurement and to frequently adapt the RF components to work on different BWPs. The accumulated transition time and complexity could not be neglect. Thus, it will be beneficial to minimize the measurement overhead.
If beam measurement is performed based on multiple RS associated with different beams within the same active BWP (e.g. measurement by SSB if BWP#0 has the same beam width as BWP#x), which is also supported by the current specification, the measurement complexity will be reduced. However, if BWP#0 has umbrella beam width, the L1-RSRP measurement outside active BWP need to be supported.
Observation 1: Beam/BWP switching based on SSB based measurement can reduce the complexity of measurement at the UE side. 
[bookmark: OLE_LINK10]Proposal 4: L1-RSRP measurement within active BWP and outside active BWP should be supported.
Signalling of Polarization
Polarization Multiplexing
In RAN1 #106-e, polarization multiplexing was discussed where a gNB may transmit/receive multiple streams in a time-frequency resource with different polarizations, where the multiple streams may target/from the same UE (intra-UE polarization multiplexing) or different UEs (inter-UE polarization multiplexing) [2]. In this contribution, we continue the discussion from the last meeting on supporting polarization multiplexing scenario under the FL suggested case 2: there are multiple polarizations per SSB.
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[bookmark: _Ref82786031]Figure 2 Multiple polarizations per SSB
Figure 2 illustrates that each SSB is assigned with multiple polarizations, i.e. two orthogonal polarizations. Here, we assume 1) the beams with SSB#1 assigned with both LHCP and RHCP on BWP#1; 2) in each beam we have UEs with various polarization capabilities (i.e. LHCP, RHCP, Polarization-division multiplexing, and Linear). Note, for the UEs both support LHCP, and RHCP might not support PDM due to lacking multi-layer data processing capability. In this case, the gNB could schedule the radio resource as illustrated in Figure 3. 
The same RBs in both LHCP and RHCP dimensions could be assigned to the same UE which 1) supports PDM with two-layer data to enhance the throughput; 2) supports PDM with one-layer data to enhance the link robustly and extend the coverage via soft-combining the LHCP and RHCP channel data; or 3) supports only linear polarization with one-layer data to enhance the link robustly and extend the coverage via combining the LHCP and RHCP signal from the receiver linear antenna.
The same RBs in LHCP and RHCP dimensions could be assigned to two UEs with 1) each UE supports particularly the orthogonal circular direction to do inter-UE multiplexing; or 2) one UE supports PDM and one UE support one particular circular direction to do inter-UE multiplexing and to enhance the radio resource scheduling flexibility. 
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[bookmark: _Ref82786040]Figure 3 Radio Resource Scheduling for multiple polarization per SSB case
The above scheme could 1) enhance the link robustness or extend the coverage of the UEs with only linear antennas (e.g. Handheld) by adding 3 dB to the link budget of handheld UEs; 2) enhance the link robustness or extend the coverage of the UEs with PDM capability by soft combing which equals to adding more than 3 dB to the link budget (due to coding gain); 3) enhance the radio resource scheduling flexibility via inter-UE multiplexing for UEs support circular polarization; and 4) enhance the UE throughput via intra-UE multiplexing for UEs support PDM.
Observation 2: Polarization multiplexing can enhance the RRM flexibility, and enhance the link robustness/improve the coverage, or boost the throughput.
Proposal 5: Polarization multiplexing is supported to increase enhance the link robustness, improve the coverage, or boost the throughput. 
For RRM in a beam with different polarization, the gNB requires the UE polarization capability information to schedule the radio resources across different polarization dimensions.
Proposal 6: UE reports its polarization capability to the gNB to enable polarization domain multiplexing. 
Polarization Indication of Adjacent Non-serving Cell
In RAN1#106-e, the proposal on supporting polarization information indication for non-serving cells in UE-specific RRC was discussed. In this contribution, we continue this discussion to facilitate the UE side for cell switching.
For the UEs under a particular satellite coverage, they can be either in the RRC_CONNECTED state or in the RRC_INACTIVE state when an RRC connection has been established. If this is not the case, i.e. no RRC connection is established, the UE is in RRC_IDLE state. The RRC states and state transitions are illustrated in Figure 4.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For a UE under the RRC_IDLE state, it can perform neighboring cell measurements and cell (re-) selection. For UE under RRC_INACTIVE state, it can perform neighboring cell measurements and cell (re-) selection, and request to return to RRC_ACTIVE state by RRCResumeRequest. For a UE under RRC_CONNECTED state, it can perform neighboring cell measurements and measurement reporting. To facilitate the UE do handover or cell (re-) selection by accurately measure the neighboring cell in the right polarization mode, the polarization indication of adjacent non-serving cell is necessary.  
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[bookmark: _Ref82854846]Figure 4 NR RRC States Transition
For the UEs under the RRC_CONNECTED state, the neighboring cell polarization could be indicated by RRCReconfiguration. For the UEs under RRC_Inactive who send RRCResumeRequest, the neighboring cell polarization could be indicated by RRCResume. For the other UEs under the RRC_INACTIVE or RRC_DELE state, the neighboring cell polarization could be indicated by system information, e.g.  SIB4/SIB11.
[bookmark: OLE_LINK5]Observation 3: For UEs in RRC_CONNECTED, RRC_INACTIVE, or RRC_IDLE states, they all require polarization information of the neighboring cell to ensure smooth handover or cell (re-) selection. 
Proposal 7: Polarization of adjacent non-serving cells is indicated to UE to reduce the measurement complexity at the UE side during handover.
Polarization Signalling in UE-specific RRC 
In RAN1#106-e, FL suggests supporting UE-specific RRC to indicate the polarization information for non-serving cells and further study the application for serving cells. The above section 2.2.2 has already discussed that polarization signal in UE-specific RRC to indicate the polarization information for the non-serving cell should be supported. This application for the serving cell is also necessary.  
The necessity of NR NTN support polarization multiplexing has been discussed in section 2.2.1. For a beam with a different polarization direction, indicating the UEs in that beam with UE specific polarization is the only solution to fully exploit the new degree of freedom in RRM brought by polarization dimension. And for each UE, there are different channels / RSs, e.g. PDSCH / SPS PDSCH / PDCCH / PUCCH / PRACH / CSI-RS / SRS, the required minimum SINR / throughput / reliability at the receiver side will be different. Indicate intra-UE polarization multiplexing and inter-UE polarization by polarization indication per channel/RS could meet the various KPIs for each channel/RS.
Besides, the polarization of the beams in a cell are not static. Whether to active different polarization directions in one beam will depend on the UE capabilities and service requirements in that beam, and which polarization direction should be active will also depend on the UE capability in that beam. Thus, the polarization configuration of a beam will be semi-static and the polarization indication per BWP is necessary.   
Observation 4: The UE-level polarization configuration can be semi-static or dynamic (per-channel / per-RS) based on UE capability or performance requirement.
Proposal 8: Polarization signalling in UE-specific RRC per BWP or per channel/RS should be supported for both serving cells and non-serving cells.

Conclusions
In summary, we discuss some key considerations on beam management and signalling of polarization. The following proposals are made: 
Observation 1: Beam/BWP switching based on SSB based measurement can reduce the complexity of measurement at the UE side. 
Observation 2: Polarization multiplexing can enhance the RRM flexibility, and enhance the link robustness/improve the coverage, or boost the throughput.
Observation 3: For UEs in RRC_CONNECTED, RRC_INACTIVE, or RRC_IDLE states, they all require polarization information of the neighboring cell to ensure smooth handover or cell (re-) selection. 
Observation 4: The UE-level polarization configuration can be semi-static or dynamic (per-channel / per-RS) based on UE capability or performance requirement.
Proposal 1: The gNB configures a list of TCI-states based on a sequence of predicted serving beams and beam switch can be triggered by MAC CE/DCI or upon expiration of corresponding timers.
P Proposal 2: Consider the possibility of broadcasting satellite beam information in system information for UE dominant beam/BWP switching to reduce beam measurement.
Proposal 3: The function of bwp_InactivityTimer should be reconsidered in NR NTN. . 
Proposal 4: L1-RSRP measurement within active BWP and outside active BWP should be supported.
Proposal 5: Polarization multiplexing is supported to increase enhance the link robustness, improve the coverage, or boost the throughput. 
Proposal 6: UE reports its polarization capability to the gNB to enable polarization domain multiplexing. 
Proposal 7: Polarization of adjacent non-serving cells is indicated to UE to reduce the measurement complexity at the UE side during handover.
[bookmark: _GoBack]Proposal 8: Polarization signalling in UE-specific RRC per BWP or per channel/RS should be supported for both serving cells and non-serving cells.
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