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Introduction
In this paper, we discuss our views on enhancements on beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse and signalling of polarization mode.

Beam management
In RAN1#105_e, the following issues on beam management in NTN had been identified [1].
	· Issue 1: NR BWP is not directly associated with a beam. Thus, when using TCI to change beam from beam 1 to beam 2, it does not trigger NR BWP switching. However, in NTN FRF>1 case, beam switching may result in a BWP switching.
· [bookmark: _Hlk71217776]Issue 2: NR BWP switching in UL and DL are not jointly triggered for FDD. However, in NTN FRF>1 FDD scenario, beam switching may result in a BWP switching in both DL and UL.
· Issue 3: NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, we may need a fast BWP switching triggering without data scheduling.
· Issue 4: NR BWP switching does not require re-synchronization. However, in NTN FRF>1 scenario, when a satellite beam switching is triggered, UE may need to perform re-synchronization in the switched BWP. 
· Issue 5: Since satellite beam switching can be frequent and often highly predictable, mechanisms of configured BWP switching (can be a sequence of BWPs) may be preferred but current NR does not allow it.
· Issue 6: How to deal with BWP switching triggered by bwpInactivityTimer, RA procedure, or simply a need to increase throughput instead of for beam-level mobility.
· Issue 7: NR BWP switching/beam switching is done with UE specific signalling due to UE movement’s. However, in NTN scenario, a satellite BWP/beam switching is common for set of UEs, we may need to a common BWP/beam switching mechanism to save the signalling overhead.
· Issue 8: BWP configuration enhancement 
· extending the number of supported BWPs per cell
· cell-specific BWP common configuration
· Issue 9: NR BM framework (TCI state and spatial relations) should be restricted within the same satellite or support the switching of the service links associated with different satellites.  
· Issue 10: For NTN, current NR based measurement-based beam management will result in large signaling overhead and long latency for periodic exchange of CSI-RS transmissions and corresponding reporting. 


NR BWP switching in UL and DL
NR BWP switching in UL and DL are not jointly triggered for FDD. However, in NTN FRF>1 FDD scenario, beam switching may result in a BWP switching in both DL and UL. In our view, BWP switching of UL and DL simultaneously in NTN FRF>1 FDD scenario should be supported.
Proposal 1: BWP switching of UL and DL simultaneously in NTN FRF>1 FDD scenario should be supported.

BWP switching without data scheduling
In NTN, frequency reuse is used to mitigate inter-beam interference. Hence, there is almost inevitable that beam switching would lead to switch another BWP. Current NR dynamic BWP switching requires data scheduling. While in NTN FRF>1 scenario, BWP switching triggering without data scheduling is very frequent. In our view, BWP switching without data scheduling should be supported in NTN FRF>1 FDD scenario.
Proposal 2: BWP switching without data scheduling should be supported in NTN FRF>1 FDD scenario.

BWP switch relying on prediction
In RAN1#105e, the follow proposal on beam management in NR-NTN had been achieved [2].
	FL proposal DP1-1
For beam management in NR-NTN, support at least one of the following enhancements
· Alt-1: UE BWP/beam switching is triggered by gNB relying on prediction on gNB side.
· FFS: whether BWP/beam switching can be done for a group of UE.
· Alt-2: UE BWP/beam switching is performed by UE automonously relying on assistance information.
· FSS: details on assistance information 


[bookmark: _GoBack]For Alt-1, gNB can determine the beam for the UE based on the beam layout, satellite ephemeris and UE location information. In lasting meeting, some companies think that gNB can configure a sequence of beams and the corresponding timers for the UE to perform beam switch based on satellite ephemeris and UE position. However, the needs and gains of gNB dominant beam switching with gNB prediction based on a sequence of beam configuration and switching time for the sequence of beams are unclear. Furthermore, reporting of UE’s location may be sensitive due to the security issue. In our view, using current switching mechanism is flexible enough and RRC-configured beam sequence for gNB dominated beam switching should be deprioritized in R17.
Proposal 3: RRC-configured beam sequence for gNB dominated beam switching should be deprioritized in R17.
For Alt-2, beam related information of serving cell including the beam size and beam direction should be broadcasted in the system information for UE dominant beam/BWP switching. In this case, UE does not need to report the location information to gNB. However, there is much signaling overhead by providing the extra assistance information to the UE. Furthermore, if UE dominant beam switching is supported, there should be additional mechanism to ensure the same understanding between NW and UE, which will bring large spec impact. Therefore, UE dominant solution should be deprioritized in R17.
Proposal 4: UE dominant solution should be deprioritized in R17.

Signaling of beam/BWP switching
In the existing specification, beam and BWP switching is based on UE specific signalling. BWP/beam switching time can be different for different UEs. The same signalling framework of beam/BWP switching as NR can be reused.
Proposal 5: The same signalling framework of beam/BWP switching as NR can be reused in NTN.

Beam measurement and reporting
In RAN1#105e, the follow proposal on beam measurement and reporting in NR-NTN had been achieved [2].
	FL proposal DP3-1: 
For the deployment scenario with multiple beam per cell and frequency reuse >1, NR-NTN should support the following cases for beam measurement performed by a UE: 
Alt-1: support beam measurement on multiple RS associated with different beams within a same active BWP. 
Alt-2: support beam measurement on multiple RS associated with different beams within across BWPs.


In RAN1#105e, it has agreed that 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. For same beam layout in BWP#0 and BWP#x, beam measurement on multiple RS associated with different beams within a same active BWP is prefer. For hierarchical beam for BWP#0, beam measurement on multiple RS associated with different beams within across BWPs should be supported. In this case, beam measurement on multiple RS associated with different beams within across BWPs can be done by BWP switching. Therefore, beam measurement on multiple RS associated with different beams within a same active BWP and within across BWPs should be supported by gNB implementation.
[bookmark: OLE_LINK15]Proposal 6: Beam measurement on multiple RS associated with different beams within a same active BWP and within across BWPs should be supported by gNB implementation.

Signalling of Polarization
In RAN1#105e, the following agreements on polarization signaling have been achieved [1].
	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



In this section, we share our views on signalling of polarization.

[bookmark: OLE_LINK37]Reporting UE polarization capability
In RAN1#104_e, the following conclusion on reporting UE polarization capability has been achieved [3].
	Conclusion:
Discuss the necessity of reporting UE polarization capability considering at least following aspects, 
· Deployment scenarios.
· UE implementation aspects with respect to polarization.
· Satellite implementation aspects for switching between polarization states.
· Satellite implementation aspects for realizing multiplexing of UEs having different polarization capabilities.


[bookmark: OLE_LINK38][bookmark: OLE_LINK41]In NTN networks, neighbouring cells may use different polarization modes (RHCP and LHCP) to mitigate inter-cell interference. Furthermore, there may be UEs with different antenna types. Some UEs may be equipped with linearly polarized antennas, while some other UEs may be equipped with circularly polarized antennas. If multiple polarization types are used, UE can adjust its polarization type based on network polarization indication. Regarding the target usage of polarization, our view is that inter-beam interference mitigation should be considered as first priority. The necessity of using polarization for multiplexing is unclear.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]If polarization is used for inter beam interference mitigation, the polarization state for each beam in one cell will not change dynamically. Based on this, there seem meaningless to report the polarization capability to the gNB since the satellite cannot use the reported information to adjust the polarization state for one UE.
Proposal 7: UE reporting polarization capability is not needed.

Polarization indication
In RAN1#106_e, the following agreements on polarization indication has been achieved [4].
	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


Since polarization is used for inter-beam interference mitigation by satellite, it is beneficial to signal the polarization of each beam in one cell, including gNB Tx polarization and Rx polarization of each beam. Therefore, beam specific indication of polarization information for DL by the network should be supported. 
Proposal 8: Beam specific indication of polarization information for DL by the network should be supported.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
Based on the analyses and discussions, we have the following proposals:
Proposal 1: BWP switching of UL and DL simultaneously in NTN FRF>1 FDD scenario should be supported.
Proposal 2: BWP switching without data scheduling should be supported in NTN FRF>1 FDD scenario.
Proposal 3: RRC-configured beam sequence for gNB dominated beam switching should be deprioritized in R17.
Proposal 4: UE dominant solution should be deprioritized in R17.
Proposal 5: The same signalling framework of beam/BWP switching as NR can be reused in NTN.
Proposal 6: Beam measurement on multiple RS associated with different beams within a same active BWP and within across BWPs should be supported by gNB implementation.
Proposal 7: UE reporting polarization capability is not needed.
Proposal 8: Beam specific indication of polarization information for DL by the network should be supported.
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