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1 Introduction
[bookmark: OLE_LINK16]In RAN1#106-e, the following agreements and conclusion were achieved on beam management and other consideration for NTN [1]
	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 further discuss remaining issues on beam management and other consideration for NTN. 

2 Discussion
2. Beam management issues

Issue 1: Beam/BWP association
· Issue1: 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. 
In NTN, a RRC-IDLE UE works at initial BWP, while a RRC-Connected UE works at dedicated BWP. Initial beam is always associated with BWP#0, so initial beam switching does not trigger BWP switching. For dedicated beam, when FRF>1, especially when analog beamforming at the satellite is applied, beams are associated with multiple BWPs, beam switching may trigger BWP switching.
Observation 1: In NTN FRF>1 case, especially if the satellite utilize analog or mixed beamforming, beams are associated with multiple BWPs, and therefore beam switching may trigger BWP switching.
Proposal 1: Support the association between beam switching and BWP switching.

[bookmark: _Hlk71217776]Issue 2: BWP switching for UL/DL
· 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.
Observation 2: Joint BWP switching in UL/DL is beneficial for efficiency. But it loses flexibility to independently assign UL/DL BWPs..
Proposal 2: Joint trigger of NR BWP switching in UL and DL for FDD should not be mandatory.

Issue 3: BWP switching without data scheduling
· 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.
Observation 3: BWP switching without data scheduling can be done only if the resources occupied by the UE in the original BWP are not occupied in the target BWP.

Issue 4: BWP switching with re-sync
· 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.
Observation 4: In BWP switching, the need for time re-synchronization can be avoided by using the same clock source for different beams. Frequency re-synchronization may be needed if downlink frequency pre-compensation is applied and if the pre-compensation is beam specific which means the amount of frequency pre-compensation for different beams are different.

Issue 5: BWP switching relying on prediction
· 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.
Observation 5: Configured sequential BWP switching sounds great but depends on other rigid requirements such as physical resource reserve in all involving beams and therefore is hard to implement.

Issue 6: bwp_InactivityTimer functionality
· Issue 6: How to deal with BWP switching triggered by bwp_InactivityTimer, RA procedure, or simply a need to increase throughput instead of for beam-level mobility.
The function of the bwp_InactivityTimer in the legacy system requires the UE to switch from the active BWP to default BWP.
Observation 6: In NTN, there might be problems with the legacy bwp_InactivityTimer functionalilty. When UE falls back to default BWP( BWP#0 by default), it may increase burden on BWP#0.
Proposal 6: Support to configure an infinite value for bwp_InactivityTimer to ensures UE does not autonomously switch to default BWP. 

Issue 7: BWP switching triggering for a set of UE
· Issue 7: NR BWP switching/beam switching is done with UE specific signaling due to UE movement’s. However, in NTN scenario, a satellite BWP/beam switching is common for set of UEs, we may need a common BWP/beam switching mechanism to save the signaling overhead.
Observation 7: BWP/beam switching for a set of UE may save the UE specific signaling overhead but will increase broadcasting signaling overhead on the other hand.

Issue 8: BWP configuration
· Issue 8：BWP configuration enhancement: extending the number of supported BWPs per cell and cell-specific BWP common configuration.
Observation 8: Extending the number of supported BWPs per cell and cell-specific BWP common configuration can bring more flexibility to BWP assignment. 
Proposal 8: Support extending the number of supported BWPs per cell and cell-specific BWP common configuration. 

Issue 9: BM for inter-satellite
· 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.
Proposal 9: Discuss how to extend beam management framework for inter-satellite case.

Issue 10: Beam measurement
· 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.
In 106e, some views has been discussed:
- For L1-RSRP measurement, current spec supports to measure beams within the active BWP. 
- gNB can control a UE to perform L1-RSRP beam measurement on a target beam outside active BWP by triggering a BWP switching.
- gNB may choose to transmit multiple target beams in the same active BWP for beam measurement . 
Observation 10: Current spec can support L1-RSRP beam measurement inside and outside an active BWP. But the issue of large signaling overhead and long latency for CSI reporting still exists.

2.1 Polarization multiplexing

In 106-e meeting, the definition of polarization multiplexing is described in the FL summary [2]:
Note: polarization multiplexing means that a network may transmit/receive multiple streams in a time-frequency resource with different polarization types, where the multiple streams may target/from a same UE (intra-UE polarization multiplexing) or different UEs (inter-UE polarization multiplexing).  

The following agreements and conclusion were achieved on polarization signalling:
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

Details of the polarization indication need to be further discussed in detail. Our opinions are as follows.
An NTN cell may contain multiple beams, where each beam occupies a specific frequency resources and uses some polarization mode. In this perspective, it is necessary to consider the polarization information indication of beam level. On the other hand, all SSBs may use the same polarization mode for simplicity.  
Observation II-1: If all SSBs use the same polarization mode, cell-level polarization signalling is OK. Otherwise, beam-level polarization signalling is needed.
Proposal II-1: Support cell-level polarization indication as a baseline.
Generally the gNB has full polarization multiplexing capabilities, while some UE does not support all polarization modes as the gNB. gNB must be able to detect uplink messages in all polarization mode that might be used by UE in the initial RACH procedure. As a baseline, polarization capability of UE can be reported through explicit signalling. In RRC_Connected state, polarization capability of UE can also be reported through implicit signalling.
Proposal II-2: Support the both explicit and implicit signalling for polarization capability report.

2.2 [bookmark: _Ref129681832]Enhancement on PRACH
In last meeting (106-e), progresses in PRACH issue is reported in FL summary [2] as follows:
According to the WID, the PRACH enhancement should be supported if the PRACH issue has been identified. Since the start of the WI, we have not concluded any firm agreement on the PRACH issue. FL invites the companies to provide their views on the pointed PRACH issue and the proposed enhancements.   

Four options for enhanced PRACH format and sequence design is considered in NTN SR [3]:
• Option 1: A single Zadoff-Chu sequence based on larger SCS, repetition number. Additional usage of CP and Ncs can be further determined in normative work.
• Option 2: A solution based on multiple Zadoff-Chu sequences with different roots. 
• Option 3: Gold/m-sequence as preamble sequence with additional process, e.g., modulation and transform precoding.
• Option 4: A single Zadoff-Chu sequence with combination of scrambling sequence.
Overall work requirements: minimize the required normative work; minimize implementation complexity; minimize equipment and network testing.

Our views are as follows:
If the residual UL timing and frequency errors after pre-compensation often exceeds the detectable range of the legacy preamble format, enhancement on the PRACH sequence and/or format is necessary. 
Observation III-1：Increasing CP length and SCS can improve the robustness against time and frequency synchronization errors respectively.
Observation III-2：Because CP length can not be longer than the length of one OFDM symbol, extending the CP length has its limitation. Enhanced preamble format, such as a Zadoff-Chu sequence with combination of scrambling sequence should also be considered.
Observation III-3: Completely different types of PRACH sequences interfere each other and therefore need different resource allocation.
3  Conclusions
Our main observations and proposals are summarized as follows:
[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Observation 1: In NTN FRF>1 case, especially if the satellite utilize analog or mixed beamforming, beams are associated with multiple BWPs, and therefore beam switching may trigger BWP switching.
Proposal 1: Support the association between beam switching and BWP switching.
Observation 2: Joint BWP switching in UL/DL is beneficial for efficiency. But it loses flexibility to independently assign UL/DL BWPs..
Proposal 2: Joint trigger of NR BWP switching in UL and DL for FDD should not be mandatory.
Observation 3: BWP switching without data scheduling can be done only if the resources occupied by the UE in the original BWP are not occupied in the target BWP.
Observation 4: In BWP switching, the need for time re-synchronization can be avoided by using the same clock source for different beams.
Observation 5: Configured sequential BWP switching sounds great but depends on other rigid requirements such as physical resource reserve in all involving beams and therefore is hard to implement.
Observation 6: In NTN, there might be problems with the legacy bwp_InactivityTimer functionalilty. When UE falls back to default BWP( BWP#0 by default), it may increase burden on BWP#0.
Proposal 6: Support to configure an infinite value for bwp_InactivityTimer to ensures UE does not autonomously switch to default BWP. 
Observation 7: BWP/beam switching for a set of UE may save the UE specific signaling overhead but will increase broadcasting signaling overhead on the other hand.
Observation 8: Extending the number of supported BWPs per cell and cell-specific BWP common configuration can bring more flexibility to BWP assignment. 
Proposal 8: Support extending the number of supported BWPs per cell and cell-specific BWP common configuration. 
Proposal 9: Discuss how to extend beam management framework for inter-satellite case.
Observation 10: Current spec can support L1-RSRP beam measurement inside and outside an active BWP. But the issue of large signaling overhead and long latency for CSI reporting still exists.
Observation II-1: If all SSBs use the same polarization mode, cell-level polarization signalling is OK. Otherwise, beam-level polarization signalling is needed.
Proposal II-1: Support cell-level polarization indication as a baseline.
Proposal II-2: Support the both explicit and implicit signalling for polarization capability report.
Observation III-1：Increasing CP length and SCS can improve the robustness against time and frequency synchronization errors respectively.
Observation III-2：Because CP length can not be longer than the length of one OFDM symbol, extending the CP length has its limitation. Enhanced preamble format, such as a Zadoff-Chu sequence with combination of scrambling sequence should also be considered.
Observation III-3: Completely different types of PRACH sequences interfere each other and therefore need different resource allocation.
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