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1 Introduction
In RAN1#105-e, the following FL proposals and agreements were reached.
FL proposal on NR-NTN beam management:
FL proposal DP1-1-v6a
For beam management in NR-NTN, support BWP/beam switching is triggered by gNB for one or a group of UE to reduce UE measurement effort and/or signaling overhead.
  FFS:  Details on BWP/beam switching for a group of UE

FL proposal DP1-1-v6b
For beam management in NR-NTN, support BWP/beam switching is triggered by gNB for a UE to reduce UE measurement effort and/or signaling overhead
  FFS: support BWP/beam switching for a group of UE

FL proposal DP1-2
For beam management in NR-NTN, support BWP/beam switching is performed by UE autonomously relying on assistance information.
  FFS: details on assistance information

FL proposal on NR-NTN beam measurement and reporting:
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

FL proposal on Signalling of Polarization:
FL proposal DP5-1:
· 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
 
FL proposal DP5-2-v4:
The decision on UE DL and/or UL polarization capability reporting is to be made based on whether the network scheduling can benefit from  the reported UE polarization capability.
Note: the satellite polarization from a satellite antenna is NOT assumed to be changeable in a dynamic way. 

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
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
Based on RAN1#105-e, the following issues should be discussed and specified if benefits are identified:
· Details on assistance information and BWP/beam switching for a group of UE.
· Signaling details for indication in SIB.
· Further analyses on the following issues.
· 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.
· 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 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.
· 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.
In this document, we mainly focus on the enhancements of beam management and PRACH.
2 Discussion
2. Beam management issues
The Release-15/16 beam management is considered as the baseline for 5G R17 NTN. However, due to the difference between TN and NTN, there are still some issues to discuss.
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.
BWP switching can be classified into initial BWP switching and dedicated BWP switching. A RRC-IDLE UE works at initial BWP, while a RRC-Connected UE works at dedicated BWP. These two types of BWP switching should be further discussed separately.
Observation 1: In case of FRF>1, beam switching may result in a BWP switching. Beam switching includes two types, one is initial beam switching, the other is dedicated beam switching. Correspondingly, BWP switching includes initial BWP switching and dedicated BWP switching.
Proposal 1: Initial beam switching / BWP switching and dedicated beam switching / BWP switching should be further discussed separately.
[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.
Joint BWP switching in UL/DL is beneficial for efficiency. But it loses flexibility to independently assign UL/DL BWPs.
Observation 2: Enhancement on joint trigger of NR BWP switching in UL and DL for FDD is beneficial but not essential.
Proposal 2: Further study on the scheme and benefits of joint trigger of NR BWP switching in UL and DL for FDD.
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.
Proposal 3：In NTN, support BWP switching triggering with and 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.
Observation 4: For BWP switching, time re-synchronization can be avoided by using the same clock   source for different beams. Frequency re-synchronization may be necessary.  
Proposal 4: When a satellite beam switching is triggered, UE may need frequency re-synchronization but no time re-synchronization.
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 5-1: In earth-moving scenario, we acknowledge that beam switching can be frequent and often highly predictable. In earth-fixed scenario, we do not think that beam switching can be frequent and often highly predictable. Meanwhile, we believe earth-fixed mode is more suitable for dedicated beam.
Proposal 5-1：Need clarification on earth-moving/ earth-fixed scenario before utilizing mechanisms of configured BWP switching.
Observation 5-2: Mechanisms of configured BWP switching maybe beneficial for inter-satellite beam switching / handover.
Proposal 5-2: RAN1 to study mechanisms of configured BWP switching in inter-satellite beam switching / handover. 
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 7-1: In earth-moving scenario, we may need a common BWP/beam switching mechanism (for set of UEs) to save the signaling overhead. In earth-fixed scenario, we may not need a common BWP/beam switching mechanism (for set of UEs). Meanwhile, we believe earth-fixed mode is more suitable for dedicated beam. 
Proposal 7-1：Need clarification on earth-moving/ earth-fixed scenario before utilizing mechanisms of common BWP/beam switching (for set of UEs).
Observation 7-2: The beam switching for a set of UEs maybe beneficial for inter-satellite beam switching / handover.
Proposal 7-2: RAN1 to study beam switching for a set of UEs in inter-satellite beam switching / handover. 
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: 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.
For LEO, switching of service links associated with different satellites can happen frequently, such as once every 1-10 minutes. NTN needs to manage the frequent switching of service links, from one satellite to another satellite. A solution of high efficiency is necessary.
Observation 9: The handover between satellites is frequent. If beam management framework can be used between satellites, signaling overhead and time delay can be reduced.
Proposal 9: The NR beam management framework can be used to reduce the overhead associated with handover and should be further discussed.
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.
Observation 10: NR beam management is extremely dependent on CSI-RS transmissions and corresponding reporting, but NTN may not.
Proposal 10: Reduce the dependency of beam management on CSI-RS transmissions and corresponding reporting in NTN.
2.1 [bookmark: _Ref129681832]Enhancement on PRACH
2.2.1  PRACH format and preamble sequence enhancements
If the residual UL timing and frequency errors after pre-compensation exceeds the detectable range of the legacy preamble format, enhancement on the PRACH sequence and/or format is necessary. The NTN SR [2] considers four options for enhanced PRACH format and sequence design:
•  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.
Observation 11：A natural way to make initial access preambles more robust against residual frequency offsets is to allow higher SCS.
Proposal 11：Support increasing SCS to combat the Doppler effect.
Observation 12：After pre-compensation, s case, the legacy preamble format is not applicable. This problem can be solved to some extent by increasing the CP length.
Proposal 12: Support an enhanced preamble format, which uses longer CP and GT to solve the problem that the residual UL timing error exceeds the CP length of the legacy preamble format but is less than one symbol length. 
Observation 13：The limit CP length is one OFDM symbol. When the residual UL timing error exceeds the length of one symbol, the problem cannot be solved by increasing the CP length. In this case, it is necessary to use an enhanced PRACH format that is not restricted by the CP length.
Proposal 13：Support an enhanced preamble format, which uses a single Zadoff-Chu sequence with combination of scrambling sequence.
2.2.2  PRACH resource allocation
Different UEs may have different residual UL timing error at different times. Sometimes it is large, sometimes small. When it is large, it uses enhanced PRACH, and when it is small, it uses the legacy preamble format.
Observation 14: If UEs with different preamble formats share PRACH resources，then mutual interference will occur.
Proposal 14: Allocate different time-frequency resources for different preamble formats. 
3  Conclusions
In this contribution, we discussed the beam enhancement for NTN networks. The main observations and proposals are summarized as follows:
Observation 1: In case of FRF>1, beam switching may result in a BWP switching. Beam switching includes two types, one is initial beam switching, the other is dedicated beam switching. Correspondingly, BWP switching includes initial BWP switching and dedicated BWP switching.
Observation 2: Enhancement on joint trigger of NR BWP switching in UL and DL for FDD is beneficial but not essential.
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: For BWP switching, time re-synchronization can be avoided by using the same clock   source for different beams. Frequency re-synchronization may be necessary.  
Observation 5-1: In earth-moving scenario, we acknowledge that beam switching can be frequent and often highly predictable. In earth-fixed scenario, we do not think that beam switching can be frequent and often highly predictable. Meanwhile, we believe earth-fixed mode is more suitable for dedicated beam.
Observation 5-2: Mechanisms of configured BWP switching maybe beneficial for inter-satellite beam switching / handover.
Observation 7-1: In earth-moving scenario, we may need a common BWP/beam switching mechanism (for set of UEs) to save the signaling overhead. In earth-fixed scenario, we may not need a common BWP/beam switching mechanism (for set of UEs). Meanwhile, we believe earth-fixed mode is more suitable for dedicated beam. 
Observation 7-2: The beam switching for a set of UEs maybe beneficial for inter-satellite beam switching / handover.
Observation 8: Extending the number of supported BWPs per cell and cell-specific BWP common configuration can bring more flexibility to BWP assignment. 
Observation 9: The handover between satellites is frequent. If beam management framework can be used between satellites, signaling overhead and time delay can be reduced.
Observation 10: NR beam management is extremely dependent on CSI-RS transmissions and corresponding reporting, but NTN may not.
Proposal 1: Initial beam switching / BWP switching and dedicated beam switching / BWP switching should be further discussed separately.
Proposal 2: Further study on the scheme and benefits of joint trigger of NR BWP switching in UL and DL for FDD.
Proposal 3：In NTN, support BWP switching triggering with and without data scheduling.
Proposal 4: When a satellite beam switching is triggered, UE may need frequency re-synchronization but no time re-synchronization.
Proposal 5-1：Need clarification on earth-moving/ earth-fixed scenario before utilizing mechanisms of configured BWP switching.
Proposal 5-2: RAN1 to study mechanisms of configured BWP switching in inter-satellite beam switching / handover. 
Proposal 7-1：Need clarification on earth-moving/ earth-fixed scenario before utilizing mechanisms of common BWP/beam switching (for set of UEs).
Proposal 7-2: RAN1 to study beam switching for a set of UEs in inter-satellite beam switching / handover. 
Proposal 8: Support extending the number of supported BWPs per cell and cell-specific BWP common configuration.
Proposal 9: The NR beam management framework can be used to reduce the overhead associated with handover and should be further discussed.
Proposal 10: Reduce the dependency of beam management on CSI-RS transmissions and corresponding reporting in NTN.
As a further advance, we get the following observations and proposals:
Observation 11：A natural way to make initial access preambles more robust against residual frequency offsets is to allow higher SCS.
Observation 12：After pre-compensation, the residual UL timing error of some terminals may exceed the CP length of the legacy preamble format. In this case, the legacy preamble format is not applicable. This problem can be solved to some extent by increasing the CP length.
Observation 13：The limit CP length is one OFDM symbol. When the residual UL timing error exceeds the length of one symbol, the problem cannot be solved by increasing the CP length. In this case, it is necessary to use an enhanced PRACH format that is not restricted by the CP length.
Observation 14: If UEs with different preamble formats share PRACH resources，then mutual interference will occur.
Proposal 11：Support increasing SCS to combat the Doppler effect.
Proposal 12: Support an enhanced preamble format, which uses longer CP and GT to solve the problem that the residual UL timing error exceeds the CP length of the legacy preamble format but is less than one symbol length. 
Proposal 13：Support an enhanced preamble format, which uses a single Zadoff-Chu sequence with combination of scrambling sequence.
Proposal 14: Allocate different time-frequency resources for different preamble formats. 
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