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Introduction
[bookmark: _Hlk528874692]So far, the following agreements have been made as a progress for NR NTN beam management:
RAN1 #102e
Agreement:
One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN.
· FFS: The need for potential enhancement for beam management 
· FFS: The need for potential enhancement on association of SSBs, beams and BWPs


RAN1 #104e

Conclusion:
Discuss whether or not at least following issues are valid and decide whether or not enhancements are needed in addition to current NR specification for supporting NTN beam management:
· 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 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.


RAN1 #105e
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

In this contribution, we discuss further on beam management related issues for NTN.
Remaining Issues
gNB dominant BWP switch  
RAN1 has discussed on a gNB dominant BWP in which a gNB predicts and provides a sequence of beams (or BWP-id) for a UE to be switched at a given time based on the UE location and satellite ephemeris information. Therefore, a UE may not need to measure and report beam quality and gNB doesn’t need to trigger BWP switching for the beam measurement of the associated a target BWP. 
First, although a gNB may predict roughly the sequence of beams for a UE based on the UE location and satellite ephemeris information, it may not be accurate due to the UE movement. Therefore, the gNB has to check the beam quality before switching beam especially for the FRF>1 deployment scenario since the control channel coverage relies on the beam selected by the gNB. In this case, beam measurement before the beam switch is necessary and there is no saving of beam measurement and reporting as compared to the existing beam management.
Observation-1: beam measurement and reporting for the target beam (and/or BWP) is necessary even when gNB dominant BWP switch is used to make sure that the target beam has good enough quality to maintain the control channel coverage.
Second, without indicating the sequence of beams to a UE, gNB still can do it as the gNB has all necessary information including UE location and satellite ephemeris. The gNB can indicate BWP switch command whenever the UE moves to a neighboring beam. Considering a large beam footprint in NTN, BWP switch or beam switch may not occure frequently as TN. Hence, the signaling overhead reduction by using gNB dominant BWP switch could be marginal.
Observation-2: signaling overhead reduction is marginal from gNB dominant BWP switch considering that the beam switch may not occur frequently in NR NTN.
Lastly, the required standards efforts could be significant to support gNB dominant BWP switch as it is complicated to determine the timing of beam switch although the gNB has UE location and satellite ephemeris information. Since only one meeting left to finalize the Rel-17, it is better not to start designing a new feature which is not an essential feature.
Observation-3: gNB dominant BWP switch is not an essential feature to be supported in Rel-17 considering the limited time of the Rel-17.
Based on the observations above, gNB dominant BWP switch is not supported in Rel-17.
Proposal 1: gNB dominant BWP switch is not supported in Rel-17.

BWP inactivity timer   
It has been discussed whether an enhancement is needed for BWP inactivity timer which has been introduced to address a couple of issues in TN including:
· A UE falls back to a default BWP when there is no activity in current active BWP. Therefore, the UE may save power if the default BWP is narrow than current active BWP.
· When a UE missed BWP switching command, gNB still can communicate with the UE after the BWP inactivity timer is expired.
However, in NR-NTN with FRF>1, BWP switching itself may not be used unless a UE moves to a neighboring beam or a gNB trigger a measurement of beam in a neighboring beam or BWP. Therefore, BWP inactivity timer may be disabled when a BWP is associated with a beam (i.e., FRF>1).
Proposal 2: BWP inactivity timer enhancement is not needed for NR-NTN with FRF>1 in Rel-17.

Beam failure recovery in NTN
In RAN1 #106bis-e, the necessity of BFR enhancement was discussed for the NTN scenario with FRF>1 as existing BFR may not work when a single PCI associated with multiple beams. The potential issues were listed in [1].
As an outcome of the discussion, FL concluded that the NR-NTN system works fine without BFR with following 3 solutions which is not dependent on the NTN deployement scenarios [2]:
· Solution-1: gNB may select to deploy single-beam per PCI
· Solution-2: gNB may predict the beam change based on UE location information and directly triggers the UE to change the beam and the same time BFR function is disabled
· Solution-3: gNB relies on RLM/RLF similar to the mobility issue
Considering that all abovementioned solutions are applicable for FRF=1 as well, it should be confirmed that no BFR enhancement is needed for NR-NTN in Rel-17 irrespective of the NTN scenario.
Proposal 3: BFR enhancement is not supported irrespective of FRF in Rel-17.
Conclusion
In this contribution the following observations and proposals were made concerning beam management in NTN:
Observation-1: beam measurement and reporting for the target beam (and/or BWP) is necessary even when gNB dominant BWP switch is used to make sure that the target beam has good enough quality to maintain the control channel coverage.
Observation-2: signaling overhead reduction is marginal from gNB dominant BWP switch considering that the beam switch may not occur frequently in NR NTN.
Observation-3: gNB dominant BWP switch is not an essential feature to be supported in Rel-17 considering the limited time of the Rel-17.

Proposal 1: gNB dominant BWP switch is not supported in Rel-17.
Proposal 2: BWP inactivity timer enhancement is not needed for NR-NTN with FRF>1 in Rel-17.
Proposal 3: BFR enhancement is not supported irrespective of FRF in Rel-17.
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