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Introduction
In RAN1#104-e, the following conclusion is achieved regarding the agenda item (AI) 8.4.4, others. The conclusion is provided below:

RAN1#104-e:
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.


Discussion 
Multiple antennas may be deployed at a satellite to construct multiple spot beams on ground. It was identified in TR38.821 [1] that using frequency reuse factors larger than one reduce the co-channel interference on adjacent beams and, as a result of this, improve the link budget of each spot beam. Thus, one possible approach to allocate different frequency ranges to different beams of a satellite is via the existing concept of bandwidth part (BWP) in 5G NR. 
On the other hand, an NTN cell may contain only one satellite beam (the only beam of a single spot satellite or one of the beams of a multi-spot satellite) or it may include multiple beams of a multi-spot satellite. In the former, when mobility is concerned, e.g., due to the mobility of a LEO satellite with moving beams on earth, switching of beams occurs on the cell level and, as a result, handover is required which involves RRC signaling and RRC reconfiguration. In the later, however, the switching of the beams on the ground for the UE occurs on the beam level which involves PHY and MAC layer signaling. Beam level switching is preferable over the cell level switching with respect to latency and cost of signaling. However, according to the current specifications in 5G NR, the beam level switching is performed under the assumption that all measured beams (i.e., serving beam and neighbouring beams) belong to the same active BWP or the same frequency range, while in NTN and under the consideration of allocating different BWPs to spot beams, the beam level measurement (to perform beam level switching) is envisioned to be done on different frequency ranges or different BWPs. Thus, it is necessary to enhance the current mechanisms and procedures related to beam measurement and BWP management. 
In the following, we first provide our assessment on the list of issues raised in the RAN1#104-e meeting. Subsequently,  we provide solution for some of issues requiring enhancement.
NTN Beam Management Issues 
For the assessment of the following issues, our assumption is that for realization of frequency reuse factor (FRF) greater that one, BWP mechanism together with polarization option are employed. 
Issue 1: BWP and Beam Association 
To the best of our understanding, Issue 1 is a valid concern. NR BWP is not directly associated with a beam, however, several companies pointed out that such association can be implicitly assumed and supported with the current specs. On the other hand, even with the existence of implicit association between NR BWP and a beam, TCI beam switching does not trigger BWP switching. From this perspective, an enhancement is required. To this end, we believe that any potential enhancement should not lead to the scenario where switching beam “always” triggers  BWP switching and vice versa.
Observation 1: Switching Beam should not always trigger BWP switching and vice versa. 
Observation 2: Enhancement of TCI beam switching or introduction of a new beam switching mechanism that assists NTN UE switch BWP is required, taking the constraint of Observation 1 into account. 
Issue 2: Joint UL and DL BWP Switch in FDD
In our view, this is a valid issue. However, discussion regarding this issue is the second level detail and can be further analysed and discussed once the potential enhancement related to the first issue is resolve. Furthermore, the number of configured DL and UL BWPs are not necessarily equal. Thus, one-to-one mapping between DL BWP and UL BWP may not be possible at all.   
Observation 3: In NTN, the issue related to joint UL BWP and DL BWP switching in FDD and for FRF > 1 should be discussed after the issue with association between beams and BWP is resolved. 
Issue 3: BWP Switching with Data Scheduling
To the best of our understanding, Issue 3, is not a valid issue. In particular, according to the current specs, BWP switch can be trigger via downlink control information (DCI) without scheduling DL data. However, switching BWP prior to data arrival is not preferable. 
Observation 4: The necessity in BWP switching with data scheduling is not a valid issue. 
Proposal 1: In NTN, it is sufficient to switch the BWP when data is scheduled. 
Issue 4: BWP Switching and Synchronization 
Based on the current specifications, switching BWP does not require re-synchronization. We hardly see the need in performing re-synchronization after BWP switching since all beams, and consequently BWP, are transmitted from the same satellite and most likely are QCL. 
Observation 5: Re-synchronization after beam/BWP in NTN is not required. 
Issue 5: Mechanisms of Configured BWP Switching
Indeed, issue 5 is a relevant issue. Specifically, the predictive motion of the satellite shall be taken into account for the beam/BWP management enhancement in NTN. 
Observation 6: Predictive movement of a satellite should be exploited for beam/BWP management enhancement in NTN. 
Issue 6: BWP Switching Triggers for none-Beam Switching Mechanisms  
This is a valid issue. It should be clear for the NTN UE that the triggered BWP switch is associated with beam switching or none-beam switching purposes, e.g., due to the “bwpInactivityTimer”, RA procedure, bandwidth adaptation, flexible radio resource scheduling, etc. With this respect, an enhancement is required. This issue is also closely related to issue 1. In the next Section, we provide our proposed solution regarding issue 5. 
Observation 7: It should be clear for NTN UE if the triggered BWP switch is associated with beam switching or none-beam switching procedures. 
Issue 7: UE Common BWP switching 
To the best of our understanding, this is a valid issue only for the case where satellite with fixed beam is concerned. For the case where satellite with moving beam is concerned, UE common signaling may not be a justified solution. In this case, i.e., a satellite with moving beam on ground, all UEs that are close to the boarder of the serving beam are most likely to be switched to the adjacent beams in a certain window of time, while UEs close to the beam centre are less likely to be switched to the adjacent beams at the same time. As a result of this, UE common signaling provides unnecessary disruption for UEs close the beam centre. 
Observation 8: UE common signaling for beam/BWP switching can be further studied for a satellite with fixed beams scenario.   
Beam Management 
In the context of NTN, there is a consensus on using BWP procedures and mechanisms as a mean to allocate different frequency ranges to different satellite beams to realize frequency reuse factors greater than one. In the following, we propose solutions for some of the identified valid issues mentioned above. 
Issue 6 
According to the current specifications, up to four DL and four UL BWPs can be configured for UE. As a result of this, in order to maintain the current use cases of BWP mechanism (i.e., bandwidth adaptation, support devices with different bandwidth capabilities, and flexible radio resource scheduling) and distinguish them from the new use case of BWP in NTN, the number of configured DL and UL BWPs should be increased for NTN.     
Observation 9: To maintain the existing use cases of BWP mechanism and distinguish them from the new use case of BWP, i.e., beam switching in NTN, the number of configured DL/UL BWPS for NTN UE need to be increased.
Proposal 2: RAN1 should increase the number of configured DL and UL BWPs for NTN UE.
Issue 1
Another issue is related to the indication of beam switching. In the current 5G NR specifications, beam switching is indicated via transmission configuration indicator (TCI) in DCI or MAC CE. The association of each satellite beam to a BWP leads to beam switching via BWP switching. From this perspective it is important that a unified approach is adopted for indication of beam switching in NTN. Furthermore, due to the (implicit) association of beams and BWPs in NTN, not every beam switching should triggers BWP switching. Moreover, not every BWP switching should trigger beam switching. 
Proposal 3: RAN1 to strive for a unified solution to indicate beam switching in NTN.
In order to take Observation 1 into account, one potential solution would be to consider NTN specific BWP (or beam-specific BWPs), or simply associating a subset of the increased number of DL and UL BWPs for NTN beam switching purpose. In particular, beam-specific BWPs are used for switching a BWP triggered for beam switching purposes, while non beam-specific BWPs, as defined in NR specifications, are used for BWP switching not related to beam switching. 
Proposal 4: RAN1 to introduce beam-specific BWPs for NTN. 
Another advantage of having beam-specific BWP configuration for NTN UE is that a unified approach for beam switching indication can be adopted. Specifically, any indication of beam switching via TCI or MAC CE triggers the beam-specific BWP switch, while current NR BWP switching indications such as 1- RRC reconfiguration based BWP switch, 2- DCI-based BWP switch, and 3- Timer-based BWP switch can be used for non beam-specific BWP switch. 
Observation 10: Beam-specific BWPs consideration for NTN facilitates the design of unified solution for beam switching indication in NTN. 
Another aspect of beam management discussion should clarify the scope of beam management enhancement in the first place. For example, it must be clarified if the beam management enhancement is restricted to a single satellite scenario or it should take the service link switch associated with other satellites into account. 
Proposal 5: RAN1 to clarify the scope of beam management enhancement.
Summary   
Observation 1: Switching Beam should not always trigger BWP switching and vice versa. 
Observation 2: Enhancement of TCI beam switching or introduction of a new beam switching mechanism that assists NTN UE switch BWP is required, taking the constraint of Observation 1 into account. 
Observation 3: In NTN, the issue related to joint UL BWP and DL BWP switching in FDD and for FRF > 1 should be discussed after the issue with association between beams and BWP is resolved. 
Observation 4: The necessity in BWP switching with data scheduling is not a valid issue. 
Observation 5: Re-synchronization after beam/BWP in NTN is not required. 
Observation 6: Predictive movement of a satellite should be exploited for beam/BWP management enhancement in NTN. 
Observation 7: It should be clear for NTN UE if the triggered BWP switch is associated with beam switching or none-beam switching procedures. 
Observation 8: UE common signaling for beam/BWP switching can be further studied for a satellite with fixed beams scenario.   
Observation 9: To maintain the existing use cases of BWP mechanism and distinguish them from the new use case of BWP, i.e., beam switching in NTN, the number of configured DL/UL BWPS for NTN UE need to be increased.
Observation 10: Beam-specific BWPs consideration for NTN facilitates the design of unified solution for beam switching indication in NTN. 
Proposal 1: In NTN, it is sufficient to switch the BWP when data is scheduled. 
Proposal 2: RAN1 should increase the number of configured DL and UL BWPs for NTN UE.
Proposal 3: RAN1 to strive for a unified solution to indicate beam switching in NTN.
Proposal 4: RAN1 to introduce beam-specific BWPs for NTN. 
Proposal 5: RAN1 to clarify the scope of beam management enhancement.
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