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Introduction
[bookmark: _Hlk528874692]In RAN1 #102e-#106e, the following agreements have been made as a progress for beam management and polarization with frequency reuse:
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

Agreement:
Potential enhancements for support of polarisation signalling in NR NTN can consider at least the following:
· Configuration of DL and UL transmit polarization including Right hand and Left hand circular polarizations (RHCP, LHCP) 
· Network broadcast DL and UL transmit polarization configuration  
· UE polarization capability (RHCP, LHCP, Linear)
· Dependence of polarisation signaling on deployment scenarios. For example,
· Resource reuse mode with/without polarization for the beam management enhancement 
· Fixed polarization per cell/beam for polarization reuse and circular polarisation with intra-UE and inter-UE multiplexing (intra-UE and inter-UE) signalling 

RAN1 #103e
Agreement:
Indication of polarization information for DL and UL by the network is supported. 
· FFS: Signaling details

RAN1 #104e
Agreement:
Support at least explicit indication of polarization information for DL by the network
· FFS: whether the indication is done by SIB, other RRC signaling, DCI.
· FFS: Whether separate signaling is needed for the UL and if so, whether or not a same polarization is indicated for DL and UL

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.

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.

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

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

RAN1 #106e
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 discuss further on beam management related issues for NTN.
Remaining Issues
gNB/UE dominant beam switch  
In RAN1 #106-e, two alternatives were discussed as following based on the assumption that satellite beam switching is predictable from either gNB or UE:
· Alt-1: UE BWP/beam switching is triggered by gNB relying on prediction on gNB side
· Alt-2: UE BWP/beam switching is performed by UE autonomously relying on assistant information
In TN, the beam switching is triggered by gNB based on the beam measurement information at the UE. For example, a UE may measure beam reference signals (e.g., SSB or CSI-RS) and report L1-RSRP measurement with a preferred beam index (e.g., CRI). In NTN scenario, although UE may be able to predict BWP/beam switching based on the UE location as well as satellite ephemeris, the preferred BWP/beam information can be reported to a gNB and the gNB can trigger the BWP/beam switching. Note that a set of beam measurement reference signals (e.g., SSB or CSI-RS) could be configured and the reporting of the preferred beam could be interpreted as preferred BWP for the UE.
Moreover, switching BWP/beam in UE autonomous manner could result in synchronization issue between gNB and UE if the gNB doesn’t know exact timing of the BWP/beam switching. To address that issue, a UE may need to report the BWP/beam switching sequence and timing to the gNB which requires significant standards efforts unnecessarily considering that existing beam management framework works perfectly for the scenario.
In general, due to large beam footprint in NTN, the beam switch may occur infrequently as compared to TN case in which beam switch is required more dynamically due to blocking and UE rotation. Thus, the overhead reduction by indicating a sequence of beams may not provide meaningful benefit while increasing gNB/UE complexity as well as standards efforts. 
Therefore, no further enhancement seems to be needed for BWP/beam switching even for the case BWP/beam switching is predictable.
Proposal 1: no beam switching enhancement (e.g., a sequence of beam configuration) is supported for NTN in Rel-17.

UE group-based beam management   
It has been proposed to support a group common BWP/beam switching as a group of UEs located in similar geographical location may experience the same BWP/beam switching in earth moving cell scenarios. Therefore, a group common BWP/beam switching indication can be used as a group of UEs may have a similar pattern of BWP/beam switching. However, each UE in the same region still needs to perform BWP/beam switching in a different time based on the UE’s location. With this observation, a group common BWP/beam switching indication seems not working unless each UE and the gNB knows exact switching timing which seems to be complicated and/or require higher specification efforts. Therefore, UE specific BWP/beam switching seems to be enough as similar to the TN.
Proposal 2:  no group common BWP/beam switching indication is supported for NTN in Rel-17.

Beam measurement when FRF>1
Although current specification supports dynamic BWP switching and trigger beam measurement resporting, it is not efficient that a gNB triggers BWP switching in each time the gNB want to check the neighboring beam quality (i.e., a neighboring beam associated with another BWP). 
In a beam overlapping area, it may be beneficial that a UE could report beam quality of the beams associated with other BWPs regularly so that gNB can switch to a proper BWP when it is needed. As a beam is similar to a cell (or a virtual cell when PCI is not allocated) in NTN, seamless transition from a beam to another beam based on UE mobility is important in order to avoid unnecessary beam failure. To enable periodic (or event-driven) measurement of beams in other BWPs when FRF>1, a measurement gap has to be introduced durning which a UE may skip PDCCH monitoring and/or UL transmission in the active BWP and return to the active BWP after finishing the beam measurement in other BWPs.
Proposal 3:  support beam measurements in inactive BWPs in the case of FRF>1 for seamless beam transition.
Proposal 4:  a measurement gap can be used for a UE to measure beam quality in inactive BWPs.
A frequent beam measurement outside active BWPs could affect UE throughput performance as a measurement gap has to be used and during which a UE is not able to transmit/receive a signal in the active BWP. In this case, the beam measurement outside active BWPs can be limited when the beam quality of current active BWP is lower than a threshold (e.g., similar to beam failure condition).
Proposal 5:  an event-driven beam measurement outside active BWP can be considered to minimize the performance impact from frequent beam measurement outside active BWP.

Beam failure recovery in NTN
In Rel-15, beam failure recovery was introduced to handle frequent beam failures which leads to RLF declaration. The beam failure occurs when the quality of all control channel beams (i.e., q0) is below a threshold which means a UE may not be able to receive a DCI with current beams configured for the CORESETs associated with the search spaces. In TN, it can happen dynamically and frequently as UE rotation/blockage could result in beam failure.
Unlike TN, a beam is associated with a geographical area in NTN which could be a cell if PCI is assigned to each beam. Therefore, a UE may be associated with a single beam within a certain geographical area and beam failure could mean that the UE is no longer in the coverage of the beam configured for the monitoring search spaces. The switch from one beam to another will happen slowly and linearly in NTN considering the large beam footprint. Therefore, it is unclear whether there is a beam failure case to handle in NTN scenario.
Observation-1: the beam failure scenarios assumed in TN are no longer valid in NTN deployment.
The beam failure recovery procedure requires for a UE to monitor/measure the quality of current control channel beams (i.e., q0) as well as new candidate beams (i.e., q1). When certain conditions are met, a UE can try to switch the beam to one of the beams selected from q1 which is referred to as qnew via an associated PRACH resource configured.
In order to support the beam failure procedure in NTN especially when FRF>1, following issues need to be addressed:
· New candidate beam RS (q1) configuration with multiple BWPs.
· Assuming that a beam is associated with a BWP, the reference signals for new candidate beams will be located in other BWPs (e.g., neighboring beams). However, current specification only supports the case where all measurement RS in q1 is located in the same active BWP.
· PRACH transmission associated with the new beam (i.e., qnew)
· The PRACH resource associated with beams in q1 is located in the active BWP. For FRF>1 case, a UE may need to switch to a BWP associated with qnew beam for the PRACH transmission which is not supported in current specification.
· BFR search space (recoverySearchSpace) monitoring.
· The BFR search space is monitored by the UE with the new beam (qnew) requested to gNB. Therefore, when a UE monitors BFR search space, the UE has to switch to the BWP associated with the new beam requested, which is not supported in the current specification.
· The BFR search space is monitored starting from n+4 slots later when beam failure recovery request is sent in slot n. It can be optimized further by adding additional delay (Kmac)
· PUCCH transmission with qnew
· A UE has to transmit PUCCH with qnew beam starting from 28 symbols later the UE received a first PDCCH in the BFR search space. As similar to the other channel, Koffset has to be added for the timing relationship to address the large TA value. Therefore, the beam application time for PUCCH transmission with qnew beam has to be 28symbols + Koffset.
Observation-2: beam failure recovery in current specification doesn’t support NTN scenario with FRF>1.
Based on the observations for beam failure cases for NTN and the required standards efforts to make the BFR work for NTN, RAN1 has to make a careful decision whether BFR needs to be supported and/or optimized for NTN deployment scenario.  
Proposal 6: RAN1 discuss on the necessity of BFR for NTN and required specification impacts to support BFR for NTN. 
Conclusion
In this contribution the following observations and proposals were made concerning beam management in NTN:
Observation-1: the beam failure scenarios assumed in TN are no longer valid in NTN deployment.
Observation-2: beam failure recovery in current specification doesn’t support NTN scenario with FRF>1.

Proposal 1: no beam switching enhancement (e.g., a sequence of beam configuration) is supported for NTN in Rel-17.
Proposal 2:  no group common BWP/beam switching indication is supported for NTN in Rel-17.
Proposal 3:  support beam measurements in inactive BWPs in the case of FRF>1 for seamless beam transition.
Proposal 4:  a measurement gap can be used for a UE to measure beam quality in inactive BWPs.
Proposal 5:  an event-driven beam measurement outside active BWP can be considered to minimize the performance impact from frequent beam measurement outside active BWP.
Proposal 6: RAN1 discuss on the necessity of BFR for NTN and required specification impacts to support BFR for NTN.
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