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1 Introduction

In 3GPP RAN1 105e meeting, the following agreements were made on the polarization and beam management [1].
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

In this contribution, we present the discussion on the polarization and beam management for NTN.
2 Discussion
2.1.1 Polarization

Indication of polarization

As noted in [2], there may be UEs with different antenna types in NTN scenario. Some UEs may be equipped with linearly polarized antennas, while some other UEs may be equipped with circularly polarized antennas. It is agreed that explicit indication of polarization information for DL by the network is supported in SIB. It is argued that dynamic indication of polarization information can be support to realize multiplexing of UEs having different polarization capabilities. However, in our understanding, one major benefits to have polarization is to mitigate the inter-beam/cell interference problem. Dynamic change of the polarization information cause large impact on the beam layout, thus it is preferred that dynamic polarization indication is not supported.
Proposal 1: Dynamic indication of polarization is not supported.
UE polarization information reporting

In a typical NTN scenario, a NTN may operate with multiple beams. The adjacent beams can operate on the same resources with different polarization schemes. UEs with different antenna capability co-exist in the same beam coverage. The gNB should apply LHCP and RHCP alternatively in a TDM manner to make sure all the UEs can have opportunity to access the system. In this sense, it is beneficial for the UEs to report its polarization capability. For a powerful UE that is capable to support dual polarization, it is beneficial for it to turn off its RF chain that corresponding to the opposite polarization that the gNB is operating to save power. While for a UE that is capable to operate with LHCP or RHCP only, it is still benefit for it to report its polarization capability so the gNB can make more efficient operation based on the reporting from the UEs in the same beam layout.
Proposal 2: UE polarization capability reporting is supported.

2.1.2 Beam management
The potential enhancements on beam management were capture in [2]:
· 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.
In terrestrial system, the beam switch and BWP switch are independently indicated. However, in NTN scenario, FRF>1 is the typical deployment scenario to avoid the interference. 

For the earth fixed case, when the serving beam is changed, the BWP may remain the same to avoid the latency.
For the earth moving case, typically the beam switch will result in a BWP switch as illustrated in figure 1. UE 1 served by beam 2 at T will be served by beam 1 at T+△. Normally different frequency resources are allocated to the neighboring beams to avoid the interference. Thus the beam switch typically results in a BWP switch for the earth moving case. In this sense it is beneficial to support the association between the BWP and beam 
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Figure 1: Earth moving cell(s)

· 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.
In the early stage, it is possible that the number of satellites is not too many to provide seamless coverage. So there is a scenario that satellite#1 moves away and leaves the UE out of coverage at T1, and satellite#2 comes and provides coverage for the UE until T2, as illustrated in Figure 2. During the time between T1 and T2, there is no service from any satellite for that UE. It is possible that the UE will experience radio link failure and perform RRC reestablishment which introduces a long latency. In order to solve this problem, timer based BWP switching can be configured to the UE based on the information of UE position and the satellite calendar. It means that satellite#1 indicates a new BWP ID and a value of Timer to UE before it moving away. When the Timer expired, the UE should switch to the new BWP since satellite #2 comes and could provide coverage at that time.
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Figure 2: Illustration of the coverage gap of two satellites
· 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.
Proposal 3: The association between BWP and beam can be supported at least for earth moving case.
Proposal 4: Configured BWP switch can be supported.
3 Conclusions

In this contribution, we present the discussion on the beam management and the polarization. Based on our analysis, we have the following proposals:
Proposal 1: Dynamic indication of polarization is not supported.
Proposal 2: UE polarization capability reporting is supported.
Proposal 3: The association between BWP and beam can be supported at least for earth moving case.

Proposal 4: Configured BWP switch can be supported.
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