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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN1 e-meeting [1], the following agreements on other aspects of NR-NTN were achieved.
	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 provide our views on beam management and polarization signaling in NTN.
2. Beam management
2.1. Beam switching
For beam switching, the main dispute is gNB or UE triggers/ dominates. While the common understanding is that the predication can be available for gNB and UE based on some assistant information. 
If the UE can trigger beam switching autonomously, gNB would be unaware of that behaviour until the UE sends a beam switching report. Due to the long prepagation delay in NTN, there would be always misalignment between gNB and UE, as depicted in Figure 1.

Figure 1. Example of UE trggerring beam switching
Since satellite beam switching can be frequent and often highly predictable, the straightforward solution with lower switching latency is that gNB dominates and triggers beam switching based on ephemeris information of satellites and UE positions, or other assistant information, e.g. beam measurement and reporting. Furthermore, gNB could directly indicate UEs with the sorted target beam, and decide the occasion when and which UE performs beam switching. 
Proposal 1: Support gNB dominates beam switching mechanism in NTN based on ephemeris information of satellites, UE positions and other assistant information.
Considering UE movements, current beam measurement and reporting mechanism could be also reused. A set of candidate beams could be provided to UEs to measure and report. However, the predication of the following beams to provide the coverage can be available. Hence, candidate beams to measure and report can be predictable based on the ephemeris. Furthermore, the set of candidate beams could be determined based on the ephemeris and the polarization information, and candidate beams could be allocated with the different priority to indicate the order to measure and report. Thus, enhancements on beam measurement and reporting mechanism could be considered. 
Proposal 2: Support to enhance beam measurement and reporting mechanism for NTN. 
In addition, NR beam switching is triggerred with UE-specific signalling, for example, DCI/MAC CE, and the main reason to switch is the movement of UE. However, in NTN scenarios, a satellite beam switching is always common for a set/group of UEs in intersection area of the source beam and target beam, that is, there is a need to a common beam switching mechanism for these UEs to reduce signaling overhead. Group common DCI indication has been introduced into the discussion in last e-meeting. However, there are some concerns on this issue. For example, how to determine the UEs belong to the same group of beam switching, how to indicate, how to keep them in pace on the switching occassion, when to switch, and etc. 
Proposal 3: Further study the necessity and mechanism of indicating beam switching by group common DCI. 

3. Signaling of Polarization
3.1. Reporting of the polarization capability
In RAN1#105 e-meeting, there is no consensus on the reporting of UE polarization capability. The main concern is the benefit of acquiring the polarization information at network side. And it is common understanding that the polarization of satellite antenna is not assumed to be changeable in a dynamic way.
Considering the frequency reuse with polarization information by the network deployment, there would be beams with RHCP and beams with LHCP, and there would be various types of UE with different polarization capability to access the network within one beam, such as RHCP, LHCP, both RHCP and LHCP, and Linear, as shown in Figure 1. 
[bookmark: _GoBack][image: ]
Figure 2. NTN beam layouts with multiple types of UEs
From the UE perspective, the UE with both RHCP and LHCP can autonomously choose the matched polarization to access, and there is no need to report polarization capability. If the network indicates the polarization information, the UE can correspondingly keep the matched polarization and turn off the unmatched polarization for power saving purpose. For the UE with the linear polarization, it could access through the circle polarization, regardless of the polarization capability information. Furthermore, there would be 3dB depolarization loss for the UE with single Rx branch, and 0dB depolarization loss for the UE with two Rx branches. For the UE with only RHCP or LHCP can access normally through the matched polarization, regardless of whether the UE report the polarization capability or not. In summary, the reporting of polarization capability is unnecessary.
[bookmark: OLE_LINK3]Considering to realizing multiplexing UEs with different polarizations, the multiplexing scheme at the network can be transparent to UEs with single polarization, e.g. RHCP or LHCP. The signaling for multiplexing, e.g. explicit signaling or implicit signaling, can be indicated by the polarization, and then UEs with the matched polarization can receive the signaling. From the UEs perspective, the multiplexing can be unaware of the existence of multiplexing. Thus, the reporting of polarization capability is unnecessary for the multiplexing of UEs with single polarization.  For UEs with both RHCP and LHCP, the reporting of polarization capability may be beneficial for the network scheduling for the multiplexing, but not mandatory. Even though the reporting could provide the benefit for the multiplexing, there requires the cost of power consumption with the active dual polarization. Hence, the reporting of polarization capability could not provide significant benefits for the multiplexing of UEs with different polarization capabilities. 
Proposal 4: Not support to report UE polarization capability. 

3.2. Polarization indication
As shown in Figure 1, there would be various types of UE with different polarization capability to access the network. If the polarization of UEs does not match the polarization, UE generally might fail to access to the network. However, without the awareness of the unmatched polarization, UEs would periodically keep trying to blindly detect the SSB signal, which causes unnecessary power consumption and the increasing latency. In some corner cases, due to possible reflections on the transmission paths, especially for NLOS channels, UEs may successfully receive the SSB signal with the opposite polarization. And then UEs attempt to continue the following procedure, but generally move towards failure, which is unexpected. Hence, indicate the polarization is necessary. 
Considering to the enhancement on SSB transmission with polarization information, a simple solution is to transmit SSB signal with LHCP and RHCP respectively in TDM way. For UEs with linearly polarized antennas, a combination of the two Rx branches allows to prevent 3dB depolarization loss, but with a higher hardware cost than one Rx branch. With TDMed SSBs, a combination of LHCP SSB and RHCP SSB could compensate the depolarization loss for UEs with linearly polarized antennas with single Rx branch, and no additional hardware cost. Meanwhile, UEs with unmatched polarization can also receive SSB signals in candidate SSB occasions to obtain some necessary information. 
For the polarization information indication, explicit indication in SIB for DL has been agreed. To avoid unnecessary power consumption, the polarization of beams should be indicated as early as possible. Thus, SIB1 could be a candidate. If the polarization indication is carried in SIB, UEs cannot obtain the polarization of the current beam in SSB reception and have to monitor the PDCCH for SIB. In this case, UEs with unmatched polarization are likely to fail to receive the PDCCH, then have to receive and blindly detect the SSB signal again, which causes unnecessary power consumption. Thus, implicit polarization indication carried in enhanced SSB transmission could be considered, e.g. SSB transmission with LHCP and RHCP in TDM way. When UEs with unmatched polarization successfully detect the SSB signal, they could  have the awareness of the polarization information and have no further unnecessary attempt. 
Proposal 5: Support indicate the polarization information in the following alternatives,
· Alt 1: SIB1, for explicit indication
· Alt 2: SSB transmission, for implicit indication
· support to associate SSB transmission with LHCP and RHCP in TDM way.

4. Conclusion
In this contribution, we analyze and discuss the potential solutions on polarization and beam management, and have the following observations and proposals: 
Proposal 1: Support gNB dominates beam switching mechanism in NTN based on ephemeris information of satellites, UE positions and other assistant information.
Proposal 2: Support to enhance beam measurement and reporting mechanism for NTN. 
Proposal 3: Further study the necessity and mechanism of indicating beam switching by group common DCI. 
Proposal 4: Not support to report UE polarization capability. 
Proposal 5: Support indicate the polarization information in the following alternatives,
· Alt 1: SIB1, for explicit indication
· Alt 2: SSB transmission, for implicit indication
· support to associate SSB transmission with LHCP and RHCP in TDM way.
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