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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN1 e-meetings [1][2][3], the following agreements on other aspects of NR-NTN were achieved.
	RAN1#105-e
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#106-e
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

RAN1#106bis-e
Agreement:
Support polarization signalling for target serving cell in handover command message.
Agreement:
Support polarization signalling for non-serving cell in RRM measurement configuration.



In this contribution, we provide our views on beam management and polarization signaling for NTN.
2. Beam management
Since satellite beam switching is frequent and predictable in NTN, gNB dominates and triggers beam switching based on ephemeris information and UE position could be a straightforward solution, which can reduce beam switching latency. Specifically, gNB can configure a set of beams and relevant timer for beam switching. Once the timer expired, UE could perform beam switching based on the preconfigured beam order. There still requires some further discussion to support that. However, considering the limited time and relevant spec impact, gNB dominant beam switching based on prediction could be considered in the future release. 
3. Signaling of Polarization
3.1. Polarization indication
For the polarization information indication, explicit indication in SIB for DL has been agreed. And UE assumes a same polarization for UL and DL, if the polarization information of UL is absent. Actually, the polarization information is necessary for UE, especially in initial access. If polarization signalling is absent in SIB, UE should assume the same polarization as the one UE successfully detects the SSB signalling. 
Proposal 1: If the polarization is absent in SIB, UE assumes the same polarization as in initial access. 
In last e-meeting, the per SSB polarization indication is addressed for the case where multiple beams correspond to a same cell and diverse polarization is used for different beams. Considering the beam layout, Option 1 and Option 2 have been agreed to be supported for NR-NTN. For Option 1,  same beam layout in BWP#0 and BWP#x is assumed. Then the SSBs for a certain beam would be transmitted in BWP#0, which is beam specific. That is, SSBs shares the same polarization. Thus, for Option 1, per beam polarization signalling in SIB is preferred to be supported. Absolutely, per SSB index polarization signaling in SIB is also applicable for Option 1. While, for Option 2, hierarchical beam for BWP#0 is assumed. Then SSBs with different index would be transmitted in BWP#0, which is cell specific. That is, in a certain beam, some dedicated SSBs could be received, which are associated with the current beam. For SSBs in the same beam, the same polarization should be assumed. Thus, for Option 2, per SSB index polarization signalling in SIB is supported. 
Considering the unified design, per SSB index polarization signaling in SIB should be supported.
Proposal 2: Support per SSB index polarization signalling in SIB. 
Furthermore, since SIB1 is one cell specific parameter and is also carried in a certain polarization, it is unsuitable to indicate different polarization for different beams. Define NTN-specific SIB could be considered. This NTN-specific SIB could be configured to be cell specific or beam specific. For beam layout Option 1, the NTN-specific SIB is beam-specific; for beam layout Option 2, the NTN-specific SIB is broadcasted for multiple beams in a cell. Furthermore, the polarization signalling could be included in NTN-specific SIB. Besides, some mandatory parameters for timing relationship and UL time/frequency synchronization could be also considered to be included in NTN-specific SIB. 
Proposal 3: Support indicate polarization information in NTN-specific SIB. 
3.2. Polarization multiplexing
In NR-NTN, 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. From the UE perspective, the UE with both RHCP and LHCP can autonomously choose the matched polarization to access. For the UE with the linear polarization, it could access through the circle polarization, with 3dB depolarization loss if only equipped with single Rx branch, and no loss if only equipped with two Rx branches. 
For the UE only with RHCP or LHCP can access normally through the matched polarization. If polarization multiplexing is supported, the polarization domain orthogonal transmission would be beneficial to user throughput and system capacity. However, the polarization multiplexing at the network side can be transparent to UE. UE could naturally receive/transmit the signal with the matched polarization, unaware of the existence of polarization multiplexing. In order to support that, the whole process of control and data transmission should be applicaple for LHCP and RHCP. 
For UEs with both LHCP and RHCP, or linear polarization, according the indication of polarization and scheduling, they can receive/transmit the signal in the corresponding time-frequency resource. Since the same signal could be transmitted both with LHCP and RHCP, then UEs could receive the signal in different polarizations. For UEs with linear polarization, the same signal can also be received twice in linear polarization, which can provide the reception diversity and 3dB depolarization loss could be compensated. However, from the specification perspective, there is no impact on current specification, which can be up to UE implementation. 
According to the discussion in last e-meeting, potetial spec impact focus on some aspects, such as UE polarization capability reporting, RS and polarization association, and DCI indication for polarization mode. If polarization multiplexing is supported, UE polarization capability reporting is necessary for NW scheduling. Furthermore, relevant RS procedure with different polarization should be also further discussed. And the DCI or configured grant scheduling transmission should also carry the relevant polarization aligned with the corresponding time and frequency resource. It is easily observed that there are still many issues on support of polarization multiplexing, requiring further discussion and decision. Considering the limited time, polarization multiplexing could be considered in future release. 
Proposal 4: Support of polarization multiplexing for NR-NTN could be considered in future release.

4. Conclusion
In this contribution, we discuss the remaining issues on polarization and beam management, and have the following observations and proposals: 
Proposal 1: If the polarization is absent in SIB, UE assumes the same polarization as in initial access. 
Proposal 2: Support per SSB index polarization signalling in SIB. 
Proposal 3: Support indicate polarization information in NTN-specific SIB. 
Proposal 4: Support of polarization multiplexing for NR-NTN could be considered in future release.
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