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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
In RAN1#106bis-e, the following agreements were reached [1].
[bookmark: OLE_LINK1]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 discuss beam management and polarization in detail.

Discussion
BWP Switching Enhancement
In RAN1#106-e, BWP switching enhancement was discussed. The enhancement can be divided into two directions: 1) gNB dominant and 2) UE dominant.
For gNB dominant enhancement, assuming that the UE location information, even very coarse information as assumed in RAN2, can be made available to gNB, the gNB can configure a sequence of beams and potentially a set of timers based on prediction for the UE to perform BWP switch. More specifically, gNB can indicate a UE-specific TCI-list, based on the beam topology, satellite movement and UE location information. The TCI-list contains mapping information (TCI-state) of UE potential beam switching. When UE approaches the beam edge, beam switching will be triggered by the gNB through MAC CE or DCI as the existing specification. Beam switching can also be triggered by the expiration of timers if the service duration of each beam can be predicted in advance. In addition, the TCI-list needs to be updated when UE deviates from its previously predicted route. One benefit of this scheme is that frequent measurement at the UE side can be reduced with some assistant information. 
Proposal 1: The gNB configures a list of TCI-states based on a sequence of predicted serving beams and beam switch can be triggered by MAC CE/DCI or upon expiration of corresponding timers.

Signalling of Polarization
[bookmark: OLE_LINK14]Polarization Signalling per SSB/Beam
In RAN1#106bis-e, for polarization signalling in SIB, supporting per SSB polarization indication is proposed [2]. To achieve this, SIB could carry the polarization indication for each SSB in the corresponding cell. For a UE initially access to a cell, it would know the current SSB/Beam polarization when it detects the SSB index and decodes the SIB information. The polarization for each candidate SSBs of non-serving cell can also be signalled to the UE for neighbouring cell measurement.
Proposal 2: For polarization signalling in SIB, the polarization for each SSB is provided in SIB1.
Polarization Multiplexing
In RAN1#106bis-e, polarization multiplexing was discussed where a gNB may transmit/receive multiple streams in a time-frequency resource with different polarizations, where the multiple streams may target/from the same UE (intra-UE polarization multiplexing) or different UEs (inter-UE polarization multiplexing) [2]. In this contribution, we continue the discussion on the necessity and feasibility of supporting polarization multiplexing.
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[bookmark: _Ref82786031]Figure 2 Multiple polarizations per SSB
Figure 2 illustrates that each SSB is assigned with multiple polarizations, i.e. two orthogonal polarizations. Here, we assume 1) the beams with SSB#1 assigned with both LHCP and RHCP on BWP#1; 2) in each beam we have UEs with various polarization capabilities (i.e. LHCP, RHCP, Polarization-division multiplexing, and Linear). Note, for the UEs both support LHCP, and RHCP might not support PDM due to lacking multi-layer data processing capability. In this case, the gNB could schedule the radio resource as illustrated in Figure 3. 
The same RBs in both LHCP and RHCP dimensions could be assigned to the same UE which 1) supports PDM with two-layer data to enhance the throughput; 2) supports PDM with one-layer data to enhance the link robustly and extend the coverage via soft-combining the LHCP and RHCP channel data; or 3) supports only linear polarization with one-layer data to enhance the link robustly and extend the coverage via combining the LHCP and RHCP signal from the receiver linear antenna.
The same RBs in LHCP and RHCP dimensions could be assigned to two UEs with 1) each UE supports particularly the orthogonal circular direction to do inter-UE multiplexing; or 2) one UE supports PDM and one UE support one particular circular direction to do inter-UE multiplexing and to enhance the radio resource scheduling flexibility. 
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[bookmark: _Ref82786040]Figure 3 Radio Resource Scheduling for multiple polarization per SSB case
The above scheme could 1) enhance the link robustness or extend the coverage of the UEs with only linear antennas (e.g. Handheld) by adding 3 dB to the link budget of handheld UEs; 2) enhance the link robustness or extend the coverage of the UEs with PDM capability by soft combing which equals to adding more than 3 dB to the link budget (due to coding gain); 3) enhance the radio resource scheduling flexibility via inter-UE multiplexing for UEs support circular polarization; and 4) enhance the UE throughput via intra-UE multiplexing for UEs support PDM.
Observation 1: Intra-UE polarization multiplexing can enhance the RRM flexibility, and enhance the link robustness/improve the coverage, or boost the throughput for UEs with dual polarization capabilities.
Inter-UE polarization multiplexing is widely supported by current satellite communication systems, e.g. FR>1. gNB could use the UE polarization capability information to schedule the radio resource to support a UE which only owns linear polarization capability to work together with other UEs in inter-UE polarization multiplexing.
Proposal 3: Both inter-UE and intra-UE polarization multiplexing based on gNB scheduling should be supported. 
For both inter-UE and intra-UE polarization multiplexing, the gNB requires the UE polarization capability information to schedule the radio resources across different polarization dimensions.
Proposal 4: Support UE to report its polarization capability to the gNB to enable inter-UE or intra-UE polarization multiplexing. 
Polarization Signalling in UE-specific RRC 
In RAN1#106-e, FL suggests supporting UE-specific RRC to indicate the polarization information for non-serving cells and further study the application for serving cells. The above section 2.2.2 has already discussed that polarization signal in UE-specific RRC to indicate the polarization information for the non-serving cell should be supported. This application for the serving cell is also necessary.  
The necessity of NR NTN support polarization multiplexing has been discussed in section 2.2.1. For a beam with a different polarization direction, indicating the UEs in that beam with UE specific polarization is the only solution to fully exploit the new degree of freedom in RRM brought by polarization dimension. And for each UE, there are different channels / RSs, e.g. PDSCH / SPS PDSCH / PDCCH / PUCCH / PRACH / CSI-RS / SRS, the required minimum SINR / throughput / reliability at the receiver side will be different. Indicate intra-UE polarization multiplexing and inter-UE polarization by polarization indication per channel/RS could meet the various KPIs for each channel/RS.
Besides, the polarization of the beams in a cell are not static. Whether to active different polarization directions in one beam will depend on the UE capabilities and service requirements in that beam, and which polarization direction should be active will also depend on the UE capability in that beam. Thus, the polarization configuration of a beam will be semi-static and the polarization indication per BWP is necessary.   
Observation 2: The UE-level polarization configuration can be semi-static or dynamic (per-channel / per-RS) based on UE capability or performance requirement.
Proposal 5: Polarization signalling in UE-specific RRC per BWP or per channel/RS should be supported for both serving cells and non-serving cells.

RRC parameters
In [3], RRC parameters are given for Rel-17 NR. According to our analysis above UE specific polarization should be introduced to the parameters and the updated parameters is given in Appendix.
Proposal 6: UE specific polarization parameters for both UL and DL should be added to the sub-feature group of “Polarization indication in NTN”.


Conclusions
In summary, we discuss some key considerations on beam management and signalling of polarization. The following proposals are made: 
[bookmark: _GoBack]Observation 1: Intra-UE polarization multiplexing can enhance the RRM flexibility, and enhance the link robustness/improve the coverage, or boost the throughput for UEs with dual polarization capabilities.
Observation 2: The UE-level polarization configuration can be semi-static or dynamic (per-channel / per-RS) based on UE capability or performance requirement.
Proposal 1: The gNB configures a list of TCI-states based on a sequence of predicted serving beams and beam switch can be triggered by MAC CE/DCI or upon expiration of corresponding timers.
Proposal 2: For polarization signalling in SIB, the polarization for each SSB is provided in SIB1.
Proposal 3: Both inter-UE and intra-UE polarization multiplexing based on gNB scheduling should be supported. 
Proposal 4: Support UE to report its polarization capability to the gNB to enable inter-UE or intra-UE polarization multiplexing. 
Proposal 5: Polarization signalling in UE-specific RRC per BWP or per channel/RS should be supported for both serving cells and non-serving cells.
Proposal 6: UE specific polarization parameters for both UL and DL should be added to the sub-feature group of “Polarization indication in NTN”.
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Appendix
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification
	Comment
	Status

	NR_NTN_solutions
	Polarization indication in NTN
	ntnPolarizationDL
	New
	ntnPolarizationDL
	If present, this parameter indicates polarization information for Downlink transmission on service link: including Right hand, Left hand circular polarizations (RHCP, LHCP) and Linear polarization
	{RHCP, LHCP, Linear }
	　
	cell
	Cell-specific
	38.331
	The indicated polarization information refers to the polarization type used at satellite side for DL transmission. 
	Stable

	NR_NTN_solutions
	Polarization indication in NTN
	ntnPolarizationUL
	New
	ntnPolarizationUL
	If present, this parameter indicates Polarization information for Uplink service link.
If not and  ntnPolarizationDL is present,  UE assumes a same polarization for UL and DL
	{RHCP, LHCP, Linear }
	　
	cell
	Cell-specific
	38.331
	The indicated polarization information refers to the polarization type used at satellite side for UL reception.
	Stable

	NR_NTN_solutions
	Polarization indication in NTN
	UE_ntnPolarizationUL
	New
	ntnPolarizationUL
	If present, this parameter indicates Polarization information for Uplink service link.
If not and  ntnPolarizationDL is present,  UE assumes a same polarization for UL and DL
	{RHCP, LHCP, Linear }
	　
	UE
	UE-specific
	38.331
	The indicated polarization information refers to the polarization type used at satellite side for UL reception.
	Stable

	NR_NTN_solutions
	Polarization indication in NTN
	UE_ntnPolarizationUL
	New
	UEntnPolUEarizationUL
	If present, this parameter indicates Polarization information for Uplink service link.
If not and  ntnPolarizationDL is present,  UE assumes a same polarization for UL and DL
	{RHCP, LHCP, Linear }
	　
	UE
	UE-specific
	38.331
	The indicated polarization information refers to the polarization type used at satellite side for UL reception.
	Stable
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