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In RAN1#103-e, the following recommendations and agreement were reached [1].

FL recommendation on beam management:  Companies are encouraged to further contribute on the need and potential enhancements for beam management with a view to achieve consensus on whether these potential enhancements are beneficial. Associations of SSBs, beams, and BWPs with Option-1 and Option-2 could be working assumption for the beam management:
· Option-1: same beam layout for BWP0 and BWPx in single-beam cell 
· Option-2: hierarchical beam layout in multiple-beam cell, where wider beam is associated with cell-specific initial BWP0 and narrow beams are associated with beam-specific BWPx, with x≠0. 
Companies are encouraged to consider need for potential beam management enhancements re-using specified TCI and BWP switching mechanisms. 

FL recommendation on association of SSBs, beams, and BWPs: 
· Companies are encouraged to further discuss understanding of Option-3 Mapping between SSB index and BWP index, whether the impact on the specification is minimum, and whether it is beneficial if used with beam management mechanisms.
· Companies that are promoting Option-4: SSB transmission in beam-specific initial BWP are encouraged to discuss with other companies on the need and benefits of this option in the context of beam management, and also discuss the impact on specifications, measurements, and testing.

Proposal #3.5-1 (2nd round outcome): 
Indication of polarization information for DL and UL via signalling is supported. 
· FFS need and details of polarization enhancement options

In this contribution, we provide some further considerations on beam management and polarization signalling for NTN. 

Discussion
In this section, we discuss potential issues with respect to beam management and polarization signalling in detail.
Beam management
· BWP configuration enhancement
With respect to BWP configuration, only 4 cell-specific BWP-common configurations are supported for dedicated BWPs in a NR cell. However, for a NTN cell with multiple beams (up to 64 beams following current NR configuration), several beams may have to use a cell-specific BWP common configuration. As shown in Figure 1, beam 2 and beam 6 may share the same BWP common configuration (i.e., BWP2 configuration), e.g. beam 2 and beam 6 are allocated with the same amount of bandwidth resource. This configuration restriction will induce non-negligible performance degradations, since beam 2 and beam 6 can have distinct requirements (e.g., traffic load of 80 and 10 served users, respectively) in the NTN context as listed in Table 1. Thus, some enhancements, e.g., extending the number of supported BWPs per cell or introducing a scaling factor to adjust the cell-specific BWP common configuration, can be considered to enable flexible BWP configuration for NTN.
[image: ]
Figure 1.  BWP configurations in a NTN cell.  
Table 1: Traffic load in different beams in Figure 1
	Beam ID
	Traffic load 
(in number of served users)
	BWP common setting

	Beam 1
	50
	BWP1

	Beam 2
	80 
	BWP2

	Beam 3
	30
	BWP3

	Beam 4
	70
	BWP4

	Beam 5
	20
	BWP1

	Beam 6
	10
	BWP2

	Beam 7
	40
	BWP3

	Beam 8
	5
	BWP4



SSBs can be transmitted in the same or different BWPs. Compared with the SSBs transmitted in different BWPs, if SSBs are transmitted in the same BWP, the UE only needs to measure the SSB RSRP in the same BWP, which improves the beam switching efficiency. 
One possible configuration for BWP0 in which the SSBs are located is to generate several sweeping beams that cover other satellite beams alternatively from BWP1 to BWP3. As shown in Figure 2, the beams for SSBs in BWP0 corresponds to the satellite beams from BWP1 to BWP3. The UE implements synchronization by using the SSBs in cell-specific BWP0, and switches to the cell-specific BWP (BWP1 to BWP3) based on the SIB1 message in cell-specific BWP0.
In addition, if there is beam-specific system message, initial BWPs can be separately configured in cell-specific BWP1 to BWP3, and configuration information are indicated by cell specific SIB1 in cell-specific BWP0. After switching to corresponding cell-specific BWP (BWP1 to BWP3), the UE receives SIB1 (Beam) which includes beam system information in the corresponding cell-specific BWP.
 [image: ]
Figure 2.  BWP, SSB and SIB configurations in a NTN cell. 

Proposal 1: BWP configuration enhancement scheme should be studied for NTN, e.g.
· Extending the number of supported BWPs per cell
· Introducing a scaling factor to adjust the cell-specific BWP common configuration
· Introducing the mapping between SSB index and BWPs

· Beam switch issue 

1) Earth-fixed cells scenario
[image: ]
Figure 3. Earth-fixed scenario.
In case of earth-fixed cells, a target area can be served by different satellites at different time intervals. As shown in Figure 3, at time T1, the area is served by Sat-2. While at time T2, the area is taken over by Sat-1 due to the loss of view from Sat-2. Denote the same target area as Cell X and Cell Y served by Sat-2 and Sat-1, respectively. In general, it is quite difficult to use the same cell ID (i.e., X=Y) for a target area served by two different satellites, especially when two satellites served the area simultaneously to ensure seamless beam switch [2]. Thus, whether the change of serving satellites is a beam switch issue within a cell or a handover issue between different cells should be clarified by RAN1.
Proposal 2: In case of earth-fixed cells, whether there is a beam switch issue should be further clarified.

2) Earth-moving cells scenario
In case of earth-moving cells, the high LEO satellite mobility can lead to beam switch issues within a satellite cell. Such beam switch is generally coupled with BWP switch, as a beam is associated with a specific BWP. To deal with this issue, a mapping relationship between SSB index and BWP index can be configured. Specifically, a UE in RRC connected mode can perform BWP switch based on SSB RSRP measurement in cell-specific BWP0. This can potentially reduce the signaling overhead of BWP switching. Meanwhile, the gNB needs to be informed about the BWP switch. As shown in Figure 4, the gNB only needs to configure the SSB-based inter-frequency measurement for the UEs in BWP1/BWP2/BWP3, instead of the CSI-RS based inter-frequency measurement of cell-specific BWP1/BWP2/BWP3.
 
                           
Figure 4.  Inter-frequency measurement configurations in a NTN cell.  
Proposal 3: In case of earth-moving cells, a UE in RRC connected mode can perform BWP switching based on a pre-configured mapping relationship between SSB index and BWP index.

Polarization indication  
In RAN1#103-e, polarization indication via signalling for NTN has been agreed. To fully reap the benefits of polarization, flexible polarization configuration and indication should be supported. Herein, we discuss both cell-level and beam-level polarization indication method in detail.
· Cell-level polarization indication
For cell measurement in cell handover and reselection procedure, a UE may only turn on the corresponding port according to the polarization state that a target cell employs, such that both the interference and power consumption can be reduced. As shown in Figure 5, UE 1 in Cell 1 can choose to turn off its LHCP port to save power as well as mitigate interference from neighboring Cell 2 when inter-cell measurement is not required. While for measuring signal quality from Cell 2, corresponding RHCP port should be turned on. Therefore, neighboring cell polarization information should be signaled to UEs, e.g., via RRC and/or SIBx messages. The polarization information should be exchanged among multiple neighboring cells as well for efficient interference management especially in the dynamic LEO NTN scenario.
[image: ]
Figure 5. Cell measurement with different polarizations.  

· Beam-level polarization indication
[bookmark: _GoBack]On the other hand, a NTN cell can contain multiple beams, with each beam occupying a specific frequency resources and polarization. In this regard, it is necessary to support beam-level polarization indication, such that a UE served in a given beam can utilize configured polarization state to communicate with the network. 
Proposal 4: At least cell-level and beam-level polarization indication for NTN should be supported.

Conclusions
In summary, we discuss some key considerations on beam management and polarization indication. The following proposals are made: 
Proposal 1: BWP configuration enhancement scheme should be studied for NTN, e.g.
· Extending the number of supported BWPs per cell
· Introducing a scaling factor to adjust the cell-specific BWP common configuration
· Adding initial BWP in dedicated BWPs. 
Proposal 2: In case of earth-fixed cells, whether there is a beam switch issue should be further clarified.
Proposal 3: In case of earth-moving cells, a UE in RRC connected mode can perform BWP switching based on a pre-configured mapping relationship between SSB index and BWP index.
Proposal 4: At least cell-level and beam-level polarization indication for NTN should be supported.
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