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In RAN#102-e, the following agreements are reached [1]:
Agreement:
One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN.
· FFS: The need for potential enhancement for beam management 
· FFS: The need for potential enhancement on association of SSBs, beams and BWPs

Agreement:
Potential enhancements for support of polarisation signalling in NR NTN can consider at least the following:
· Configuration of DL and UL transmit polarization including Right hand and Left hand circular polarizations (RHCP, LHCP) 
· Network broadcast DL and UL transmit polarization configuration  
· UE polarization capability (RHCP, LHCP, Linear)
· Dependence of polarisation signalling on deployment scenarios. For example,
· Resource reuse mode with/without polarization for the beam management enhancement 
· Fixed polarization per cell/beam for polarization reuse and circular polarisation with intra-UE and inter-UE multiplexing (intra-UE and inter-UE) signalling 

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
Beam management is a fundamental issue for NTN where a single satellite can be equipped with hundreds or even thousands of beams. Current NR beam management scheme can serve as a baseline for NTN by allocating a corresponding BWP to each beam [3]. However, compared with NR, NTN exhibits the following distinct characteristics:
· Large propagation delay
· Potentially high mobility for LEO NTN
· Frequency/polarization reuse pattern 
Those characteristics can to some extent impact the effectiveness of current NR beam management mechanism when it is directly applied in the NTN context. With respect to BWP configuration, for a NR cell, only 4 cell-specific BWP-common configurations are supported for dedicated BWPs. However, for a NTN cell with multiple beams, several beams will reuse a cell-specific BWP common configuration. As shown in Figure 1, beam 2 and beam 6 may share a BWP common configuration (i.e., BWP2 configuration). In other words, beam 2 and beam 6 are allocated with the same amount of bandwidth resource. This configuration 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 or introducing a scaling factor to adjust the cell-specific BWP common configuration, can be exploited to enable flexible BWP configuration for NTN.

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



Proposal 1: BWP configuration enhancement scheme should be studied for NTN.
Based on the four cell-specific BWPs, SSBs can be distributed in the same or different BWPs. Compared with the SSBs distributed in different BWPs, the SSBs distributed in the same BWP can reduce the frequency range for UE to search for the SSBs which reduces the initial access time. Considering beam switching, if SSBs are distributed in the same BWP, the UE only needs to measure the SSB RSRP in the same BWP, which improves the beam switching efficiency. As shown in Figure 2, SSBs are all distributed in BWP0.
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 an example in Figure 2, the beams for SSBs in BWP0 corresponds to the satellite beams from BWP1 to BWP3. 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. The UE implements synchronization by using the SSBs in cell-specific BWP0, and switches to the initial BWP corresponding to cell-specific BWP (BWP1 to BWP3) based on the SIB1 message in cell-specific BWP0. 
By configuring a mapping relationship between SSB index and BWP index, a UE in connected mode can perform BWP switch based on SSB RSRP measurement in cell-specific BWP0, which can potentially reduce the signaling overhead of BWP activation. Meanwhile, the gNB needs to be informed about the BWP switch. As shown in Figure 3, the gNB only needs to configure the SSB inter-frequency measurement for the UEs in BWP1/BWP2/BWP3, instead of the CSI-RS inter-frequency measurement of cell-specific BWP1/BWP2/BWP3.
 

Figure 2.  BWP、SSB and SIB configurations in a NTN cell. 
                           
Figure 3.  Inter-frequency measurement configurations in a NTN cell.  
Proposal 2: The UE in connected mode can perform BWP switching based on the mapping relationship between SSB index and BWP index.

Polarization indication  
Polarization reuse is promising for next-generation multi-beam high throughput satellite (HTS) systems, where adjacent beams can employ different polarization method, i.e., RHCP and LHCP. As shown in Figure 4, a typical 4-color reuse pattern can be realized through two different polarization/frequency reuse combinations: 
· Option-1: 2 sub-bands and 2 polarizations (RHCP and LHCP)
· Option-2: 4 sub-bands without polarization reuse
Intuitively, considering equal bandwidth sharing among all beams, option-1 with polarization reuse can allocate B/2 bandwidth for each beam, while option-2 can only allocate B/4 bandwidth for each beam. It can be seen that spectral efficiency can be doubled with polarization reuse.

Figure 4. (a) A 4-color HTS NTN system; (b) different realizations.  
For cell measurement, 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 Beam 1 can choose to turn off its LHCP port to save power as well as mitigate interference from neighboring Beam 2. Therefore, it is beneficial to indicate UEs the polarization method for a NTN cell.
On the other hand, it can be seen that the polarization capability is strongly associated to the operation frequency band [2], i.e., linear polarization for Handheld UE in S band and circular polarization for VSAT UE in Ka band. Note that other types of UEs is not considered herein since its parameters are not fully defined at the moment.  The coexistence scenarios of UEs with different polarization capability needs to be further identified. As a consequence, the necessity of supporting UE polarization capability report is not clear. Besides, the polarization configuration is rather flexible, e.g., per beam/per cell indication and intra-UE/inter-UE polarization multiplexing. Such configurations can adapt to different network deployment requirements, reduce system interference, and improve UE throughput to some extent. But the induced changes, e.g., DCI format to support polarization multiplexing, to existing NR protocols need further study.
Proposal 3: The indication of polarization state for NTN should be supported.
Proposal 4: The necessity of supporting UE polarization capability report should be further identified.
Proposal 5: Flexible polarization configuration for NTN should be supported.


Figure 5. Cell measurement with different polarizations.  

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.
Proposal 2: The UE in connected mode can perform BWP switching based on the mapping relationship between SSB index and BWP index.
Proposal 3: The indication of polarization state for NTN should be supported.
Proposal 4: The necessity of supporting UE polarization capability report should be further identified.
Proposal 5: Flexible polarization configuration for NTN should be supported.
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