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1. Introduction
In RANP meeting #86, the WID of “Solutions for NR to support non-terrestrial networks (NTN)” was agreed [1]. The following objectives were made for RAN1:

Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):

· Timing relationship enhancements[RAN1,RAN2]

· Enhancements on UL time and frequency synchronization [RAN1,RAN2]

· HARQ

· Number of HARQ process [RAN1]

· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed

· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]

· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]

· Including signalling of polarization mode

This contribution mainly discusses the satellite beam related operation in NTN systems.
2. Discussion

In NTN system, a single satellite corresponds to a single cell and can provide services to multiple foot prints on the earth by multiple satellite beams, each foot print on the earth can be served by a single satellite beam. The Rel-15/16 beam management and BWP operation are considered as baseline to study satellite beam related operation in NTN. In addition, frequency reuse for NTN beam layout was also discussed during SI phase [2].
2.1. Satellite beam layouts in NTN 
For satellite beam layouts in NTN, the frequency reuse factor (FRF) can be equal to 1 or larger than 1. 
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(a) FRF=1                                            (b) FRF=3                                            (c) FRF=2

Figure 1: Example of beam layouts with different FRFs
As illustrated in Figure 1, for FRF=1 in deployment case (a), all the satellite beams share the same system frequency bandwidth. If one UE is located in one of the foot print on the earth, the UE will treat those satellite beams which provide service to the neighbor foot prints around the UE located foot print as interference. 
For FRF=3 in deployment case (b), the system frequency bandwidth is divided into 3 frequency bands, each frequency band is associated with a satellite beam and can provide service to a foot print on the earth. If one UE is located in one of the foot print on the earth, the UE will treat those satellite beams which share the same frequency band and provide service to the neighbor foot prints around the UE located foot print as interference. 
For FRF=2 in deployment case (c), the system frequency bandwidth is divided into 2 frequency bands, each frequency band is associated with a polarization of a satellite beam and can provide service to a foot print on the earth. If one UE is located in one of the foot print on the earth, the UE will treat those satellite beams which share the same frequency band and polarization, and provide service to the neighbor foot prints around the UE located foot print as interference.
A wrap around mechanism is introduced for FRF=1 (case (a)) and FRF>1 (e.g., case (b)) deployments to study satellite beam layouts in NTN, as shown in Figure 2. Assume all the foot prints are served by a single satellite with multiple satellites beams. Here consider the satellite beam is SSB beam, and all the 8 SSB candidates are adopted by the satellite. 

In case (a) deployment, each foot print is associated with a SSB beam, all the foot prints share the same system frequency bandwidth. In case (b) deployment, the system frequency bandwidth is divided into 3 BWPs, each foot print is associated with a SSB beam and a BWP ID. In both cases, foot prints with the same color may cause interference to each other.
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(a) FRF = 1                                                                                            (b) FRF = 3

Figure 2: Satellite beam layouts for FRF = 1 and FRF = 3
Normally, the UEs connected to the satellite in deployment case (a) will suffer from much severer interference than those UEs connected to the satellite in deployment case (b) or (c). The satellite beam layout with FRF > 1 is beneficial to mitigating the interference. The specification development of the satellite beam layout with FRF > 1 should be prioritized.
Proposal 1: The specification development of the satellite beam layout with FRF > 1 should be prioritized.
2.2. Beam related operation in FRF >1 layout
In this section, we take case (b) in Figure 2 as example to study UE’s initial access procedure in this NTN deployment. In the assumption, all the 8 SSB beams are used by the satellite, where BWP 0 is associated with either SSB 0 or SSB 7, BWP 1 is associated with one of SSB 1, 3, and 5, BWP 2 is associated with one of SSB 2, 4, and 6.
To make sure UEs located in any foot print can access the NTN system, the SSBs are at least transmitted in the associated BWP. Two SSB transmission methods are studied.
· Method 1: cell-defining SSBs are transmitted in initial BWP, non-cell-defining SSBs are transmitted in other BWPs
In this method, as shown in Figure 3, BWP 0 is the initial BWP and the SSB burst including all the 8 cell-defining SSBs is transmitted in BWP 0 in a SSB transmission window. In addition, non-cell-defining SSB 1, SSB 3 and SSB 5 are transmitted in the associated BWP 1, non-cell-defining SSB 2, SSB 4 and SSB 6 are transmitted in the associated BWP2. Those non-cell-defining SSBs are transmitted on the sync raster.
Assume a UE is located in a foot print served by SSB 6 and BWP 2, during initial access procedure, this UE may detect SSB 6 in BWP 2 or BWP 0. If it detects the non-cell-defining SSB 6 in BWP 2, it will be indicated to detect the cell-defining SSB 6 in BWP 0 following current mechanism. If it detects the cell-defining SSB 6 in BWP 0, the UE can access the NTN system as Rel-15, and the gNB can configure a proper active BWP to the UE. 
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Figure 3: Example of SSB transmission in method 1 
However, in this method, the interference may be severe in BWP 0 considering the gNB needs to provide configuration signaling with all the SSB beams in BWP0. Some enhancements should be considered.

· Method 2: cell-defining SSBs are transmitted in the associated BWP

In this method, as shown in Figure 4, within a SSB transmission window, the cell-defining SSBs are transmitted in their associated BWP respectively. More specifically, SSB 0 and SSB 7 are transmitted in the associated BWP 0, SSB 1, SSB 3 and SSB 5 are transmitted in the associated BWP 1, SSB 2, SSB 4 and SSB 6 are transmitted in the associated BWP2. 

Assuming a UE is located in a foot print served by SSB 6 and BWP 2, during initial access procedure, the UE may access the NTN system after it detects the cell-defining SSB 6 in BWP 2, and the gNB can provide service to the UE through BWP 2 directly. 
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Figure 4: Example of SSB transmission in method 2
Compared to method 1, method 2 may have less interference. But method 2 requires more standards effort, e.g., the relationship between the satellite beam and the BWP operation should be studied and specified.
Proposal 2: The relationship between the satellite beam and the BWP operation should be studied and specified.
3. Conclusion

In this contribution the satellite beam related operation in NTN systems are discussed. The following proposals are made. 
Proposal 1: The specification development of the satellite beam layout with FRF > 1 should be prioritized.
Proposal 2: The relationship between the satellite beam and the BWP operation should be studied and specified.
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