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1 Introduction
In RAN2#107 meeting [1], the following agreements were achieved on the NTN scenario. For LEO, satellite with steerable beams is down prioritized during the study item.
Agreements 

1. Only cell level mobility is considered in NTN from a RAN2 perspective.

2. When discussing NTN mobility challenges/solutions, RAN2 will prioritize transparent GEO (A) and LEO with moving beam (C2, D2) architectures during the study item phase. Additional scenarios may be considered pending outcome of NTN study in RAN1.
But in RAN2#107bis meeting, some interest in steerable beams was raised. Since we already had some progress on moving beams, we can analyse the impact of steerable beams from now on. In this contribution, we provide our further consideration on mobility with steerable beams in NTN.

2 Discussion
The satellite with steerable beams has the capability to steer beams towards fixed points on earth using beamforming techniques. This means that the cell is fixed on earth, corresponding to NTN beam foot print on earth. Fig.1 shows the cell fixed on earth scenario with steerable beams. At time T1, the cell 1 and cell 2 are served by satellite 1, and cell 3 and cell 4 are served by satellite 2. At time T2, although satellite 1 and satellite 2 have moved, satellite 1 can still serve cell 1 and cell 2, and satellite 2 still can serve cell 3 and cell 4 by adjusting satellite beam directions. At time T3, cell 1 still is served by satellite 1 but cell 2 is served by satellite 2 because the satellite 1 moves too far and it is difficult to cover cell 2. Similarly, satellite 2 can serve cell 3 but not cell 4. Cell 4 will be served by the other satellite. Note that the locations of UEs are fixed in this figure.
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Figure 1. Cell fixed on earth scenario 

There are two cases can be considered for the satellite with steerable beam:

· Case 1: Cell fixed on earth scenario with transparent satellite
· Case 2: Cell fixed on earth scenario with regenerative satellite
For case 1, as the satellite moves, the serving satellite of cell 2 may become satellite 2 from satellite 1 at time T3. Although the serving gNB keeps unchanged in this case, the SSB tracking would be problematic due to sudden change of propagation delay, which has a large impact on data transmission.
Observation 1: For case 1, the SSB tracking suffers from the impact of RTT changes due to satellite switchover.
For case 2, the location of cell is fixed and handover occurs only when UE moves out the coverage of its serving cell just like terrestrial networks. We consider the mobility management in this case by considering the moving of satellite. Seen from Fig.1, the serving satellite of cell 2 may become satellite 2 from satellite 1 at time T3. During this procedure, the serving cell of UE2 does not change but the serving satellite changes. Correspondingly, the serving gNB will change once the serving satellite changes. The following issues to be solved are identified for the change of serving gNB in such cases:
· Security update

If the gNB changes, the key of the gNB would be changed. Therefore, a security update procedure is needed for such case.

· UE context transfer

In this case, the UE context needs to be transferred from the old gNB to the new gNB and possibly some RRC parameters need to be update as well.

· TA and SSB tracking issues due to sudden change of Propagation delay 

The propagation delay may change suddenly due the change of gNB, which would result TA and SSB timing change in a sudden way.

Observation 2: For case 2, there are the following issues because of the moving of satellite: 

1) Security update issue; 

2) UE context transfer issue (RAN3 impact); 

3) Sudden TA change issue; 

4) SSB tracking issue (RAN1 and RAN4 impact).

For case 2, since the satellite moving orbit is relative fixed, the previous serving gNB knows the information of the later serving gNB. The previous gNB could trigger reconfiguration with sync by using a new Key based on the later gNB when the serving gNB switch will occur. After finishing the reconfiguration with sync, the sudden TA change issue also can be solved. Hence, reconfiguration with sync can be considered as a potential solution of security update issue and sudden TA change issue.

Proposal 1: For case 2, reconfiguration with sync can be considered as a potential solution of security update issue and sudden TA change issue.

It is agreed that UE location and satellite ephemeris information would be beneficial for mobility purpose. However, the satellite level information might not be enough for reconfiguration with sync due to that there could be a list of cell(s) from the gNB which is served through the satellite. Thus some cell level information (e.g. cells and/or beam footprint information corresponds to the serving satellite) besides satellite level information should be included in satellite ephemeris. Besides, the cell level information can be sent to UE via SIB or dedicated signalling.
Proposal 2: The satellite ephemeris should provide some cell level information besides satellite level information.
Proposal 3: The satellite ephemeris with cell level information could be provided by broadcasting and dedicated signalling.
As analysed in [3], the ephemeris data could be quite substantial. If the cell level information is also provided in ephemeris, the data size would be more substantial. To reduce the amount of signalling overhead, one cell could just provide segmental satellite ephemeris. 
Proposal 4: One cell could just provide segmental satellite ephemeris to save signalling overhead.
3
Conclusions
In this contribution, we provide our further consideration on mobility with steerable beams in NTN, and we get the following proposals:
Observation 1: For case 1, the SSB tracking suffers from the impact of RTT changes due to satellite switchover.
Observation 2: For case 2, there are the following issues because of the moving of satellite: 

1) Security update issue; 

2) UE context transfer issue (RAN3 impact); 

3) Sudden TA change issue; 

4) SSB tracking issue (RAN1 and RAN4 impact).

Proposal 1: For case 2, reconfiguration with sync can be considered as a potential solution of security update issue and sudden TA change issue.

Proposal 2: The satellite ephemeris should provide some cell level information besides satellite level information.
Proposal 3: The satellite ephemeris with cell level information could be provided by broadcasting and dedicated signalling.
Proposal 4: One cell could just provide segmental satellite ephemeris to save signalling overhead.
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