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In RAN WG2#121-bis-e [1], the LS on unchanged PCI is sent from RAN2 to RAN1.
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1. Overall Description:
For mobility enhancement in Rel-18 NR NTN, in quasi-earth fixed cell case, RAN2 has discussed unchanged PCI scenario, including hard satellite switching (non-overlapping satellite coverage at switching time) and soft satellite switching (overlapping satellite coverage at switching time).
RAN2 has agreed that, in quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported, unless major technical issues are identified by RAN1. RAN2 understands that the standard impact includes that the UE may be notified to re-acquire DL/UL synchronization with the serving cell after the satellite switching. 
RAN2 understands that the feasibility of soft satellite switching without PCI change (not requiring L3 mobility) is more relevant to RAN1 aspects, and would like to check its feasibility with RAN1.
2. Actions:
[bookmark: _Hlk46227635]To RAN1
ACTION: RAN2 kindly requests RAN1 to take into account the above agreement on hard satellite switching without PCI change and provide feedback if RAN1 identifies any major technical issues, and also provide feedback on the feasibility to support soft satellite switching without PCI change.


In this contribution, we discuss hard and soft satellite switch, respectively from RAN1 perspective.
Discussion
Based on the LS from RAN2, the difference between hard satellite switch and the soft satellite switch is based on the criteria whether there is overlapping satellite coverage at the time of switching. Thus, the hard satellite switch and soft satellite switch scenarios can be illustrated as Figure 1 and Figure 2.
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[bookmark: _Ref134624532]Figure 1 Hard satellite switch
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[bookmark: _Ref134624544]Figure 2 Soft satellite switch

0. Hard switching
In Rel-18, transparent satellite is considered. And both the source satellite (S1) and the destination satellite(S2) relay the signal between the UE and the gNB. Considering the PCI is not changed, the cell is considered to be still the same, and there is no L3 handover. 
From RAN1 perspective, UE only needs to do the downlink synchronization with the new satellite and also to do the uplink synchronization based on the ephemeris information of the new satellite. 
In hard switching case, UE should know the switching point/time when the UE starts to use the new satellite for communication. The indicating mechanism is up to RAN2 for further discussion, which could be achieved e.g. by the timer defined in RAN2, or MAC CE/DCI based signaling. 
After the UE received the signaling or the timer expires, the UE starts to do the downlink synchronization by using SSB considering the signal now is from the new satellite to cover this area.  For hard switching, there is only one satellite serving the area at the same time, therefore there is no ambiguity regarding whether the signal from the gNB is from satellite 1 or satellite 2. 
Meanwhile, the UE should update the uplink timing based on the new satellite’s ephemeris, which should be broadcast by the gNB. The detailed design regarding how the new satellite’s ephemeris is informed can be left to RAN2, including e.g. by SIB or other method. It should be noticed that hard switching does not mean the switching is RACH-less based. Therefore, the RACH procedure could be still utilized, and the gNB can indicate the TAC to adjust the uplink timing in Msg2. From RAN1 perspective, there is no issue to use the new satellite’s ephemeris, common TA and RACH procedure to update the uplink timing of the UE.  
Observation 1: From RAN1 perspective, there is no issue identified to support hard switching.
Proposal 1: Inform RAN2 that hard switching is feasible from RAN1 perspective.

0. Soft switching
For soft switching, i.e. there is overlapping satellite coverage at switching time, therefore, there could be interference between the signal relayed by the source satellite and the signal relayed by the destination satellite in the overlapping coverage area.
To mitigate the interference, the gNB could avoid/mitigate the interference issue by scheduling, e.g. the network could schedule PDSCHs/PUSCHs which are relayed by the source satellite and the destination satellites in different time durations and a protection gap may be used between the different time durations. This can be actually left to gNB implementation. 
Meanwhile, for common signal from gNB, e.g. SS bursts, different SSBs in SS bursts could be used respectively from the source and destination satellites to mitigate the interference of SSBs from different satellite.
Observation 2: The gNB can mitigate the interference between signals of the two satellites by scheduling and transmitting different SSBs in SS burst from different satellites.
It should be also noticed that there is some discussion regarding whether UE needs to support the communication with gNB through both the source satellite and the destination satellite simultaneously. In our view, this is not needed. Also based on RAN2 LS, it is clearly defined that soft switching is overlapping satellite coverage at switching time. Therefore, in soft switching, at any time UE only uses one of the satellites for communication with gNB. A similar mechanism for the notification of the satellite switching as we discussed for hard switching could be used. Therefore, even in soft switching, UE does not need to maintain the timing and frequency synchronization simultaneously with two satellites.
Observation 3: UE does not need to maintain the timing and frequency synchronization simultaneously with two satellites, considering only one satellite is used for the UE on a time occasion in the overlapped coverage. 
Based on the above analysis, the main issue identified in RAN1 for soft switching is interference between signals from the two satellites. However, it is feasible to mitigate this interference by gNB scheduling and transmit different SSBs from different satellite respectively. 
Proposal 2: RAN1 informs RAN2 that interference could happen between the signals relayed by the source satellite and the destination satellite, however, it is feasible to resolve/mitigate the interference issue from RAN1 perspective.

Conclusions
In summary, we discuss RAN1 impact on both hard and soft satellite switch. The following observations and proposals are made: 
Observation 1: From RAN1 perspective, there is no issue identified to support hard switching.
Observation 2: The gNB can mitigate the interference between signals of the two satellites by scheduling and transmitting different SSBs in SS burst from different satellites.
Observation 3: UE does not need to maintain the timing and frequency synchronization simultaneously with two satellites, considering only one satellite is used for the UE on a time occasion in the overlapped coverage. 

Proposal 1: Inform RAN2 that hard switching is feasible from RAN1 perspective.
Proposal 2: RAN1 informs RAN2 that interference could happen between the signals relayed by the source satellite and the destination satellite, however, it is feasible to resolve/mitigate the interference issue from RAN1 perspective.
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