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1 Introduction
The work item objective (WID) for Rel-18 enhancements in mobility aspects has been discussed in WG2 Meeting #123. This contribution carries on the discussion for potential solution details in enhancing NTN Connected mode handover, specifically in the Unchanged PCI scenario, with the following agreements [1]:

Agreements:
· An explicit indication will be introduced to enable the unchanged PCI switch
· The unchanged PCI mechanism can be applied to the case where the coverage gap is zero or negligible (where there is no need to introduce t-gap or t-start). FFS whether we need to support scenarios that require the introduction of t-gap or t-start
· PCI unchanged procedure can be performed without performing RACH
· In the unchanged PCI case, the UE considers UL synchronization timer expired at t-Service (current cell stop time) to stop any UL operation. FFS on timeAlignmentTimer handling.
· In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite
· The UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specific Koffset until the UE receives new differential Koffset MAC CE.
2 Discussion
In the unchanged PCI scenario, both the source and target satellites are connected to the same gNB, and all UEs switch from serving to target satellite, while using the same PCI, as the serving satellite flies out of coverage. A high-level flow is captured in Figure 1 below.
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Figure 1: Unchanged PCI
2.1 Trigger Timing 
In this agreed hard switch scenario, there is no overlap between the service and target satellite cell, i.e., only one satellite will be in service at any one time. Hence time-based triggers are important as it will determine the service interruption time, which we want to minimize. Timing for the serving cell service stop time (t-Service) can be broadcast to the UE to initiate pre-configuration in preparation for the cell switch. This is for the UE to know when the serving cell will disappear, and when to expect switching to the target satellite.
Proposal 1: t-Service is broadcasted to the UEs in the serving cell to initiate UE pre-configuration in preparation for the cell switch to the target satellite.
2.2 Unchanged PCI indication
It has been agreed in the last meeting for an explicit indication to the UE, telling the current UEs in the serving cell that the switch will be to an unchanged PCI target cell, and can be contained within SIB19. This may not be limited to a flag but can also include the NTNConfig required for UE pre-configuration for cell switch i.e., neighbour satellite orbital parameters, common TA parameters, K-offset, K-mac for the target satellite.
Proposal 2: An unchanged PCI indication for the target cell is explicitly included within SIB19 and provided to the UE.
Proposal 3: This indication may not be limited to a flag but can also include UE pre-configuration parameters for cell switch i.e., neighbour satellite orbital parameters, common TA parameters, K-offset, K-mac for the target satellite.
2.3 Time Alignment Timer
In the RACH-based solution, UE may trigger RACH immediately after DL synchronisation with the new satellite, so the timeAlignmentTimer should be restarted upon RACH trigger. The UE will stop TAT at t-Service (cell switch instance), it will send and UL preamble, and upon receiving RaR, the TAT will be restarted, as below:
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In the RACH-less solution, the timeAlignmentTimer can be restart after UE successful UL synchronization, based on the previously agreed general UE procedure for NTN RACH-less HO:
1. Receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)
2. Start timer T304 for the target cell (RRC)
3. Perform DL and UL synchronization and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)
4. Start time alignment timer (MAC)
5. …

Proposal 4: In RACH-based solution, the timeAlignmentTimer should be reset upon RACH trigger.
Proposal 5: In RACH-less solution, the timeAlignmentTimer can be reset after UE performs successful UL synchronization.
2.4 DL Synchronization
Once the switch is complete, DL synchronization needs to be performed for the UE to synchronize with the new satellite and trigger the start of a DL sync timer. If this timer times out, DL synchronization will fail, and the UE will go into radio link failure, and performs RRC Re-establishment.
Proposal 6: After unchanged PCI switch, DL synchronization is performed between all the UEs and the target satellite. This triggers the start of a DL sync timer, where, if synchronization fails (i.e., a DL sync timeout) UE performs Radio Link Failure and RRC Re-establishment, with priority to connect to the original cell.
2.5 Unchanged PCI with soft satellite switch
In RAN1’s reply to LS, RAN1 concluded that Unchanged PCI with soft satellite switch is feasible, under the following conditions:
· UE is not required to connect to two satellites simultaneously during soft satellite switching. 
· Interference avoidance/mitigation between two satellites may potentially be done by gNB implementation at least to ensure non-colliding SSB with same PCI at UE side. 
· UE is provided with the information on new common TA, K_mac, ephemeris, and cell-specific K-offset are applied during resynchronization to new satellite.
· UE may be provided with the information if needed to detect the SSB of the new satellite for soft satellite switching.
· The same UE behaviour may be applied for soft satellite switching and hard satellite switching.
We propose not to include the unchanged PCI solution with soft satellite switch in Release18 with consideration of time and complexity of this solution
Proposal 7: RAN2 will not pursue unchanged PCI with soft satellite switch in Release18.
4 Conclusions
Proposal 1: t-Service is broadcasted to the UEs in the serving cell to initiate UE pre-configuration in preparation for the cell switch to the target satellite.
Proposal 2: An unchanged PCI indication for the target cell is explicitly included within SIB19 and provided to the UE.
Proposal 3: This indication may not be limited to a flag but can also include UE pre-configuration parameters for cell switch i.e., neighbour satellite orbital parameters, common TA parameters, K-offset, K-mac for the target satellite.
Proposal 4: In RACH-based solution, the timeAlignmentTimer should be reset upon RACH trigger.
Proposal 5: In RACH-less solution, the timeAlignmentTimer can be reset after UE successful UL synchronization
Proposal 6: After unchanged PCI switch, DL synchronization is performed between all the UEs and the target satellite. This triggers the start of a DL sync timer, where, if synchronization fails (i.e., a DL sync timeout) UE performs Radio Link Failure and RRC Re-establishment, with priority to connect to the original cell.
Proposal 7: RAN2 will not pursue unchanged PCI with soft satellite switch in Release18
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