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Introduction
Adaptations to NR mobility must address the following issues in NTN: 1) increased signalling latency due to large propagation delay; 2) frequent cell change due to satellite movement; and 3) lower robustness of measurement-based mobility due to reduced signal strength variation between cell center and cell edge and large regions of cell overlap. Rel-17 NR NTN partially addressed these issues via enhancements to conditional handover, measurement reporting, and measurement rules for cell (re)selection.
An objective for Rel-18 NR NTN is to continue enhancements for both NTN-NTN and NTN-TN mobility and service continuity. Work will consider existing methods from NR TN and Rel-17 NR NTN as baseline for further enhancements. This document focuses on NTN-NTN mobility enhancements for RRC_Connected UEs, specifically satellite switching without PCI change.
Satellite switching without PCI change
In Rel-17 NTN, cells originating from different satellites are associated with different PCIs. A stationary UE will thus experience continuous L3 mobility as the serving satellite moves overhead and out of coverage (e.g., due to the curvature of the earth) and a new satellite takes over coverage of the geographic area. 
In RAN2#121bise [2], the following agreement was captured:
· 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 (as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18)
In this case, a geographic area is associated with a PCI and gNB. At time T0, the PCI is served by a first satellite. As the first satellite moves out of range, a second (incoming) satellite connected to the same gNB will takeover servicing the PCI at a pre-determined transition point.
This solution avoids the need for L3 mobility, which can reduce signalling overhead considering the large number of UEs served within an NTN cell. Furthermore, restricting the scenario to quasi-earth-fixed hard-switch in the same SSB frequency and same gNB removes possible interference concerns of a soft switch (where both gNBs can simultaneously serve the PCI for short time). RAN2 has sent an LS to RAN1 for input for both hard and soft switches in [3].
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Figure 1: A different satellite serving the same PCI.
Assistance information for satellite switch without PCI change
Although same-PCI satellite switch avoids L3 mobility, the UE must still re-synchronize to the incoming satellite since the satellite location and channel conditions may be very different. Since the PCI, gNB, and SSB frequency remain the same, the satellite switch will be mostly transparent to the UE. To avoid service interruptions (e.g., due to timing mis-synchronization), some assistance information is needed to inform the UE of the satellite switch event. 
Observation 1: 	Assistance information is helpful to inform/aid the UE to resynchronize to the incoming satellite, since in this scenario satellite switch is mostly transparent to UE.
At least the time of satellite switch is important to trigger resynchronization. The location of the incoming satellite at time of same-PCI switch can also be provided prior to switch to assist timing pre-compensation and reduce re-synchronization time. 
Observation 2: 	Providing the location of incoming satellite at time of same-PCI satellite switch supports TA pre-calculation, which can minimize resynchronization time and service interruption.
Other information (e.g., to support power control or frequency pre-compensation) may also be needed, however RAN2 can wait for RAN1 input before discussing further.
Proposal 1: 	The time of same-PCI satellite switch is broadcast as assistance information.
Proposal 2:	The location of incoming satellite at time of same-PCI satellite switch is broadcast as assistance information.
RACH-less satellite switch without PCI change
In RAN2#121bis-e, RAN2 has agreed to support RACH-less HO for the following cases [2]:
· Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
· intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
It is also FFS whether this extends to the same PCI case:
· FFS procedure for RACH-less HO combined with PCI unchanged or CHO if supported
However, satellite switching without PCI change is very similar to inter-satellite handover with same gateway/gNB switch, which has already been agreed in RAN2 and analyzed by both RAN1 and RAN4. No concerns were identified by any working group to preclude RACH-less handover for this scenario.
Observation 3: 	RACH-less handover for same-PCI satellite switch is similar to inter-satellite handover with same gateway/gNB, which has already been agreed by RAN2 and analyzed by RAN1/RAN4.
Extending RACH-less handover to a same-PCI satellite switch scenario would greatly help in reducing service interruption time, which is the primary downside of a hard-switch. Considering the timing of same-PCI satellite switch is known in advance by the network, additional assistance information like the location of incoming satellite at time of switch (as discussed above) would be even more beneficial in the RACH-less HO case to support pre-synchronization.
Proposal 3: 	Extend RACH-less handover to satellite switching without PCI change scenario. 
Although RAN1 and RAN4 have not identified any issues thus far, there may be details specific to satellite switching without PCI change which were not considered in the evaluation. RAN2 should therefore inform RAN1 of the extension of RACH-less HO to satellite switch with PCI unchanged scenario (if agreed), and verify that the existing assumptions remain valid.
Proposal 4: 	Send an LS to RAN1 to confirm RACH-less handover assumptions from the previous LS response (R2-2300020) also apply to satellite switching without PCI change.
Measurements and satellite switch without PCI change
In legacy RRM UE averages cell measurements over time to obtain L3 cell quality. However, since measurements associated with the former satellite (pre-switch) are no longer valid after satellite switch, the current behaviour could delay detection of radio issues to incoming satellite after satellite switch by averaging out the new values with a channel that no longer exists. 
Observation 4: 	Not resetting L3 measurement window after a satellite switch delays detecting issues with the incoming satellite channel due to averaging with measurements to the former satellite that are no longer valid.
This could be partially resolved by acquiring many new measurements quickly after satellite switch, but acquiring new measurements to incoming satellite would require a measurement reconfiguration after satellite switch, which could take time considering UE-gNB RTT and risk RLF. The most straightforward option is to simply reset the L3 measurement window and discard measurements associated with the former satellite.
Proposal 5: 	UE resets L3 measurement window at time of satellite switching without PCI change.
Until the UE has an accurate understanding of the channel to the incoming satellite, any measurement report sent to the network may be unreliable, leading to an incorrect mobility decision. UE may temporarily suspend L3 event-based reporting some offset prior to satellite switch (if channel conditions are about to change, no need to use resources to report a cell no longer available) and/or after the satellite switch (to allow time to properly measure new channel conditions) to avoid unnecessary reporting and mobility.
Proposal 6: 	RAN2 to discuss if UE should temporarily suspend measurement reporting after satellite switching without PCI change.
Conclusion
In this contribution the following observations and proposals were made concerning satellite switching without PCI change:
Observation 1: 	Additional assistance information is helpful to inform/aid the UE to resynchronize to the incoming satellite, since in this scenario satellite switch is mostly transparent to UE.
Observation 2: 	Providing the location of incoming satellite at time of same-PCI satellite switch supports TA pre-calculation, which can minimize resynchronization time and service interruption.
Observation 3: 	RACH-less handover for same-PCI satellite switch is similar to inter-satellite handover with same gateway/gNB, which has already been agreed by RAN2 and analyzed by RAN1/RAN4.
Observation 4: 	Not resetting L3 measurement window after a satellite switch delays detecting issues with the incoming satellite channel due to averaging with measurements to the former satellite that are no longer valid.
Proposal 1: 	The time of same-PCI satellite switch is broadcast as assistance information.
Proposal 2:	The location of incoming satellite at time of same-PCI satellite switch is broadcast as assistance information.
Proposal 3: 	Extend RACH-less handover to satellite switching without PCI change scenario. 
Proposal 4: 	Send an LS to RAN1 to confirm RACH-less handover assumptions from the previous LS response (R2-2300020) also apply to satellite switching without PCI change.
Proposal 5: 	UE resets L3 measurement window at time of satellite switching without PCI change.
Proposal 6: 	RAN2 to discuss if UE should temporarily suspend measurement reporting after satellite switching without PCI change.
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