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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 the unchanged PCI satellite switch
Email discussion [POST123bis][312][NR-NTN Enh] [1] has already gathered significant feedback on some of the open issues below. those which have majority support from this discussion are highlighted in blue, and those with less consensus are highlighted in yellow. The open following aspect is from RAN2#123 [2]:
· 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.
And the following aspects are open from RAN2#123bis [3]:
· Only 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19. FFS on exact signalling
· SMTC configuration of target satellite needs further discussion:
· FFS on whether and how to provide the SMTC configuration of target satellite.
· FFS on how to handle the SMTC adjustment. 
· There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
· At least soft satellite switching, network provides SSB information of target satellite to UE. FFS on the details: options include e.g. indicating a time offset/information or indicating a different SSB index for the target satellite (FFS for Hard satellite switch)
· We introduce a T-start which indicates the earliest occasion when the UE can start synchronizing with target satellite (actual signalling is FFS). In soft switch scenario, T-start of target satellite is earlier than T-service of source satellite (FFS if T-start is also used for hard satellite switch)
This contribution addresses remaining issues for unchanged PCI switch, specifically those highlighted in yellow
Unchanged PCI switch: Remaining open issues
TimeAlignmentTimer handling during unchanged PCI switch
For the unchanged PCI case, the UE considers UL synchronization expired at t-Service to stop any UL operation while synchronizing to the new satellite. It is currently FFS whether there is any impact to timeAlignmentTimer.
Unlike UL synchronization which affects only UL transmission, expiry of timeAlignmentTimer in MAC has a significant impact on MAC operation including flushing HARQ buffers, releasing PUCCH and SRS, clearing configured downlink assignments, configured uplink grants and PUSCH resources for semi-persistent CSI reporting. 
Observation 1: 	UL synchronization expiry only affects UL transmission. timeAlignmentTimer expiry has a much greater impact to MAC, and involves flushing HARQ buffers, releasing PUCCH/SRS and clearing configured DL assignments/UL grants for all cells within the TAG.
Considering unchanged PCI switch scenario was intended to avoid L3 mobility (i.e., reconfiguration), considering the timeAlignmentTimer as expired would be counterproductive since it would require re-establishing many aspects like PUCCH and SRS for all serving cells belonging to the same TAG. With existing agreements, once UL/DL synchronization is re-established RRC will notify MAC and UL transmission will resume without any impact to the current configuration. This seems to be all that is necessary in the PCI unchanged case, and no specification change is needed for timeAlignmentTimer handling.
Proposal 1: 	Unchanged PCI switch does not impact timeAlignmentTimer handling (no spec impact).
SSB information of target satellite
At least during soft satellite switching, the network provides the SSB information of the target satellite to UE. How this information is provided is currently FFS and did not achieve any significant majority in the [POST123bis] meeting email discussion. Among options discussed include indicating a time offset/information or indicating a different SSB index for the target satellite.
Relying on a time offset or timing information to determine target cell SSB information requires tight timing accuracy between serving and target satellites, which may be difficult to guarantee considering the diversity of satellite deployment scenarios. Alternatively, indicating a different SSB index (or set of indexes) for the target satellite is a straightforward solution which relies on proper network implementation to avoid SSB collision. Whether this information is provided via an individual SSB index, or via ssb-PositionsInBurst can be further discussed in the RAN2 session.
Proposal 2: 	At least for soft satellite switching, different SSB index(es) are provided for the target satellite. FFS signaling details.
Synchronization during satellite switch without PCI change
To support the soft switch scenario, T-Start is introduced which indicates the earliest occasion when the UE can start synchronizing with the target satellite during the unchanged PCI scenario. Several aspects of T-Start such as signalling details and applicability to the hard switch scenario did not achieve a significant majority in the [POST123bis] email discussion.
A simple design choice for t-Start would be an IE similar to t-Service. This IE has already been extensively discussed in the past and found to be suitable for the NTN scenario. It also allows the flexibility to indicate any other possible start time, supporting the soft switch scenario or other potential future gap-based scenarios (e.g., discontinuous coverage).
Proposal 3: 	t-Start reuses the same format and value range as t-Service.
One drawback is that t-Start is inefficient in the hard switch scenario, which could just use t-Service to indicate the switch time. However, if t-Start uses the same IE formats and value range as t-Service, then setting t-Start = t-Service can serve as the implicit indication of the hard switch scenario. In this way, only a single new IE (i.e., t-Start) is needed to indicate the following: 
· That it is an unchanged PCI scenario (based on the presence of t-Start) 
· When the UE can start synchronizing with the target satellite (based on the value of t-Start)
· Whether it is a hard or soft switch scenario (whether t-Start and t-Service have the same value)
To enable these indications, t-Start should apply to the hard switch scenario, and when t-Start = t-Service serves as an implicit indication it is a hard switch scenario.
Proposal 4: 	t-Start applies to the hard switch scenario.
Proposal 5: 	Setting t-Start = t-Service is the implicit indication that it is a hard switch scenario.
Measurements handling during unchanged PCI switch
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 2: 	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. 
Although this has received majority support in the [POST123bis] email discussion, there is some debate on the need to specify this behaviour or leave it to UE implementation. To ensure consistent behaviour between UEs in a situation where measurements may vary significantly, it is preferrable that this is explicitly specified. 
Proposal 6: 	Specify UE resets L3 measurement window at time of unchanged PCI switch.
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 7: 	RAN2 to discuss if UE should temporarily suspend measurement reporting after unchanged PCI switch.
Conclusion
In this contribution the following observations and proposals were made concerning satellite switching without PCI change:
Observation 1: 	UL synchronization expiry only affects UL transmission. timeAlignmentTimer expiry has a much greater impact to MAC, and involves flushing HARQ buffers, releasing PUCCH/SRS and clearing configured DL assignments/UL grants for all cells within the TAG.
Observation 2: 	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: 	Unchanged PCI switch does not impact timeAlignmentTimer handling (no spec impact).
Proposal 2: 	At least for soft satellite switching, different SSB index(es) are provided for the target satellite. FFS signaling details.
Proposal 3: 	t-Start reuses the same format and value range as t-Service.
Proposal 4: 	t-Start applies to the hard switch scenario.
Proposal 5: 	Setting t-Start = t-Service is the implicit indication that it is a hard switch scenario.
Proposal 6: 	Specify UE resets L3 measurement window at time of unchanged PCI switch.
Proposal 7: 	RAN2 to discuss if UE should temporarily suspend measurement reporting after unchanged PCI switch.
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