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Introduction
In RAN2#121bis-e and RAN2#122 meetings, the following agreements were made for the topic of unchanged PCI mobility:
	Agreements in RAN2#121-bis-e
1. 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).
2. Remove the part in brackets “as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18” in the LS to RAN1. The action to RAN1 will also ask for feedback for the hard satellite switch (not only the soft satellite switch case), e.g., action to RAN1 is to see if there are any major technical issues (as in the agreement).



	[bookmark: _Hlk139528883]Agreements in RAN2#122
1.	t-Service in SIB19 can also be interpreted by Rel-18 UE in Connected mode to know that a satellite change or feeder link change happens.
2.	In hard switch unchanged PCI scenario (i.e., no handover), the UE needs to know the time the UE attempts to re synchronize. (FFS whether a new “t-Start” / a t-gap is needed or whether t-Service can be reused (i.e., no other IE) if the gap is very short/zero).



Furthermore, RAN2 sent an LS to RAN1 (R1-2304323) that was addressed during RAN1#113. In that LS, RAN2 asked about technical feedback on the hard satellite switch without PCI change and the feasibility to support soft satellite switching without PCI change (see response below). 
	Question 1: For hard satellite switching without PCI change, if RAN1 identifies any major technical issues?
Reply: 
RAN1 discussed the resynchronization of UE when hard switching, given that new common TA, K_mac, ephemeris, and cell-specific K-offset are applied during resynchronization to new satellite.
From RAN1 perspective, no feasibility issue is identified for hard satellite switching without PCI change.



There was no consensus during the RAN1 discussions on responding on the soft satellite switch case. Such discussions are expected to continue at RAN1#114.
In the RAN#123 the following further agreements were made:
	Agreements:
1.	An explicit indication will be introduced to enable the unchanged PCI switch
2.	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
3.	PCI unchanged procedure can be performed without performing RACH



In this paper we provide our opinion regarding the remaining issues on the satellite switching without L3 mobility.
[bookmark: _Hlk510705081]Discussion
In WID [1], one of the objectives for Rel-18 NR NTN is to continue enhancements for NTN mobility. The work considers Rel-17 NR NTN as the baseline for further enhancements including:
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3].
As part of this objective, handover enhancements have been discussed in RAN2 during the past meetings. Among those, the “unchanged PCI mobility” has been proposed as a solution to reduce the signalling overhead.
This section discusses remaining issues related to satellite switch with unchanged PCI that needs to be considered in Rel-18. 
Explicit Indication for satellite switch without L3 handover signalling
The benefits from a satellite switch without L3 handover, often referred to as ‘unchanged PCI’ satellite switch, are many:
· Lower signalling overhead due to skipping the L3 handover signalling,
· lower handover latencies as the UE does not need to conduct a full new cell re-configuration and can just re-synchronize (in time and frequency) to the new satellite, and
· avoidance of RACH overload.

One of the major drawbacks of introducing the unchanged PCI mobility is that it will not be supported by Rel-17 NTN UEs which will co-exist with Rel-18 NTN UEs. Unless Rel-17 UEs are commanded to perform a handover, these UEs will fail to make a transition to the new cell. If no RRC Reconfiguration message is received by the UE, the terminal will declare RLF and will attempt to reconnect via RRC Reestablishment procedure. This procedure can be costly in terms of UE’s power consumption, signalling overhead and user experience. Even if these UEs received an RRC Reconfiguration command, the target cell will share the same PCI as the serving cell, which may cause implementation-related problems.
The contributions in [2,3] propose to use a similar approach where the UE does not conduct L3 mobility, but the new cell has a different PCI. That solution could potentially solve the backwards compatibility with Rel-17 because these could conduct a handover to a cell with a different PCI, while the remainder of cell configuration is the same. In our view, the specification work should focus on the UE’s behaviour during the satellite switch without the L3 mobility where “changed PCI” and “unchanged PCI” can be specification options, up to NW configuration. 
Observation 1: applying the satellite switch without L3 handover to the case of changed PCI, provided the cells are from the same gNB, has the additional benefit of Rel-17 UEs functioning as intended.
Observation 2: Rel-18 UEs would benefit from knowing whether the satellite switch without L3 handover is related to an unchanged PCI or changed PCI case.
Proposal 1: The explicit indication related to unchanged PCI switch should be an indication related to satellite switch without L3 handover and additionally indicate whether the PCI is changed or not.

Cell access procedure for DL synchronization
Even though satellite switch without L3 handover is meant to be transparent for the UE, there are still synchronization actions that the UE should perform to connect to the inbound satellite. After the cell originated from the outbound satellite disappears, the UE should be able to detect, measure and decode the SSS/PBCH blocks of the new cell. During this process the UE first searches in frequency and time for the SSBs. Once the synchronization signals are found and decoded, the UE is ready to acquire MIB, SIB1 and the other SIBs.
For satellite switch without L3 handover, since most of the cell configuration remains the same and the UE should acquire SIB prior to the satellite switch, this process could be optimized. However, the UE still should be able to find the SSBs in time and frequency before acquiring UL synchronization. In case of soft satellite switch, when performing the switch from the old cell to the new cell, the UE would have the same probability of finding the old cell as finding the new cell. Furthermore, the SSB of the new and old cell may overlap each other and interfere each other.
Observation 3: While attempting to access the new cell, the UE would risk to re-synchronize to the outbound satellite in soft satellite switching scenario.
One way to avoid confusion and interference is to ensure from network side that the SSB are not aligned in time and frequency and secondly that the UE is informed with assistance information such it will detect the right SSB. This information can for instance be included in the assistance information of the target cell as an offset to the SSB from the source cell for the Rel-18 UEs.
Thus, we propose the following:
Proposal 2: RAN2 to discuss the re-synchronization process and ways to avoid confusion between the two cells in case of soft satellite switching satellite switch without L3 handover (e.g. how to offset the SSBs).
Cell access procedure for UL synchronization
The UL synchronization is the procedure in which the UE acquires the time and frequency to start UL transmissions. This is done via RA procedure and in NR, the UE conducts the RA procedure to obtain UL synchronization, TA and C-RNTI. In NR NTN, the full TA is estimated by the UE using the information in SIB, hence, RA procedure is used only for obtaining the UL grant and the C-RNTI. 
The legacy RA procedure could be used for the UE to acquire UL grant in case of unchanged PCI mobility. However, this option involves flushing the HARQ buffers upon UL synchronization is lost and longer interruption gap. Furthermore, contention-based RA can lead to a massive RACH storm (all UEs will attempt RACH access at the same time and using the resources from the same common pool), while contention-free RACH requires to configure all the UEs with dedicated preambles (large signalling overhead and heavy resource usage).
Observation 8: Legacy RA procedure (both CBRA and CFRA) can lead to long interruption gap, RACH storm or large signalling overhead. 
Alternatively, the unchanged PCI mobility could be combined with the RACH-less procedure (already agreed, as quoted in the Introduction section). In this case, the UE could acquire UL grant via serving cell (i.e., pre-allocated UL grant) or dynamically acquire it via monitoring PDCCH (i.e., dynamic UL scheduling). The former case entails the overhead of signalling all the UEs within the same cell (UL grant should be allocated in a distributed fashion so the access storm is mitigated), while for the latter it is uncertain when the UE will be able to start PDCCH monitoring. It is still unclear how the RACH-less could be combined with unchanged PCI mobility since both procedures are still under discussion and their final shape is unknown. 
Observation 9: RACH-less procedure can be used with unchanged PCI mobility. However, both procedures are still under discussion in RAN2.
The satellite switching without L3 mobility should ensure seamless continuity for the UE when the switching occurs. This means that given that the cell configuration is the same, the gNB is the same and the UE should keep its connected state for a seamless transition, the UE could be scheduled with the UL resources prior to the switching. Particularly, in case of hard satellite switch, the UE could have the knowledge of its own DL and UL scheduling after the interruption gap. 
Observation 10: If cell configuration and gNB are the same, the UE may not need to lose UL synchronization after t-Service. It needs to be clarified if the UE: can maintain the connected state, should flush the control buffers, and how long the interruption gap is expected to be, if the satellite switching is supposed to be transparent to the UE.
Proposal 4: RAN2 to discuss the UE’s behaviour during the interruption gap and answer questions such as: can the UE maintain the UL synchronization and remain in connected mode during the entire switching process.
Given that some companies foresee a very short gap and considering that the intention is to make the satellite switch as transparent as possible, while the serving gNB will not change, our understanding is that the UE could continue seamlessly transmitting and therefore the scheduling across satellites (with the same gNB) is possible. That means that the source cell could schedule in the target cell (same cell - same gNB). In that case, a problem could arise in case the propagation delay between satellite and UE increases for more than one slot duration. If the new TA becomes larger than the old TA due to a longer distance to the new satellite, the first scheduling in the target cell may need to happen at the same time as the last scheduling in the source cell (which is not possible because the UE cannot make two simultaneous UL transmissions).
Observation 11: Unchanged PCI mobility should target scheduling across cells, where the gNB should be aware of TA changes after the satellite switch.
Proposal 5: RAN2 to discuss if current scheduling means are sufficient to enable seamless transmission across cells without causing UL transmission overlap.
One argument to support mobility with unchanged PCI is that the cell keeps the protocol stack and the security keys. That implies that state of PHY, MAC, RLC, PDCP and RRC entities should be maintained as much as possible. According to legacy UE’s behaviour, once the UE detaches from the serving cell, it losses its UL synchronization, and flushes control buffers. In our understanding, to achieve a short interruption gap, the UE should keep its state, maintain the keys and do not reset HARQ, RLC and PDCP buffers. 
Such behaviour must be specified, and the UE needs to know whether to perform cell mobility with or without handover procedure. We propose that the UE should considers the following aspects in case L3 mobility is avoided:
Proposal 6: In order to support mobility without L3 handover, Rel-18 UEs should keep security keys without flushing control buffers from MAC, RLC and PDCP layers.
Cell measurements
Another important aspect to consider is the change of propagation conditions after the satellite switch. During the handover process, the UE re-configures its power control parameters to adjust to the new radio conditions. With unchanged PCI mobility, the UE does not perform L3 mobility, which means that measurement filters are not reset for instance. The filtering average-out could consider past samples that were measured from the old satellite while the new sample belongs to the new satellite - this will lead to erroneous cell measurements.
Observation 12: UE’s measurement filtering may consider samples from the cell originated by the outbound satellite, which will lead to erroneous cell measurements.
Proposal 7: UE to reset measurement filters upon time indication such as t-Service.
Conclusion
The following observations and proposals are made in this document:
Observation 1: applying the satellite switch without L3 handover to the case of changed PCI, provided the cells are from the same gNB, has the additional benefit of Rel-17 UEs functioning as intended.
Observation 2: Rel-18 UEs would benefit from knowing whether the satellite switch without L3 handover is related to an unchanged PCI or changed PCI case.
Proposal 1: The explicit indication related to unchanged PCI switch should be an indication related to satellite switch without L3 handover and additionally indicate whether the PCI is changed or not.
Observation 3: While attempting to access the new cell, the UE would risk to re-synchronize to the outbound satellite in soft satellite switching scenario.
Proposal 2: RAN2 to discuss the re-synchronization process and ways to avoid confusion between the two cells in case of soft satellite switching satellite switch without L3 handover (e.g. how to offset the SSBs).
Observation 8: Legacy RA procedure (both CBRA and CFRA) can lead to long interruption gap, RACH storm or large signalling overhead. 
Observation 9: RACH-less procedure can be used with unchanged PCI mobility. However, both procedures are still under discussion in RAN2.
Observation 10: If cell configuration and gNB are the same, the UE may not need to lose UL synchronization after t-Service. It needs to be clarified if the UE: can maintain the connected state, should flush the control buffers, and how long the interruption gap is expected to be, if the satellite switching is supposed to be transparent to the UE.
Proposal 4: RAN2 to discuss the UE’s behaviour during the interruption gap and answer questions such as: can the UE maintain the UL synchronization and remain in connected mode during the entire switching process.
Observation 11: Unchanged PCI mobility should target scheduling across cells, where the gNB should be aware of TA changes after the satellite switch.
Proposal 5: RAN2 to discuss if current scheduling means are sufficient to enable seamless transmission across cells without causing UL transmission overlap.
Proposal 6: In order to support mobility without L3 handover, Rel-18 UEs should keep security keys without flushing control buffers from MAC, RLC and PDCP layers.
Observation 12: UE’s measurement filtering may consider samples from the cell originated by the outbound satellite, which will lead to erroneous cell measurements.
Proposal 7: UE to reset measurement filters upon time indication such as t-Service.
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