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Introduction
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.
In RAN2#123bis meeting, the following agreements were made for the topic of unchanged PCI mobility (see [2]):
	[bookmark: _Hlk139528883]RAN2#123bis Agreements
1. We don’t consider the impact on Rel-17 UEs behavior (or Rel-18 UEs not supporting unchanged PCI) when defining the Rel-18 unchanged PCI solution.
2. Network provides the sync information of target satellite in advance to UE before satellite switching, via broadcast signalling.
3. RAN2 confirms satellite switching with unchanged PCI is only applicable on quasi-earth fixed system.
4. Only 1 target satellite information (i.e. NTN-config) of serving cell is provided in SIB19. FFS on exact signalling.
5. SMTC configuration of target satellite needs further discussion:
a. FFS on whether and how to provide the SMTC configuration of target satellite.
b. FFS on how to handle the SMTC adjustment. 
6. We support soft satellite switching in Rel-18.
7. There will be an indication (FFS if explicit or implicit) whether hard switch or soft switch is used.
8. 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).
9. In soft satellite switching, UE can start synchronizing with target satellite before T-service of source satellite.
10. 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).
11. For soft satellite switching, the exact time when the UE starts synchronizing with target satellite (between T-start and T-service) is up to UE implementation.
12. UE is not required to connect to source satellite when the UE switches to target satellite.



After offline discussion in RAN2#123bis meeting, several topics were left open and later treated in the post-meeting discussion in [3].

	Proposal A-1: it is proposed to introduce one new target satellite configuration, e.g. ntn-TargetSatConfig, and provide the NTN-config of the target satellite in it for the the specific signaling format about the target satellite information in SIB19 (14/15).
Proposal A-2: At least for soft switch, support SMTC configuration of target satellite can be different from that in source (15/15). FFS for hard switch (10/15).
Proposal A-3: SMTC configuration adjustment should be handled by UE (12/15).
Proposal A-4: the SMTC configuration of target satellite should be provided in SIB19 (if needed). FFS whether an indication to indicate the SMTC configuration of target satellite is same with that of serving satellite can be provided in SIB19.
Proposal A-5: Support implicit indication (e.g., soft switching if T-start is configured) to inform UE it is hard switch or soft switch case.
Proposal A-7: For hard satellite switch, there is no need to provide the SSB information of the target satellite (13/15).



	UE operation during satellite switching
Proposal B-1: PHR procedure is not impacted by the satellite switching procedure. 
Proposal B-2: During satellite switching procedure, UE should reset the L3 filter for serving cell RRM measurement and RLM, and it’s up to UE implementation (i.e., no RAN2 spec impact).
Proposal B-3: The satellite switching failure is detected by the legacy RLF mechanism, i.e., no need to introduce new timer-based failure detection mechanism.
Proposal B-4: UE initiates the UE connection reestablishment procedure when the satellite switching failure is detected. 
Proposal B-8: For RACH-less satellite switching, no additional beam information is provided to UE for the UL transmission in target satellite. 
Proposal B-9: For RACH-less satellite switching, there is no dedicated pre-allocated UL grant provided to UE for the 1st UL transmission in target satellite. 
Proposal B-10: For RACH-less satellite switching, there is no case to fallback to RACH-based satellite switching procedure based on radio quality.  
Proposal B-11: For RACH-less satellite switching procedure, UE sets N_TA value to 0.
Proposal B-12: For RACH-less satellite switching, UE resumes the UE dedicated UL/DL transmission after UE acquires the DL sync in target satellite. 
Coexistence with L3 mobility scheme
Proposal B-13: If UE receive the HO command before UE initiates the satellite switching procedure (i.e., before the time point of satellite switching), UE will initiate the HO procedure immediately.
Proposal B-14: Both CHO and satellite switching procedure can be configured simultaneously. 
Proposal B-15a: Intra-cell CHO and satellite switching procedure should not be configured simultaneously. 
Proposal B-15b: When both CHO and satellite switching procedure are configured, RAN2 is proposed to discuss which option should be adopted:
- Option 1: UE always follows CHO;
- Option 2: UE initiates the procedure that triggers earlier; it's up to UE implementation if both procedures are triggered at the same time.



	List of proposals that require online discussions
Proposal A-6: For soft satellite switch, regarding the target satellite SSB information, we could further discuss the following options:
- Option 1: Indicating a time offset/information for the target satellite.
- Option 2: Indicating a different SSB index for the target satellite.
- Option 3: ssb-PositionsInBurst of the target satellite.
- Option 4: option 1+2.
- Option 5: SMTC configuration is enough.
Proposal A-8: The detail signaling of t-Start can be discussed online.
Proposal A-9: Further discuss whether T-start is needed for hard satellite switch. 
Proposal B-1a (for discussion): Discuss whether UE triggers TA reporting upon satellite switching.   
<RACH-less satellite switching>
Proposal B-5 (for discussion): Discuss whether UE that supports satellite switching is mandatory to support RACH-less satellite switching.
Proposal B-6 (for discussion): Support the explicit configuration of RACH-less satellite switching in SIB19.
Proposal B-6a (for discussion): If proposal B-6 is not agreed, RAN2 is proposed to discuss the following two issues:
- Issue 1: How does the UE determine whether to trigger RACH-less or RACH-based procedure?
- Issue 2: Does the network always support the RACH-less apprach for satellite switching? 
Proposal B-7 (discussed after proposal B-5 and B-6): If UE does not support RACH-less satellite switching, UE will only perform RACH-based procedure regardless of whether the network configured RACH-less or RACH-based satellite switching procedure.



In this paper we provide our opinion regarding the remaining issues on the satellite switching without L3 mobility.
[bookmark: _Hlk510705081]Discussion
RACH Congestion
The benefits from satellite switch without L3 mobility are lower overhead as the L3 signalling is skipped. At the same time, if RACH-less access is supported by the UE, the overhead is further reduced as RACH delay can be avoided and the network does not need to configure as many RACH opportunities. Thus, there is a clear benefit from RACH-less access.
Observation 1: the benefit of RACH-less access over RACH-based access during satellite switch without L3 signalling is less overhead in terms of required RACH opportunities and decreased access delays.
In the offline discussion [3], Proposal B-7 is that if UE does not support RACH-less satellite switching, UE will only perform RACH-based procedure regardless of whether the network configured RACH-less or RACH-based satellite switching procedure. For this to work the network needs to have RACH resources configured, which it anyway needs to do for initial access. However, the number of RACH resources required during the satellite switch may be significantly larger than on average number of RACH resources and, hence, RACH congestion can happen. It is our understanding that when doing satellite switching without L3 mobility, there may be cases where RACH access will be needed. Potential reasons can be:
· UE does not support RACH-less access,
· UE needs to fall back to RACH-based handover even though it supports RACH-less due to e.g., RACH-less failure.

As the number of UEs in a cell which need to be moving from one cell to another in a short period of time (quasi EFC) the amount of RACH accesses may be significant, when one satellite takes over a cell from another satellite.
Observation 2: the amount of RACH access may be significant during satellite switch with Earth Fixed cells even with the support of satellite switching without L3 mobility.
In order to ensure that RACH access is spread out over a period of time without increasing the signalling overhead, it could be considered to include also the indication into the same SIB which the UE will use to shift its RA window. UEs that are not using the RACH-less access (i.e. doing RA to the new satellite) can then pick a random time in the window of opportunity to access the system after the satellite switch.
Proposal 1: RAN2 to discuss a method to spread the RACH load after satellite switch without L3 mobility, as otherwise RACH may be congested at the time of satellite switch.
Assistance information for soft satellite switching
	Proposal A-6: For soft satellite switch, regarding the target satellite SSB information, we could further discuss the following options:
- Option 1: Indicating a time offset/information for the target satellite.
- Option 2: Indicating a different SSB index for the target satellite.
- Option 3: ssb-PositionsInBurst of the target satellite.
- Option 4: option 1+2.
- Option 5: SMTC configuration is enough.



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. For the soft satellite switch, the UE still should be able to find the SSBs in time and frequency. However, 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 of the source cell. Thus, we propose the following:
Proposal 2: For soft satellite switch, the target satellite SSB information includes a time/frequency offset indication.
Cell measurements
Proposal B-2 from [3] states that during satellite switching procedure, UE should reset the L3 filter for serving cell RRM measurement and RLM, and it’s up to UE implementation (i.e., no RAN2 spec impact).
As there is a change of propagation conditions after the satellite switch the cell measurements may change significantly as the new satellite may be significantly further away or closer by. Incorrect measurements may lead to incorrect power settings as the UE re-configures its power control parameters to adjust to the new radio conditions, reflected by these measurements. 
Proposal 3: The resetting of the L3 filter for the serving cell RRM measurement and RLM should be mandatory and not be left to UE implementation.
Furthermore neighbour cell measurements may suffer from those cells being subject to satellite switching. Also in that case one can say the cell measurement should be reinitiated to avoid delayed or unnecessary triggering of actions due to the remainder of the old satellite propagation conditions being present in the measurement due to the measurement filters. This can lead to worse performance as the network may react on these measurements or may react to late on the measurements, like initiating a handover later as the filtered measurement from the UE is showing an average of the current condition and the old condition which is no longer valid. 
Observation 4: UE’s measurement filtering may consider samples from the cell originated by the outbound satellite, which will lead to erroneous cell measurements.
Proposal 4: UE shall reset measurement filters of neighboring cells upon time indication such as t-Service of those cells.
Signalling t-Start
	Proposal A-8: The detail signaling of t-Start can be discussed online.
Proposal A-9: Further discuss whether T-start is needed for hard satellite switch. 



During RAN2#123bis meeting, RAN2 agreed to introduce the time reference t-start for the soft switch, which indicates the earliest occasion when the UE can start synchronizing with the target satellite. It was left FFS how the UE obtains this time and whether it is also used for hard-satellite switch. Later in [3], these points were treated as part of the discussion without consensus. In our understanding, t-start should be a time reference that the UE estimates based on a time indication contained in SIB. For that reason, we support the introduction of the configuration parameter t-gap. This indication refers to the time between the end of coverage of the source satellite (indicated by t-service) and when the UE can start synchronizing to the target satellite. This parameter brings several advantages as compared to the absolute time t-start:
· Flexibility: t-gap can cover several cases for hard and soft switch. For example, in case of hard-switch with no service interruption, t-gap can be set to zero, t-gap > 0 in case of short interruption or t-gap<0 in case of soft switch.
· Signalling-efficiency: in contrast with t-start which reflects an absolute UTC time such as t-service, t-gap can be signalled with fewer bits. If take t-service as an example, it is an integer that takes up to 39 bits, while t-gap could use less than 10 bits.

Observation 5: t-gap is a flexible solution that can be applicable for hard switch (i.e., in case of negligible or short interruption t-gap can be zero or greater than zero) and for soft switch (i.e., t-gap < 0).
Observation 6: UE can estimate t-start of target satellite based on t-gap and t-service of source satellite.
Observation 7: RAN2 should pursue a unified solution, which means that the agreed time indication should be applicable for both hard- and soft-satellite switch.
Proposal 5: For soft and hard switch scenarios, RAN2 to adopt t-gap for indicating when the target satellite is available.
SMTC configuration of target satellite
On SMTC there were the following proposals in [3]
	Proposal A-2: At least for soft switch, support SMTC configuration of target satellite can be different from that in source (15/15). FFS for hard switch (10/15).
Proposal A-3: SMTC configuration adjustment should be handled by UE (12/15).
Proposal A-4: the SMTC configuration of target satellite should be provided in SIB19 (if needed). FFS whether an indication to indicate the SMTC configuration of target satellite is same with that of serving satellite can be provided in SIB19.



For a hard satellite switch with PCI unchanged, the serving cell for the UE stays the same, but the feeder and service link change. This means the timing changes at a point in time the UE is aware off. As the UE knows the satellite assistance information for both serving and target satellite the UE can calculate the required SMTC for the target cell by itself. 
Observation 8: for satellite hard switch the SMTC configuration adjustment can be handles by the UE itself.
Proposal 6: the SMTC configuration adjustment for satellite hard switch should be updated by the UE at the satellite switch based on satellite assistance information.
The situation is more complicated for soft switch, as even though the UE can calculate the adjustment of the SMTC window, it needs to use two windows and it needs to be able to differentiate between the two sets of measurements, which are from the same cell. For the latter different SSB indexes for the different satellites can be used, like SSB index for the source satellite and SSB for the target satellite.
Observation 9: To differentiate measurements of the same cell through source and target satellite different SSB indexes can be used.
However depending on the difference in total delay(feeder link + service link) of target and source satellite the SSBs may overlap, interfering each other and making it impossible for the UE to measure either one of them.
Proposal 7: RAN2 to discuss how to handle overlapping SSBs of source and target satellite.
Scheduling during RACH-less satellite switching
	Proposal B-12: For RACH-less satellite switching, UE resumes the UE dedicated UL/DL transmission after UE acquires the DL sync in target satellite. 



The satellite switching should ensure a service as seamless as possible for the UE. This means that the UE could be scheduled prior to the satellite switching. Particularly, in case of hard satellite switch, the UE could have the knowledge of its own DL and UL scheduling after the switch. Given that some companies foresee a very short gap and considering that the intention is to make the satellite switch as transparent as possible, our understanding is that scheduling across satellites (with the same gNB) is possible.
Observation 10: the source cell can schedule in the target cell because both are the same cell with 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: For cross scheduling during the satellite switching, the gNB should be aware of TA changes.
Proposal 8: UE to acquire from source satellite the UL/DL scheduling for the target satellite.
Proposal 9: RAN2 to discuss if current means are sufficient to enable cross-scheduling without causing UL transmission overlap.
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 [4,5] 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 12: 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 13: 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 10: 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.
Conclusion
The following observations are made in this document:
Observation 1: the benefit of RACH-less access over RACH-based access during satellite switch without L3 signalling is less overhead in terms of required RACH opportunities and decreased access delays.
Observation 2: the amount of RACH access may be significant during satellite switch with Earth Fixed cells even with the support of satellite switching without L3 mobility.
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.
Observation 4: UE’s measurement filtering may consider samples from the cell originated by the outbound satellite, which will lead to erroneous cell measurements.
Observation 5: t-gap is a flexible solution that can be applicable for hard switch (i.e., in case of negligible or short interruption t-gap can be zero or greater than zero) and for soft switch (i.e., t-gap < 0).
Observation 6: UE can estimate t-start of target satellite based on t-gap and t-service of source satellite.
Observation 7: RAN2 should pursue a unified solution, which means that the agreed time indication should be applicable for both hard- and soft-satellite switch.
Observation 8: for satellite hard switch the SMTC configuration adjustment can be handles by the UE itself.
Observation 9: To differentiate measurements of the same cell through source and target satellite different SSB indexes can be used.
Observation 10: the source cell can schedule in the target cell because both are the same cell with same gNB.
Observation 11: For cross scheduling during the satellite switching, the gNB should be aware of TA changes.
Observation 12: 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 13: Rel-18 UEs would benefit from knowing whether the satellite switch without L3 handover is related to an unchanged PCI or changed PCI case.
And we propose the following:
Proposal 1: RAN2 to discuss a method to spread the RACH load after satellite switch without L3 mobility, as otherwise RACH may be congested at the time of satellite switch.
Proposal 2: For soft satellite switch, the target satellite SSB information includes a time/frequency offset indication.
Proposal 3: The resetting of the L3 filter for the serving cell RRM measurement and RLM should be mandatory and not be left to UE implementation.
Proposal 4: UE shall reset measurement filters of neighboring cells upon time indication such as t-Service of those cells.
Proposal 5: For soft and hard switch scenarios, RAN2 to adopt t-gap for indicating when the target satellite is available.
Proposal 6: the SMTC configuration adjustment for satellite hard switch should be updated by the UE at the satellite switch based on satellite assistance information.
Proposal 7: RAN2 to discuss how to handle overlapping SSBs of source and target satellite.
Proposal 8: UE to acquire from source satellite the UL/DL scheduling for the target satellite.
Proposal 9: RAN2 to discuss if current means are sufficient to enable cross-scheduling without causing UL transmission overlap.
Proposal 10: 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.
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