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1. Introduction 
In RAN2-123bis meeting, following agreements were made.
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:
	FFS on whether and how to provide the SMTC configuration of target satellite.
	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.

In this document, we further discuss solutions for the major issues on satellite change without PCI change.
2. Discussion 
Detail procedure
RAN2 has agreed to support soft satellite switch with PCI unchanged and indicate to UE when the target satellite starts providing service.



Figure 1 Coverage gap
Since RAN2 has already assume the coverage gap of zero or negligible is possible, It is also possible not to introduce any t-gap or t-start in Rel-18 to avoid any potential impact to other working groups such as RRM requirement (RAN4) and DL data buffering (SA2). 
However, introduction of t-gap would mean interruption whether be it for soft switch or hard switch. In case of soft switch, even if the serving satellite is still providing the service until t-Service, network wouldn’t know when UE will start synchronizing with new satellite as it could be any time during the t-gap. Since the interruption could lead to RRM impact, we suggest to check with RAN4 and ask for possible feedback on suggested values for interruption lengths.
Proposal 1 [bookmark: _Toc146544715][bookmark: _Toc146545521][bookmark: _Toc146545626][bookmark: _Toc146545638][bookmark: _Toc146545722][bookmark: _Toc146824623][bookmark: _Toc146824652][bookmark: _Toc146829154][bookmark: _Toc149637253][bookmark: _Toc149638000][bookmark: _Toc149844959][bookmark: _Toc149853346]Send LS to RAN4 to check for any RRM impact due to interruption defined by t-gap and ask for feedback on gap lengths.
Satellite synchronization window
The UE behavior for synchronizing to the new satellite can be handled by existing two synchronization timers, i.e., UL synchronization timer and timeAlignmentTimer.
At or after t-Service, the UE should start searching for the SSB from the new satellite and synchronize to it. However, there is no need for such synchronization gap because when the UE finishes synchronizing with new satellite and gets ready for UL/DL transmission, the UE can simply inform the network either by triggering RACH procedure or sending SR given the UE has valid SR resource. To trigger RACH or SR, a condition can be added to trigger TA MAC CE. How long the network can wait for UE to come back can be handled with existing UL synchronization timer, timeAlignmentTimer and RLF timers.
Network would also be aware that these timers (e.g., timeAlignmentTimer) are expired and utilize resource efficiently until UE initiates RACH. If the UE fails to synchronize with the new satellite, existing RLF procedure can be used. However, it is not necessary to do anything to the running timeAlignmentTimer. Regardless the UE will follow the existing procedure if timeAlignmentTimer expires.
Proposal 2 [bookmark: _Toc146544716][bookmark: _Toc146545522][bookmark: _Toc146545627][bookmark: _Toc146545639][bookmark: _Toc146545723][bookmark: _Toc146824624][bookmark: _Toc146824653][bookmark: _Toc146829155][bookmark: _Toc149637254][bookmark: _Toc149638001][bookmark: _Toc149844960][bookmark: _Toc142311456][bookmark: _Toc142311666][bookmark: _Toc142311947][bookmark: _Toc142321950][bookmark: _Toc142472527][bookmark: _Toc142577917][bookmark: _Toc142592231][bookmark: _Toc142592244][bookmark: _Toc149853347]No new satellite synchronization window is introduced.
Proposal 3 [bookmark: _Toc146544717][bookmark: _Toc146545523][bookmark: _Toc146545628][bookmark: _Toc146545640][bookmark: _Toc146545724][bookmark: _Toc146824625][bookmark: _Toc146824654][bookmark: _Toc146829156][bookmark: _Toc149637255][bookmark: _Toc149638002][bookmark: _Toc149844961][bookmark: _Toc149853348]The timeAlignmentTimer continues to run during satellite synchronization.
Proposal 4 [bookmark: _Toc146544718][bookmark: _Toc146545524][bookmark: _Toc146545629][bookmark: _Toc146545641][bookmark: _Toc146545725][bookmark: _Toc146824626][bookmark: _Toc146824655][bookmark: _Toc146829157][bookmark: _Toc149637256][bookmark: _Toc149638003][bookmark: _Toc149844962][bookmark: _Toc149853349]After synchronizing to new satellite, if SR has been triggered and UE has valid SR resource, an SR is sent (RACH-less operation) to inform network that satellite synchronization is successful.
Proposal 5 [bookmark: _Toc146544719][bookmark: _Toc146545525][bookmark: _Toc146545630][bookmark: _Toc146545642][bookmark: _Toc146545726][bookmark: _Toc146824627][bookmark: _Toc146824656][bookmark: _Toc146829158][bookmark: _Toc149637257][bookmark: _Toc149638004][bookmark: _Toc149844963][bookmark: _Toc149853350]After synchronizing to new satellite, if SR cannot be sent, RACH is triggered to inform network that satellite synchronization is successful (RACH-based operation).
In both the RACH-based and RACH-less procedures, the UE has to send some signal to the network to inform that it has successfully synchronized with the new satellite. In RACH-based procedure, random access procedure needs to be triggered while in RACH-less procedure, scheduling request can be triggered. In both cases, it is better UE sends the network its updated TA report. When TA report MAC CE is triggered, it can be configured to trigger scheduling request. The SR can trigger RACH in RACH-based procedure.
Proposal 6 [bookmark: _Toc142311463][bookmark: _Toc142311674][bookmark: _Toc142311955][bookmark: _Toc142321958][bookmark: _Toc142472535][bookmark: _Toc142577925][bookmark: _Toc142592239][bookmark: _Toc142592252][bookmark: _Toc146544721][bookmark: _Toc146545527][bookmark: _Toc146545632][bookmark: _Toc146545644][bookmark: _Toc146545728][bookmark: _Toc146824629][bookmark: _Toc146824658][bookmark: _Toc146829160][bookmark: _Toc149637258][bookmark: _Toc149638005][bookmark: _Toc149844964][bookmark: _Toc149853351]For both RACH-based and RACH-less procedures, the UE triggers TA report MAC CE after satellite switch.
In addition, after switching to the new satellite, whether to continue with its RLM measurements or RRM measurements or restart them should also be clarified. It may be cleaner to restart the RLM and reset the L3 filtering for RRM measurement as now the measurement belongs to a different satellite node. 
Proposal 7 [bookmark: _Toc142311464][bookmark: _Toc142311675][bookmark: _Toc142311957][bookmark: _Toc142321960][bookmark: _Toc142472537][bookmark: _Toc142577927][bookmark: _Toc142592241][bookmark: _Toc142592254][bookmark: _Toc146544722][bookmark: _Toc146545528][bookmark: _Toc146545633][bookmark: _Toc146545645][bookmark: _Toc146545729][bookmark: _Toc146824630][bookmark: _Toc146824659][bookmark: _Toc146829161][bookmark: _Toc149637259][bookmark: _Toc149638006][bookmark: _Toc149844965][bookmark: _Toc149853352]Reset the L3 filtering for RRM measurements.
Configuration and Assistance information
In our view, the benefit of satellite switch with unchanged PCI is to reduce the dedicated RRC signaling (e.g., HO command) when switching satellites. Therefore, to maintain this, any dedicated command via RRC to execute/enable the satellite switch with PCI unchanged should be avoided. The assistance information such as target satellite information (e.g., ntn-Config, SMTC offset) and SSB index should also be provided to UE via SIB.
Following is FFS:
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.

In our view, the serving cell configuration should not change upon satellite switch. Therefore, the periodicity or duration of SSB does not need to be changed. Only update needed would be the SMTC offset, however, this is not cell specific parameter and we should avoid any dedicated signaling. Therefore, we can leave this to UE to adjust the SMTC offset to detect the SSB from the new satellite based on satellite’s information.

Since the network may not be up to date with UE’s location at the time of satellite switch, it may not be able to properly provide SMTC update to UE after UE successfully connects to the new satellite. In this case, it is helpful if the UE either sends the updated UE location or PDD report compared to old satellite. However, network may also request UE to send this information after UE successfully connects to the new satellite.
Proposal 8 [bookmark: _Toc146545530][bookmark: _Toc146545635][bookmark: _Toc146545647][bookmark: _Toc146545731][bookmark: _Toc146824632][bookmark: _Toc146824661][bookmark: _Toc146829163][bookmark: _Toc149637260][bookmark: _Toc149638007][bookmark: _Toc149844966][bookmark: _Toc149853353]New SMTC configuration is not needed as assistance information for satellite switch with the same PCI as any RRC configuration should not change.
Proposal 9 [bookmark: _Toc149637261][bookmark: _Toc149638008][bookmark: _Toc149844967][bookmark: _Toc149853354]It is left to UE implementation to adjust the SMTC offset to detect the SSB of the target satellite.
Proposal 10 [bookmark: _Toc149637262][bookmark: _Toc149638009][bookmark: _Toc149844968][bookmark: _Toc149853355]Discuss whether UE needs to trigger PDD report between serving and target satellites for network to provide SMTC update configuration.
As indicated in RAN1 LS [1], it is up to network implementation to avoid the interference between SSBs of the serving and target satellites in case of soft satellite switch. In our view, for this purpose, the network should apply time offset for the transmission of SSB via serving and target satellites, otherwise, network may not guarantee the interference avoidance. For example, new satellite may have longer feeder link RTT but shortest service link RTT, whereas, for serving satellite the feeder link may be shorter but the longest service link RTT.

Proposal 11 [bookmark: _Toc149637263][bookmark: _Toc149638010][bookmark: _Toc149844969][bookmark: _Toc149853356]For soft satellite switch, indicate time offset information of the SSB of the target cell w.r.t. SSB of the serving satellite at ULSRP.

In addition, if the target satellite has multiple SSBs, the UE should also be informed which SSB the UE should select to access the target cell.

Proposal 12 [bookmark: _Toc149637264][bookmark: _Toc149638011][bookmark: _Toc149844970][bookmark: _Toc149853357]if the target satellite has multiple SSBs, indicate the SSB index of the target cell.
3. Conclusion
Following proposals are made.
Proposal 1	Send LS to RAN4 to check for any RRM impact due to interruption defined by t-gap and ask for feedback on gap lengths.
Proposal 2	No new satellite synchronization window is introduced.
Proposal 3	The timeAlignmentTimer continues to run during satellite synchronization.
Proposal 4	After synchronizing to new satellite, if SR has been triggered and UE has valid SR resource, an SR is sent (RACH-less operation) to inform network that satellite synchronization is successful.
Proposal 5	After synchronizing to new satellite, if SR cannot be sent, RACH is triggered to inform network that satellite synchronization is successful (RACH-based operation).
Proposal 6	For both RACH-based and RACH-less procedures, the UE triggers TA report MAC CE after satellite switch.
Proposal 7	Reset the L3 filtering for RRM measurements.
Proposal 8	New SMTC configuration is not needed as assistance information for satellite switch with the same PCI as any RRC configuration should not change.
Proposal 9	It is left to UE implementation to adjust the SMTC offset to detect the SSB of the target satellite.
Proposal 10	Discuss whether UE needs to trigger PDD report between serving and target satellites for network to provide SMTC update configuration.
Proposal 11	For soft satellite switch, indicate time offset information of the SSB of the target cell w.r.t. SSB of the serving satellite at ULSRP.
Proposal 12	if the target satellite has multiple SSBs, indicate the SSB index of the target cell.

4. Reference
[1] R2-2309421, “Reply LS to RAN2 on unchanged PCI”, Source RAN1, To RAN2.
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